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ABSTRACT: The current study was conducted to evaluate the effects 
of indole-3-butyric acid (IBA) at 100 ppm with or without 
biostimulants (Agrobacterium rhizogenes, seaweed extract and coconut 
water) as either a spray or drench for 3 minutes or 1 hour on rooting 
and growth parameters of three cutting types (tip, middle and basal) of 
Conocarpus erectus L. The data showed that the rooting percentage, 
root and vegetative characteristics of rooted cuttings were significantly 
increased by all treatments of IBA and/or biostimulants compared to 
the untreated cuttings. The individual treatments of seaweed extract 
and coconut water were more effective than IBA or A. rhizogenes 
alone. Seaweed extract as drench with or without IBA surpassed those 
of seaweed extract treatments as spray. Besides, the response of 
cuttings treated with coconut water for 1 hour was better than coconut 
water for 3 min. Tip cuttings were significantly better than the middle 
and basal ones, especially in relation to rootability of cuttings. 
Maximum rooting percentage and shoot characteristics of plants were 
obtained from tip cuttings treated with IBA + coconut water for 1 hour, 
followed by IBA + seaweed extract as drench. The highest rooting 
percentage was associated with high endogenous levels of phenols, 
indole acetic acid (IAA) and gibberellic acid (GA) as well as the 
lowest abscisic acid (ABA) level in cutting tissues and the anatomical 
structure of rooted cuttings. So, it can be recommended treating tip 
cuttings of C. erectus with either coconut water for 1 hour or seaweed 
extract as drench combined with IBA for enhancing the rooting 
percentage, root and shoot growth parameters as well as content of 
endogenous root promoting substances. 
 
Key words: Conocarpus erectus, vegetative propagation, cutting type, 

IBA, biostimulants, seaweed extract, coconut water. 
 

INTRODUCTION 
Conocarpus erectus L. (buttonwood) is 

an evergreen shrub of family Combretaceae 
native to Florida's mangrove forest 
ecosystem in North America. C. erectus can 
tolerate severe desert summer temperatures 
which may reach 47 °C and it can also grow 
in soils of very low fertility (Nelson, 1996). 
It is planted as an ornamental plant and in 
bonsai. C. erectus trees also are tough and 
long-lasting in the landscape. It is used for 

seaside planting, as a hedge, shade tree, 
residential street tree, buffer strips around 
parking lots and it also protects the soil 
during storm and helps to fix dunes (Gilman 
and Watson, 1993). The wood of C. erectus 
is durable and is used to make posts for 
turnery, railroad ties, fuel, buildings, boats, 
and charcoal. Also, it showed a number of 
medicinal properties including anticancer, 
antiviral, anti-diabetic, antioxidant, 
antibacterial and antifungal activities (Yasin 
and Al-Azawi, 2019). C. erectus is 
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commercially propagated by stem cuttings, 
but this is an accompanied with reduced 
rooting capacity, long production time, weak 
growth and decreased survival rate of the 
rooted cuttings after the separation, 
particularly in relatively low humidity areas 
(Kobayashi et al., 2007). The main step for 
successful propagation by cuttings is the 
formation of adventitious roots. This process 
is influenced by many factors such as the 
nutritional and hormonal status of the mother 
plant, cutting type, propagation date, rooting 
media, presence of leaves on the cutting, 
exogenous application of auxins and 
biostimulants, carbohydrates, phenols, 
anatomical structure of the cutting, light and 
other factors (Hartmann et al., 2014).  

Exogenous application of auxins is one 
of the most commonly used methods to 
stimulate adventitious root formation on 
cuttings (Sokhuma et al., 2018). Treatment 
of cuttings with auxins results in earlier 
rooting, more roots, increased percentage 
and uniformity of rooting (Lima et al., 
2019). IBA is the most widely used among 
the root promoting auxin compounds 
because it is nontoxic to plants over a wide 
concentration range and effective over a 
wide range of species (Hartmann et al., 
2014). Application of auxins by themselves 
or in combination with other substances is 
commonly used to increase adventitious root 
formation on cuttings (Mohamed et al., 
2014; Ibironke, 2016). Alternative plant 
growth regulators are natural materials that 
possess the ability to stimulate the rooting of 
cuttings; they are suitable substitutes to the 
synthetic plant growth substances such as 
auxins, cytokinins and gibberellins which are 
essential and popular rooting hormones. 
Examples of alternative growth regulators 
used are plant growth promoting 
rhizobacteria (PGPR), seaweed extract, 
coconut water and moringa leaf extract 
(Dunsin et al., 2016; Gad and Ibrahim, 2018; 
Sarmast et al., 2019). 

The stimulation of adventitious root 
formation using PGPR such as 
Agrobacterium, Bacillus, Pseudomonas and 

Azospirillum currently represent an effective 
method for vegetative propagation of plants 
(Abdel-Rahman and El-Naggar, 2014; 
Sarmast et al., 2019). Agrobacterium 
rhizogenes is one of the PGPR which have 
recently been used to stimulate adventitious 
root formation. A. rhizogenes, the causative 
agent of hair root syndrome, is a common 
soil organism capable of penetrating plants 
through wounds and causing proliferation of 
roots and has been used to enhance 
adventitious root formation in lavender 
(Kasem and Abd El-Baset, 2014) and juniper 
(Sarmast et al., 2019). Seaweed extract was 
recently used to stimulate root formation on 
cuttings probably due to the fact that it 
contains natural growth regulators such as 
cytokinin-similarities and auxins such as 
IAA, betanine and IBA as well as amino 
acids, vitamins, enzymes, sugars, 
antioxidants and nutrients (Craigie, 2011; 
Pacholczak and Pietkiewicz, 2014). The 
earlier tests of seaweed extract in 
propagation of woody plants look promising 
(Pacholczak et al., 2016). On the other hand, 
coconut water is traditionally used as a 
growth supplement in plant tissue culture. 
The wide applications of coconut water can 
be justified by its unique chemical 
composition of sugars, vitamins, minerals, 
amino acids, phenols and phytohormones 
such as gibberellins, auxins (IAA) and 
cytokinins (Agele et al., 2010; Kurepin et 
al., 2014). Since, coconut water is a rich in 
phytohormones and nutrients there is a 
possibility it can be used to improve 
adventitious root formation (Ibironke, 2016; 
Dada et al., 2019).  

Therefore, the present research aimed to 
investigate the impact of IBA with or 
without growth biostimulants (A. rhizogenes, 
seaweed and coconut water extracts) on 
rooting percentage, root and vegetative 
growth characteristics of different cutting 
types of C. erectus. 

MATERIALS AND METHODS 
The current investigation was conducted 

at the Floriculture Farm, Faculty of 
Agriculture, Assiut University, Egypt, during 
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2017 and 2018 seasons to study the influence 
of IBA and some biostimulants on rooting, 
root and growth characteristics of different 
types of Conocarpus erectus L. cuttings. 

On March 1st of 2017 and 2018 seasons, 
three cutting types (tip, middle and basal) 
were prepared from one-year-old branches of 
C. erectus. These cuttings had uniform 
length (15 cm long), the mean thicknesses 
were 0.5, 0.8 and 1.1 cm for the terminal, 
middle and basal cuttings in both seasons, 
respectively. The cuttings were planted in 
plastic pots of 20 cm diameter filled with a 
mixture of peat moss and perlite (1:1 in v/v) 
(Abdel-Rahman and El-Naggar, 2014). 
Physical and chemical properties of the 
rooting substrate used were done according 
to the methods described by Jackson (1973) 
as shown in Table (1). The experiment was 
done under saran house and covered by 
tightly polyethylene film to maintain high 
relative humidity. 

Treatments were laid out as a 12 × 3 
factorial arranged in a split-plot design. 
Twelve IBA and biostimulants treatments 
were assigned to the main plots;  control 
(received only water), 100 ppm IBA 
(soaking for 20 hours), Agrobacterium 
rhizogenes (drench), 100 ppm IBA + A. 
rhizogenes (drench), seaweed extract (spray), 
100 ppm IBA + seaweed extract (spray), 
seaweed extract (drench), 100 ppm IBA + 
seaweed extract (drench), coconut water 
(soaking for 3 minutes), 100 ppm IBA + 
coconut water (soaking for 3 minutes), 
coconut water (soaking for 1 hour) and 100 
ppm IBA + coconut water (soaking for 1 
hour). The sub-plots comprehended three 
types of cuttings (tip, middle and basal). 
Each experimental unit contained 20 cuttings 

(10 cuttings/pot) replicated four times. 
A solution of IBA was used at the 

concentration of 100 ppm for soaking 2-3 cm 
of cutting bases for 20 hours. For 
Agrobacterium rhizogenes, an active strain 
of Agrobacterium rhizogenes (108 CFU/ml) 
was obtained from the Unit of Biofertilizers, 
Fac. Agric., Ain Shams Univ., Egypt. The 
rooting substrate was inoculated with 
bacterial suspension prepared of A. 
rhizogenes at a rate of 10 ml/pot before 
sticking cuttings. On the other hand, the used 
seaweed extract (Tera) was obtained from 
CHEMA Company. It contains minerals (Fe, 
Zn, Cu, Mn, B and Mo), vitamins, enzymes, 
amino acids, sugars and plant hormones 
(auxins, cytokinins and gibberellins). 
Seaweed extract was added as a foliar spray 
or drench into the rooting substrate at 3 ml/l, 
which was applied at a rate of 10 ml/pot 
when used as drench. All used seaweed 
treatments were applied at three times (at the 
beginning of planting, 5 and 10 days after 
planting). Meanwhile, coconut (Cocos 
nucifera L.) water was taken from ripe 
coconut fruits. The basal portions (2-3 cm 
long) of cuttings were dipped in coconut 
water for the duration of either 3 minutes or 
1 hour, just before sticking of cuttings into 
the rooting substrate. 

Three months after planting, cuttings 
were dug up and cleaned (Abdel-Rahman 
and El-Naggar, 2014). Data were recorded 
on rooting percentage, number of roots, root 
length, stem length, number of branches and 
leaves per rooted cutting. Also, 1.5-2.0 
centimeter of each sample of the bases of 
cutting were taken and dried for 
determination of total carbohydrates and 
phenols content. Total carbohydrate was 

Table 1. Some physical and chemical analysis of the rooting substrate used at the 
beginning of the experiment (average of 2017 and 2018 seasons). 

 

Rooting 
substrate 

Soluble ions meq/100 g substrate* Soluble K 
mg/100 g 
substrate 

 
pH** 

EC*** 
dS m-1 

Organic 
matter 

% 
Cations Anions 

Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4= 
Peat + Perlite 

(1:1 in v/v) 2.89 2.16 5.98 0.009 2.54 6.75 1.73 0.301 5.74 0.92 28.94 

* Each value represents the means of 3 replicates; ** Soil-water suspension (1:5); *** Soil-water extract 
(1:5). 
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estimated colorimeterically using anthrone 
sulphuric acid method described by Fales 
(1951). The total phenols content was 
estimated colorimeterically by Folin 
ciocalteau reagent (FCR) method (Vasco et 
al., 2008).  

Endogenous hormones of IAA, GA and 
ABA in tissues of fresh cutting bases were 
isolated by extraction with volatile organic 
solvents, and quantified according to Zhang 
et al. (1998) using C18 reversed-phase high 
performance liquid chromatography (RP-
HPLC) column. It was isocratically eluted at 
2 ml min-1 with methanol, 2% acetic acid 
and H2O (40:20:20) as mobile phases, 
detection was with an absorbance monitor 
operating at 254 nm. 

For anatomical structure of cuttings, 
stem segments of 1.5 cm long were taken of 
cutting bases after 3 months from 
propagation and fixed in formalin: alcohol: 
glacial acetic acid (1:18:1 by volume) using 
70% (v/v) ethanol in water in the fixative 
and for storage after a minimum fixation of 
three days according to Amissah et al. 
(2008), then transverse sections were cut by 
sliding microtome with thickness of 6-9 
microns. The double stain of safranin-light 
green was used by clearing in xylol mounted 
in DPX according to O'Brien and McCully 
(1981). Transverse sections were 
photographed using a five-megapixel camera 
attached to an optical microscope under the 
control of a computer. Selections of 
transverse sections were based on section 
quality and clarity of the recorded images. 

Data obtained were statistically analyzed 
using ANOVA test according to Snedecor 
and Cochran (1973) and the means were 
compared using least significant difference 
(LSD) test according to Gomez and Gomez 
(1984).  

RESULTS AND DISCUSSION 
Rooting percentage:  

Data presented in Table (2) show that the 
rooting percentage of C. erectus cuttings was 
significantly increased by IBA with or 

without biostimulants compared to the 
untreated cuttings in both seasons. Overall, 
the individual treatments of seaweed extract 
and coconut water were more effective in 
increasing the rooting percentage than IBA 
or A. rhizogenes alone. These findings are in 
agreement with those reported by Kasem and 
Abd El-Baset(2014), Pacholczak et al. 
(2016), Massoud et al. (2017), Sarmast et al. 
(2019), Ibironke (2019) and  Dada et al. 
(2019), who revealed that treating cuttings 
with biostimulants enhanced the rooting 
percentage compared to untreated or IBA-
treated cuttings. On the other hand, 
application of seaweed extract as drench 
surpassed those of seaweed extract 
treatments as spray. Also, treating cuttings 
with coconut water for 1 hour was better 
than coconut water for 3 min. Many previous 
reports showed that the effect of 
biostimulants on rooting, plant growth and 
development vary with the concentration and 
application method. Pacholczak et al. (2016) 
found that rooting percentage of 
Physocarpus opulifolius cuttings increased 
linearly according to the seaweed extract 
concentrations compared to control or IBA. 
According to Ogunwa (2011), the dipping 
duration of cuttings (5 and 10 minutes, 1, 2, 
3, 6 and 10 hours) in coconut water had 
significant effects on the rooting ability of 
Bougainvillea spectabilis and B. glabra 
cuttings. The best rooting performance was 
obtained from B. spectabilis cuttings dipped 
in coconut water for 1 hour, while B. glabra 
cuttings had no roots. 

Concerning the combined treatments of 
IBA with biostimulants, it was found that 
application of IBA with either A. rhizogenes, 
seaweed extract or coconut water increased 
the effectiveness of biostimulants in 
promoting the rooting on cuttings compared 
to the individual treatments. The maximum 
rooting percentage (51.3%) was obtained 
from the combined treatment of IBA + 
coconut water for 1 hour, followed by IBA + 
seaweed extract as drench (45.4%) as 
average of both seasons. The increment in 
rooting percentages reached 310.4% for IBA 
+ coconut water for 1 hour and 263.2% for 
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IBA + seaweed extract as drench over the 
control as average of both seasons. These 
results are in harmony with the findings of 
Sarmast et al. (2012), Pacholczak et al. 
(2012) and Setiawati et al. (2018), who 
reported that rooting cuttings treated with 
either A. rhizogenes, seaweed extract or 
coconut water can be further improved by 
synthetic auxin application, which 
accelerated and increased adventitious root 
formation in comparison with the treatment 
without synthetic auxin. Therefore, the 
exogenous supply of IBA might augment the 
natural auxin produced as a result of the 
biostimulants application (Liu et al., 2002). 
According to Hatta et al. (1996) and Liu et 
al. (2002), A. rhizogenes has the ability to 
stimulate rooting of cuttings through the 
endogenous auxin production (IAA) and/or 
an increase in the sensitivity of the 
transformed plant cells to auxin. The 
beneficial effects of seaweed extract and 
coconut water on increasing the rooting 
percentage of C. erectus cuttings may be 
attributed to the presence of auxins and 
tryptophan (auxin-precursor), sugars, amino 

acids, vitamins, macro and micronutrients 
like Zn and B in the seaweed extract and 
coconut water which are largely recognized 
as important tools to improve adventitious 
root formation in stem cuttings (Agele et al., 
2010; Craigie, 2011; Ibironke, 2016).  

Regarding the effect of cutting type, it 
was noticed that cutting position on the 
branch significantly affected rooting 
percentage of C. erectus cuttings (Table, 2). 
Maximum rooting percentage (71.0%) was 
obtained from the tip cuttings compared to 
the middle and basal ones (17.9 and 13.2%, 
respectively). The current findings are 
similar to those reported by Al-Tohaty et al. 
(2014), Mohamed et al. (2014), Al-Dulaimy 
(2016) on Conocarpus spp. and Tilahun et 
al. (2019) on Araucaria heterophylla, where 
cuttings from the upper part of the branches 
rooted better than the lower ones. The better 
rooting of C. erectus tip cuttings may be 
explained by possibility of higher 
concentration of endogenous root promoting 
substances arising in the terminal bud. There 
is also less differentiation in the tip cuttings 

Table 2. Rooting percentage of Conocarpus erectus L. cuttings as affected by IBA, 
biostimulants and cutting types after 3 months from planting during 2017 and 
2018 seasons. 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 32.5 5.0 2.5 13.3 27.5 5.0 2.5 11.7 
IBA 60.0 10.0 7.5 25.8 52.5 15.0 10.0 25.8 
A. rhizogenes 52.5 10.0 7.5 23.3 42.5 15.0 10.0 22.5 
IBA + A. rhizogenes 70.0 12.5 10.0 30.8 65.0 17.5 12.5 31.7 
Seaweed (spray) 82.5 10.0 10.0 34.2 55.0 15.0 12.5 27.5 
IBA+ seaweed (spray) 90.0 20.0 10.0 40.0 70.0 22.5 17.5 36.7 
Seaweed (drench) 87.5 15.0 10.0 37.5 70.0 22.5 17.5 36.7 
IBA + seaweed (drench) 92.5 25.0 20.0 45.8 80.0 30.0 25.0 45.0 
Coconut water 3 min 85.0 10.0 10.0 35.0 60.0 12.5 17.5 30.0 
IBA + coconut water 3 min 87.5 20.0 10.0 39.2 70.0 20.0 20.0 36.7 
Coconut water 1 h 97.5 20.0 10.0 42.5 85.0 22.5 17.5 41.7 
IBA + coconut water 1 h 100.0 30.0 12.5 47.5 87.5 45.0 32.5 55.0 
Mean 78.1 15.6 10.0  63.8 20.2 16.3  
LSD at 0.05         
Treatments  4.64    4.35   
Cutting types  2.45    2.22   
Interaction  8.47    7.67   
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with more cells capable of becoming 
meristematic (Hartmann et al., 2014). 
According to Trobec et al. (2005), the low 
rooting rate of basal cuttings was probably 
due to higher lignification rate of the basal 
tissue which can represent a mechanical 
barrier for root emergence. 

The interaction effect between IBA, 
biostimulants and cutting types on rooting 
percentage was significant in both seasons 
(Table, 2). Maximum rooting percentage 
(93.8%) resulted from tip cuttings treated 
with IBA + coconut water for 1 hour, 
followed by coconut water for 1 hour 
(91.3%) and IBA + seaweed extract as 
drench (86.3%). On the contrary, the 
minimum rooting percentage was recorded 
with untreated basal cuttings (2.5%). These 
results are in parallel to those obtained by 
Mohamed et al. (2014) and Massoud et al. 
(2017), showed that treating tip cuttings with 
IBA and/or biostimulants led to increase 
rooting percentage comparing with the 
untreated cuttings for Conocarpus erectus 
and Rosmarinus officinalis, respectively.  
Root and shoot characteristics: 

As shown in Tables (3, 4, 5, 6 and 7), 
treating cuttings of C. erectus with IBA 
and/or biostimulants significantly enhanced 
root and shoot characteristics comparing 
with the untreated cuttings during both 
seasons. Using either seaweed extract or 
coconut water was superior to A. rhizogenes 
or IBA alone. Besides, combined treatments 
of IBA with biostimulants were more 
effective on improving root and shoot 
characteristics than the individual ones. 
Generally, application of IBA combined with 
coconut water for 1 hour led to the highest 
root number (12.3), root length (16.7 cm), 
stem length (24.0 cm), branch number (2.2) 
and leaf number (19.4) per rooted cutting, 
followed by IBA + seaweed extract as 
drench (10.9, 15.3 cm, 20.5 cm, 2.0 and 
16.3, respectively) as average of both 
seasons. Conversely, untreated cuttings 
recorded the lowest values of root number, 
root length, stem length, branch number and 
leaf number (1.2, 1.6 cm, 7.1 cm, 0.6 and 

2.8, respectively) per rooted cutting. The 
enhancing effects of IBA, A. rhizogenes, 
seaweed extract and coconut water on the 
root and vegetative growth characteristics 
obtained in the present study were also found 
by Falasca et al. (2000), Pacholczak et al. 
(2012), Dada et al. (2019) and Sarmast et al. 
(2019). The increment in root characteristics 
of C. erectus rooted cuttings may be due to 
the role of auxins (synthetic IBA and natural 
IAA produced by A. rhizogenes or present in 
seaweed extract and coconut water) in 
promoting adventitious root development of 
stem cuttings, through their ability to 
promote the initiation of root primodia, 
vascular cambial cells and enhance transport 
of carbohydrates and rooting co-factors to 
cuttings’ bases as well as accelerate root 
formation and increase root number and 
quality per cutting (Zengibal and Özcan, 
2006; Hartmann et al., 2014). In addition, 
seaweed extract and coconut water contain 
cytokinins, gibberellins and promoting 
growth substances which helps to stimulate 
the root growth (Craigie, 2011; Yong et al., 
2013). In this regard, Agele et al. (2010) 
reported that the active compounds present 
in seaweed extract and coconut water may 
affect intensification of the synthesis and 
activity of the natural hormones, facilitation 
of absorption of nutrients and stimulation of 
root development. Furthermore, indirect 
stimulation of root growth may also occur 
via enhancement of associated soil 
microorganisms by seaweed extracts (Calvo 
et al., 2014).  

On the other hand, the best shoot 
characteristics of C. erectus cuttings treated 
with IBA and/or biostimulants may be due to 
the effective role of auxins on cell division 
and enlargement; this leads to increase the 
vegetative growth (Gollan and Wright, 
2006). Besides, the presence of many active 
constituents in the seaweed extract and 
coconut water which play an important role 
in improving cell division and the 
biosynthesis of organic foods (Strick et al., 
1997). Furthermore, the increment in shoot 
characteristics may be attributed to better 
rooting performance allowing rooted cuttings  
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Table 3. Number of roots per rooted cutting of Conocarpus erectus as affected by IBA, 
biostimulants and cutting types after 3 months from planting during 2017 and 
2018 seasons. 

 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 2.3 1.0 0.8 1.4 1.8 0.8 0.5 1.0 
IBA 7.6 5.3 3.3 5.4 6.1 3.7 3.3 4.4 
A. rhizogenes 8.2 4.0 2.0 4.7 7.5 3.9 1.6 4.3 
IBA + A. rhizogenes 10.0 5.3 5.0 6.8 9.8 5.6 4.3 6.6 
Seaweed (spray) 11.6 5.3 4.3 7.1 10.3 5.5 3.9 6.6 
IBA+ seaweed (spray) 12.3 7.8 6.5 8.9 11.4 6.9 5.8 8.0 
Seaweed (drench) 13.6 8.0 7.0 9.5 12.3 7.0 6.3 8.5 
IBA + seaweed (drench) 14.3 11.3 7.9 11.2 13.8 10.8 7.3 10.6 
Coconut water 3 min 12.3 5.5 4.8 7.5 11.2 4.9 4.4 6.8 
IBA + coconut water 3 min 13.1 7.5 7.0 9.2 12.6 6.9 5.6 8.4 
Coconut water 1 h 18.3 7.6 6.8 10.9 14.8 6.5 5.8 9.0 
IBA + coconut water 1 h 20.1 12.0 8.3 13.5 15.1 10.4 7.8 11.1 
Mean 12.0 6.7 5.3  10.6 6.1 4.7  
LSD at 0.05         
Treatments  0.97    1.04   
Cutting types  0.43    0.50   
Interaction  1.48    1.73   

 
Table 4. Root length (cm) of Conocarpus erectus cutting as affected by IBA, 

biostimulants and cutting types after 3 months from planting during 2017 and 
2018 seasons. 

 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 3.3 1.3 0.3 1.6 3.1 1.0 0.3 1.5 
IBA 12.5 6.4 2.6 7.2 11.8 5.3 2.1 6.4 
A. rhizogenes 12.3 4.6 1.9 6.3 11.4 3.1 1.1 5.2 
IBA + A. rhizogenes 16.1 8.9 4.8 9.9 15.5 7.3 4.6 9.1 
Seaweed (spray) 14.0 5.6 3.6 7.7 13.0 4.8 2.9 6.9 
IBA+ seaweed (spray) 17.5 12.6 9.0 13.0 16.0 11.9 8.4 12.1 
Seaweed (drench) 17.8 11.5 8.4 12.6 16.5 10.7 7.1 11.4 
IBA + seaweed (drench) 24.9 14.5 9.5 16.3 22.3 12.8 7.8 14.3 
Coconut water 3 min 17.5 10.0 6.5 11.3 15.8 7.9 5.9 9.9 
IBA + coconut water 3 min 18.2 12.6 9.0 13.3 16.5 10.5 6.5 11.2 
Coconut water 1 h 21.1 13.1 9.1 14.4 19.1 11.0 7.9 12.7 
IBA + coconut water 1 h 27.5 15.5 10.4 17.8 24.0 12.9 9.5 15.5 
Mean 16.9 9.7 6.3  15.4 8.3 5.3  
LSD at 0.05          
Treatments  0.87    1.23   
Cutting types  0.55    0.55   
Interaction  1.89    1.91   
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Table 5. Mean stem length (cm) of Conocarpus erectus as affected by IBA, biostimulants 
and cutting types after 3 months from planting during the 2017 and 2018 
seasons. 

 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 13.2 5.0 3.8 7.3 11.0 6.3 3.0 6.8 
IBA 21.3 15.8 7.5 14.9 16.2 13.9 `11.4 13.8 
A. rhizogenes 20.8 13.3 8.8 14.3 13.4 11.0 11.4 11.9 
IBA + A. rhizogenes 21.6 18.5 10.8 17.0 17.4 14.9 12.3 14.9 
Seaweed (spray) 21.9 17.4 10.0 16.4 17.4 14.3 11.4 14.4 
IBA+ seaweed (spray) 21.6 21.1 16.3 19.7 20.3 19.0 14.2 17.8 
Seaweed (drench) 21.8 19.3 13.6 18.2 19.6 16.3 14.7 16.9 
IBA + seaweed (drench) 25.3 22.3 17.1 21.6 22.4 19.2 16.5 19.4 
Coconut water 3 min 22. 8 18.6 11.9 17.8 20.3 16.1 12.6 16.3 
IBA + coconut water 3 min 23.2 19.9 14.6 19.2 21.8 16.3 13.8 17.3 
Coconut water 1 h 26.6 18.9 16.1 20.5 24.7 18.7 14.7 19.4 
IBA + coconut water 1 h 30.5 23.2 19.4 24.4 28.4 22.8 19.5 23.6 
Mean 22.6 17.8 12.5  19.4 15.7 13.0  
LSD at 0.05          
Treatments  2.49    1.33   
Cutting types  1.01    0.89   
Interaction  N.S    N.S   
 
Table 6. Mean number of branches per plant of Conocarpus erectus as affected by IBA, 

biostimulants and cutting types after 3 months from planting during 2017 and 
2018 seasons. 

 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 1.00 0.50 0.25 0.58 1.00 0.50 0.25 0.58 
IBA 1.28 1.00 1.00 1.09 1.26 1.25 1.25 1.25 
A. rhizogenes 1.28 1.00 0.75 1.01 1.05 1.00 1.00 1.02 
IBA + A. rhizogenes 1.53 1.38 1.50 1.47 1.36 1.38 1.25 1.33 
Seaweed (spray) 1.33 1.50 1.00 1.28 1.53 1.50 1.00 1.34 
IBA+ seaweed (spray) 1.87 1.75 1.25 1.62 1.80 1.50 1.38 1.56 
Seaweed (drench) 2.00 1.62 1.00 1.54 1.92 1.80 1.63 1.78 
IBA + seaweed (drench) 2.47 1.75 1.75 1.99 2.33 2.08 1.80 2.07 
Coconut water 3 min 2.10 1.50 1.00 1.53 1.80 1.75 1.50 1.68 
IBA + coconut water 3 min 2.38 1.62 1.25 1.75 2.04 1.88 1.75 1.89 
Coconut water 1 h 2.80 1.87 1.50 2.06 2.65 1.96 1.88 2.16 
IBA + coconut water 1 h 2.73 1.92 1.50 2.05 2.75 2.05 2.05 2.28 
Mean 1.90 1.45 1.15  1.79 1.55 1.40  
LSD at 0.05         
Treatments 0.32    0.24   
Cutting types 0.16    0.13   
Interaction N.S    N.S   
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to absorb more water and nutrients from 
rooting substrate, which in turn will 
contribute to better vegetative growth (Khan 
et al., 2009).  

Regarding the effect of cutting types, it 
was noticed that propagation of C. erectus by 
tip cuttings produced the best number and 
length of roots that reflected in improving 
the quality and growth of shoots compared to 
cuttings from the middle and basal part of 
the stem (Tables 3, 4, 5, 6 and 7). These 
results are in conformity with those of 
Mohamed et al. (2014), Al-Dulaimy (2016) 
and Tilahun et al. (2019), who revealed that 
using tip cuttings resulted in the highest root 
and vegetative growth measurements of 
rooted cuttings comparing with the middle 
and basal ones. 

The interaction effect between IBA, 
biostimulants and cutting types on root 
number, root length and leaf number per 
rooted cutting was significant, but this effect 
was not significant on stem length and 
branch number in both seasons. The best 

combination of IBA + coconut water for 1 
hour with tip cuttings which recorded the 
highest rooting percentage (93.8%) was 
associated with the marked improvement in 
root measurements which positively 
reflected on better vegetative characteristics 
of rooted cuttings than the other 
combinations given lower results. Similar 
results were obtained by Mohamed et al. 
(2014), Massoud et al. (2017) and Tilahun et 
al. (2019), who found that the root and shoot 
measurements were improved by treating tip 
cuttings with IBA and/or biostimulants 
compared to untreated cuttings. The 
increment in root and shoot characteristics 
may be associated with the balance between 
endogenous levels of hormones and food 
materials in cutting tissues (Wróblewska, 
2015). 
Total carbohydrates (%) and phenols 
content: 

Data presented in Table (8 and 9) clearly 
show that total carbohydrates % and phenols 
content in  basal  part  of  C. erectus  cuttings  

Table 7. Mean number of leaves per plant of Conocarpus erectus as affected by IBA, 
biostimulants and cutting types after 3 months from planting during 2017 and 
2018 seasons. 

 

Treatments  
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 5.3 1.3 30. 2.3 5.6 2.8 1.4 3.3 
IBA 11.7 8.0 5.3 8.3 11.2 9.5 6.0 8.9 
A. rhizogenes 11.1 5.5 4.0 6.9 10.3 6.3 4.0 6.9 
IBA + A. rhizogenes 12.5 11.5 8.3 10.8 12.3 10.9 8.0 10.4 
Seaweed (spray) 14.5 10.0 8.0 10.8 12.6 10.8 6.5 10.0 
IBA+ seaweed (spray) 13.4 15.0 12.0 13.5 16.0 13.1 11.4 13.5 
Seaweed (drench) 13.0 13.1 10.3 12.1 13.2 12.6 11.4 12.4 
IBA + seaweed (drench) 21.7 15.3 13.5 16.8 21.8 13.8 11.9 15.8 
Coconut water 3 min 16.0 12.8 9.8 12.9 16.0 11.3 9.8 12.4 
IBA + coconut water 3 min 20.2 13.9 11.8 315. 19.7 13.5 11.0 14.7 
Coconut water 1 h 24.4 14.3 12.0 16.9 23.8 13.5 11.4 16.2 
IBA + coconut water 1 h 9.92 16.0 14.1 020. 27.6 15.0 13.4 18.7 
Mean 16.1 11.4 9.1  15.8 11.1 8.9  
LSD at 0.05          
Treatments  1.07    1.19   
Cutting types  0.43    0.56   
Interaction  1.50    1.94   
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Table 8. Total carbohydrates (%) in Conocarpus erectus cutting bases as affected by 
IBA, biostimulants and cutting types after 3 months from planting during 2017 
and 2018 seasons. 

 

Treatments 

Cutting types 
First season (2017) Second season (2018) 

Tip Middle Basal Mean Tip Middle Basal Mean 

Control 7.8 10.3 11.5 9.9 7.0 9.4 10.7 9.0 
IBA 9.7 13.9 19.6 14.4 8.8 12.1 18.2 13.0 
A. rhizogenes 8.0 11.7 15.6 11.8 8.3 10.2 14.6 11.0 
IBA + A. rhizogenes 12.0 14.3 22.7 16.3 10.9 13.7 20.3 15.0 
Seaweed (spray) 11.4 14.8 20.5 15.6 10.0 14.1 18.4 14.2 
IBA+ seaweed (spray) 14.9 19.5 28.3 20.9 15.3 17.6 27.2 20.0 
Seaweed (drench) 16.4 22.4 25.8 21.5 15.8 21.2 24.5 20.5 
IBA + seaweed (drench) 17.7 20.8 31.3 23.3 16.3 19.9 29.9 22.1 
Coconut water 3 min 13.0 17.0 23.9 17.9 11.0 17.1 20.4 16.1 
IBA + coconut water 3 min 12.5 18.9 28.4 19.9 11.7 15.7 25.0 17.5 
Coconut water 1 h 16.7 21.7 30.0 22.8 14.9 19.2 28.8 21.0 
IBA + coconut water 1 h 17.7 25.4 32.9 25.3 17.2 24.8 30.6 24.2 
Mean 13.2 17.5 24.2  12.3 16.3 22.4  
LSD at 0.05         
Treatments  1.08    1.08   
Cutting types  0.61    0.49   
Interaction  2.12    1.71   

 
Table 9. Total phenols content (mg GEA/g D.Wt.) in C. erectus cutting as affected by 

IBA, biostimulants and cutting types after 3 months from planting during 2017 
and 2018 seasons. 

 

Treatments 
Cutting types 

First season (2017) Second season (2018) 
Tip Middle Basal Mean Tip Middle Basal Mean 

Control 39.7 7.5 1.6 16.3 22.3 5.5 1.8 9.9 
IBA 60.0 36.2 11.0 35.7 37.4 20.7 10.5 22.9 
A. rhizogenes 46.3 24.6 7.5 26.1 26.8 16.1 6.0 16.3 
IBA + A. rhizogenes 54.5 37.7 18.2 36.8 40.6 25.7 12.6 26.3 
Seaweed (spray) 56.6 35.8 19.6 37.3 43.6 28.0 17.1 29.6 
IBA+ seaweed (spray) 59.3 49.9 27.9 45.7 49.2 34.1 20.9 34.7 
Seaweed (drench) 60.4 40.3 24.5 41.7 46.7 33.0 23.4 34.4 
IBA + seaweed (drench) 60.4 52.2 37.1 49.9 54.8 43.0 27.8 41.9 
Coconut water 3 min 58.7 34.2 21.4 38.1 41.4 27.5 19.3 29.4 
IBA + coconut water 3 min 61.4 50.7 29.0 47.0 49.3 37.2 25.3 37.3 
Coconut water 1 h 64.3 41.7 28.7 44.9 51.1 30.7 21.9 34.6 
IBA + coconut water 1 h 61.8 46.1 31.1 46.3 60.3 43.0 30.3 44.5 
Mean 57.0 38.1 21.5  43.6 28.7 18.1  
LSD at 0.05         
Treatments  3.02    1.87   
Cutting types  1.35    1.16   
Interaction  4.67    4.01   
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was considerably affected by the different 
treatments of IBA, biostimulants and cutting 
types. It is obvious that treating cuttings with 
IBA and/or biostimulants significantly 
increased the total carbohydrates % and 
phenols content compared to untreated 
cuttings in both seasons. The combined 
treatments of IBA with biostimulants were 
more effective on increasing total 
carbohydrates % and phenols content than 
the individual ones. Generally, cuttings 
treated with IBA + coconut water for 1 hour 
contained higher levels of total 
carbohydrates and phenols which led to 
maximum rooting percentage, root and shoot 
measurements, followed by the combined 
treatment of IBA + seaweed extract as 
drench. These results are in accordance with 
those reported by Denaxa et al. (2012), 
Kasem and Abd El-Baset (2014), Izadi et al. 
(2016) and Pacholczak et al. (2016). They 
stated that higher levels of total 
carbohydrates and phenols could stimulate 
adventitious root formation and improve root 
development. The positive relationship 
between rootability and the high contents of 
carbohydrates and phenols in basal part of C. 
erectus cuttings treated with IBA and/or 
biostimulants could be attributed to certain 
evidences supported by the effective role of 
carbohydrates and phenols as well as 
synthesis of IAA by A. rhizogenes, seaweed 
and coconut water in the presence of IBA to 
exert an effect on the rootability of cuttings. 
Carbohydrates have been considered to be 
the principal source of energy and carbon 
(Fabbri et al., 2004) as well as cell structural 
materials for the initiation of root primordia 
(Yoo and Kim, 1996). Carbohydrates 
concentration in cutting tissues may be 
influenced by auxins, which can enhance 
starch hydrolysis and mobilization of 
carbohydrate from leaves and upper stem 
towards the rooting zone (Davies, 2004). 
Arslonov (1979) observed breakdown of 
carbohydrates during the initial stages of root 
growth in lemon cuttings and also noted a 
rise in catalase and peroxidase activities 
which accompanied by the breakdown of 
carbohydrates. Besides, sufficient of both 

carbohydrates and nitrogenous basis works 
with others in synthesis of the building 
blocks for nucleic acids (DNA and RNA). 
These biochemical compounds are the main 
source in synthesis of proteins as well as 
carbohydrates and fats metabolism which 
they are all necessary for normal cell 
division (Cannon et al., 2002). On the other 
hand, many researchers (Aslmoshtaghi and 
Shahsavar, 2010; Izadi et al., 2016) reported 
that the phenolic compounds act as auxin co-
factors in promotion of adventitious root 
formation. The role of phenolic compounds 
in adventitious root formation is 
hypothesized to be in protecting the rooting-
inducer endogenous auxin IAA from being 
destructed by peroxidase, which can act as 
an IAA oxidase (Trobec et al., 2005; De 
Klerk et al., 2011; Izadi et al., 2016). 
Accordingly, the increment in polyphenolic 
compounds as a result of treatment of C. 
erectus cuttings with IBA and/or 
biostimulants has a direct role in inhibiting 
auxin oxidation so more auxin is available to 
induce roots, consequently improve rooting 
ability as well as root and shoot 
characteristics (Scagel and Linderman, 
1998).  

Concerning the effect of cutting types, 
results obtained in the present study 
indicated that the contents of total 
carbohydrates and phenols in cutting tissues 
of C. erectus were considerably affected by 
cutting portion on the branch (Tables, 7 and 
8). Basal cuttings contained higher content 
of total carbohydrates than tip and middle 
ones. Meanwhile, the tip cuttings were 
markedly higher in total phenols content than 
middle and basal ones, with significant 
differences in the two seasons. These results 
are in agreement with those obtained by 
Haissig (1974), Abdel-Rahman and El-
Naggar (2014) and Attia (2016). Reuveni 
and Adato (1974) found that the change from 
juvenile to adult is correlated with an 
increase of carbohydrates in the tissue. 
However, the obtained results in the present 
study indicated that the rootability of basal 
cuttings was not related to their total 
carbohydrates content. Similar results were 
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reported by Denaxa et al., (2012) and Attia 
(2016). For phenols, Haissig (1974) and 
Trobec et al. (2005) stated that phenols in 
juvenile tissues of certain plants tend to be 
higher than their mature forms. More 
lignified tissues have additionally a higher 
IAA-oxidase activity (Liu et al., 1998); 
therefore conditions were even less favorable 
for root formation of basal cuttings, which 
evidently could not keep the endogenous 
IAA concentration on the level of satisfying 
rooting. 

The statistical analysis showed that 
treatment of basal cuttings with IBA + 
coconut water for 1 hour gave the maximum 
total carbohydrates %, followed by IBA + 
seaweed extract as drench which was 
statistically similar to coconut water for 1 
hour treatment with the same cutting type. 
Meanwhile, untreated tip cuttings showed 
minimum total carbohydrates %. On the 
other hand, the tip cuttings treated with IBA 
+ coconut water for 1 hour contained the 
highest total phenols content, while the 
untreated basal cuttings recorded the 
minimum total phenols content in both 
seasons. The current findings indicate that 
the effectiveness of auxins for root formation 
may be related to changes in the levels of 
internal contents of phenols and 
carbohydrates in stem cuttings. These were 
supported by the works of Eklöf et al. 
(2000). Therefore, the adventitious root 

formation could be due to influences of 
auxins interaction with chemicals, growth 
co-factors or auxins synergists of 
carbohydrates and phenols compounds. 
Promoters and inhibitors: 

HPLC analysis (Fig., 1) of the samples 
extracted from basal portion root zone of the 
tip, middle and basal cuttings of C. erectus 
for the control and best treatment of IBA + 
coconut water for 1 hour which produced the 
maximum rooting percentage and the best 
root and shoot characteristics as well as the 
highest total carbohydrates % and phenols 
content, showed that the combined treatment 
of IBA + coconut water for 1 hour marked 
the highest endogenous contents of IAA and 
GA (44.0 and 75.3 µg/g f.w., respectively) 
but the lowest ABA (0.123 µg/g f.w.). 
Whereas, the control treatment showed the 
lowest content of IAA and GA (21.2 and 
29.6 µg/g f.w., respectively) but the highest 
ABA (0.209 µg/g f.w.). These results may be 
due to the role of combined treatment of IBA 
+ coconut water in increasing the contents of 
IAA and GA at the root zone of C. erectus 
cuttings. Since, coconut water contains 
phytohormones like auxin (IAA), 
gibberellins and cytokinins as well as many 
other active components which further play 
an important role in plant growth and root 
formation (Ibironke, 2019; Dada et al., 
2019). Besides, exogenous IBA application 
might have supplemented the endogenous 
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Fig. 1. Reversed-phase high performance liquid chromatography (RP-HPLC) analysis of 
two samples extracted from root zone of Conocarpus erectus L. cuttings treated 
with IBA + coconut water for 1 h and the control. 
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auxin ingredient at the base of cuttings. The 
reason for this might be the acceleration of 
the root initiation and genesis of root 
primordia that resulted in increased rooting 
in treated cuttings (Gaspar and Hofinger, 
1988). Auxin plays an effective role in many 
aspects of root growth, development and 
differentiation. IAA regulates the 
development of the primary and lateral roots 
(Raven et al., 2005), root apical meristem 
(Jiang and Feldman, 2005), root cap (Ponce 
et al., 2005) and root vascular differentiation 
(Aloni, 2004). 

On the other hand, gibberellic acid has 
promotive effects on adventitious root 
formation as suggested by Petridou and 
Porlingis (1997) and Hartmann et al. (2014). 
Abo El-Enien and Omar (2018) stated that 
there is a positive relationship between the 
higher rootability of Casimiroa edulis 
cuttings and high endogenous GA level. GA 
effect indirectly on adventitious root 
formation by increasing endogenous auxin 
through inhibition of IAA oxidase sparing 
effect and/or stimulation of auxin synthesis 
(Coleman and Greyson, 1977). Besides, GA 
have a function in regulating cell division 
and elongation as well as nucleic acid and 
protein synthesis (Spaepen et al., 2009).  As 
for abscisic acid (ABA), it is known that 
ABA generally has inhibitory effects. A 
negative relationship between root 
development and endogenous ABA was 

reported by Kelen and Ozkan (2003) and 
Hartmann et al. (2014). The role of ABA is 
critical for wound response and perhaps sink 
strength establishment, although its negative 
roles on the cell cycle may inhibit root 
induction (Da Costa et al., 2013). It was 
detected an inverse relationship between 
IAA and ABA contents in the cuttings. 
Kelen and Ozkan (2003) found a high IAA 
and low ABA levels in high rooting 
percentage of grape cuttings, whereas the 
opposite was observed in low rooting rate 
cuttings.  

As shown in Fig. (2), it is clearly 
appeared that the tip cuttings of C. erectus 
contained the highest levels of IAA (55.9 
µg/g f.w.) and GA (111.8 µg/g f.w.) but the 
lowest ABA level (0.061 µg/g f.w.). On the 
contrary, basal cuttings contained the highest 
ABA level (0.303 µg/g f.w.) but the lowest 
levels of IAA (15.1 µg/g f.w.) and GA (19.7 
µg/g f.w.) compared to the tip and middle 
ones (Fig. 2). The increment in endogenous 
IAA content in tip cutting tissues treated 
with IBA + coconut water for 1 hour may be 
due to the high contents of phenolic 
compounds and GA in tip cuttings which 
have an effective role in protecting the 
endogenous IAA from being destructed by 
IAA-oxidase (Coleman and Greyson, 1977; 
Trobec et al., 2005).  

Fig. (3) shows that treating tip cuttings  
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Fig. 2. Effect of cutting types on content of IAA, GA and ABA at root zone of 
Conocarpus erectus L. cuttings. 
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with IBA + coconut water for 1 hour resulted 
in the highest endogenous levels of IAA 
(66.0 µg/g f.w.) and GA (152.7 µg/g f.w.), 
but the lowest ABA level (0.025 µg/g f.w.). 
Meanwhile, untreated basal cuttings recorded 
the lowest levels of IAA (8.051 µg/g f.w.) 
and GA (5.8 µg/g f.w.) as well as the highest 
ABA level (0.36 µg/g f.w.). These results 
indicate that the tip cuttings of C. erectus 
contain high amounts of root promoting 
substances i.e., phenolic components, IAA 
and GA as a result of IBA and biostimulants 
application which explains the better rooting, 
root and growth characteristics of tip cuttings 
than middle and basal ones. Similar trends 
were reported by Singh (2017) and Tilahun 
et al. (2019).  
Anatomical structure of cuttings:  

Transverse sections of the rooting zone 
of Conocarpus erectus cutting are shown in 
Figs. (4, A, B, C and D). It was evident from 
these sections that the stem has a cylindrical 
shape consisting of the following features 
from outside to inside; epidermis, cortex, 
pericycle, vascular bundles, outer secondary 
phloem, cambium, secondary xylem, 
primary xylem, inner phloem and pith. The 
internal tissues of C. erectus stem cutting 
appeared that the lignified sclerenchyma 
tissue (sclerenchymatous pericycle) is 
organized as a continuous ring surrounding 
the outer secondary phloem layer. The 

continuity of sclerenchyma tissues 
negatively affects rooting ability, initiation 
of root primordium and development of C. 
erectus untreated cutting (Fig. 4A).  

The obtained results therefore provide 
indirect evidence of relationship existence 
between anatomy and rooting ability of 
cuttings. Treatment of C. erectus cuttings 
with either IBA, IBA + seaweed extract as 
drench or IBA + coconut water for 1 hour 
stimulated root initiation, root primordium 
formation, root elongation, root emergence, 
growth and development compared to the 
untreated cuttings (Fig. 4, B, C and D). 
Transverse sections of the rooting zone 
showed that the meristematic cells of initial 
roots continuously divide forming new cells 
proliferated mainly from vascular cambium 
and phloem. The substantial cell expansion 
and proliferation in the cambium and phloem 
that were enough to cause breaks in the 
continuous sheath of sclerenchyma tissue 
and allowing for root primordium to 
penetrate though phloem and sclerenchyma 
ring. The new roots had emerged through 
splits in the epidermis in successful cuttings. 
By the time of root emergence, fully matured 
vascular connections had been established 
between the vascular systems of the 
adventitious roots and that of the cutting. 
Roots originated only in proliferative tissue 
within secondary phloem. In cuttings that did  

   

Fig. 3. Content of IAA, GA and ABA at root zone of three cutting types of Conocarpus 
erectus L. treated with IBA + coconut water for 1 h and the control. 
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not root, only the first stage of expansion 
occurred, to a less extent than was observed 
in cuttings that rooted. Formation of a dark-
staining ring of sclerenchyma cells at the 
periphery of the vascular tissue was evident 
in C. erectus stem cutting. These 
observations are similar to those reported by 
Attia (2016), who stated that rootability of 
some easy- and difficult-to-root stem 
cuttings of ornamental plants is regarded to 
anatomical structures of stem these plants. 
According to Hartmann et al. (2014), the 
poor rooting of difficult-to-root cuttings was 
related to the presence of sclerenchyma ring 

between the phloem and cortex, which acted 
as mechanical barriers preventing the 
emergence of roots, while easily rooted types 
were characterized by discontinuity of such 
ring.  

On the other hand, several studies 
declared the positive effects of exogenous 
auxin application on cell division, cell 
elongation and certain stages of 
differentiation during adventitious root 
formation (Attia, 2016; Hussein, 2018). 
Auxins application caused considerable cell 
expansion and proliferation in the cortex, 
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Fig. 4. Transverse sections in the rooting zone of Conocarpus erectus cuttings as affected 
by different treatments; control (A), IBA (B), IBA + seaweed extract as drench 
(C) and IBA + coconut water for 1 h (D) after 3 months from propagation. X₌ 
200 µm. ep₌ epidermis; co₌ cortex; pr₌ pericycle; osp₌ outer secondary phloem; 
ca₌ cambium; sx₌ secondary xylem; px₌ primary xylem; ip₌ inner phloem; pi₌ 
pith; rp₌ root primordium; rca₌ root cap; gm₌ ground meristem. 
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phloem, and cambium resulting 
discontinuous sclerenchyma rings, while root 
primordia were absent in untreated cuttings, 
which may explain why untreated cuttings 
are difficult-to-root (El-Nashar, 2008). The 
higher endogenous IAA level could be 
related to the activation of the cambium and 
the formation of cambial derivatives, as 
auxins promote vascular differentiation 
(Gaspar et al., 1996). In addition, the active 
compounds present in the seaweed extract 
and coconut water may stimulate 
rhizogenesis by inducing anatomical and 
morphological changes in plants (Cambri et 
al., 2008). Accordingly, the higher 
endogenous IAA level in cutting tissues of 
C. erectus as a result of IBA and/or 
biostimulants treatments is directly related to 
better root initiation, differentiation, 
elongation and increasing the rooting 
percentage than the untreated cuttings. 
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 باستخدام إندول حمض البیوتیریك وبعض المنشطات الحیویة عقل الكونوكاربس یر ونمو تحسین تجذ
 أسماء محمد محمد صالح ،یظعصام یوسف عبدالحف  ،سید شحاتھ عابدین عبدالرحمن

 مصر ،أسیوط ،جامعة أسیوط ،كلیة الزراعة ،قسم الزینة وتنسیق الحدائق
 

منشطات الجزء فى الملیون مع أو بدون  ۱۰۰بیوتیریك بتركیز حمض الإندول تأثیر بھدف تقییم أجریت ھذه الدراسة 
  التجذیر لبیئة فى صورة رش أو إضافة ) ھند، ماء جوز الحیویة (أجروبكتیریم رایزوجینیس، مستخلص طحالب بحریةال

) لنبات ةی(طرفیة، وسطیة وقاعدالنمو الجذري والخضري لثالث أنواع من العقل على  دقائق أو ساعة  ۳لمدة 
بس. أظھرت البیانات المتحصل علیھا أن نسبة التجذیر، النمو الجذرى والخضرى للعقل المجذرة زادت معنویا الكونوكار

دول حمض البیوتیریك مع أو بدون المنشطات الحیویة. باإلضافة إلى ذلك، فإن المعامالت الفردیة  إن مع جمیع معامالت
مقارنة بإندول حمض البیوتیریك أو أجروبكتیریم  اً رھند كانت أكثر تأثیالبحریة وماء جوز ال لمستخلص الطحالب

لبیئة التجذیر مع أو بدون اندول حمض  افة صورة إض يرایزوجینیس بمفرده. تفوقت إضافة مستخلص الطحالب البحریة ف
ً البیوتیریك عن تلك المضافة رش تلك   دة ساعة كانت أفضل منلة بماء جوز الھند لم. بجانب ذلك، فإن استجابة العقل المعاما
 طیةدقائق. أظھرت النتائج أن العقلة الطرفیة كانت أفضل معنویا مقارنة بالعقل الوس ۳المعاملة بماء جوز الھند لمدة 

تات أعلى نسبة تجذیر، وأفضل صفات جذریة وخضریة للنبا .والقاعدیة، وبصفة خاصة بعالقتھا بقدرة العقل على التجذیر
رفیة المعاملة بإندول حمض البیوتیریك + ماء جوز الھند لمدة ساعة، یلیھا المعاملة ل علیھا من العقل الطالناتجة تم الحصو

الب البحریة فى صورة إضافة لبیئة التجذیر.  كان ھناك إرتباط بین أعلى نسبة  لطحبإندول حمض البیوتیریك + مستخلص ا
، أیضا بالمستوى كحمض الخلیك وحمض الجبریللی ل، إندوفعة لكل من الفینوالتالمرتتجذیر والمستویات الداخلیة 

ذلك، یمكن التوصیة   علىالتشریحى للعقل المجذرة. بناءا وبالتركیب  العقلالمنخفض من حمض األبسیسیك فى أنسجة 
إضافة  الب البحریة فى صورة بمعاملة العقل الطرفیة لنبات الكونوكاربس إما بماء جوز الھند لمدة ساعة أو بمستخلص الطح

النمو الجذرى والخضرى، كذلك   صفاتباإلشتراك مع إندول حمض البیوتیریك بھدف تعظیم نسبة التجذیر، لبیئة التجذیر 
   المنشطة للتجذیر. وادالمحتوى الداخلى للم
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