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ABSTRACT: This study determines the effect of some exogenous growth substance treatments on 

rooting and endogenous growth hormones [the total indole-3acetic acid (IAA), gibberellic acid (GA3), 

cytokinins (CKs) and abscisic acid (ABA)] in stem cuttings of Casimiroa edulis L. (C. edulis). After 

45 days from the treatments, results showed that, no roots were observed in the cuttings without 

treatment while at 1000 ppm of IBA plus sucrose, BA or pyrogallol is most preferred and more 

suitable for initiation of roots in cutting. The treatment with IBA 1000 mg/l + sucrose 3% produced 

the higher number of rooted cuttings (90%) and higher in the average number of roots (6 roots/ 

cutting). While the cuttings treated with IBA 1000 mg/l + sucrose 5% and IBA 1000 mg/l + pyrogallol 

0.5% produced higher average root length (20 mm). Also, there was increasing determined in IAA and 

CKs levels of cutting treated with IBA (500 and 1000 mg/l alone or plus BA, pyrogallol or sucrose) 

and decreasing in ABA levels with treatments but the relationship between the rooting and 

endogenous hormones were uncleared. 

Key words: Casimiroa edulis, IBA, rooting, cutting, endogenous hormones. 

INTRODUCTION 

White sapote (C. edulis) is a native tree of 

Mexico and Central America. It is also found in 

wild and cultivated areas. C. edulis is one of 

three trees species, while the other two species 

are woolly-leaved white sapote and the 

matasano de mico. C. edulis trees height ranges 

from 5 to 16 meters. The trunk has a thick 

grayish bark with long drooping branches. 

Flowers are hermaphrodite and occasionally can 

become unisexual (due to the effect of some 

aborted stigmas). There is a variation in the 

amount of pollen produced by the seedlings and 

the grafted cultivars, flowers harbouring sterile 

pollen and the lack of cross-pollen rationale are 

considered to be the primary causes of shedding 

immature fruits. C. edulis fruit is round, oval or 

ovoid. Because of their thin skin, discoloration 

(bruises) might be noticeable form the least 

improper harvest procedure(s). Fruits size 

ranges from 5 to 10 cm in diameter and is apple 

shaped. Fruits colour is usually light green when 

unripe and turns to yellow when ripe. The skin 

is coated with many tiny yellow oil glands. 

Fruits flesh is creamy with a sweet flavour and 

its colour is yellow or white. Fruits usually 

contain 1 to 6 hard white seeds. White sapotes 

are commonly grown from seeds and it takes 7 

to 8 years from seedling to the first harvesting 

cycle and propagation by cutting is difficult in 

rooting (Ahlawat et al., 2016). 

Propagation by cuttings has high propagation 

coefficients and can be applied to large-scale 

plantations. In this experiment, we have first 

shown for propagation by cutting for C. edulis 

and relationships between levels of endogenous 

plant hormones. 

The process of adventitious root formation 

and elongation is influenced by some internal 

and external factors. Among the internal factors, 

the key part is attributed to auxins which be 

under phytohormones. It is generally accepted 

that auxins have a certain role in rooting 

initiation (Stefancic et al., 2005). Survival of 
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cuttings and the attaching limit is identified with 

natural components of the species, for example, 

hormonal adjust, time of accumulation, cutting 

and hereditary capability of the species 

(Franzon et al., 2004; Fachinello et al., 2005). 

Auxins stimulate adventitious root formation, 

and the response to auxin and its role in 

controlling roots formation and their length and 

number are critical, and auxin role in root 

induction is much more highlighted than its 

initiation (Yan et al., 2014).  

In general, roots formation in plants is 

happening in two phases, the first phase is 

sensitive to auxin content but‚ the second phase 

is auxin insensitive (Yan et al., 2014). Roots 

primordia formation in cuttings is dependent 

upon internal auxin content and some synergistic 

components such as biphenyls. These compounds 

stimulate the related RNAs biosynthesis and 

hence improve roots primordia initiation 

(Henrique et al., 2006).  

Many diverse compounds, which are thought 

to influence auxin levels, have been shown to 

influence root formation. Phenolic compounds 

are regarded as being important in this context. 

The evidence of which is based is mostly 

indirect, although there is limited supporting 

evidence from correlative studies of phenolic 

levels and rooting.  

Despite some conflicting results from 

physiological investigations, the possibility that 

o-dihydroxy compounds may influence root 

formation via an inhibitory influence on IAA 

oxidase. 

Auxins are very helpful to overcome 

difficulties in cuttings for root induction. Indole 

butyric acid (IBA) is a plant growth hormone 

from the auxin family and is used in many 

horticultural plants for root induction. Hafeez et 

al. (1988) and Mukhtar et al. (1998) succeeded 

in growing guava softwood cutting by using root 

growth regulators.  

Debnath and Maith (1990) acquired best 

establishing in Baruipur cultivar when plunged 

in 2500 mg/l IBA. However, there is persuading 

confirmations that auxins are fundamental for 

root advancement (Hartmann and Kester, 

1982). 

Many investigations have detailed that IBA 

increases root number in plants (Henrique et 

al., 2006). 

In cuttings which are regarded with 

manufactured auxins, for example, IBA, 

groupings of IAA at the base of cuttings can 

build momentarily and afterward diminish 

before establishing, sometimes within a period 

as short as 24 hr. (De Klerk et al., 1999). As 

reported elsewhere, IBA itself or combined with 

other growth regulators at high concentrations 

increase or accelerate the rooting of plants that 

exhibit particular rooting difficulties (Sun and 

Bassuk, 1991). 

Endogenous hormone levels are a critical 

factor influencing root and callus arrangement in 

stem cuttings. Many reports have demonstrated 

a positive connection between endogenous IAA 

levels in cuttings and the number of extrinsic 

roots created per cutting (Sivaci and Yalcin, 

2007).  

A negative relationship between root 

development and endogenous abscisic acid 

(ABA) was reported by (Pilet and Saugy, 

1987). Hansen (1988) reported that GA3 inhibit 

rooting of cuttings of many plant species. Feito 

et al. (1996) reported that the most active 

rooting systems have high levels of cytokinins 

mainly (zeatin and its riboside), with low IAA 

and ABA concentrations.  

Besides hormones and growth regulators‚ 

sucrose is another main criterion affects rooting 

phenomenon. Along with being an energy 

source‚ sucrose is a structural monomer for the 

biosynthesis of many other skeletal compounds. 

Sugars promote the growth and development of 

plants. It seems that oligosaccharides deposited 

in the cell wall have a positive effect on root 

induction and growth (Mehrabani et al., 2016). 

Transport of sugars to the site of regeneration is 

evident during the early stages of root 

regeneration. This is so even where root 

initiation is unlikely to be limited by the local 

availability of carbohydrate in the region of root 

formation. The stimulatory effect of supplied 

sugars on root formation is particularly evident 

when auxin is also supplied to stem cuttings. 

This raises the possibility that supplied sugar 

enhances the loading and transport of auxin such 

that it more readily reaches potential sites of 
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initiation. Many of these have demonstrated that 

sugars, including sucrose, glucose, fructose, 

ribose, deoxyribose, myo-inositol and dextrose, 

can enhance rooting response of cuttings in the 

presence, or absence, of supplied auxin (Jarvis, 

1986). 

The phenols play a critical role in modifying 

Indole acetic acid (IAA) activity, liberating 

endogenous auxins and forming covalently 

bonded auxin phenol conjugates which enhance 

root formation (Coll et al., 2002). 

However, the little numbers of rooting 

studies have previously examined relationships 

between levels of endogenous plant hormones, 

[e.g. IAA, CKs, GA3 and ABA] and the rooting 

ability during root-induction. 

The aim of the present work was to study the 

effects of IBA, BA, pyrogallol, and sucrose 

treatments on endogenous hormones (IAA, 

GA3, CKs and ABA) levels and their 

relationship during rooting. 

MATERIALS AND METHODS 

This investigation was carried out in the 

plant physiology lab., Department of Botany, 

Faculty of Agriculture, Al-Azhar University, 

Cairo, Egypt.  

Plant Material 

The cuttings were taken from a vigorous and 

healthy a single tree of white sapote early in the 

morning during the dormant stage on begin-

December 2016 in Faculty of Agriculture Farm 

area.  

Stem cuttings used were 12 to 15 cm in 
length, and 7 to 11 mm in diameter with at least 
2-4 buds on each cutting and all leaves were 
removed. All the cuttings were treated for 1.5 
min in a solution of mercuric chloride 0.1 % and 
soaked in distilled water. The bases of the stem 
cuttings were soaked for 15 min in different 
concentrations solution of the IBA (500 and 
4000 mg/l) alone or combined with BA (5 and 
10 mg/l), pyrogallol (0.5 and 1.0 mg/l) or 
sucrose (3 and 5%) for 15 min. The cuttings 
soaked in distilled water were used as a control. 
One group of replicates each consisting of 10 
cuttings were then planted immediately in a 
plastic planter box with wood-perlite.  

The rooting studies were carried out in a 

climatic room in the daily period at 17-24°C. 

The following observations were made and data 

collected after 45 days from treatments were, 

number of rooted cuttings, number of cuttings 

with mortality, the total number of roots and 

total root length of cuttings. For each analysis, 

cuttings were taken, and basal parts in stem 

cuttings were sampled.  

The data collected was analyzed using 

Analysis of Variance (ANOVA) and significant 

differences among means were calculated by 

Duncan's multiple range test (p ≤ 0.05). All data 

were analyzed statistically by two-way ANOVA 

using the Costat program (version 6.3), and the 

figures plotted by Excel 2016 (Costat, 1990). 

Hormone Analyses 

Hormones analyses were done according to the 

method of (Tang et al., 2011). 

RESULTS AND DISCUSSION 

Effect of Treatments on the Number of 

Rooted Cuttings 

 In Fig. 1 and Table 1 no roots were observed 

in the cuttings without IBA treatment (control) 

and also, at 0, 2000 and 4000 ppm treatment of 

IBA showed no growth of the roots (data not 

shown). A dose of 500 and 1000 ppm showed 

the best response to the growth of roots. With 

increased concentration of IBA from 500 to 

1000 ppm increased the number of rooted 

cuttings while it decreased with increasing 

concentration of BA alone. Also, it was 

decreased with increasing concentration of 

pyrogallol. The treatment with IBA 1000 mg/l + 

sucrose 3% produced highe number of rooted 

cuttings (90%) followed by IBA 1000 mg/l + 

sucrose 5% and IBA 1000 mg/l + BA 5 or 10 

mg/l (80%). This can be supported by the work 

of Leakey (2004) who noted that the cuttings 

that have a high level of auxins and cytokinins 

have a higher percentage of rooted cuttings. The 

response was also confirmed by (Yong Jean et 

al., 2013) who showed that coconut water 

contains cytokinins which helps to stimulate the 

growth of roots and shoots. Wiegel et al. (1984) 

found that carbohydrates help in auxin transport 

as well as the growth of shoots and roots. 
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Fig. 1. Effect of treatments on the number of rooted cuttings 

Table 1. Effect of treatments on rooting and endogenous hormones of C. edulis cuttings 

Endogenous hormones content 

IAA CKs GA3 ABA 

Treatment Rooting 

(%) 

Average 

No. of roots/ 

cutting 

Average 

length of 

roots (mm) 

µg/g (%) µg/g (%) µgm/g (%) µg/g (%) 

IAA 

/CKs 

ratio 

IAA 

/ABA 

ratio 

CKs / 

ABA 

ratio 

Control (in first) 0  d 0  f 0  e 3.46 0.89 3.68 0.94 362.53 92.84 20.8 5.33 0.94 0.17 0.18 

Control (in end) 0  d 0  f 0  e 2.675 8.35 0.62 1.95 27.37 85.40 1.38 4.31 4.28 1.94 0.45 

IBA 500 mg/l 20  e 2  cde 3  de 4.63 2.03 2.27 0.99 219.5 96.04 2.15 0.94 2.04 2.16 1.06 

IBA 1000 mg/l 40  c 5  ab 13  b 21.41 5.43 8.32 2.11 363.16 92.09 1.45 0.37 2.57 14.73 5.72 

BA 5 mg/l 40  c 1  ef 2  de 15.72 5.43 6.11 2.11 266.95 92.19 0.77 0.27 2.57 20.35 7.91 

BA 10 mg/l 30  d 2  def 2  de 14.18 4.68 5.50 1.82 282.53 93.29 0.62 0.20 2.58 22.88 8.88 

IBA 500 mg/l + BA 5 mg/l 40  c 4  ab 5  cde 18.70 6.21 7.26 2.41 273.9 90.88 1.49 0.50 2.57 12.51 4.86 

IBA 500 mg/l + BA 10 mg/l 30  d 3  bcde 8  bcde 16.32 5.03 6.23 1.92 300.4 92.64 1.31 0.41 2.62 12.40 4.73 

IBA 1000 mg/l + BA 5 mg/l 80  b 5  ab 11  bc 8.719 3.02 3.38 1.17 275.85 95.53 0.81 0.28 2.58 10.76 4.17 

IBA 1000 mg/l + BA 10 mg/l 80  b 6  ab 7  bcde 12.38 2.88 4.81 1.12 411.86 95.84 0.65 0.15 2.57 18.83 7.32 

IBA 1000 mg/l + pyrogallol 0.5% 40  c 2  def 20  b 19.07 5.08 7.41 1.97 348.01 92.68 1.02 0.27 2.57 18.64 7.24 

IBA 1000 mg/l + pyrogallol 1.0% 20  e 3 bcd 6  bcde 21.88 5.38 8.50 2.09 374.93 92.27 1.03 0.26 2.57 21.06 8.18 

IBA 1000 mg/l + sucrose 3% 90 a 6  a 9  bcd 18.75 7.89 7.28 3.06 210.88 88.68 0.88 0.37 2.58 21.31 8.27 

IBA 1000 mg/l + sucrose 5% 80  b 5  abc 20  a 28.83 8.45 10.9 3.19 300 87.91 1.53 0.45 2.65 18.80 7.11 
Control (in first) = in begin of the experiments   Control (in end) = after 45 days from treatment 
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Pallardy and Kozlowski (2007) also observed 

that cuttings dipped in sucrose solution often 

improved rooting response by increasing the 

carbohydrates level and facilitating growth. 

However, high levels of sugars affected rooting 

by reducing the levels of nitrogen, which is 

essential in the rooting process (Hartmann et 

al., 1997). Stenvall et al. (2009) indicated that 

the accumulation of carbohydrates in plant 

tissues is correlated with the capacity for 

adventitious rooting. On the other hand, in 

pineapple (A. sellowiana) and guava  

(P. guajava), different concentrations of IBA 

did not influence the survival of cuttings 

(Zietemann and Roberto, 2007). In juvenile 

and mature F. 1mmila found that cytokinins 

inhibit the rooting in pre-induction phases 

(Smith and Thorpe, 1975) with a loss of 

inhibitory effect at later stages (Eriksen and 

Mohammed, 1974).  

Synergistic interactions between auxin 

pyrogallol have been confirmed in cuttings 

taken from material grown in the light but not 

the dark (Jarvis, 1986). It is possible, therefore, 

that synergism between supplied phenolics and 

auxin may only occur when cuttings are rooted 

in the light or taken from stock material raised in 

the light. 

Effect of Treatments on Number of Roots 

Results showed that, treatment with IBA 
1000 mg/l + sucrose 3% and IBA 1000 mg/l + 
BA 10 mg/l were significantly higher in average 
number of roots (6 roots/cutting), followed by 
IBA 1000 mg/l + BA 5 mg/l and IBA 1000 mg/l 
+ sucrose 5% (5.0 and 4.0 respectively) compared 
with control (0.0) as shown in Table 1 and Fig. 
2. IBA is a root promoting hormone that stimulates 
the activity of cambium to initiate roots 
(Rahman et al., 1991). Application of rooting 
hormone to enhance rooting capability of cutting 
has been suggested by many authors (Akram et 

al. 2017). Sen (2006) reported that the average 
number of roots of Flacourtia jangomas cuttings 
was significantly escalated due to the application 
of IBA.  

The maximum number of roots was achieved 
in 0.4% IBA treated cuttings and the minimum 
was with untreated. Hossain et al. (2002) 
reported that exogenous auxin (0.4% IBA) 
application appreciably (p<0.05) increased the 
number of roots per cuttings of Jackfruit. In 

another experiment Hossain et al. (2004) 
reported in Chukrasia velutina the highest 
number of roots per cutting treated with 0.4% 
IBA solution compared with untreated cutting. 
Pirkhazri et al. (2010) showed that the effect of 
different concentrations of IBA on number of 
roots in cuttings of apple and reported that the 
maximum number of roots in cuttings was 
obtained in cutting treated with 2500 ppm and 
the lowest was in the control. 

Effect of Treatments on Root Length 

In Table 1 and Fig. 3 the results of different 
average root length between treatments show 
that there are significant differences. The 
treatments with cytokinin showed negative 
growth in root elongation. While the cuttings 
treated with IBA 1000 mg/l + sucrose 5% and 
IBA 1000 mg/l + pyrogallol 0.5% produced 
higher average root length (20 mm) followed by 
IBA 1000 mg/l and IBA 1000 mg/l + pyrogallol 
1.0 % (13 and 12 mm, respectively). These 
results confirmed with Davies and Joiner 
(1980) who found that BA inhibited rooting at 
early initiation stages. While root length 
increased with an increase in IBA concentration 
(except for the quick dip method). 

Increased S. carpocapsae efficacy against 
This finding concurs with a report by Howard 
(1985). Also, Werner et al. (2010) found that 
cytokinins are negative regulators of root formation 
and elongation. Ezekiel (2010) documented that 
a higher number of roots, root length and root 
volume per cutting was observed in IBA 
treatment than control. Many researchers, for 
example, Opuni-Frimpong et al. (2008) and 
Husen and Pal (2007) reported that IBA has an 
important role in the development of adventitious 
roots, improving quality of roots and increasing 
root biomass. Signaling due to IBA and other 
hormones enhanced polysaccharide hydrolysis 
to provide energy for meristematic tissues of 
roots (Ezekiel, 2010). Moreover, this may be 
due to the hormonal action to regulate several 
physiological activities in a proper way such as 
transpiration and plant development including 
root-shoot initiation and elongation (Shan et al., 
2012). Tonietto et al. (2001), working with two 
cultivars of Prunus domestica verified that IBA 
increases rooting, the number and length of roots of 
both cultivars. IBA, according to the authors, 
because it facilitates root formation, gave the 
roots more time to grow thus reaching higher 
lengths which is an indirect effect of IBA. 
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 Fig. 2. Effect of treatments on average number of roots per cuttings 

 

 

Fig. 3. Effect of treatments on average length of roots per cuttings 
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Similar observations were reported by Cunha et 

al. (2004) in a research work with Sapium 
glandulatus cuttings, wherein their length 
increased with IBA doses. The highest number 
of root observed in cuttings treated with moringa 
leaf extract was due to the presence of Zeatin 
which a component of auxin is found in the 
extract from moringa leaf that aid root 
elongation and formation as reported by Culver 
et al. (2012). Samanda et al. (2015) reported 
that in chrysanthemum, IBA increased the roots 
number. Moreover‚ they reported that‚ root 
initiation and later development went to reduce 
the carbohydrates pool accumulated at the 
cutting basal end. 

Effect of Treatments on IAA, CKs, GA3 

and ABA Concentrations 

At late phase after 45 days from treatments, 
changes in endogenous hormone levels during 
adventitious rooting in plant propagation are still 
unclear. In Table 1 and Figs. 4, 5 and 6 the IAA 
and CKs concentrations were significantly 
increased with IBA, BA and sucrose treatments 
while endogenous ABA was decreased (Table 1 
and Fig. 7), IAA and CKs concentrations were 
higher than in the cuttings treated with IBA 
1000 mg/l + sucrose 5% followed by IBA 1000 
mg/l + pyrogallol 1.0% and IBA 1000 mg/l 
recorded (28.83, 21.88 and 21.41µg/g fresh 
weight) of IAA and (10.9, 8.5 and 8.32 µg/g 
fresh weight) of CKs, respectively and recorded 
high percent of rooting and average length of 
roots. The lowest endogenous IAA and CKs were 
showed in the cuttings without treatments and 
which were the highest in endogenous ABA. 
Yeboah et al. (2009) found that the wood types 
dipped in different sucrose levels significantly 
gave lower phenol levels compared to the 
control. Cuttings dipped in 15% sucrose solution 
recorded significantly higher rooting percentage, 
more roots and longer roots than both the 
control and 25% sucrose treatment. Qaddoury 
and Amssa (2004) found that, the root 
formation in date palm offshoots was 
significantly improved by IBA treatment and the 
contents of phenolic compounds increased 
steeply after IBA treatment and then decreased. 
Also, Zhang and Guo (2006) found that 
primordial initiation was generally associated 
with high IAA contents in Paulownia fortune. -
IAA producing ability of the tissues increases 
with IBA treatments. In many different woody 

taxons, it has been proved that IBA can convert 
to IAA (Gergő, 2011). Some reports showed 
that exogenous IBA could induce the changes in 
enzyme activities (peroxidase and IAA oxidase) 
and their effector's contents (phenolics) allowing 
the establishment of the favorable endogenous 
hormone balance (Ribnicky et al., 1996; 
Gaspar et al., 1997). Auxin treatment enhances 
the movement of boron (B), nitrogen (N), Zinc 
(Zn) and potassium (K) from the leaves and 
buds of the cuttings to the rooting zone (Blazich 
et al., 1983). 

Low ABA concentrations favored root 
primordial initiation in these cuttings. The 
endogenous ABA was significantly decreased 
with all of the treatments while it was higher 
than 5.33 and 4.31 µg/g fresh weight in cutting 
without treatment in beginning and end of the 
experiment, respectively on the other hand 
endogenous ABAwas lower than 0.62 µg/g fresh 
weight in cutting treated with BA 10 mg/l alone. 
Cytokinins were postulated to antagonize the 
ABA effect on plant behavior (Nishiyama et al., 
2011). Increased ABA levels in xylem sap and 
leaves of grape vines were found accompanied by 
decreased tZ-type cytokinins concentrations in 
root and shoot under partial root-zone drying 

(Stoll et al., 2000). 

The GA3 concentrations was different and 
uncleared with all of the treatments. The 
endogenous GA3 was higher than 411.86 µg/g 
fresh weight in treatment with IBA 1000 mg/l + 
BA 10 mg/l.  

Cytokinin and its interaction with ABA may 
be important for regulating plant root system 
architecture. Yamaguchi and Sharp (2010) 
found that maintenance of root elongation by 
ABA was conferred by its regulation of ion 
homeostasis, osmotic adjustment, and cell wall 
extensibility. Xu et al. (2013) reported that 
increased ABA accumulation under moderate 
osmotic stress was responsible for root growth 
promotion which may have occurred through the 
regulation of auxin transport in root tips. The 
crosstalk between ABA and auxin may play an 
important role in regulating root growth 
(Yamaguchi and Sharp, 2010). On the other 
hand, in some cases, ABA has no apparent 
inhibitory effect on rooting of cuttings (Kracke 
and Cristoferi, 1983;Kelen and Ozkan, 2003). 
For example, Grape is difficult to root although  
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Fig. 4. Effect of treatments on content of IAA in cuttings 

 

 

Fig.5. Effect of treatments on content of CKs in cuttings 
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Fig. 6. Effect of treatments on content of GA3 in cutting 

 

 

 

 
 

 

 

Fig. 7. Effect of treatments on content of ABA in cutting 
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 its ABA content is higher than that of readily-

rooting plants (Theophilus et al., 2010). ABA 

can promote rooting of other plants (Hartung 

and Turner 1980). 

The auxin/cytokinin ratio ranging between 2: 

2.65 in the treatment cutting where was higher 

than in the cuttings treated with IBA 1000 mg/l 

+ sucrose 5% and record high percent of rooting 

and the average length of roots. It seems likely, 

therefore, that the requirement for root initiation 

is for a low cytokinin level and favorable auxin: 

cytokinin ratio. 

The auxin/ABA ratio was higher than 

(22.88) in the cuttings treated with BA 10 mg/l 

alone while was lower than (0.17) in cuttings 

without treatment. Also, the cytokinin/ABA 

ratio was higher than (8.88) in the cuttings 

treated with BA 10 mg/l alone while was lower 

than (0.18) in cuttings without treatment. 

It is generally accepted that endogenous 

hormones level, especially auxins and cytokinin 

ratio, play a central role during adventitious 

rooting and the auxin/cytokinin ratio rises before 

the formation of root primordium and decreases 

after the formation of root primordium (Cline et 

al., 1997; Song et al., 2004). Petridou and 

Porlingis (1997) reported that application of 

GA3 promoted root development in cuttings of 

mungbean only in a small degree and this effect 

was increased by lBA and sucrose.  

Debi et al. (2005) indicated that the effect of 

cytokinins on initiation, emergence and 

elongation of lateral root in rice. Both the CKs 

and zeatin at 1.0 µM and higher concentration 

inhibited lateral root formation by inhibiting the 

initiation of lateral root primordia. Bollmark et 

al. (1988) showed that cytokinins inhibited the 

cell division during the early phase of the 

organization of adventitious root primordia in 

pea stem cuttings. It confirms the statement by 

Eriksen (1974), who said that cytokinin 

treatments can be decreased rooting. Beside of 

general mobilization of nutrients (Petho, 2002), 

Conclusions 

 In Casimiroa edulis L. the results indicate 

the importance of plant growth regulators 

(especially auxin), and their ratios, for rooting in 

cuttings. This study showed that IBA, BA, 

sucrose and pyrogallol treatments increased 

rooting percentages. Herein, we also have 

reported that exogenous plant growth regulator 

(lBA and BA) may be effective on the root 

formation by increasing of the total IAA and 

CKs and decreasing of ABA levels of stem 

cuttings. 

REFERENCES 

Ahlawat, T.R., N.L. Patel, C.R. Patel and  R. 

Agnihotri (2016). White Sapote (Casimiroa 

edulis Llave and Lex). Underutilized Fruit 

Crops: Importance and Cultivation, 1353-

1367. 

Akram, M.T., R.W.K. Qadri, M. Bashir, M.M. 

Jahangir, I. Khan, N. Nisar and M.M. Khan 

(2017). Clonal multiplication of guava 

(Psidium guajava) through soft wood 

cuttings using IBA under low-plastic tunnel. 

Int. J. Agri. Biol., 19 (3): 417-422. 

Blazich, F.A., R.D. Wright and H.E. Schauffer 

(1983). Mineral nutrition status of “Convexa” 

holly cuttings during intermittent mist 

propagation as influenced by exogenous 

auxin application. J. Ame. Soc. Hort. Sci., 

109: 350-355. 

Bollmark, M., B. Kubat and L. Eliasson (1988). 

Variation in endogenous cytokinin content 

during adventitious root formation in pea 

cuttings. J. Pl. Physiol., 133: 262-265.  

Cline, M., T. Wessel and H. Iwamura (1997). 

Cytokinin/auxin control of apical dominance 

in Ipomea nil. Pl. Cell Physiol., 38: 659-667. 

Coll, J.B., G.N. Rodrigo, B.S. Garcia and R.S. 

Tames (2002). Acido abscisicoytros 

inhibidores. In: Coll JB, Rodrigo GN, Garcia 

BS, Tames RS (eds) Fisiologia Vegetal 

Madrid: Piramide, 369-379. 

Costat, (1990). Costata reference manual 

(Version 2.1) Copyright Coltort Software. 

P.O. Box. 1149, Berkery, CA, 94701. USA. 

Culver, M., F. Tagwira and A.Z. Chiteka (2012). 

Effect of moringa extract on growth and 

yield of Tomato. Greener J. Agri. Sci., 2 (5): 

207-211. 

Cunha, A.C.M., I. Wendling and L. Souza 

Júnior (2004). Influência da concentração do 

regulador de crescimento para enraizamento 



 

 
Zagazig J. Agric. Res., Vol. 45 No. (3) 2018   901

AIB na formação de mudas de Sapium 

glandulatum (Vell.) Pax por estaquia. 

Boletim de Pesquisa Florestal 49:17-29. 

Davies, F., T. Jr and J.N. Joiner (1980). Growth 

regulator effects on adventitious root 

formation in leaf bud cuttings of juvenile and 

mature Ficus pumila. J. Ame. Soc. Hort. Sci., 

105 (1): 91-95. 

De Klerk, G.J., W. Van der Krieken and J.C. De 

Jong (1999). The formation of adventitious 

roots: New concepts, new possibilities. In 

vitro Cell Dev. Biol. Pl., 35: 189-199.  

Debi, B.R., S. Taketa and M. Ichii (2005). 

Cytokinin inhibits lateral root initiation but 

stimulates lateral root elongation in rice 

(Oryza sativa). J. Pl. Physiol., 162: 507-515.  

Debnath, G.C. and S.C. Maith (1990). Effect of 

growth regulators on rooting of softwood 

cuttings of guava (Psidium guajava L.) under 

mist. Haryana J. Hort. Sci., 19: 79–85. 

Eriksen, E.N. (1974). Root formation in pea 

cuttings. II: The influence of indole-3-acetic 

acid at different development stages. Physiol. 

Pl., 30 (2): 158-162. 

Eriksen, E.N. and S. Mohammed (1974). Root 

formation in pea cuttings II. Influence of 

indole-3-acetic acid at different developmental 

stages. Physiol. Pl., 32: 158-162. 

Ezekiel, A. (2010). Viable options and factors in 

consideration for low cost vegetative 

propagation of tropical trees. Int. J. Bot., 6: 

187–193. 

Fachinello, J.C., A. Hoffmann, J.C. Nachtigal, 

and E. Kersten (2005). Propagação de plantas 

frutíferas. Brasília, EMBRAP Informações 

Tecnol., 221. 

Feito, L., A. Gea, B. Fernandez and R. Rodriguez 

(1996). Endogenous plant growth regulators 

and rooting capacity of different walnut 

tissues. Pl. Growth Regul., 19: 101-108.  

Franzon, R.C., L.E.C. Antunes and M.C.B. 

Raseira (2004). Efeito do AIB e de diferentes 

tipos de estaca na propagação vegetativa da 

goiabeira-serrana (Acca sellowiana Ber). 

Revista Brasileira Agrociência, 10 (4): 515-

518. 

Gaspar, T., C. Kevers and J.F. Hansman (1997). 

Indissociable Chief Factors in the Inductive 

Phase of Adventitious Rooting. in: Biology 

of Root Formation and Development. 

Altman, A and Y. Waisel (Eds.), Plenum 

Press, New York, 53-63.  

Gergő, S. (2011). Changes of auxin content in 

the rooting zone of hardwood Plum cuttings, 

Ph.D. Thesis. Budapest Univ. 

Hafeez, U.R., M.A. Khan, Z.M. Niazi, D.A. 

Khan and C. Rehman (1988). Rooting of 

different types of guava stem cutting using 

growth regulator. Pak. J. Agric. Res., 9: 363–

365. 

Hansen, J. (1988). Influence of gibberellins on 

adventitious root formation. in: adventitious 

root formation in cuttings. Davis, T.D., B.E. 

Haissig and N. Sankhla (Eds.), Dioscorides 

Press, Portland, 2: 162-173.  

Hartmann, H.T. and D.E. Kester (1982). Plant 

Propagation: Principles and Practices, 235–

298. 

Hartmann, H.T., D.E. Kester, F.T. Davies and 

R.L. Geneve (1997). Plant Propagation 

Principles and Practices. Prentice Hall Eng. 

Cliffs, New Jersey, 07632: 276-391. 

Hartung, W. and N.C. Turner (1980). Abscisic 

acid in root culture of Phaseolus coccinensis 

L. Z. Pflanzenphysiologie, 97: 265-269. 

Henrique, A., E.N. Campinhos, E.O. Ono and de 

S.Z. Pinho (2006). Effect of plant growth 

regulators in the rooting of pinus cuttings. 

Braz. Arch. Biol, Technol., 49: 189-196. 

Hossain, M.A., M.A. Islam and M.M. Hossain 

(2004). Rooting ability of cuttings of 

Swietenia macrophylla King and Chukrasia 

velutina Wight et Arn. as influenced by 

exogenous hormone. Int. J. Agric. Biol., 6: 

560–564. 

Hossain, M.A., M.M. Rahman and M. 
Kamaluddin, (2002). Rooting ability of 
cuttings as influenced by etiolation of 
stockplants and auxin. SUST. Studies, 4: 55–
65. 

Howard, B.H. (1985). Factors affecting the 
response of leafless winter cuttings of apple 
and plum to IBA applied in powder 
formulation. J. Horti. Sci., 60:161-168. 



 
Abo El-Enien and Omar 902 

Husen, A. and M. Pal (2007). Effect of branch 

position and auxin treatment on clonal 

propagation of Tectona grandis Linn. F. New 

Forest., 34: 223–233. 

Jarvis, B.C. (1986). Endogenous control of 

adventitious rooting in non-woody cuttings. 

In : MB Jackson, ed . New Root Formation 

in Plants and Cuttings, 141-190.  

Kelen, M. and G. Ozkan (2003). Relationships 

between rooting ability and changes of 

endogenous IAA and ABA during the 

rooting of hardwood cuttings of some 

grapevine rootstocks. European J. Hort. Sci., 

68: 8-13. 

Kracke, H. and G. Cristoferi (1983). Effect of 

IBA and NAA treatments on the endogenous 

hormones in grapevine rootstock hardwood 

cuttings. Acta Hort., 137: 95-102. 

Leakey, R.R.B. (2004). Physiology of 

Vegetative Reproduction. In: Burley J, Evans 

J, and Youngquist JA (eds): Encyclopedia of 

Forest Sci., 1655-1668:2400. Elsevier, 

Oxford/ Academic Press, London, UK. First 

edition, four volume set. ISBN-10: 0-12-

145160-7. ISBN-13: 978-0-12-145160-8. 

Mehrabani, L.V., R.V. Kamran, M.B. 

Hassanpouraghdam, E. Kavousi and M.A. 

Aazami (2016). Auxin concentration and 

sampling time affect rooting of Chrysanthemum 

morifolium L. and Rosmarinus officinalis L. 

Azarian J. Agric., 3: 11-16. 

Mukhtar, A., A. Iftikhar, M.H. Lagari and 

Hidayatullah (1998). Effect of growth 

regulators on rooting in softwood cuttings of 

guava under mist conditions. Sarhad J. Agric. 

Res., 14: 423–425. 

Nishiyama, R., Y. Watanabe, Y. Fujita, D.T. Le, 
M. Kojima, T. Werner, R. Vankova, K. 
YamaguchiShinozaki, K. Shinozaki, T. 
Kakimoto, H. Sakakibara, T. Schmulling and 
L.S.P. Tran (2011). Analysis of cytokinin 
mutants and regulation of cytokinin 
metabolic genesreveals important regulatory 
roles of cytokinins in drought, salt and 
abscisic acidresponses, and abscisic acid 
biosynthesis. Plant Cell, 23: 2169-2183. 

Opuni-Frimpong, E., D. Karnosky, A. Storer 
and J. Cobbinah (2008). Key roles of leaves, 

stock plant age, and auxin concentration in 
vegetative propagation of two African 
mahoganies: Khaya anthotheca Welw. and 
Khaya ivorensis A. Chev. New For., 36: 115 
– 123. 

Pallardy, S.G. and T.T. Kozlowski (2007). 
Physiology of Woody Plants. 3

rd
 Ed. Acad. 

Press, New York, 454. 

Petho, M. (2002). Bioregulátorok. in: pethi m. 
mezigazdasági növények élettana. 
akadémiaikiadó. Budapest,. 268-329. 

Petridou, M.K. and I. Porlingis (1997). 
Presowing application of gibberellic acid on 
seeds used for the mungbean bioassay, 
promotes root formation in cuttings. Sci. 
Hortic., 70: 203-210.  

Pilet, P.E. and M. Saugy (1987). Effect on root 
growth of endogenous and applied IAA and 
ABA. Plant Physiol., 83: 33-38. 

Pirkhazri, M., D. Atshkar, H. Haji Najari and D. 
Fathi (2010). Effect of different treatments 
on rooting of some apple (Mallus domestica 
Borkh.) clonal rootstocks. J. Crop Seed, 26 
(1): 193-206. 

Qaddoury, A. and M. Amssa (2004). Effect of 
exogenous indole butyric acid on root 
formation and peroxidase and indole-3-acetic 
acid oxidase activities and phenolic contents 
in date palm offshoots. Bot. Bull. Acad. Sin., 
45: 127-131.  

Rahman, H.U., M.A. Khan, K.M. Khokhar, 
H.M. Laghari and H. Rahman (1991). Effect 
of season on rooting tip cuttings of guava 
treated with paclobutrazol. Ind. J. Agric. Sci., 
61: 404–406. 

Ribnicky, D.M., N. Hic, J.D. Cohen and A.J. 
Cooke (1996). The effect of exogenous 
auxins on endogenous indole-3-acetic acid 
metabolism, the implication for carrot 
somatic embryogenesis. Pl. Physiol., 112 : 
549-558.  

Samanda, N.D., P. Ormrod and N.O. Adedipe 
(2015). Rooting of chrysanthemum stem 
cuttings as affected by (2-chloroethyl) 
phosphonic acid and Indole butyric acid. 
Ann. Bot., 36: 961-965. 

Sen, M. (2006). Propagation of Flacourtia 

jangomas (paniala): An approach towards the 

domestication of wild fruit species. B.Sc. 



 

 
Zagazig J. Agric. Res., Vol. 45 No. (3) 2018   903

(Hons.), p: 68. Forestry Project paper. 

Institute of Forestry and Environmental 

Sciences, Chittagong Univ., Chittagong, 

Bangladesh. 

Shan, X., J. Yan and D. Xie (2012). Comparison 

of phytohormone signaling mechanisms. 

Curr. Opin. Plant Biol., 15: 84–91. 

Sivaci, A. and I. Yalcin (2007). Investigation of 

changes in phytohormone levels depending 

on effects of exogenous indole butyric acid 

and callus formation in the stem cuttings of 

some apple kinds (Malus sylvestris 

Miller). Asian J. Pl. Sic., 6 (7): 1103-1107 

Smith, D.R. and T.A. Thorpe (1975). Root 
initiation in cuttings of Pi1ws radiata 
seedlings. II. Growth regulator interactions. 
J. Expt. Bot., 26:193-202. 

Song, W.P., F.G. Gu, J.J. Wang, J.J. Li and Q.H. 
Xi (2004). Effects of lanthanum on root 
growth and senescence of GF43 (Prunus 
domestica) plantlet In vitro. J. Rare Earths 
Soci., (in Chin.), 22 (5): 687-695 

Stefancic, M., F. ˇStampar and G. Osterc (2005). 
Influence of IAA and IBA on root 
development and quality of Prunus 
“GiSelA5” leafy cuttings,” Hortc.Sci., 40 (7): 
2052-2055. 

Stenvall, N., M. Piisilä and P. Pulkkinen (2009). 
Seasonal fluctuation of root carbohydrates in 
hybrid aspen clones and its relationship to 
the sprouting efficiency of root cuttings. Can. 
J. Forest Res., 39 (8): 1531-1537. 

Stoll, M., B. Loveys and P. Dry (2000). 
Hormonal changes induced by partial 
rootzone drying of irrigated grapevine. J. 
Exp. Bot., 51: 1627-1634. 

Sun, W.Q. and N.L. Bassuk (1991). Stem 
banding enhances rooting and subsequent 
growth of M.9 and MM. 106 apple rootstock 
cuttings. Hortic. Sci., 26: 1368-1370.  

Tang, Y., L. Wang, C. Ma, J. Liu, B. Liu and L. 
Huanxiu (2011). The use of HPLC in 
determination of endogenous hormones in 
anthers of Bitter Melon. J. Life Sci., 5: 139-
142. 

Theophilus, M.M., H. Mibus and M. Serek 

(2010). The influence of plant growth 

regulators and storage on root induction and 

growth in Pelargonium zonale cuttings. Pl. 

Growth Regul., 61: 185- 193. 

Tonietto, A., G.R.L. Fortes and J.B. Silva 

(2001). Enraizamento de miniestacas de 

ameixeira. Rev. Bras. Frutic., 23(3):643-646. 

Werner, T., E. Nehnevajova, I. Kollmer, O. 

Novak, M. Strnad, U. Kramer and T. 

Schmulling (2010). Root-specific reduction 

of cytokinin causes enhanced root growth, 

drought tolerance, and leaf mineral 

enrichment in arabidopsis and tobacco. Pl. 

Cell., 22: 3905-3920. 

Wiegel, K., H. Horn and B. Hock (1984). 

Endogenous auxin levels in terminal stem 

cuttings of Chrysanthemum morifoluim 

during adventitious rooting. Physiol. Pl., 61 

(3): 422-428. 

Xu, W., L. Jia, W. Shi, J. Liang, F. Zhou, Q. Li, 

and J. Zhang (2013). Abscisic acid 

accumulation modulates auxin transport in 

the root tip to enhance proton secretion for 

maintaining root growth under moderate 

water stress. New Phytologist,197: 139-150. 

Yamaguchi, M. and R.E. Sharp (2010). 
Complexity and coordination of root growth 
at low water potentials: recent advances from 
transcriptomic and proteomic analyses. Pl. 
Cell Env., 33: 590-603. 

Yan, H., J. Li, X. Zhang, W. Yang, Y. Wan, 
Y.M. Ma and L. Huang (2014). Effect of 
naphthalene acetic acid on adventitious root 
development and associated physiological 
changes in stem cutting of Hemarthria 
compressa. PLoS One. 9(3): e90700. 
Published online (2014) Mar 4. doi: 10.1371/ 
Journal.pone.0090700 

Yeboah, J., S.T. Lowor and F.M. Amoah (2009). 

The rooting performance of shea (Vitellaria 

paradoxa gaertn) stem cuttings as influenced 

by wood type, sucrose and rooting hormone. 

Sci. Res. Essay, 4 (5): 521-525. 

Yong Jean, W.H., G. Liya, N.D. Yan Fei and 
N.T. Swee (2013). The composition of plant 
growth regulators in coconut water. Parsons 
Laboratory, Civil and Env. Eng. Dept., MIT, 
Camb., MA 02139, USA 3 Nat. Sci. and Sci. 
Ed., Nanyang Technol. Univ., Nanyang 
Walk, Singapore 637616. 



 
Abo El-Enien and Omar 904 

Zhang, F. and S.J. Guo (2006). Research 

progress in mechanism of adventitious root 

organgenesis. Guangdong Forestry Sci. 

Technol., 2: 91-95. 

Zietemann, C. and S.R. Roberto (2007). Efeito 

de diferentes substratos e épocas de coleta no 

enraizamento de estacas herbáceas de 

goiabeira, cvs. Paluma e Século XXI. Revista 

Brasileira de Fruticultura, 29 (1): 31-36. 

 

 

��� وا	������ت ا	�ا���� 	��� ���ت ا	
���� ا	����ء�� �'&�� %�$ ��اد ا	"!�  �� ا	
 

��ى  ��ا	�ھ�ب  !�  - أ%� ا	�"�+ *
"� إ)!� �� �  


 ا����ت��
�� -  ا�#�ھ�ة – �! �� ��� –� ا�زھ�   ����–���� ا��را��  -  ا��را�� 

=$��)  ٣إ�$!ول (� ��$
 ا�78$1 � و��$
 ا�4��5�$�ت ا�!ا�$��3 2
 ھ1ا ا��0/ ,
 درا-� ,+*�� (�$) ا�'�$��&ت ا�%�ر��$
  $4م �$? ٤٥(�$!  و���#A ا��$���� ���$�ت ا��$�4,� ا���C$�ء ��$A) ����? و=��) ا���7 ��< و=��) ا�(����<4 وا���8%��<ا�

  
�$�ء $2
 ا�'��$4ن  ١٠٠٠(��'� ا�'����� �$M ,���$� ) ا��8�Hول('����� ا�K=& ��L أى ,4Hن ��17ور ��
 ا��#A ا�'����� �
A#ا�� 
أ�R$78 ، �? إ�!ول =��) ا���M� > �,4 ا���Hوز أو ا���� A أد ��? أو ا����و���4ل ���P��%8� ��CQ� R ا�17ور ��

%) ٩٠(أ��$
 ��$�� ,A$#��� � 1$7 % ٣ ��ء 2
 ا�'��4ن �? إ�!ول =��) ا���M� > �,4 ا��$�Hوز ١٠٠٠ا�'����� (����8 
 ��ء $2
 ا�'��$4ن �$? إ�$!ول ١٠٠٠(��'� ا��#A ا�'����� �M ,���� ). �#��/ �1ور٦(��#A وأ��
 �V-48 ��!د ا�17ور ��
 ا
%  ٠٫٥ �$$�ء $$2
 ا�'��$4ن �$$? إ�$$!ول =$$��) ا���M$$� >$$ �,4 ا����و�$$��4ل ١٠٠٠و % ٥=$��) ا���M$$� >$$ �,4 ا��$$�Hوز 

 R$$[4ل ا�7$$1ور أ�$$[� V$$-48� 
 %��$$<=$$��) ا� ٣ أ �� �$$C�R$$ ھ�$$�ك ز $$�دة �$$!رت $$2
  ��$$48 �ت إ�$$!ول ،) �$$
٢٠(أ��$$
ا�4��5�$�ت وا�������48? و=��) ا���7 ��< و�#$^ $2
 ��$48ى =$��) ا�(���$�< �$M ا�'�$��&ت �H$? ا��&�$� ($�? ھ$1ة 

 .��L وا_���0�R  و(�? ا�178 � ا�!ا���3

 

 

 

 

 

 

 

 

 

 ـــــــــــــــــــــــــــــ
 :ا	!34!ــــــ�ن

  . ����� ��? b'c– ���� ا��را�� –أ-�8ذ 2�����4�4 ا����ت   إ%�اھ�8 )�9 ا	��+ إ%�اھ�8  �7.د. أ-١
 . ����� ا����ز P– ���� ا��را�� –  ا�'�Q8غأ-�8ذ ا�� �� <�< =ـــ��ــــــ� >ـــــ�هــ ��ا	�ـــ .د.أ -٢
 


