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ABSTRACT

This study was carried out at the Experimental Nursery of the
Ornamental Horticulture Department, Faculty of Agriculture, Cairo
University, Giza, during the two successive seasons of 2002/2003 and
2003/2004, with the aim of investigating the feasibility of using bio-fertilizers
as a partial alternative to chemical NPK fertilization for producing jojoba
(Simmondsia chinensis Link.) plants in three types of soil (sand, clay and
calcareous sand). Plants grown in each type of soil received the following
fertilization treatments: (1) Control (unfertilized), (2) NPK fertilizer (21:7:7,
N:P,05:K,0) at 2 g /pot/2 months, (3) half the NPK rate (i.e., 1 g /pot/2
months) + Bacillus megatherium var. Phosphaticum, (4) % NPK +
Azotobacter chroococcum, (5) %2 NPK + Azospirillum lipoferum, (6) ¥2 NPK
+ Azotobacter chroococcum + B. megatherium var. Phosphaticum, (7) %
NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum, (8) %
NPK + Azotobacter chroococcum + B. megatherium var. Phosphaticum +
Pseudomonas aeruginosa, (9) % NPK + Azospirillum lipoferum + B.
megatherium var. Phosphaticum + P. aeruginosa, or (10) % NPK +
Azotobacter chroococcum + Azospirillum lipoferum + B. megatherium var.
Phosphaticum + P. aeruginosa.

In general, plants grown in sand or clay gave better results (with sand
giving the best vegetative growth, and clay giving the best chemical
composition) than those grown in calcareous sand. In both seasons, plants
grown in sand gave the highest mean values for number of leaves/plant, leaves
fresh and dry weights, fresh weights of stems and roots, N percentage in
leaves, and K percentage in roots. Plants grown in clay gave the highest mean
values (in both seasons) for total carbohydrates percentage in leaves,
chlorophylls “a”, “b” and total chlorophyll contents in leaves, and P
percentages in all plant parts (leaves, stems and roots). The best results for
most of the other morphological and chemical characteristics (viz., plant
height, stem diameter, number of branches, leaf area, dry weights of stems
and roots) were obtained with sand in one season, and with clay in the other.
In contrast, calcareous sand gave the highest mean values for the N
percentage in stems and roots, and the K percentage in stems (in both
seasons), as well as the highest carotenoids content and K percentage in
leaves in the second season. Most of the fertilization treatments had a
favorable effect on the different growth and chemical composition
characteristics, with NPK giving generally lower values than combinations of
Y% NPK and bio-fertilization. Also, in many cases combining %2 NPK with two
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or more bacterial strains (i.e. combining nitrogen-fixing and phosphorus-
solubilizing bacteria) gave higher values than using ¥ NPK with only one
bacterial strain. The relative effectiveness of the fertilization treatments,
compared to each other, varied from one plant characteristic to the other.
For example, treatment (5) gave the greatest plant height, while treatments (7)
and (10) gave the highest stem diameter, and treatments (8) and (7) gave the
highest number of branches (in the first and second seasons, respectively).
Accordingly, the recommended fertilization treatment varies depending on the
effect that is required.

Keywords: Bio-fertilizers, partial alternative, chemical NPK fertilization,

jojoba (Simmondsia chinensis link.) plants, soil types.

INTRODUCTION

Jojoba (Simmondsia chinensis Link.), a member of the family
Simmondsiaceae, is a spreading shrub that has a life span of over 100 years, and
may exceed 200 years (Gentry, 1958 and Kearney et al.,1960). It grows to a height
of 2-6 ft (rarely to 16 ft) and a width of 3-6 ft. The simple, smooth-edged leaves
are thick, leathery, bluish-green in colour, oblong, opposite; with a length of about
2.5-3.5 cm. Jojoba flowers bloom in winter and are greenish-yellow in colour. The
fruit is acorn-shaped, and the mature seeds contain oil (which is really a liquid
wax) that resembles sperm whale oil in composition and properties.

Approximately 90% of the seed oil harvested is utilized by the cosmetics
industry, and has a natural moisturizing and healing effect on the skin. The oil may
also be wused in many industrial processes and for the production of
pharmaceuticals and commercial products such as lubricants, waxes, candles, and
rubber compounds such as varnishes, rubber adhesives, and linoleum. In addition,
the seed oil is a good source of straight-chain alcohols and acids used in
detergents, disinfectants, emulsifiers, and bases for creams and ointments. Jojoba
foliage can also be used as forage for livestock and wildlife. Rofail et al. (2000)
also conducted field and laboratory studies which indicated that jojoba oil can be
used as an insecticide for control of newly hatched larvae of certain strains of
cotton bollworm.

Jojoba shrubs have an exceptionally deep root system which helps the plant
to survive in drought conditions (Ayanoglu, 2000a). This feature makes it possible
to grow jojoba (for landscape purposes or for oil production) in the newly
reclaimed desert areas in Egypt. However, the sandy soil in such areas is often
calcareous, with an alkaline pH and high contents of soluble salts. Ayanoglu
(2000b) reported that some types of jojoba grow very well on soils with salinity
and alkalinity problems. Some types even grow satisfactorily and set flowers at a
soil-water salinity of about 7000 ppm.

Another factor to consider when cultivating new desert areas is the
feasibility of using organic agricultural methods. During the last several years, the
use of chemicals for fertilization or pest control in agricultural crops (including
medicinal plants) has been increasingly criticized, on the basis that chemicals may
adversely influence the chemical composition of agricultural products that are
consumed by humans or animals, in addition to having an unfavorable impact on
the environment. Several studies have confirmed the usefulness of bio-fertilizers as
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an alternative to conventional NPK fertilization in a number of ornamental and
medicinal crops (El-Kashlan , 2001) on roselle, (Nofal et al., 2001) on Ammi
visnaga, (Gad , 2001) on Foeniculum vulgare and Anethum graveolens, and many
others]. Nitrogen-fixing bacteria (such as Azotobacter chroococcum and
Azospirillum lipoferum) and phosphorus-solubilizing bacteria (such as Bacillus
megatherium and Pseudomonas aeruginosa) are among the most common strains
used for bio-fertilization of horticultural crops. Free living nitrogen-fixing bacteria
have not only the ability to fix nitrogen, but also to release certain phytohormones
(similar to GAz; and IAA) which could stimulate plant growth, absorption of
nutrients and photosynthesis (Fayez et al., 1985).

The aim of this study was to investigate the feasibility of using bio-
fertilizers (including nitrogen-fixing and phosphorus-solubilizing bacteria) as a
partial alternative to chemical NPK fertilization to produce jojoba Simmondsia
chinensis Link.), in different types of soil.

MATERIALS AND METHODS

This study was carried out at the Experimental Nursery of the Ornamental
Horticulture Department, Faculty of Agriculture, Cairo University, Giza, during
the two successive season of 2002/2003 and 2003/2004, with the aim of comparing
the effects of conventional chemical fertilization and bio-fertilizers on the growth
and chemical composition of jojoba (Simmondsia chinensis Link.) plants grown in
different types of soil.

Jojoba seeds were obtained from the Horticultural Research Center in El-
Qassasseen. On 15" August 2002 and 2003 in the first and second seasons,
respectively, the seeds were sown in 12-cm plastic pots filled with sand (100%).
On 15" February 2003 and 2004 in the first and second seasons, respectively, the
plants (with heights of 15-20 cm) were transplanted into 30-cm clay pots filled
with three different media (sand, clay or calcareous sand). The physical and
chemical compositions of the three types of soil are shown in Tables A and B.

Plants grown in each type of soil received the following fertilization
treatments:

(1) Control (unfertilized) 0

(2) NPK fertilizer (21:7:7, N: P,0s: K,0) at 2 g /pot/2 months0
Every treatments treated with half the NPK rate (i.e., 1 g /pot/2 months) +
(3) Bacillus megatherium var. Phosphaticum. (B.)

(4) Azotobacter chroococcum, (Azot.)

(5) Azospirillum lipoferum. (Azos.)

(6) B. +Azot.

(7) B. +Azos.

(8) B. +Azot. + Pseudomonas aeruginosa.

(9) B. +Azos. + P. aeruginosa.

(10) B. +Azot. +Azos. + P. aeruginosa.

The chemical NPK fertilizer used in this study (Haisol Blue, imported by
Agroland Co., Giza) was added every two months as a top dressing, followed by
irrigation. Each of the different bacterial strains was applied separately as a liquid
inoculums (10 ml /pot), which was added to the soil after 15 days from
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transplanting. An additional dose (10 ml /pot) was applied after two months from
the first application. The bacterial inoculums were prepared by diluting the bacteria
in a Nitron Pross medium at the concentration of 1 mg x 10°.

Table A. The mechanical analysis of the three types of soil (sand, clay and
calcareous sand) used for growing jojoba (Simmondsia chinensis

Link.) plants.
Soil tvpes Coarse sand | Fine Sand Silt Clay Textural
yp (%) (%) (%) (%) class
Sand 48.85 42.84 5.66 2.65 Sand
Clay 12.30 20.00 35.40 323 Clay loam
Calcareous sand 36.52 60.34 2.11 1.03 Calcareous sand

Table B. The chemical characteristics of the three types of soil (sand, clay and
calcareous sand) used for growing jojoba (Simmondsia chinensis

Link.) plants.

Cations Anions

|l o meq/L meqg/L

Soil types 19 FE) QO ~ (meg/L) (meg/L)

T |< qQ

o L E (SR ++ ++ + + - - -
Ca Mg Na K COs; Cl SO,
Sand 741080 | 1.53 | 0.97 0.39 3.6 0.20 0.99 0.90 1.80
Clay 8.0 0,50 | 1.01 1.95 1.20 1.90 0.10 2,00 1.10 1.35
Calcareous sand |8.37| 2.38 2.3 14.0 7.00 29.04 0.85 20.5 24.0

The layout of the experiment was a split plots design, with the main plots
assigned to the soil types, while the sub-plots were assigned to the fertilization
treatments. The main plots were arranged in a randomized complete blocks design.
The experiment included a total of 30 treatments (3 types of soil X 10 fertilization
treatments, including the control) and 3 blocks (replicates), each consisting of
5 pots /treatment.

At the termination of each season (on 1% August 2003 and 2004 in the first
and second seasons, respectively), data were recorded on plant vegetative growth
characteristics, including plant height (cm), stem diameter (cm) at a height of 5 cm
from the soil surface, number of branches/ plant, number of leaves/ plant, area
(cm?) of the 4™ leaf from the top of the plant (using a Licor portable area meter,
model LI 3000), as well as the fresh and dry weights of leaves, stems and roots/
plant. The data recorded on vegetative growth were statistically analyzed. An
analysis of variance (ANOVA) was carried out, and the means were compared
using the “Least Significant Difference (LSD)” test at the 0.05 level, as described
by Steel and Torrie (1980).

Chemical analysis of fresh leaf samples was also conducted to determine
their contents of pigments [chlorophyll “a”, chlorophyll “b”, total chlorophylls
(a+b) and carotenoids], using the method described by Saric et al. (1967). In
addition, samples of leaves, stems and roots were oven-dried at a temperature of
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70°C for 24 hours, and their content of total carbohydrates was determined using
the method outlined by Dubois et al. (1956). Also, the nutrients were extracted
from dried tissue samples (of leaves, stems and roots) using the method described
by Piper (1947), then the nutrient extracts were chemically analyzed to determine
their contents of nitrogen (using a modified Micro-Kjeldahl apparatus, as described
by Pregl, 1945), phosphorus (using the method described by Jackson (1967), and
potassium [using an atomic absorption, flame-photometer (Philips, model PU
9100X), as recommended by Chapman and Pratt (1961).

RESULTS AND DISCUSSION

l. Vegetative growth
1. Plant height

The results recorded in the two seasons (Table 1) show that the type of soil
had a significant effect on the height of jojoba plants. In both seasons, plants grown
in the calcareous sandy soil were significantly shorter than those grown in clay.
Also, plants grown in calcareous sand were significantly shorter in the second
season, compared to plants grown in sand, but in the first season, the difference
between the heights of plants grown in these two types of soil was statistically
insignificant. On the other hand, no significant difference was detected between the
heights of plants grown in sand or in clay, with clay giving the tallest plants in the
first season, and sand giving the tallest plants in the second season. The
unfavorable effect of calcareous soil on shoot growth may be attributed to the
relatively high pH value, which leads to the conversion of some nutrients (such as
phosphorus and boron) to an insoluble form which is unavailable to the roots.

The data presented in Table 2 also show that the different fertilization
treatments had a generally favorable effect on plant height, i.e. they gave taller
plants than the unfertilized control. In the first season, treatments including
Pseudomonas aeruginosa caused only slight (insignificant) increases in plant
height, whereas all other treatments gave significantly taller plants than the control.
The favorable effect of the fertilization treatments was generally more pronounced
in the second season, with only one treatment (NPK fertilization) giving an
insignificant increase in plant height, while all other treatments increased plant
height significantly, compared to the control. It is also clear that in both seasons,
combinations of NPK and bio-fertilization which included the use of Pseudomonas
aeruginosa were generally less effective than combinations without P. aeruginosa.
Among the different fertilization treatments, the most effective one for increasing
plant height in both seasons was the application of %2 NPK + Azospirillum
lipoferum, followed by % NPK + Azotobacter chroococcum, then % NPK +
Bacillus megatherium var. Phosphaticum. The favorable effect of Azotobacter and
Azospirillum bacteria on plant height has been reported by Gad (2001) on
Foeniculum vulgare and Anethum graveolens, Kandeel et al. (2001) on Foeniculum
vulgare, Nofal et al. (2001) on Ammi visnaga, and Gadagi et al. (2004) on
Gaillardia pulchella plants. In contrast, the least effective treatment in the first
season was %2 NPK + Azotobacter chroococcum + Bacillus megatherium var.
phosphaticum + Pseudomonas aeruginosa, whereas the least effective treatment in
the second season was the use of chemical NPK fertilization alone.
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Regarding the interaction between the types of soil and the fertilization
treatments, it can be seen in Table 1 that the tallest plants in the first season were
those grown in sand and fertilized with % NPK + Azospirillum lipoferum, whereas
the tallest plants in the second season were those that had been grown in sand and
fertilized with ¥2 NPK + Azotobacter chroococcum.

2. Stem diameter

Measurements of stem diameter recorded in the two seasons (Table 1) have
shown that no significant difference was found between the values obtained from
plants grown in sand and those from plants grown in clay, with clay giving the
thickest stems in the first season, while sand gave the thickest stems in the second
season. In general, both of these growing media (sand and clay) were significantly
more suitable for stem thickening in jojoba plants, compared to calcareous sand. In
most cases, plants grown in calcareous sand gave significantly thinner stems than
those grown in sand or clay.

It is also clear from the data in Table 1 that, in most cases, the different
fertilization treatments gave thicker stems than those of the unfertilized control
plants. Moreover, data recorded in the first season has shown that combinations of
% NPK with more than one bacterial strain was generally more effective for
increasing stem thickness, compared to using the full NPK rate (alone), or using
combinations of 2 NPK with only one bacterial strain. No significant difference
was detected in the first season between the stem diameters of plants fertilized with
NPK alone, and those of plants receiving ¥ NPK combined with only one bacterial
strain. On the other hand, using NPK alone gave significantly thinner stems in the
second season, compared to all the treatments in which using %2 NPK was
combined with using bio-fertilization. The data in Table (1) also show that the
thickest stems (in both seasons) were those of plants fertilized with % NPK +
Azospirillum lipoferum + B. megatherium var. Phosphaticum, or ¥ NPK +
Azotobacter chroococcum + Azospirillum lipoferum + B. megatherium var.
phosphaticum + P. aeruginosa, with no significant difference between the values
resulting from these two treatments. Similar increases in stem diameter as a result
of fertilization using N-fixing bacteria have been reported by Sharma et al. (1996)
on Acacia auriculiformis. Significant differences in stem thickness were also
detected as a result of the interaction between the soil types and the fertilization
treatments. In general, plants grown in calcareous sand and supplied with the
different fertilization treatments had thinner stems than those of plants grown in
sand or clay, and supplied with the same fertilization treatments. The thickest stems
were those of plants grown in sand and fertilized with ¥2 NPK + Azospirillum
lipoferum + B. megatherium var. Phosphaticum + P. aeruginosa (in the first
season), or %2 NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum
(in the second season).

3. Number of branches/plant

The number of branches formed on jojoba plants was not significantly
affected by the type of soil (Table 1). In both seasons, the lowest number of
branches was found on plants grown in calcareous sand. On the other hand, the
highest number of branches in the first season was formed on plants grown in sand,
whereas plants grown in clay had the highest number of branches in the second
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season. The data in Table 1 also show that, in most cases, the tested fertilization
treatments significantly promoted the branching of jojoba plants, compared to the
unfertilized control, which had the lowest number of branches/plant (in both
seasons). In both seasons, no significant difference was detected between the
effects of Azotobacter chroococcum and Azospirillum lipoferum, when used
separately in combination with 2 NPK. It is also clear that plants fertilized with
NPK alone, or with 2 NPK + one bacterial strain had generally fewer branches
than plants fertilized with %> NPK + a combination of nitrogen-fixing and
phosphorus-solubilizing bacteria. The highest value recorded in the first season
was obtained from plants fertilized with %2 NPK + Azotobacter chroococcum + B.
megatherium var. Phosphaticum + P. aeruginosa, followed by plants fertilized
with % NPK + Azospirillum lipoferum + B. megatherium var. phosphaticum. On
the other hand, the highest number of branches in the second season was found on
plants fertilized with ¥2 NPK + Azospirillum lipoferum + B. megatherium var.
phosphaticum, followed by plants fertilized with % NPK + Azotobacter
chroococcum + Azospirillum lipoferum + B. megatherium var. Phosphaticum + P.
aeruginosa. The favorable effect of bio-fertilizers on branching has been described
by Gad (2001) on Foeniculum vulgare and Anethum graveolens, and Gadagi et al.
(2004) on Gaillardia pulchella plants.

Regarding the interaction between the effects of types of soil and
fertilization treatments on the number of branches, the data in Table 1 show that
the various treatment combinations resulted in significant differences between the
recorded values. It is also worth mentioning that in unfertilized plants, or plants
receiving NPK fertilization only, using clay as the growing medium gave higher
values than sand or calcareous sand. This may be attributed to the higher cation
exchange capacity of clay (compared to sand, or calcareous sand), which helps the
soil to prevent the leaching of nutrients, and to maximize their uptake by the roots
and their use in vegetative growth, including the formation of branches. Among the
different combinations of soil types and fertilization treatments, using a calcareous
sandy soil and fertilization with % NPK + Azospirillum lipoferum + B.
megatherium var. Phosphaticum gave the highest value in the first season, whereas
the highest value in the second season was obtained from plants grown in clay and
fertilized with % NPK + Azospirillum lipoferum + B. megatherium var.
Phosphaticum + P. aeruginosa.

4. Number of leaves/plant

It can be seen from the data presented in Table 1 that the number of leaves
formed on jojoba plants was significantly affected by the type of soil. In both
seasons, plants grown in sand had the highest number of leaves, followed by plants
grown in clay, with no significant difference between these two types of soil. On
the other hand, plants grown in calcareous sand had significantly fewer leaves (in
most cases) than those grown in sand or clay. It is also clear from the data in Table
1 that, in both seasons, all the tested fertilization treatments significantly increased
the number of flowers produced by jojoba plants, compared to the unfertilized
control plants. Supplying the plants with NPK fertilization alone gave lower values
in both seasons, compared to values obtained from plants receiving the various bio-
fertilization treatments. Also, combining ¥2 NPK with only one strain of bacteria
was generally less effective for increasing the number of leaves, compared to
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combining ¥ NPK with two or more bacterial strains (especially in the first
season). Among the different fertilization treatments, supplying the plants with %
NPK + Azospirillum lipoferum + B. megatherium var. phosphaticum gave the
highest number of leaves/plant (in both seasons). Similar increases in the number
of leaves as a result of using bio-fertilizers have been reported by Gad (2001) on
Foeniculum vulgare and Anethum graveolens, and Gadagi et al. (2004) on
Gaillardia pulchella plants.

The interaction between the effects of soil types and fertilization treatments
caused significant differences in the number of leaves formed on jojoba plants. In
the first season, the highest number of leaves was produced by plants grown in
sand and fertilized with ¥2 NPK + Azospirillum lipoferum + B. megatherium var.
phosphaticum + P. aeruginosa, whereas in the second season the highest number
of leaves was produced by plants grown in sand and fertilized with 2 NPK +
Azotobacter chroococcum + B. megatherium var. Phosphaticum + P. aeruginosa.

5. Leaf area

Measurements of leaf area that were recorded in the two seasons (Table 2)
revealed that, in most cases, plants grown in sand or clay had significantly larger
leaves than plants grown in calcareous sand. In the first season, plants grown in
sand had the largest leaves. However, these leaves were not significantly larger
than those formed by plants grown in clay. On the other hand, plants grown in clay
gave significantly larger leaves in the second season, compared to plants grown in
sand or in calcareous sand. The data presented in Table 2, also show that in the
first season, supplying the plants with 2 NPK + Azospirillum lipoferum was the
only fertilization treatment that significantly increased leaf area, compared to the
unfertilized control plants, or to plants receiving any other fertilization treatment.
The favorable effect of fertilization on leaf growth was more pronounced in the
second season, with most fertilization treatments causing significant increases in
leaf area, compared to that obtained from control plants. Among the different
fertilization treatments that were tested, the most effective one in the second season
(i.e., giving the largest leaves) was supplying the plants with % NPK + B.
megatherium var. phosphaticum, followed by fertilization with % NPK +
Azospirillum lipoferum. On the other hand, the smallest leaves in he second season
were produced by plants fertilized with %2 NPK + Azospirillum lipoferum + B.
megatherium var. Phosphaticum.

Regarding the interaction between the effects of soil types and fertilization
treatments, the data in Table 2 show that in the first season, the largest leaves were
produced by plants grown in clay and fertilized using ¥2 NPK + Azospirillum
lipoferum, whereas the largest leaves in the second season were formed on plants
grown in clay and fertilized using %2 NPK + Azotobacter chroococcum.

6. Fresh and dry weights of leaves/plant.

The fresh and dry weights of leaves/plant were significantly affected by the
type of soil in which the plants were grown. In both seasons, the highest values
were obtained from plants grown in sand, followed by plants grown in clay,
whereas the lowest fresh and dry weights of leaves/plant were obtained as a result
of growing the plants in calcareous sand. In the first season, the mean values
obtained from plants grown in sand (for both fresh and dry weights of leaves/plant)
were insignificantly higher than those obtained from plants grown in clay, but were
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significantly higher than those from plants grown in calcareous sand. The
beneficial effect of growing the plants in sand was more pronounced in the second
season, with plants grown in sand giving significantly higher fresh and dry weights
of leaves/plant, compared to values obtained from plants grown in any of the other
two types of soil (clay or calcareous sand).

The different fertilization treatments also had a considerable effect on the
fresh and dry weights of leaves in jojoba plants (Table 2). In most cases, the
different fertilization treatments gave significantly higher values than the control.
Among the tested treatments, using NPK fertilization alone was the least effective
treatment. In fact, fertilization with NPK was the only treatment which gave an
insignificant increase in the values recorded in the second season, compared to the
control. All other fertilization treatments gave significantly higher values than the
control. In the first season, the highest fresh weight of leaves was obtained from
plants fertilized using 2 NPK + Azotobacter chroococcum + Azospirillum
lipoferum + B. megatherium var. phosphaticum + P. aeruginosa, while the highest
dry weight of leaves was obtained from plants fertilized using % NPK +
Azospirillum lipoferum + B. megatherium var. phosphaticum. In the second season,
the highest values for both the fresh and dry weights of leaves were obtained from
plants fertilized using %> NPK + Azotobacter chroococcum + B. megatherium var.
Phosphaticum + P. aeruginosa. These results are in agreement with the findings of
Gad (2001) on Foeniculum vulgare and Anethum graveolens plants.

The interaction between the types of soil and the fertilization treatments
resulted in significant differences in the recorded values. However, the relative
effects of the different treatment combinations, compared to each other, differed
from one season to the other. In the first season, the highest fresh and dry weights
of leaves were obtained from plants grown in sand and fertilized with %2 NPK +
Azospirillum lipoferum. As previously mentioned, this combination of treatments
also gave the largest leaves, which indicates that leaf area was more important than
the number of leaves in affecting the fresh and dry weights of leaves/plant. In the
second season, the highest fresh weight of leaves was obtained from plants grown
in sand and fertilized with 2 NPK + Azotobacter chroococcum + Azospirillum
lipoferum + B. megatherium var. Phosphaticum + P. aeruginosa, while the highest
dry weight of leaves was obtained from plants grown in sand and fertilized with %
NPK + Azotobacter chroococcum + B. megatherium var. Phosphaticum + P.
aeruginosa.

7. Fresh and dry weights of stems/ plant.

As shown in Table 3, the fresh and dry weights of stems were significantly
affected by the type of soil in which the plants were grown. In most cases, the
highest values were those of plants grown in sand, followed by plants grown in
clay, whereas the lowest values were obtained from plants grown in the calcareous
sandy soil. This trend was generally more pronounced in the second season than in
the first.

The different fertilization treatments also had a significant effect on the
fresh and dry weights of stems (Table 3). In both seasons, all the tested fertilization
treatments significantly increased the fresh weight of stems, compared to the
control. On the other hand, fertilization with NPK alone significantly increased the
dry weight of stems in the first season (but not in the second season), compared to
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the control, whereas combining %2 NPK with any of the bio-fertilization treatments
increased the stems dry weight significantly in both seasons. It is also clear from
the data in Table 3 that the relative effectiveness of the different fertilization
treatments, compared to each other, varied from one season to the other. In the first
season, the most effective treatments for increasing the fresh and dry weights of
stems were supplying the plants with 2 NPK + Azospirillum lipoferum, or %2 NPK
+ Azospirillum lipoferum + B. megatherium var. Phosphaticum. Plants fertilized
with %2 NPK + Azospirillum lipoferum also gave the highest stems dry weight in
the second season, whereas the highest fresh weight of stems in the second season
was that of plants fertilized using %2 NPK + Azotobacter chroococcum + B.
megatherium var. Phosphaticum + P. aeruginosa.

The interaction between the effects of soil types and fertilization treatments
caused significant differences in the fresh and dry weights of jojoba stems (Table
3). In the first season, the best combination of treatments in terms of increasing
the fresh and dry weights of stems was growing the plants in sand and fertilizing
them with % NPK + Azospirillum lipoferum. However, the highest stems fresh
weight in the second season was obtained from plants grown in sand and fertilized
with ¥2 NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum, while
the highest stems dry weight was obtained from plants grown in sand and fertilized
with %2 NPK + Azotobacter chroococcum.

8. Fresh and dry weights of roots/plant.

It is clear from the data in Table 3 that the, in most cases, plants grown in
sand gave the highest fresh and dry weights of roots, followed by plants grown in
clay, whereas the lowest values were obtained from plants grown in calcareous
sand. The only exception to this general trend was detected in the first season, with
plants grown in clay giving a roots dry weight which was insignificantly higher
than that obtained from plants grown in sand.

The results recorded in the two seasons (Table 3) also show that fertilization
had a significant effect on the fresh and dry weights of jojoba roots. In most cases
(especially with the roots fresh weight), the different fertilization treatments
significantly increased the values recorded in both seasons, compared to those
obtained from control plants. Among the tested fertilization treatments, the most
effective ones appeared to be % NPK + Azotobacter chroococcum + B.
megatherium var. phosphaticum (which gave the highest roots fresh weight in the
first season, and the highest roots dry weight in the second season), and % NPK +
Azospirillum lipoferum + B. megatherium var Phosphaticum (which gave the
highest roots dry weight in the first season, and the highest roots fresh weight in the
second season). The data presented in Table 3, also show that as a result of the
interaction between the effects of soil types and fertilization treatments, significant
differences were detected between the roots fresh and dry weights of plants
receiving the various treatment combinations. In the first season, the highest roots
fresh weight was that of plants grown in calcareous sand and fertilized with %2 NPK
+ Azotobacter chroococcum + B. megatherium var. Phosphaticum, whereas the
highest roots dry weight was that of plants grown in clay and fertilized with %2
NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum. In the second
season, the highest values for both the fresh and dry weights of roots were obtained
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from plants grown in sand and fertilized with ¥ NPK + Azospirillum lipoferum +
B. megatherium var. Phosphaticum + P. aeruginosa.

I1. Chemical composition.
1. Leaf pigments (chlorophylls and carotenoids) contents.

Chemical analysis of fresh leaf samples have shown that the highest
chlorophyll “a”, chlorophyll “b” and total chlorophyll (a + b) contents were
obtained in leaves of plants grown in clay, followed by plants grown in sand,
whereas the lowest values were obtained in leaves of plants grown in calcareous
sand (Table 4). On the other hand, the effect of soil types on the carotenoids
content was not clear, as the results differed from one season to the other.

It is also clear from the data in Table 4 that, in both seasons, the different
fertilization treatments increased the contents of chlorophyll “a”, chlorophyll “b”
and total chlorophyll, but decreased the carotenoids content, compared to the
values recorded in leaves of control plants. Among the tested fertilization
treatments, supplying the plants with ¥2 NPK + Azotobacter chroococcum appeared
to be the most favorable treatment for promoting chlorophyll synthesis and
accumulation in jojoba leaves. This treatment gave the highest chlorophyll “a” and
total chlorophyll (a + b) contents in both seasons, as well as the highest chlorophyll
“b” content in the first season, but gave a relatively low carotenoids content. On the
other hand the highest chlorophyll “b” content in the second season was found in
the leaves of plants fertilized with % NPK + Azospirillum lipoferum + B.
megatherium var. Phosphaticum + P. aeruginosa.

Regarding the interaction between the soil types and the fertilization
treatments, the data presented in Table 4 show that the most favorable treatment
combination was growing the plants in clay, combined with fertilization using %
NPK + Azotobacter chroococcum. Leaves of plants grown using this combination
of treatments had the highest chlorophyll “a” content in both seasons, as well as the
highest total chlorophyll (a + b) content in the second season, whereas the highest
total chlorophyll content in the first season was obtained found in the leaves of
plants grown in clay and fertilized with %2 NPK + Azotobacter chroococcum + B.
megatherium var. Phosphaticum + P. aeruginosa. Results recorded regarding the
chlorophyll “b” content varied from one season to the other, with plants grown in
clay and fertilized with %2 NPK + Azospirillum lipoferum giving the highest value
in the first season, whereas the highest value in the second season was obtained
from plants grown in sand and fertilized with ¥2 NPK + Azospirillum lipoferum +
B. megatherium var. Phosphaticum + P. aeruginosa.

2. Total carbohydrates percentage in leaves.

Results of chemical analysis of dried leaf samples (Table 5) have shown that
the type of soil had a significant effect on the total carbohydrates percentage in the
leaves of jojoba plants. In both seasons, plants grown in clay had the highest total
carbohydrates percentage, followed by plants grown in sand. In the first season, a
significant difference was detected between values obtained from plants grown in
these two types of soil, but in the second season, the difference between them was
insignificant. On the other hand, plants grown in calcareous sand gave significantly
lower values in both seasons, compared to plants grown in sand or clay.
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Table (5): Effect of soil type, chemical NPK fertilization and bio-fertilizers on
the total carbohydrates content in leaves of jojoba (Simmondsia
chinensis Link.) during the 2002/2003 and 2003/2004 seasons.

Total carbohydrates (% D.W.)
Fertilization First Season Second Season
Treatments (F) Soil type (A) Soil type (A)

* x|

Sand | Clay Cal. | Mean Sand | Clay Cal. | Mean
sand and
Control 10.1 126 4.30 9.00 1005 981 401 8.10
NPK 124 159 7.82 1204 | 1111 1009 574 8.98
%NPK +B 117 15.0 6.33 1131 | 1206 1412 537 | 1051
"+ Az0t. 122 16.1 6.15 1148 | 1001 1207 413 8.73
"+ Az0s. 10.2 129 8.70 1060 | 9.67 1390 5.23 9.60
"+ B+ Azot. 840 10.4 7.64 8.81 1008 1110 7.96 9.71
"+ B + Azos. 9.10 113 749 9.29 1213 1281 845 | 1113
"+B+Azot+P 8.10 9.50 8.09 8.56 1090 1191 580 9.53
"+B+Az0s+P 9.10 10.9 9.60 9.86 1260 1352 693 | 1101
" +Az0t. +Az0s. +B+P | 8.90 10.6 9.14 9.58 1580 1429 834 | 1281
Mean 9.22 11.12 6.61 1144 1236 6.19
L.S.D.at0.05

A 1.090 1.309

F 0.604 0.692

AXF 1.890 2.208

*Cal. Sand = Calcareous sand
B = Bacillus megatherium var. Phosphaticum Azot. = Azotobacter chroococcum Azos. =
Azospirillum lipoferum P = Pseudomonas aeruginosa

The data in Table 5, also show that in general, most of the tested fertilization
treatments significantly increased the total carbohydrates percentage in jojoba
leaves, compared to the control (especially in the second season). However, the
relative effectiveness of the fertilization treatments, compared to each other, varied
from one season to the other. In the first season, the highest value was obtained in
plants receiving NPK fertilization alone. Also, data recorded in the first season
showed that combining ¥2 NPK with only one bacterial strain (B. megatherium var.
Phosphaticum, Azotobacter chroococcum or Azospirillum lipoferum) was generally
more effective for increasing the total carbohydrates percentage, compared to
treatments in which ¥ NPK was combined with two or more bacterial strains. In
contrast, results recorded in the second season showed that the highest total
carbohydrates percentage was obtained when NPK was combined with all the
tested bacterial strains (i.e., in plants fertilized with %2 NPK + Azotobacter
chroococcum + Azospirillum lipoferum + B. megatherium var. Phosphaticum + P.
aeruginosa), whereas using NPK alone, or combining ¥ NPK with only one
bacterial strain gave relatively low values (especially with Azotobacter
chroococcum and Azospirillum lipoferum).

Results recorded in the two seasons have also shown that significant
differences were found between the total carbohydrates percentages in leaves of
plants grown with different combinations of soil types and fertilization treatments
(Table 5). In most cases (especially in the second season), plants grown in
calcareous sand and supplied with the different fertilization treatments had lower
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total carbohydrates percentages than plants grown in sand or clay and receiving the
same fertilization treatments. On the other hand, the highest value in the first
season was obtained from plants grown in clay and fertilized with NPK alone,
whereas in the second season the highest value was obtained from plants grown in
sand and fertilized with % NPK + Azotobacter chroococcum + Azospirillum
lipoferum + B. megatherium var Phosphaticum + P. aeruginosa.

3. Nutrient percentage in leaves, stems and roots.
a. Nitrogen.

The effect of the soil types on the N percentage differed from one part of
the plant to the other (Table 6). In both seasons, plants grown in sand had the
highest N percentage in the leaves, followed by plants grown in calcareous sand,
whereas the lowest N percentage was found in the leaves of plants grown in clay.
On the other hand, the highest N percentages in the stems and roots were obtained
in plants grown in calcareous sand, followed by plants grown in clay, whereas the
lowest values were obtained from plants grown in sand (in most cases).

It is also clear from the data in Table 6 that all the tested fertilization
treatments increased the N percentage in the different parts of the plant (leaves,
stems and roots), compared to the unfertilized control. However, fertilization with
NPK alone, or combining ¥ NPK with one strain of bacteria, gave generally lower
N percentages in the different plant parts (especially the leaves and stems),
compared to using treatments in which ¥2 NPK was combined with two or more
bacterial strains. Among the different fertilization treatments, supplying the plants
with %2 NPK + Azotobacter chroococcum + B. megatherium var. Phosphaticum +
P. aeruginosa was clearly the most effective treatment for increasing the N
percentage in the different parts of the plant. This treatment gave the highest N
percentage in the stems in seasons, and the highest N percentage in the leaves in
the first season, as well as the highest N percentage in the roots in the second
season. The general increase in the N percentage in leaves of plants supplied with
bio-fertilizers is in agreement with results reported by El-Kashlan (2001) on
roselle, and Gad (2001) on Foeniculum vulgare and Anethum graveolens.

Regarding the interaction between soil types and fertilization treatments,
the data in Table 6 show that the highest N percentage in the leaves was obtained
from plants grown in sand and fertilized with ¥ NPK + Azotobacter chroococcum
+ B. megatherium var. Phosphaticum + P. aeruginosa (in the first season) or %
NPK + Azotobacter chroococcum + B. megatherium var Phosphaticum (in the
second season). On the other hand, the highest N percentage in the stems (in both
seasons) was obtained from plants grown in calcareous sand and fertilized with %
NPK + Azotobacter chroococcum + B. megatherium var. Phosphaticum + P.
aeruginosa, while the highest N percentage in the roots was obtained from plants
grown in calcareous sand fertilized with %2 NPK + Azospirillum lipoferum + B.
megatherium var. Phosphaticum (in the first season) or 2 NPK + Azotobacter
chroococcum + B. megatherium var. Phosphaticum (in the second season).

b. Phosphorus
The data presented in Table 7 show that the P percentage in the different
parts (leaves, stems and roots) of jojoba plants was significantly affected by the
type of soil in which the plants were grown. In both seasons, plants grown in clay
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had the highest P percentages in the different plant parts, followed by plants grown
in sand, whereas the lowest P percentages were found in the tissues of plants grown
in calcareous sand.

The P percentage in the different plant parts was also significantly affected
by the tested fertilization treatments (Table 7). In general, most of the fertilization
treatments significantly increased the P percentages in the leaves, stems and roots,
compared to the control (especially in the second season). Among the different
fertilization treatments, using NPK alone gave lower P percentages in the stems
and roots, compared to most of the other treatments. Moreover, combining %2 NPK
with one bacterial strain gave generally lower P contents in the different plant
parts, compared to combining ¥ NPK with two or more bacterial strains. Using a
combination of % NPK with all the tested bacterial strains (i.e., ¥» NPK +
Azotobacter chroococcum + Azospirillum lipoferum + B. megatherium var.
Phosphaticum + P. aeruginosa) gave the highest P percentage in the leaves in the
first season, and the highest P percentage in the roots in the second season. These
results are in agreement with the findings of El-Kashlan (2001) on roselle, and Gad
(2001) on Foeniculum vulgare and Anethum graveolens. On the other hand,
fertilization with % NPK + Azospirillum lipoferum + B. megatherium var.
Phosphaticum + P. aeruginosa gave the highest P percentage in the roots in the
first season, and the highest P percentage in the leaves in the second season. The
highest P percentage in the stems was found in plants fertilized using %2 NPK +
Azotobacter chroococcum + B. megatherium var. Phosphaticum (in the first
season) or ¥ NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum
(in the second season).

Significant differences in the P percentages in different plant parts were also
detected as a result of the interaction between the different soil types and
fertilization treatments (Table 7). In general, plants grown in clay and receiving the
different fertilization treatments had higher P percentages in the different plant
parts, compared to plants grown in sand or calcareous sand, and receiving the
same fertilization treatments. In both seasons, plants grown in clay and fertilized
with % NPK + Azospirillum lipoferum + B. megatherium var. Phosphaticum + P.
aeruginosa had the highest P percentage in the leaves, while the highest P
percentage in the stems was found in plants grown in clay and fertilized with %2
NPK + Azotobacter chroococcum + B. megatherium var. Phosphaticum (in the first
season) or ¥ NPK + Azospirillum lipoferum + B. megatherium var. phosphaticum
(in the second season). Plants grown in clay and fertilized with %2 NPK +
Azospirillum lipoferum + B. megatherium var. Phosphaticum + P. aeruginosa had
the highest P percentage in the roots in the first season, whereas in the second
season the highest P percentage in roots was found in plants grown in clay and
fertilized with %2 NPK + Azotobacter chroococcum + Azospirillum lipoferum + B.
megatherium var. Phosphaticum + P. aeruginosa.

c. Potassium
Chemical analysis of samples taken from different parts of jojoba plants
has revealed that, in both seasons, the K percentages in the leaves and roots were
not significantly affected by the type of soil in which the plants were grown (Table
8). On the other hand, the K percentage in the stems was significantly higher when
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the plants were grown in calcareous soil, compared to values obtained from
plants grown in sand or clay (in both seasons). Results recorded in the two
seasons (Table 8) also show that plants receiving any of the tested
fertilization treatments had higher K percentages in the different plant parts,
compared to values obtained from the unfertilized control plants. Among the
different treatments, the least effective one for increasing the K percentage
was fertilization with NPK alone. In fact, this treatment caused only slight
(insignificant) increases in the K percentages in leaves and roots, compared
to the control (in both seasons), whereas most of the other treatments gave
significantly higher values than those obtained from the control. Similar
increases in the K percentage in leaves as a result of applying bio-fertilizers
have been obtained by El-Kashlan (2001) on roselle, Gad (2001) on
Foeniculum vulgare and Anethum graveolens, Kandeel et al. (2001) on
Foeniculum vulgare, and Nofal et al. (2001) on Ammi visnaga. Fertilization
with % NPK + Azotobacter chroococcum + B. megatherium var.
Phosphaticum appeared to be the most effective treatment for increasing the
K percentage in the leaves and roots, since it gave the highest K percentage
in the leaves in the first season, and the highest K content in the roots in the
second season, as well as relatively high K contents in the leaves in the
second season, and in the roots in the first season. On the other hand, the K
percentage in the stems was generally more affected by the fertilization
treatments than the K percentage in the leaves or roots. In both seasons, all
the fertilization treatments (even using NPK alone) caused significant
increases in the K percentage in stems, compared to the control, with the
highest value resulting from fertilization using % NPK + Azotobacter
chroococcum + B. megatherium var. Phosphaticum + P. aeruginosa.

The data presented in Table 8, also show that plants grown with the
various combinations of soil types and fertilization treatments showed
significant differences in the K percentages within each of the different
plant parts. However, the relative effects of the different combinations,
compared to each other, varied from one season to the other. For example,
the highest K content in the leaves in the first season was obtained from
plants grown in calcareous sand and fertilized with %2 NPK + Azotobacter
chroococcum + B. megatherium var. Phosphaticum, whereas in the second
season the highest K percentage in leaves was obtained from plants grown
in clay and fertilized with %2 NPK + Azotobacter chroococcum. Similar
differences between the results recorded in the two seasons were also
detected with the K percentages in the stems and roots.

Conclusively, from the above results, it is clear that growing jojoba
plants in sand or clay gave better results than growing them in calcareous
sand, with sand giving the most vigorous vegetative growth, while clay had
the most favorable effect on the chemical composition. Most of the
fertilization treatments had a favorable effect on the different vegetative
growth and chemical composition characteristics, with combinations of %
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NPK and bio-fertilization giving generally higher values than using NPK
alone. Also, in many cases, combining ¥2 NPK with two or more bacterial
strains (i.e. combining nitrogen-fixing and phosphorus-solubilizing bacteria)
gave higher values than using %2 NPK with only one bacterial strain.
However, the relative effectiveness of the fertilization treatments, compared
to each other, varied from one plant characteristic to the other. Accordingly,
the recommended fertilization treatment varies depending on the effect that
IS required.
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