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ABSTRACT
This study was conducted at the experimental nursery of the Horticulture
Research Institute at Giza, Egypt to study the effect of plant growth promoting
rhizobacteria (PGPR) and plant growth regulators on rooting of jujube cuttings during
2008 and 2009 seasons. Sub-terminal cuttings were taken on mid April from mature
15- years old trees of jujube (Ziziphus Jujuba Mill) Li variety (difficult to root). Rooting
treatments included inoculation with Bacillus polymyx, Bacillus circulance, Bacillus
megaterium, Bacillus pasteruii, Pseudomans florescence or mixed inoculants from
previous PGPR strains or yeast (Saccharomyces cerevisae). In addition, Indole-3Butyric Acid (IBA) and Naphthalene Acetic Acid (NAA) were also tested at
concentration of 1000 and 2000 ppm as compared with untreated (control). Data
showed that the effect of Bacillus megaterium as PGPR resulted in the highest
significant rooting percentage (60% and 50%). After eight months of transplanting,
bacterial strain (Bacillus megaterium) followed by Pseudomans strain surpassed the
other treatments in survival percentage, average number of roots/transplant, stem and
root length, number of leaves, number of branches/transplant as well as leaves, stem
and root fresh and dry weight (g). On the contrary, the lowest significant effect of
treatments was found as a result of NAA at 1000 ppm and control during the two
seasons of study. Histological studies revealed that, the callus originated from the
cambial and phloem parenchyma cells below the cork cells, from these protrusions
the adventitious roots were developed. The new roots established their connections
with the vascular tissue of the cutting treated with Bacillus megaterium. Generally, it
can be concluded that inoculation jujube (Li variety) sub-terminal cuttings with Bacillus
megaterium or Pseudomans florescence can promote root formation as well as
increase survival percentage and enhance vegetative growth of the produced
transplants.
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INTRODUCTION
The Jujube (Ziziphus Jujuba Mill) belongs to the genus Zizuphus that
belongs to Rhamnaceae family. The genus includes about 40 species of
plants in tropical and subtropical regions of the northern hemisphere (Lyrene,
1979) of which the species Zizuphus jujube Mill is the most important in terms
of distribution and economic significance. Li is an early ripening variety and is
one of the most commonly available cultivar. Jujube fruit contains potassium,
phosphorus, manganese and calcium as the major minerals. There are also
high amounts of sodium, zinc, iron and copper. Jujube contains vitamin C
about 20 times the amount of that of citrus fruits, riboflavin and thiamine (JinWei et al., 2007) and 18 of the 24 amino acids. The water extract of jujube

Sawarsan, Madlen, R. et al.
fruit inhibits tumor cells and may have useful compounds for medicinal use
(Ki-Yeon et al., 2010). The Jujube trees can withstand a wide range of
temperatures, tolerance of marginal land thrive and grow well under semi-arid
zone (Reddy et al., 1998). Few researches are available concerning
propagation of jujube by cutting (Hatta et al., 1996). Jujube propagation as
stem cuttings is limited and very difficult to root even with the application of
indole butyric acid (Yan-Ting & King, 2001). Stem cutting is the most simple
and economical method particularly in horticulture, for mass production within
a short time. Application of growth substances such as Naphthalene Acetic
Acid (NAA) and Indole-3- Butyric Acid (IBA) as a growth regulators are
typically the principal and commercially which can be applied. They have
positive effect on rooting, specially cuttings which are considered hard to root
(Ercili & Guleryz, 1999 and Delker et al., 2008). Biofertilizers are considered
group of organisms plays an important role in soil biofertility, because of their
capability for producing hormones, amino acids and vitamins (Omar et al.,
1991). Biofertlizers are products containing living cells of different types of
microorganisms, which have an ability to convert nutritionally important
elements from unavailable to available form through biological processes
(Vessey, 2003). A promising trend for increasing the efficiency of biofertilizers
is the use of different mixtures of bio preparations as nitrogen fixers,
phosphate- and silicate-solubilizers (Wu et al., 2005). Plant growth-promoting
rhizobacteria (PGPR) are naturally occurring soil bacteria that are able to
aggressively colonize plant roots and stimulate plant growth when applied to
roots, tubers or seeds (Kloepper et al., 2004). Some of the other reported
benefits of using PGPR include the ability to control soil-borne fungi, enhance
plant survival and induce systemic resistance to foliar pathogens (Liu et al.,
1995). PGPB use different mechanisms of action to improve plant growth and
health, which could be active either simultaneously or sequentially at different
stages of plant growth (Arshad & Frankenberger, 1998). Some bacteria have
been found to stimulate plant growth through their 1-aminocyclopropane-1carboxylate (ACC)-deaminase activities (Shaharoona et al., 2006). ACCdeaminase lowers ethylene levels in plants by converting ACC into αketobutyrate and ammonia, which is in contrast to activity of the enzyme
ACC-synthase or ACC-oxidase, the latter are known to promote ethylene
synthesis. Since higher concentrations of ethylene have been reported to
inhibit root growth and nodulation (Arshad & Frankenberger, 2002), the
bacteria containing ACC-deaminase may completely or partially eliminate
potential inhibitory effects of higher ethylene concentrations in plants (Glick et
al., 1998). In addition, microbial activities can be made more efficient by
maintaining high bacterial populations in the rhizosphere of a plant
throughout the life cycle (Cheuk et al., 2003). The direct growth promoting
mechanisms by PGPR are as follows i) nitrogen fixation, ii) solubilization of
phosphorus, iii) sequestering of iron by production of siderophores, iv)
production of phytohormones such as auxins, cytokinins, gibberellins, and v)
lowering of ethylene concentration (Banerjee, et al., 2006). The use of PGPR
offers an attractive way to replace chemical fertilizer and supplements most
of the isolates result in a significant increase in plant height, root length, and
dry matter production of shoot and root of plants (Kloepper et al., 2004).
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Yeast (Saccharomyces cervicisae) is considered as a new promising
biofertiltzer for many crops. The positive effects of applying yeast could be
due to one or more of the merits. It contains some natural growth regulators,
i.e. auxin (IAA) (Moor, 1979) and cytokinins (Cks) (Ferguson et al., 1987) and
it was also found to encourage the uptake of various nutrients (Vilsmeier and
Amberger, 1988). In addition, it contains some important nutrients as N, P
and K and some common amino acids (Abou-Zaid, 1984). This evaluation
may be essential to examine some growth regulators and plant growth
promoting rhizobactria on rooting ability of jujube (Li variety) semi hardwood
cuttings.

MATERIALS AND METHODS
This investigation was conducted through two seasons of 2008 and
2009 on jujube trees (Ziziphus Jujube Mill) Li variety grown in the
Experimental orchard station of Horticulture Research Institute at Giza,
Egypt. Productive and nearly uniform trees similar in their vigour , disease
free and subjected to the same horticulture practices were carefully selected
and devoted as a source for the required cuttings under mist. This work was
performed to study the effect of some root promoting micro-organisms as
Bacillus polymyxa (BP), Bacillus circulans (BC), Bacillus megaterium (BM),
Bacillus pasteruii BPa, Pseudomonas florescence (PF), or their mixture,
Yeast (SV) and plant growth regulators (IBA or NAA) and control on rooting
ability of jujube Li variety (hard rooting) cuttings. Both experimental seasons
th
started at April 15 . Sub-terminal cuttings were prepared from one year old
branches. Cuttings were about 10 cm in length and 1 – 1.5 cm in diameter
and with 4 – 6 buds. The basal cut was made just below a nod and all leaves
were removed, except two leaves left at the cutting top. The basal end of
cuttings to about 2 cm was quickly dipped for 10 seconds just before planting
in two different concentrations (1000 or 2000 ppm) of either indole butyric
acid (IBA) or naphthalene acetic acid (NAA). In each PGPR strain and yeast
treatments cuttings were inoculated for a period of one hour.
Origin and preparation of the microorganisms for inoculation:
Bacillus polymyx, Bacillus circulance, Bacillus megaterium, Bacillus
pasteruii, Pseudomans, Saccharomyces cerevisae, yeast were provided from
the Microbiology Dept. Soil & Water Environment Res. Instit. Agric. Res.
Center, Giza, Egypt. Commercial preparation of the active dry yeast has the
following composition as shown in Table (1).
Table (1): Composition of the dry matter of yeast
Constituents

Protein

Fats

Glycogen

Percentage

52.41

1.72

30.25

Cellulose,
gum, etc.
6.88

Ash
8.74

,
Modified Ashby S media (Abdel-Malek and Ishac, 1968) and semio
and 32 Co for 7
solid malate (Dobereiner, 1978) were incubated at 30 C
days. Also, Bunt and Rovira medium (1955) modified by Abdel-Hafez (1966)
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was used. One liter from each of the previously prepared bacterial strain was
diluted with one liter of water. Then all treated cuttings were planted in plastic
flats containing vermiculite and perlite (1:1). Each treatment was replicated
three times and each replicate represented by 25 cuttings. Planted flats were
directly kept under intermittent mist for 16 weeks. Misting was applied
according to seasonal and daily weather conditions, within a range of 5-15
seconds ON and 2, 5.5 min OFF. Inoculations with all the tested
microorganisms were applied after planting every two weeks till the time of
transplanting.
The tested treatments were arranged as follow:
T1. Untreated (dipping in water)
T2. Inoculated with Bacillus polymyxa (BP)
T3. Inoculated with Bacillus circulans (BC)
T4. Inoculated with Bacillus megaterium (BM)
T5. Inoculated with Bacillus pasteruii (BPa)
T6. Inoculated with Pseudomonas florescence (PF)
T7. Inoculated with Mixed inoculants (BP + BC + PF + BM + Bpa)
T8. Inoculated with Yeast (Saccharomyces cerevisae) (SV)
T9. Indole butyric acid (IBA) with 1000 ppm
T10. Indole butyric acid (IBA) with 2000 ppm
T11. Naphthalene acetic acid (NAA) with 1000 ppm
T12. Naphthalene acetic acid (NAA) with 2000 ppm
This experiment was terminated at mid September during both
seasons of the study. The following measurements and determinations were
recorded:
I. Rooting and vegetative growth of cuttings:
1-Rooting (%)
2-Average root length (cm)
3- Average number of roots/cutting
4- Stem length (cm)
5-Number of leaves/cutting
6-Number of sprouted shoots/cutting
Rooted cuttings were transplanted into black plastic bags 15 cm in
diameter (one rooted cutting/bag) containing a mixture of peatmoss and sand
(1:2).
II. Survival of transplants:
Eight months after transplanting the following measurements were recorded:
1. Survival percentage: It was estimated on the number of rooted cuttings that
remained alive eight months later from recording the rooting measurements
2. Average root length (cm)
3. Average number of roots/ transplant
4. Stem length (cm)
5. Number of leaves / transplant
6. Number of branches/ transplant
7. Leaves, stem and root fresh weight (g)
8. Leaves, stem and root dry weight (g)
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III. Histological studies
Histological studies were carried out on jujube sub-terminal cuttings
in 2008 and 2009 seasons. Samples of two cuttings per each treatment were
periodically taken at one week interval from planting date, till root formation,
i.e. The basal portion (5cm) of jujube cutting was used for anatomical studies.
Softening samples were soaked in tap water for two days before preparation
of section. Sections of about 18-20 microns in thickness were prepared by
using a sledage microtome. The sections were stained by the SafraninePecro-Amilye-Blue Method (Johansen, 1940). Sections were dehydrated,
cleared xylol and mounted in canda balsam. Then sections were
microscopically examined and photographed.
Statistical analysis
Experiments conducted in this study followed a Complete
Randomized Design. The obtained data were subjected to Analysis of
Variance (ANOVA) according to Snedecor and Cochran (1980). Differences
between treatments were compared by Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION
I. Rooting and vegetative growth of cuttings:
• Rooting %
Data presented in Table 1 and Figures 1-6 indicated that, all
applications of (PGPR) except for mixed inoculants recorded the highest
significant values of rooted cuttings percentage in both seasons compared
with control and other treatments. Inoculated jujube cuttings with Bacillus
megaterium had the highest significant increment (60% & 50%) followed by
inoculation with Pseudomonas florescence (40% & 40%) in both seasons. On
the other hand, NAA at 1000 or mixed inoculants and control didn’t produce
any roots (zero %), the rest treatments were in between in both seasons.
These results are in accordance with observations of Strobel and Nachmias,
(1985) on Pruus amygdalus, and Mcafee et al., (1993) on Pinus spp. They
found that A. rhizogenes is capable of improving propagation of jujube
cuttings and quality of the subsequent root system. The ability of A.
rhizogenes to infect and produce hairy roots in host plant tissue, however, is
very specific depending on the strains of the bacterium and state of the host
plants. Huang et al. (1991) suggested that compatibility between A.
rhizogenes and host plants. T-DNA, phytohormona production and juvenility
of the host tissues are important factors in inoculation success and hairy root
production.
• Average Root length (cm)
Data in Table, 1 also show that the highest significantly
values of root length (cm) was obtained when jujube cuttings inoculated with
yeast following by Pseudomonas florescence and Bacillus polymyxa in the
first season, in the second one the highest values were achieved when jujube
cuttings inoculated with Pseudomonas florescence following by Bacillus
polymyxa and Bacillus megaterium. However, not any roots were recorded
with the untreated (control) cuttings or treated with NAA at 1000 or mixed
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inoculants, where the other treatments were in-between, this was true in both
seasons of study.
Fig (1)

Fig (2)

Bacillus polymyxa

Bacillus pasteruii

Fig (3)

Fig (4)

Bacillus circulans

Bacillus megaterium

Fig (5)

Fig (6)

Yeast

IBA

Figures (1-6): A comparison between rooting ability of treated cuttings
with some plant growth promoting rhizobacteria and
control (untreated) of jujube (Li variety).
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These results were confirmed with those obtained by Cleyet-Marel et al.
(2001), they found that the plant response to PGPR is obviously a very
complex phenomenon resulting from the combination of mechanisms which
affect several aspects of mineral nutrition and root development. Another
feature that has been reported for PGPR is the production of phytohormones,
which could affect root development directly. The nutritional capacity and
developmental control are very much dependent on each other because they
both affect growth rate of the plant. The positive effects of PGPR on plant
growth are always correlated with remarkable changes in root morphology,
namely increased lateral root length and root hair number and length
(Bertrand et al., 2000).
• Average number of roots
It could also be concluded from the obtained results in Table 1 that
number of roots ranged from 4.25 & 5.00 in inoculated jujube cuttings with
Pseudomonas florescence and Bacillus pasteruii and reached zero roots
when the cuttings were treated with NAA at 1000 or mixed inoculants and
control in both seasons. The enhancement of plant growth due to inculcation
with asymbiotic N-fixers could be attributed to the capability of these
organisms to produce growth regulators such as auxins, cytokinines and
gibberillin which affect the production of root biomass and nutrients uptake
(El-Ghinbihi &Fetouh, 2001 and Abou El-Khashab, 2002).
Table 1. Effect of some plant growth promoting rhizobacteria and
growth regulators on rooting percentage, root length (cm)
and number of roots after four months of planting jujube (Li
variety) sub-terminal cuttings during 2008 and 2009
seasons.
Rooting
Root length
Number of
(%)
(cm)
roots/cutting
2008
2009
2008
2009
2008
2009
Control
0.00 e
0.00 g 0.00 h 0.00 g 0.00 e
0.00 d
Bacillus polymyxa
40.00 b 30.00 c 27.4 b
28.00 b 3.00 c
4.00 b
Bacillus circulans
40.00 b 25.00 d 24.75 c 17.00 f 3.80 ab
1.00 c
Bacillus megaterium
60.00 a 50.00 a 24.75 c
28.00 b
3.20 c
5.00 a
Bacillus pasteruii
21.00 d 22.00 e 22.50 d
24.00 c
4.25 a
5.00 a
Pseudomonas florescence 40.00 b 40.00 b 27.70 b 32.00 a 4.10 a
5.00 a
Mixed inoculants
0.00 e
0.00 g
0.00 h
0.00 g
0.00 e
0.00 d
Yeast
30.00 c 18.00 f 28.75 a
20.00 e 3.25 bc
1.00 c
IBA (1000 ppm)
1.00 e
1.00 g 20.00 e
22.00 d
1.00 d
1.00 c
IBA (2000 ppm)
2.00 e
2.00 g 16.00 f
18.00 f
1.00 d
1.00 c
NAA (1000 ppm)
0.00 e
0.00 g 0.00 h
0.00 g 0.00 e 0.00 d
NAA (2000 ppm)
1.00 e
1.00 g 15.00 g
17.00 f
1.00 d
1.00 c
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.
Treatments

• Stem length
The overall trends in the effects of tested treatments on stem length
are presented in Table 2. An increase in stem length was significantly
observed in the jujube cuttings inoculated with (PGPR), the lowest values
recorded in control, mixed inoculants and NAA at 1000 ppm in both seasons,
2613

Sawarsan, Madlen, R. et al.
while in the second one the proper treatments were the inoculated cutting
with Bacillus megaterium and Bacillus pasteriuuu followed by inoculated with
Pseudomonas florescence. The other treatments were in between. The
aforementioned results agree with those reported by Kloepper et al. (2004),
they found that, inoculation with PGPR offers an attractive way to replace
chemical fertilizers, pesticides, and supplements; most of the isolates result in
a significant increase in plant height.
Table 2. Effect of some plant growth promoting rhizobacteria and
growth regulators on stem length (cm), number of
leaves/cutting and number of sprouted shoots/cutting of
jujube (Li variety) sub-terminal cuttings during 2008 and 2009
seasons.
Number of
Number of sprouted
leaves/cutting
shoots/cutting
2008
2009
2008
2009
2008
2009
Control
0.00 e
0.00 f
0.00 h
0.00 g
0.00 d
0.00 c
Bacillus polymyxa
16.6 c
15.0 d
3.33de
5.00 c
1.00 c
1.00 b
Bacillus circulans
18.0 b
14.0 e
3.30de
2.00 f
2.00 a
1.00 b
Bacillus megaterium
17.6bc
18.0 a
7.00a
9.00 a
1.00 c
3.00 a
Bacillus pasteruii
20.7 a 18.0 a
3.66 d
3.00 e
1.00 c
1.00 b
Pseudomonas florescence
19.8 a
17.0 b
5.62 b
8.00 b
1.00 c
3.00 a
Mixed inoculants
0.00e
0.00 f
0.00 h
0.00 g
0.00 d
0.00 c
Yeast
15.0 d
15.0 d
4.66 c
3.00 e
1.50 b
1.00 b
IBA (1000 ppm)
15.0 d
16.0 c
3.00ef
4.00 d
1.00 c
1.00 b
IBA (2000 ppm)
15.0 d
16.0 c
2.00 g
3.00 e
1.00 c
1.00 b
NAA (1000 ppm)
0.00 e
0.00 f
0.00 h
0.00 g
0.00 d
0.00 c
NAA (2000 ppm)
15.0 d
17.0 b
2.00 g
3.00 e
1.00 c
1.00 b
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.
Treatments

Stem length (cm)

• Number of leaves/cutting
Data presented in Table 2 also showed that the greatest values of
number of leaves/cutting (7.00 & 9.00) were obtained by inoculated jujube
cuttings with Bacillus megaterium following by inoculated with Pseudomonas
florescence (5.62 & 8.00) in both seasons, respectively. The lowest values
were found as a result of control or mixed inoculants and treatment with NAA
at 1000 ppm (0.00 & 0.00), the other treatments were in between.
• Number of sprouted shoots/cutting
st
In this respect, jujube cuttings inoculated with Bacillus circulans (1
nd
season) and Bacillus megaterium & Pseudomonas (2 season) were the
proper treatments. While, the lowest values (0.00 & 0.00) were found as a
result of control, mixed inoculants and treatment with NAA at 1000 ppm, the
rest treatments were in-between. Similar results were reported by Arshad &
Frankenberger (1998), they recorded that the soil bacteria influencing the
plant growth positively by any metabolic process are referred to as plant
growth-promoting bacteria (PGPB). PGPB use different mechanisms of
action to improve plant growth and health, which could be active either
simultaneously or sequentially at different stages of plant.
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II. Survival of transplants:
Data concerning survival (%), vegetative growth of transplants and
leaves, stem & roots fresh and dry weight after eight months of transplanting
are presented in Tables (3, 4, 5 & 6).
• Survival (%)
Data in Table 3 showed that inoculated jujube cuttings with Bacillus
megaterium treatment following by inoculated with Pseudomonas florescence
treatment gave the highest values in this respect (70%, 71% & 65%, 64%),
respectively, in both seasons. The lowest percentages were found as a result
of control, mixed inoculants and treatment with NAA at 1000 ppm as they
recorded 0.00%, the rest treatments were in between. Benefits of using
PGPR include the ability to control soil-borne fungi, enhance plant survival,
and induce systemic resistance to foliar pathogens (Liu et al., 1995).
• Average root length (cm)
The highest values of root length after eight months from
transplanting were recorded by inoculated cuttings with Bacillus megaterium
(35.00, 37.00 cm) in both seasons as well as the inoculated cuttings with
Bacillus polymyxa in the second season only (37.00 cm). The minimum
values were recorded from control, mixed inoculants and NAA at 1000 ppm in
both seasons where the cutting didn’t have any roots. The rest treatments
were in between.
• Average number of roots /transplant
Number of roots/transplant after eight months was affected
significantly by the tested treatments. The most stimulus effect were recorded
by inoculated jujube cuttings with Bacillus megaterium (12.00, 12.00) in both
seasons following by Pseudomonas florescence, Bacillus circulans and,
Bacillus polymyxa, they had the same value (10.00) in the first season.
Control, mixed inoculants and NAA at 1000 ppm took the other way around
as they didn’t have the ability to produce any roots in both seasons. The rest
treatments were in between.
• Stem length (cm)
Stem length (cm) was significantly increased in all inoculated
cuttings with (PGPR) strains than control or mixed inoculants and plant
growth regulators in both seasons Table, 4. The cuttings inoculated with
Bacillus megaterium caused a significant increase in stem length after eight
months in both seasons (29.00, 28.00 cm) as well as the inoculated with
Bacillus pasteruiiin in the second one (28.00 cm). On the contrary, the mixed
inoculation and growth regulators treatments as well as the untreated cuttings
didn’t show any increase in transplant stem length.
• Number of leaves/transplant
It is interesting to note in Table 4 that, all cuttings inoculated with
(PGPR) strains significantly improved this parameter compared with control
or mixed inoculants and plant growth regulators in both seasons. The highest
values were achieved when cuttings were inoculated with Bacillus
megaterium (41and 35) in both seasons, respectively.
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• Number of branches/transplant
Table 4 indicated that, number of branches/transplant increased
significantly as a result of inoculation with all PGPR strains when they were
added solely. On the other hand, PGPR mix, control and NAA 1000 ppm
treatments didn’t significantly have any effect on number of branches. Where,
the rest treatments were in-between in the two seasons of study. PGPR, rootcolonizing bacteria are known to influence plant growth by various direct or
indirect mechanisms. Several chemical changes in soil are associated with
PGPR (Joseph et al., 2007). The stimulus effect of bio-fertilizer application
may be attributed to the prompting effect on the parameters of plant growth
which are enable to absorb more minerals by root system (Adam, 2002).
• Leaves , stem and root fresh weight (g)
Data presented in Table 5 indicated that leaves, stem and root fresh
weight (g) increments were significantly more pronounced by inoculation with
Bacillus megaterium following by Bacillus polymyxa, Bacillus circulans and
Pseudomonas florescence in both seasons expect for stem fresh weight in
second season, where the differences were in insignificant between them .
Generally, there were insignificant differences between both IBA
concentrations (1000 & 2000 ppm) and the higher concentration of NAA
(2000 ppm).
Table 3. Effect of some plant growth promoting rhizobacteria and
growth regulators on survival (%), root length (cm) and
number of roots after eight months of transplanting of jujube
(Li variety) sub-terminal cuttings during 2008 and 2009
seasons.
Survival
Average root length Average number of
(%)
(cm)
roots/transplant
2008
2009
2008
2009
2008
2009
Control
0.00 f
0.00 f
0.00 i
0.00d
0.00 g
0.00d
Bacillus polymyxa
60.00 c 59.00 c
33.00 b
37.00 a
10.00 b
11.00 a
Bacillus circulans
60.00 c
59.00c
32.00 bc 34.00 b
10.00 b
11.00 a
Bacillus megaterium
70.00 a 71.00 a
35.00 a 37.00 a
12.00 a
12.00a
Bacillus pasteruii
50.00 d 50.00 d
29.00 e 34.00 b
7.00 d
8.00 b
Pseudomonas florescence 65.00 b 64.00 b
31.00 cd 34.00 b
10.00 b
11.00 a
Mixed inoculants
0.00 f
0.00 f
0.00 i
0.00 d
0.00 g
0.00 d
Yeast
50.00 d 50.00 d
30.00 de 34.00 b
8.00 c
8.00 b
IBA (1000 ppm)
20.00 e 15.00 e
25.00 f
30.00 c
5.00 e
4.00 c
IBA (2000 ppm)
20.00 e 18.00 e
20.00 g 29.00 c
3.00 f
4.00 c
NAA (1000 ppm)
0.00 f
0.00 f
0.00 i
0.00 d
0.00 g
0.00 d
NAA (2000 ppm)
18.00 e 18.00 e
17.00 h
29.00 c
3.00 f
4.00 c
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.
Treatments
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Table 4. Effect of some plant growth promoting rhizobacteria and
growth regulators on stem length (cm), number of leaves/
transplant and number of branches/ transplant after eight
months from transplanting of jujube (Li variety) sub-terminal
cuttings during 2008 and 2009 seasons.
Number of
branches/
transplant
2008
2009
2008
2009
2008
2009
Control
0.00 e
0.00e
0.00 i
0.00 f
0.00 d
0.00 d
Bacillus polymyxa
24.60b 25.00b
28.00b
31.00b
3.00 a
3.00 a
Bacillus circulans
24.00b 25.00b
24.00cd
28.00c
3.00 a
2.00 b
Bacillus megaterium
29.00a 28.00a
41.00a
35.00a
3.00 a
3.00 a
Bacillus pasteruii
22.00c
28.00a
21.00 e
22.00d
2.00 b
2.00 b
Pseudomonas florescence 24.00b 25.00b
25.00 c
27.00c
3.00 a
3.00 a
Mixed inoculants
0.00 e
0.00e
0.00 i
0.00 f
0.00 d
0.00 d
Yeast
22.00c
23.00c
23.00d
22.00d
2.00b
2.00 b
IBA (1000 ppm)
19.00d 19.00d
18.00 f
17.00e
1.00 c
1.00 c
IBA (2000 ppm)
19.00d 20.00d
12.00 h
17.00e
1.00 c
1.00 c
NAA (1000 ppm)
0.00 e
0.00e
0.00 i
0.00f
0.00 d
0.00 d
NAA (2000 ppm)
19.00d 19.00d
15.00 g
17.00e
1.00 c
1.00 c
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.
Treatments

Stem length (cm)

Number of
leaves/transplant

Table 5. Effect of some plant growth promoting rhizobacteria and
growth regulators on leaves, stem and root, fresh weight (g)
after eight months from transplanting of jujube (Li variety)
sub-terminal cuttings during 2008 and 2009 seasons.
Fresh weight (g)
2008
2009
Treatments
Leaves
Stem
Root
Leaves
Stem
Root
Control
0.00 e
0.00 e
0.00 d
0.00 e
0.00 d
0.00 d
Bacillus polymyxa
1.83 b
4.21 b
2.69 b
1.75 b
5.90 a
2.80 b
Bacillus circulans
1.80 b
4.18 b
2.50 b
1.70 b
5.92 a
2.75 b
Bacillus megaterium
2.30 a
6.11 a
3.17 a
2.15 a
5.95 a
3.00 a
Bacillus pasteruii
1.40 c
3.00 c
1.00 c
1.38 c
3.00 b
1.55 c
Pseudomonas florescence
1.82 b
4.17 b
2.41 b
1.70 b
5.89 a
2.70 b
Mixed inoculants
0.00 e
0.00 e
0.00 d
0.00 e
0.00 d
0.00 d
Yeast
1.50 c
3.20 c
1.00 c
1.40 c
3.00 b
1.50 c
IBA (1000 ppm)
1.01 d
2.05 d
0.94 c
0.95 d
2.50 c
1.50 c
IBA (2000 ppm)
0.92 d
2.00 d
0.90 c
0.90 d
2.40 c
1.53 c
NAA (1000 ppm)
0.00 e
0.00 e
0.00 d
0.00 e
0.00 d
0.00 d
NAA (2000 ppm)
1.00 d
2.00 d
0.69 c
0.95 d
2.40 c
1.45 c
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.
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Table 6. Effect of some plant growth promoting rhizobacteria and
growth regulators on leaves, stem and root, dry weight (g)
after eight months from transplanting of jujube (Li variety)
sub-terminal cuttings during 2008 and 2009 seasons.
Dry weight (g)
2008
2009
Treatments
Leaves
Stem
Root
Leaves
Stem
Root
Control
0.00 f
0.00 g
0.00 g
0.00 d
0.00 f
0.00 d
Bacillus polymyxa
0.40 b
2.59 c
1.17 b
0.35 b
2.50 b
1.00 b
Bacillus circulans
0.37 bc
2.60 c
1.15 b
0.33 b
2.25 c
1.00 b
Bacillus megaterium
0.67 a
3.46 a
1.44 a
0.50 a
3.30 a
1.30 a
Bacillus pasteruii
0.30 d
2.15 d
0.70 c
0.22 c
1.95 d
0.94 b
Pseudomonas florescence
0.35 c
2.65 b
1.13 b
0.31 b
2.55 b
1.00 b
Mixed inoculants
0.00 f
0.00 g
0.00 f
0.00 d
0.00 f
0.00 d
Yeast
0.33 cd
2.12 d
0.73 c
0.30 b
1.90 d
0.95 b
IBA (1000 ppm)
0.25 e
1.10 e
0.50 d
0.20 c
0.95 e
0.40 c
IBA (2000 ppm)
0.24 e
1.00 f
0.33 f
0.20 c
0.91 e
0.30 c
NAA (1000 ppm)
0.00 f
0.00 g
0.00 g
0.00 d
0.00 f
0.00 d
NAA (2000 ppm)
0.20 e
1.07 e
0.48 de
0.20 c
0.93 e
0.35 c
Values have the same letter(s) in the same column are not significantly different at 5%
level using Duncan's Multiple Range Test.

• Leaf, stem and root dry weight (g)
It could be concluded from the obtained results in Table 6 that
cuttings inoculated with Bacillus megaterium had significantly appositive
effect on leaf, stem and root dry weight (g) in both seasons as compared to
other treatments. Plant growth-promoting rhizobacteria (PGPR) are naturally
occurring soil bacteria that are able to aggressively colonize plant roots and
stimulate plant growth when applied to roots, tubers or seeds Weller (1988).
The aforementioned results agree with Kloepper et al. (2004), they found
that, the use of PGPR offers an attractive way to replace chemical fertilizer,
pesticides, and supplements; most of the isolates result in a significant
increase in dry matter prod uction of shoot and root of plants. Generally, it
can be concluded from the previous results that, inoculation jujube (Li variety)
sub-terminal cuttings with Bacillus megaterium or Pseudomans can promote
root formation as well as increase survival (%) and enhance vegetative
growth of the produced transplants.
• Histological studies
The stem of jujube (Figs, 7 & 8) has a well differentiation periderm.
The vascular tissues are continuous ring of secondary xylem and secondary
phloem. The secondary xylem consists of solitary wide vessels, fibres and
few pareuchynatous cells. The secondary phloem has elements, companion
cells and parenchyma. Between the vascular tissues i.e, the xylem and
phloem a narrow vascular embroil zone, which was bordered by remains of
the primary phloem and cortex. The primary phloem has wide strands of
fibers. That was separated with narrow parenchyma zones which prevents
the emergence of adventitious roots. The primary xylem is observed lining the
wide pith which is composed of large parenchyma cells. Some of these cells
have dark contents, which observed in the outer part of the pith which called
the (medullary sheath). The anatomical structure of jujube stem cutting is
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nearly closed to jojoba (Simmondsia chinensis) as provably mentioned by
Sayed et al., (2010). In most plants adventitious roots are originated in the
vicinity of differentiating vascular tissue. These places are root close to
xylem, phloem and facilitates rapid establishment of vascular connection
(Satoo, 1956). Biofertilizers are considered to be the alternate source of
fertilizers to meet the nutrient requirements of crops and to bridge the future
gaps. This group of organisms seems to play an important role in soil
biofertility, because of their capability for producing hormones, amino acids
and vitamins (Omar, et al., 1991). The direct growth promoting mechanisms
by PGPR are as follows i) nitrogen fixation ii) solubilization of phosphorus iii)
sequestering of iron by production of siderophores iv) production of
phytohormones such as auxins, cytokinins, gibberellins and v) lowering of
ethylene concentration (Glick et al., 1999). There has been much research
interest in PGPR and there is now an increasing number of PGPR being
commercialized for crops (Banerjee, et al., 2006). The emergence of
adventitious roots was observed about eight weeks after cuttings were grown.
The transverse sections in some rooted cuttings revealed the development of
few callus cells occurred on the destroyed parts of the cuttings (Fig, 9). The
callus cells were proliferated and form small protrusions and originated from
the cambial and phloem parenchyma cells below the cork cells from these
protrusions the adventitious roots were developed. Sooner or later the new
roots established their connections with the vascular tissue of the cutting
treated by Bacillus megaterium (Fig, 10).
Fig (7)

Fig (8)

P

P

V.C
S.ph

S.ph

P.ph

V.S.X

F.S.X
P.ph

V.C
V.S.X

S.X

F.S.X
S.X

Pith

M.S

S.ph: Secondary phloem.
F.X.: Fibers of xylem.
P.ph.: Parenchyma of phloem.
M.S.: Medullary sheath.

S.X: Secondary xylem.
F.ph.: Fibers of primary phloem.
V.C.: Vascular cambium.
A.r.: Adventitious root.

Figs (7 &8): A cross section in jujube plant stems cutting (control)
showing the different tissues
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F.S.X

V.S.X

S.ph

A.R

Fig (9): A cross section in jujube plant stem cutting showing the
development of few callus cells.

Fig (10): Across section in jujube plant stem cutting showing the well
development root.
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ﺗﺟﺫﻳﺭ ﻋﻘﻝ ﺍﻟﻌﻧﺎﺏ ) (Ziziphus Jujuba Millﺻﻧﻑ ﻟﻰ ﺑﺄﺳﺗﺧﺩﺍﻡ ﺑﻌﺽ
ﺍﻟﻛﺎﺋﻧﺎﺕ ﺍﻟﺩﻗﻳﻘﺔ ﺍﻟﻣﺷﺟﻌﺔ ﻟﻠﺗﺟﺫﻳﺭ ﻭﻣﻧﻅﻣﺎﺕ ﺍﻟﻧﻣﻭ ﺍﻟﻧﺑﺎﺗﻳﺔ

ﻣﺩﻟﻳﻥ ﺭﺍﺷﺩ ﺳﻭﺭﺳﻥ ، 1ﻣﺣﻣﺩ ﺃﺑﻭﺍﻟﻭﻓﺎ ﺃﺣﻣﺩ 1ﻭ ﻣﺣﻣﺩ ﻧﺑﻳﻝ ﻋﻣﺭ

2

1
2

ﻣﻌﻬﺩ ﺑﺣﻭﺙ ﺍﻟﺑﺳﺎﺗﻳﻥ -ﻣﺭﻛﺯ ﺍﻟﺑﺣﻭﺙ ﺍﻟﺯﺭﺍﻋﻳﺔ
ﻣﻌﻬﺩ ﺑﺣﻭﺙ ﺍﻻﺭﺍﺿﻰ -ﻣﺭﻛﺯ ﺍﻟﺑﺣﻭﺙ ﺍﻟﺯﺭﺍﻋﻳﺔ

ﺍﺟﺭﻳﺕ ﻫﺫﺓ ﺍﻟﺩﺭﺍﺳﺔ ﻓﻰ ﻣﻌﻬﺩ ﺑﺣﻭﺙ ﺍﻟﺑﺳﺎﺗﻳﻥ ﺑﺎﻟﺟﻳﺯﺓ – ﻣﺻﺭ ﻭﺫﻟﻙ ﻟﺩﺭﺍﺳﺔ ﺗﺄﺛﻳﺭ ﺑﻌﺽ
ﺍﻟﻛﺎﺋﻧﺎﺕ ﺍﻟﺩﻗﻳﻘﺔ ﺍﻟﻣﺷﺟﻌﺔ ﻟﻠﺗﺟﺫﻳﺭ ﻭﻣﻧﻅﻣﺎﺕ ﺍﻟﻧﻣﻭ ﻋﻠﻰ ﺗﺟﺫﻳﺭ ﺍﻟﻌﻘﻝ ﺗﺣﺕ ﺍﻟﻁﺭﻓﻳﺔ ﻓﻰ ﻣﻧﺗﺻﻑ ﺷﻬﺭ
ﺍﺑﺭﻳﻝ ﻭﺍﻟﻣﺄﺧﻭﺫﺓ ﻣﻥ ﺍﻓﺭﻉ ﻋﻣﺭ ﺳﻧﺔ ﻣﻥ ﺃﺷﺟﺎﺭ ﺍﻟﻌﻧﺎﺏ )ﻋﻣﺭﻫﺎ  15ﺳﻧﺔ( ﺻﻧﻑ ﻟﻰ ﺍﻟﺻﻌﺏ ﺍﻟﺗﺟﺫﻳﺭ
ﺑﺎﻟﻌﻘﻠﺔ ﺧﻼﻝ ﻣﻭﺳﻣﻰ ﺍﻟﺩﺭﺍﺳﺔ  . 2009-2008ﻭﻗﺩ ﺗﻡ ﻧﻘﻊ ﻗﻭﺍﻋﺩ ﺍﻟﻌﻘﻝ ﺑﺎﻟﻣﻌﺎﻣﻼﺕ ﺍﻵﺗﻳﻪ:
ﺑﻛﺗﺭﻳﺎ ﺑﺄﺳﻠﺱ ﺑﻭﻟﻳﻣﻛﺳﻣﺎ  -ﺑﺄﺳﻠﺱ ﺳﺭﻛﻳﻭﻟﻳﻧﺯ -ﺑﺯﻳﺩﻭﻣﻧﺱ ﻓﻠﻭﺭﺳﻳﻧﺱ -ﺑﺄﺳﻠﺱ ﻣﻳﺟﺗﻳﺭﻳﻡ-
ﺑﻛﺗﺭﻳﺎ ﺑﺄﺳﻠﺱ ﺑﻳﺳﺗﻳﺭﻳﻭ -ﻣﺧﻠﻭﻁ ﻣﻥ ﺍﻧﻭﺍﻉ ﺍﻟﺑﻛﺗﺭﻳﺎ ﺍﻟﺳﺎﺑﻘﺔ ﻭﺧﻣﻳﺭﺓ ﺳﻼﻟﺔ ﺳﻛﺎﺭﻭﻣﻳﺳﺯ ﺑﺎﻻﺿﺎﻓﺔ ﺍﻟﻰ
ﺍﻟﻣﻌﺎﻣﻠﺔ ﺑﻣﻧﻅﻣﺎﺕ ﺍﻟﻧﻣﻭ ﻣﺛﻝ :ﺍﻧﺩﻭﻝ ﺑﻳﻭﺗﺭﻳﻙ ﺍﺳﻳﺩ ﻭ ﻧﻔﺛﺎﻟﻳﻥ ﺍﺳﺗﻳﻙ ﺍﺳﻳﺩ ﺑﺗﺭﻛﻳﺯ 2000 – 1000
ﺟﺯء ﻓﻰ ﺍﻟﻣﻠﻳﻭﻥ ﻣﻘﺎﺭﻧﺔ ﺑﺎﻟﻛﻧﺗﺭﻭﻝ )ﻋﻘﻝ ﺗﻡ ﻧﻘﻌﻬﺎ ﻓﻰ ﺍﻟﻣﺎء( .ﻭﻣﻥ ﺃﻫﻡ ﺍﻟﻧﺗﺎﺋﺞ ﺍﻟﻣﺗﺣﺻﻝ ﻋﻠﻳﻬﺎ ﺇﻥ ﻧﻘﻊ
ﻗﻭﺍﻋﺩ ﺍﻟﻌﻘﻠﺔ ﺑﺑﻛﺗﺭﻳﺎ ﺑﺎﺳﻠﺱ ﻣﻳﺟﺗﻳﺭﻳﻡ ﺃﻋﻁﻰ ﺃﻋﻠﻰ ﻧﺳﺑﺔ ﺗﺟﺫﻳﺭ ﻓﻰ ﺍﻟﻣﻭﺳﻣﻳﻥ ﻋﻠﻰ ﺍﻟﺗﻭﺍﻟﻰ ) -% 50
 .(%60ﺑﻌﺩ ﺛﻣﺎﻧﻳﺔ ﺍﺷﻬﺭ ﻣﻥ ﺍﻟﺯﺭﺍﻋﺔ ﺑﻛﺗﺭﻳﺎ ﺑﺎﺳﻠﺱ ﻣﻳﺟﺗﻳﺭﻳﻡ ﻳﻠﻳﻬﺎ ﺑﺯﻳﺩﻭﻣﻧﺱ ﻓﻠﻭﺭﺳﻳﻧﺱ ﺍﻋﻁﺕ
ﺍﻋﻠﻰ ﻧﺳﺑﺔ ﺑﻘﺎء ﻭﻛﺫﻟﻙ ﻣﺗﻭﺳﻁ ﻋﺩﺩ ﺍﻟﺟﺫﻭﺭ/ﺷﺗﻠﺔ ﻭﻁﻭﻝ ﺍﻟﺳﺎﻕ ﻭﺍﻟﺟﺫﺭ ﻭﻋﺩﺩ ﺍﻻﻭﺭﺍﻕ/ﺷﺗﻠﺔ ﻭﺍﻟﻭﺯﻥ
ﺍﻟﻁﺎﺯﺝ ﻭﺍﻟﺟﺎﻑ ﻟﻠﺟﺫﺭ ﻭﺍﻟﺳﺎﻕ ﻭﺍﻻﻭﺭﺍﻕ .ﺑﻳﻧﻣﺎ ﻣﻌﺎﻣﻠﺔ ﺍﻟﻛﻧﺗﺭﻭﻝ ﻭﺧﻠﻳﻁ ﺍﻟﺑﻛﺗﺭﻳﺎ ﻭﻣﻌﺎﻣﻠﺔ ﻧﻔﺛﺎﻟﻳﻥ
ﺍﺳﻳﺗﻙ ﺃﺳﻳﺩ ﺑﺗﺭﻛﻳﺯ  1000ﺟﺯء ﻓﻰ ﺍﻟﻣﻠﻳﻭﻥ ﻛﺎﻧﺕ ﺍﻻﻗﻝ ﺧﻼﻝ ﻣﻭﺳﻣﻰ ﺍﻟﺩﺭﺍﺳﺔ .ﻭﻗﺩ ﺃﻭﺿﺣﺕ
ﺍﻟﺩﺭﺍﺳﺔ ﺍﻟﺗﺷﺭﻳﺣﻳﺔ ﻟﻘﻭﺍﻋﺩ ﺍﻟﻌﻘﻝ ﺃﻥ ﺍﻟﺟﺫﻭﺭ ﺍﻟﻌﺭﺿﻳﺔ ﺗﻧﺷﺄ ﻣﻥ ﺍﻟﻛﺎﻣﺑﻳﻭﻡ ﻭﺑﺭﺍﻧﺷﻳﻣﻪ ﺍﻟﻠﺣﺎء ﻭﺫﻟﻙ ﻋﻧﺩ
ﺧﺭﻭﺝ ﺍﻟﺟﺫﺭ .ﻋﻣﻭﻣﺎ ﻳﻣﻛﻥ ﺍﻟﺗﻭﺻﻳﺔ ﺑﺎﺳﺗﺧﺩﺍﻡ ﺍﻟﻧﻘﻊ ﺑﺑﻛﺗﺭﻳﺎ ﺑﺎﺳﻠﺱ ﻣﻳﺟﺗﻳﺭﻳﻡ ﺍﻭ ﺑﺎﺳﻠﺱ ﺑﺯﻳﺩﻭﻣﻧﺱ
ﻓﻠﻭﺭﺳﻳﻧﺱ ﻟﺗﺟﺫﻳﺭ ﺍﻟﻌﻘﻝ ﺍﻟﺳﺎﻗﻳﺔ ﺗﺣﺕ ﺍﻟﻁﺭﻓﻳﺔ ﻟﻠﻌﻧﺎﺏ ﺻﻧﻑ ﻟﻰ )ﻓﻰ ﻣﻧﺗﺻﻑ ﺷﻬﺭ ﺍﺑﺭﻳﻝ( ﻭﺫﻟﻙ
ﻟﻠﺣﺻﻭﻝ ﻋﻠﻰ ﻧﺳﺑﺔ ﻋﺎﻟﻳﺔ ﻣﻥ ﺍﻟﺗﺟﺫﻳﺭ ﻭﻧﺳﺑﺔ ﺍﻟﺑﻘﺎء ﻭﻛﺫﻟﻙ ﺗﺷﺟﻳﻊ ﺗﺣﺳﻳﻥ ﻧﻣﻭ ﺍﻟﺷﺗﻼﺕ ﺍﻟﻧﺎﺗﺟﺔ.

ﻗﺎﻡ ﺑﺗﺣﻛﻳﻡ ﺍﻟﺑﺣﺙ
ﺃ.ﺩ  /ﻟﻁﻳﻑ ﺟﺭﺟﺱ ﺳﻣﻌﺎﻥ
ﺃ.ﺩ  /ﺻﻔﻳﻪ ﻋﺑﺩ ﺍﻟﻣﻧﻌﻡ ﺍﺑﻭ ﻁﺎﻟﺏ

ﻛﻠﻳﺔ ﺍﻟﺯﺭﺍﻋﺔ – ﺟﺎﻣﻌﺔ ﺍﻟﻣﻧﺻﻭﺭﺓ
ﻣﺭﻛﺯ ﺍﻟﺑﺣﻭﺙ ﺍﻟﺯﺭﺍﻋﻳﺔ
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