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A pot experiment was carried out to determine the effect of crude oil on Jojoba (Simmodsia 
chinensis ).The soil was treated with different levels of crude oil: 0% (control), 1, 2, 3 and 4% 
v/w. Seed germination and growth parameters like plant height, root length, fresh and dry 
weights of shoots and roots, number of leaves and leaf area. The mean values obtained were 
higher for control and progressively decreased from 1- 4%. The 4% concentration was lethal 
to Jojoba. The results obtained, showed that, the crude oil caused a decrease in IAA and an 
increase in phenol. Hence it was concluded that number of new proteins were synthesized in 
stressed plants for their adaptation in the stressed conditions. These proteins could be used 
as markers in identifying the stressed plants .The elevated protein content in Jojoba seedlings 
was the result of de novo synthesis of 2-5 specific polypeptides with apparent molecular mass 
range of 58.3- 23.0 kDa. In general, the total number of protein bands and de novo synthesis 
of protein in Jojoba seedlings growing in crude oil contaminated soil with inorganic fertilizers 
were higher than that under crude oil contaminated soil. 
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In oil producing countries, crude oil is 

one of the most important contaminant of 

soil and water. Large amounts of soil have 

been contaminated with petroleum near the 

oil refineries and oil storage tanks. 

Contaminated soil can damage environment 

by affecting the plants and microorganisms 

of the soil. This effect depends on the 

concentration and kind of contamination 

Atlas (1975). The crude oil contains a 

number of organic compounds which are 

removed as solid wastes products are 

disposed as land fills which are likely to 

create some health and environmental 

hazards. Contamination of soil by crude oil 

spills is a wide spread environmental 

problem that often requires cleaning up of 

the contaminated sites Bundy et al. (2002). 

Various studies have reported the adverse 

effect of petroleum products on plants 

ranging from reduced germination of seeds, 

reduced survival of plants to reduced yield 

of plants Akinola et al. (2004); Andrade et 

al. (2004). and Beak et al. (2005) 

investigated the phytotoxic effects of crude 

oil and oil components on the growth of red 

beans (Phaseolus nipponesis OWH1) and 

corn (Zea mays). Achuba (2006) studied the 

effect of crude oil contaminated soil at 

various sub-lethel concentrations (0.25, 0.5, 

1.0 and 2.0%) on the growth and 

metabolism of cowpea (Vigna unguiculata) 

seedlings. Issoufi et al. (2006) evaluated 

seedling growth of six crop species in crude 

oil contaminated soils in a greenhouse. 

Based upon percent emergence and plant 

biomass production in contaminated soil, 

Z.mays and G.max seedlings showed the 

greatest potential to enhance remediation. 

Besalatpour et al. (2008) tested the 

germination and subsequent growth of 

seven plants including tall fescue, 

agropyron, puccinellia, white clover, canola, 

safflower and sunflower in a soil with three 

petroleum contamination levels. The 

presence of Total Petroleum Hydrocarbon 
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(TPHs) in the soil had no effect on seed 

germination of agropyron, white clover, 

safflower and sunflower although white 

clover, canola seedlings were sensitive to 

these contaminants and failed to produce 

dry matter yield (DMY) at the end of the trial 

period. Plant hormones control a diverse 

array of plant responses affecting growth 

and development as well as protecting 

plants from biotic and abiotic stresses 

Staswick and Tiryaki (2004) and Yu et al. 

(2004). Hormones interact with each other 

in both complementary and in antagonistic 

ways to accomplish signaling, protecting 

plants from such biotic and abiotic stresses 

Cosgrove et al. (2000). Auxin affects various 

aspects of plant growth and development, 

including cell division, stem elongation 

lateral root initiation, gravitropism, apical 

dominance and cell differentiation as well as 

regulation of gene expression Malamy and 

Ryan (2001), Pujari and Chanda (2002) and 

Chakrabarti and Mukherji (2003). In hard 

climatic conditions, plants subjected to 

stress, produce Reactive Oxygen Species 

(ROS) that cause cellular damage and are 

known to be involved in several plant 

disorders Abdi and Ali (1999). It is believed 

that increase in secondary metabolites 

synthesis in response to stressful conditions 

protect the cellular structures against 

oxidation Chanwitheesuk et al. (2005). It 

has been proven that, in the hard 

environmental conditions the amount of 

antioxidant and antimicrobial components 

are increased in the plant tissues 

Maisuthisakul et al. (2007). In plant, 

environmental stresses (biotic and abiotic) 

such as salinity and drought lead to 

accumulation of polyphenol constituents 

Dixon and Palva (1995). Many studies 

confirmed the effect of stress (salinity) on 

antioxidant accumulation of the plant 

tissues. For example the polyphenols 

content and antioxidant activity of leaves of 

the halophyte Cakile maritime were 

increased by salinity Ksouri et al. (2007). In 

paper fruits, the total phenolic content 

increased with salinity level in red matured 

fruits Navarro et al. (2006). Despite the 

induction of polyphenol contents in the 

tissues, stresses restrict biomass production 

of plant De Abreu and Mazzafera (2005). 

Protein biomarkers induced by stress can 
serve as diagnostic screening tool in 
environmental monitoring. Stress proteins 
are part of the primary cellular protective 
response from environmental, are induced 
by wide variety of stress factors, and are 
usually highly conserved in all organisms 
from bacteria to man Schlesinger et al. 
(1982). In spite of intensive research in the 
field of water stress and plant physiology, 
few drought-induced changes in protein 
patterns have been mentioned to date 
Matters and Scandalios (1986) and Sachs 
and Ho (1986). Numerous physiological and 
biochemical changes occur in response to 
drought stress in various plant species. 
Changes in protein expression, 
accumulation, and synthesis have been 
observed in many plant species as a result 
of plant exposure to drought stress during 
growth Chen and Tabaeizadeh (1992) and 
Cheng et al. (1993). Both quantitative and 
qualitative changes to proteins were 
detected during drought stress Riccardi et 
al. (1998). Proteins synthesized in response 
to drought stress are called dehydrins 
(dehydration induced) and belong to the 
group II late embryogenesis abundant (LEA) 
proteins Close and Chandler (1990). The 
dehydrin family of proteins accumulates in a 
wide range of plant species under 
dehydration stress, which range in size from 
9 to 200 kDa Close (1996). Drought 
regulation of dehydrin gene expression was 
observed in both drought-tolerant and 
drought-susceptible cultivars Cellier et al. 
(1998) and Wood and Goldsbrough (1997). 
Jojoba (Simmodsia chinensis (Link) 
Schneider) is a perennial woody shrub 
native to the semiarid regions of southern 
Arizona, southern California and 
northwestern Mexico. Jojoba (pronounced 
ho-HO-ba) is being cultivated to provide a 
renewable source of unique high-quality oil. 
It is used in the cosmetic, pharmaceutical, 
and a renewable energy resource Dawoud 
et al. (2002). Native Americans extracted 
the oil from jojoba seeds to treat sores and 
wounds centuries ago. Collection and 
processing of seed from naturally occurring 
stands in the early 1970s marked the 
beginning of jojoba domestication. In 
addition, the ban on the importation of 
sperm whale products in 1971 led to the 
discovery that jojoba oil is in many regards 
superior to sperm oil for applications in the 
cosmetics and other industries. Today, 
40,000 acres of jojoba are under cultivation 

http://scialert.net/fulltext/?doi=rjmp.2012.245.252#45364_ja
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#102560_ja
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#42637_ja
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#198905_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#760012_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=total+phenolic+content
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#667599_ja
http://scialert.net/fulltext/?doi=rjmp.2012.245.252#856530_ja
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in the southwestern U.S. Much of the 
interest in jojoba worldwide is the result of 
the plant's ability to survive in a harsh desert 
environment. The utilization of marginal land 
that will not support more conventional 
agricultural crops could become a major 
asset to the global agricultural economy. 
Benzioni and Forti (1989). In Saudi Arabia, 
most of the irrigation water is saline and 
drought prevails most of the year. Jojoba 
(Simmondsia chinensis) is known to be a 
drought tolerant species that withstands 
high salinity levels in the irrigation water and 
is capable of maintaining positive growth 
and low levels of fertilizers Osman and Abo 
Hassan (1998a and b). Consequently, its 
introduction as a rangeland shrub under the 
arid condition near the field of production of 
oil in the eastern province in east of Saudi 
may prove to be very essential. This may be 
share in the adaptation of Jojoba to grow in 
crude oil contaminated soils in eastern 
region of Saudi Arabia. Studies on the effect 
of inorganic fertilizers on performance of 
Jojoba (Simmondsia chinensis) in soil 
contaminated with various concentrations of 
crude oil and its response would be highly 
significant for understanding whether the 
crude oil concentration in eastern region of 
Saudi Arabia is suitable or phytotoxic for the 
normal growth of (Simmondsia chinensis). 
In addition, the tolerance mechanisms of 
Jojoba to the crude oil concentration will be 
investigated. Bioassays such as 
measurements of seed germination and 
early seedling growth have been used to 
monitor treatment effects of oil-
contaminated sites Sverdrup et al. (2003). 
The study will evaluate the toxicity response 
of Jojoba to different concentrations of 
crude oil using percentage of growth, root 
and shoot growth as well as the changes in 
the protein profile of germinated seeds to 
investigate whether the addition of inorganic 
fertilizers to crude oil polluted soil will 
enhance the growth and performance of 
Jojoba (Simmondsia chinensis) in such soil.. 
 
MATERIALS AND METHODS 
Sources of seeds, soil and crude oil  

Seeds of Jojoba (Simmondsia 

chinensis) will be obtained from Department 

of Arid Land Agriculture, Faculty of 

Meteorology, King Adul Aziz University, 

Saudi Arabia. Arabian heavy crude oil 

obtained from petroleum company Saudi 

Aramco (Saudi Arabia). The soil will be 

obtained from Dammam zone near the 

Petroleum company in the east of Saudi 

Arabia. 

 

Pollution of Soil and addition of 

inorganic fertilizers  

The soil will be dried in room 

temperature and then sieved through 2 mm 

mesh. Pot experiments will be used to 

achieve this project. Two main groups from 

pots will be prepared. The dried soil will be 

supplemented with various concentrations 

of crude oil (0 (control), 1, 2, 3, and 4 % 

(crude oil / soil w/w).The soil and oil will be 

well mixed to make homogenized 

contaminated soil in the 1
st
 group. In the 2

nd
 

group, the inorganic fertilizers [75 mg nitrate 

(NH4 NO3) + 30 mg phosphate (KH2 PO4) 

/kg] will be added to the soil before seeding 

Rosenberg and Ron (1996) at all 

treatments. The Seeds are surface sterilized 

with 0.01M HgCl2 for 3 minutes, washed 

thoroughly several times with distilled water 

and then divided into five sets. Eight uniform 

of the sterilized Jojoba seeds will be planted 

in each pot. Three replicates for each 

treatment will be prepared. The control 

samples will be prepared. The pots are kept 

in the growth chamber and the plants are 

subjected to constant 25ºC, 60% relative 

humidity, 14/10 light/dark. The pots are 

irrigated with water at 2 days intervals. 

 

Harvesting  

The number of seeds that germinated 

from each pot was summed up after 18 

days. The percentage of germination in 

each treatment was calculated using the 

formula:  

Percentage germination =  
number of seeds that germinated x 100 

number of seeds sown 
                                                                    

Number of seeds sown  
At germination period (18-day old) 

seedlings they were frozen with liquid 

nitrogen for determination of protein pattern. 

At the end of experiment (85 days) the 

plants were harvested, and split up into root 

and shoot systems, washed and freshly 

weight, determine the length of shoot and 

root system, thereafter, they are oven – 

dried. 
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Determination of Growth parameters 

Fresh and dry weight  

To determine the fresh weight and dry 

matter yield, the freshly harvested roots and 

shoots are rinsed with de ionized water, and 

blotted on paper towels before being 

weighted (fresh weight). To determine the 

dry matter, roots and shoots are dried in an 

aerated oven at 70ºC. Successive weighing 

is carried out until the constant weight of 

each sample. 

 

Leaf area  

Leaf area will be determined according 

to Martin and Coughtrey (1982). 

 

Determination of phenolic and indol 

compounds  

One gram tissue was taken and 

extracted with 80 % cold methanol (v/v) for 

three times at 0ºC. The combined extracts 

were collected and filtered (Wt.No.1). The 

volumes of sample were raised up to 25 ml 

with cold methanol. Phenol determination 

was carried out according to Daniel and 

George (1972) and recommended by 

A.O.A.C.(1990), While their indol contents 

were determined according to Larsen et al. 

(1967). 

 

Determination of protein banding pattern 

in germinating seeds: 

 

Total Protein Extraction 

Protein extraction was done according 

to Reuveni et al. (1992) with some 

modifications. Harvest and rapidly wash the 

cell once with 0.1M NaCl. The cell pellets 

were resuspended with lyses solution, which 

included of 100 mM Tris-HCL (PH 8.0), 5% 

(v/v) glycerol, 2 mM EDTA, 2% SDS, 5% 

sucrose. The tube was then placed on ice 

for 3 min. and rapidly in water bath at 100°C 

for 3 min repeated that three times. 

Examine the suspension by microscopy to 

accretion that breakage has occurred. If not, 

quickly-freeze and boil the sample again. 

Centrifuge at high speed under cooling. 

Remove the supernatant to another tube. 

 

 

 

Gel Preparation 

Sodium dodocylsulphate polyacrylamide 

gel electrophoresis (SDS-PAGE) was 

performed using 12.5% acrylamide and 

0.8% bis acrylamide running gel (65 mm% 

70 mm) consisting of 0.375M Tris-HCL (pH 

8.8) and 0.1% SDS. Stacking gels (10 mm) 

were made using 4.5% acrylamide 

containing 0.8% bis-acrylamide in 0.125M 

Tris-HCL (pH 6.8) and 0.1 SDS. The 

electrophoresis buffer contained 0.025M Tri, 

0.19 glycine and 0.1% SDS. The samples 

were homogenized in 0.12M Tris- HCL (pH 

6.8), 0.4 SDS, 10 B mercaptoethanol, 

0.02% bromophenol blue, and 20% glycerol. 

The samples were then heated for 3 min. in 

a boiling water bath before centrifugation. 

The gels were run under cooling at 90V for 

the first 15 min., then 120V the next 0.5 hr. 

and finally 150V for the remaining 1.5 h 

according to Sheri et al. (2000). 

 

Sample Loading 

A volume of 15 µl protein sample was 

applied to each well by micropipette. Control 

wells were loaded with standard protein 

marker. 

 

Electrophoresis Conditions 

Four liters of running buffer were poured 

into the running tank to be pre-cooled (4°C). 

Eight hundred ml of running buffer was 

added in the upper tank just before running 

so that the gels were completely covered. 

The electrodes were connected to power 

supply and adjust at 100V until the 

bromophenol blue dye entered the resolving 

gel, and then increased to 250V until the 

bromophenol blue dye reached the bottom 

of the resolving gel. 

 

Gel Staining and Distaining 

After the completion of the run, gel was 

placed in staining solution consisting of (1g 

Coomassie Brilliant blue- R-250; 455ml 

Methanol;90ml Acetic acid glacial and up to 

1L with de ionized distilled water. The gel 

was destained with 200 ml destaining 

solution (100 ml glacial acetic acid, 400 ml 

methanol and completed to 1L by distilled 

water) and agitated gently on shaker. The 
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distaining solution was changed several 

times until the gel background was clear. 

 

Gel Analysis 

Gels were photographed using a Bio- 

rad gel documentation system. Data 

analysis was obtained by Bio- Rad Quantity 

one software version 4.0.3. 

 

Statistical Analysis  

All data were analyzed statistically by 
one-way ANOVA. Values in the tables 
indicate the mean values ± SD based on 
independent three determinations (n =3). 
Least significant difference (L.S.D) test was 
used to assess the differences between 
treatments; p ≤ 0.05 was considered 
statistically significant. 

 
RESULTS AND DISCUSSION 

The effect of crude oil on the growth of 

Jojoba plants in the different levels of 

contamination varied. The test plant 

however grew successfully in all the levels 

of contamination except the high 

concentration (4% crude oil) as shown in 

Table 1 and Figure 1. Similar observations 

ranging from decreased germination to 

retarded growth were reported by Omosum 

et.al. (2008) who indicate that crude oil at 

concentration 4% was lethal to the growth of 

Amaranthus hybridus.  

 
Table (1): Effect of crude oil contaminated soil 

(COCS, V/W%) and inorganic fertilizers 

(IF) on the percentage of seed 

germination of Jojoba (Simmondsia 

chinensis) 

Treatments  
(COCS %) 

% of Germination 

Control 87.5 ± 3.4   

1  70.6 ± 4.1** 

2 62.0 ± 2.8** 

3 50.0 ± 2.5** 

Cont. +IF. 75.0 ± 5.3** 

1% +IF. 62.5 ± 3.7** 

2%  +IF. 43.5 ± 4.2** 

3% +IF. 37.5 ± 2.4** 

L.S.D. at 5% 6.349 

 

The poor emergence obtained at higher 

pollution levels of the oil treatment was 

attributed to poor aeration Ekpo and 

Ebeagwu (2009). Researchers like Anoliefo 

and Vwioko (1995) recorded the oil 

contaminated (polluted) soil generally 

causes delayed seed emergence and that of 

spent lubricating oil contaminated soil is not 

different ,this is due to poor wet ability and 

aeration of the soil Isirimah et al. (1989) and 

loss of seed viability Rowell (1977). In 

addition, the inhibition of germination at 4% 

pollution level may be due to the absorption 

of oil by the seeds, which caused them to be 

swollen and slimy, as was observed when 

the ungerminated seeds were escavated 

from the treated soil. This observation 

agrees with the work of Amakin and 

Onofeghara (1978) who was working on the 

effect of crude oil on Zea mays and 

Capsicum fruitescens noted a significant 

decrease in the rate of germination. They 

attributed the inhibition primarily to the 

physical surface characteristics of the oil, 

which reduced contact of the seeds with 

water and oxygen. Similarly, Proffitt et al. 

(1995) also reported that seedlings of 

Rhizophora mangle and Avicenia germinans 

(Mangle) could only survive up to two weeks 

when treated with crude oil. Ekpo and 

Nwaankpa (2005) also reported that while 

1% soil pollution with crude oil enhanced the 

sprouting of ginger Zingiber officinale, 15% 

crude oil pollution completely suppressed 

the sprouting of ginger. Crude oil 

contamination affected the growth indices of 

the plant negatively shown by reduced 

biomass of shoots (Table 2 and Figure 2 {a 

,b,c,d &e}) and roots (Table 3 and Figure 3 

{a ,b &c}). Researchers like Chaineau et al. 

(1997) recorded a growth rate reduction of 

beans and wheat by as much of as 80% 

caused by the effect of petroleum 

hydrocarbons. Similarly, Gallegos Martinez 

et al. (2000) reported a reduction in biomass 

as clear in this study, of 3 non-crop plants. 

On the other hand Merkl et al. (2004) 

working on weeds like Centrosema 

brasillianum and P. maximum also recorded 

reduced biomass. This study also recorded 

reduced plant height which agrees with the 

work of Molina-Baharahona et al. (2005).  
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Figure 1: Effect of crude oil contaminated soil (COCS, V/W%) and inorganic fertilizers (IF) on the percentage 

of seed germination of Jojoba (Simmondsia chinensis) 

 

 
 

 

 
Table (2): Effect of crude oil contaminated soil (COCS, V/W %) and inorganic fertilizers (IF) on the growth 

parameters of shoot of Jojoba (Simmondsia chinensis) 

 
Treatments 
(COCS %) 

Growth parameters of shoot 

Shoot length 
cm 

Shoot fresh 
weight  

gm 

Shoot dry 
weight gm 

Number of 
leaves per 

plant 

Leaf area cm
2

 

Control 41.0 ± 6.23 1.561 ± 0.381 0.413 ± 0.102 16.30 ± 4.00 38.54 ± 3.54 

1 37.5 ± 4.51 0.832 ± 0.199** 0.236 ± 0.034** 13.90 ± 3.01 17.92 ± 1.99** 

2 34.5 ± 5.34 0.783 ± 0.183** 0.195 ± 0.041** 12.50 ± 2.85 17.63 ± 1.63** 

3 39.4 ± 5.01 0.745 ± 0.155** 0.186 ± 0.039** 12.00 ± 2.00 15.91 ± 0.84** 

Cont. +IF. 37.8 ± 2.71 1.734 ± 0.416 0.418 ± 0.098 14.00 ± 3.45 43.96 ± 3.42* 

1% +IF. 33.0 ± 3.65* 1.301 ± 0.299 0.317 ±0.083 12.20 ± 3.01 29.11 ± 2.76** 

2% +IF. 29.5 ± 2.72** 1.000 ± 0.223* 0.261 ± 0.056* 11.30 ± 2.56 21.94 ± 3.10** 

3% +IF. 27.3 ± 5.44** 0.791 ± 0.187** 0.207 ± 0.050** 10.30 ± 2.11* 19.12 ± 1.28** 

L.S.D. at 5% 7.989 0.471 0.122 5.088 4.345 
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Figure (2): Effect of crude oil contaminated soil (COCS, V/W%) and inorganic fertilizers (IF) on shoot length 
(a) , fresh weight (b) ,dry weight (c) ,N

o
 of leaves (d) and leaf area (e) of Jojoba (Simmondsia 

chinensis) 
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Table (3): Effect of crude oil contaminated soil (COCS, V/W %) and inorganic fertilizers (IF) on the growth 

parameters of root of Jojoba (Simmondsia chinensis) 

 

Treatments 
(COCS %) 

Growth parameters of root 

Root length 
cm 

Root fresh weight 
gm 

Root dry weight 
gm 

Control 25.86 ± 3.64 1.451 ± 0.322 0.492 ± 0.092 

1 23.70 ± 2.87 1.171 ± 0.251 0.411 ± 0.075 

2 22.60 ± 1.54 1.154 ± 0.205 0.230 ± 0.051** 

3 17.61 ± 2.39** 0.977 ± 0.244* 0.091 ± 0.020** 

Cont. +IF. 26.10 ± 2.41 1.250 ± 0.277 0.410 ± 0.063 

1% +IF. 23.73 ± 1.77 1.161 ± 0.195 0.305 ± 0.069** 

2%  +IF. 22.64 ± 1.52 0.922 ± 0.183* 0.134 ± 0.029** 

3% +IF. 17.65 ± 1.23** 0.860 ± 0.177** 0.107 ± 0.019** 

L.S.D. at 5% 3.982 0.409 0.095 

 
Figure 3: Effect of crude oil contaminated soil (COCS, V/W%) and inorganic fertilizers (IF) on the growth of 

root length (a) ,fresh weight (b) and dry weight (c) of Jojoba (Simmondsia chinensis) 
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The authors recorded similar results 

caused by petroleum hydrocarbons in diesel 

fuel and inferred that the negative effect 

could be due to the impermeability effect of 

petroleum hydrocarbons or immobilization of 

nutrients mainly nitrogen or inhibitory effect 

of some polycyclic aromatic. Number of 

leaves (Figure 2d) and leaf area (Figure 2e) 

were significantly decreased by crude oil at 

various levels of soil contaminations, this 

may be attributed to decrease in cell size 

and divison Achuba (2006) and a decrease 

in the level of phytohormones like auxins as 

shown in Table 4 and Figure 4. In general, 

the addition of inorganic fertilizers had more 

or less significant changes on growth 

parameters of Jojoba plants (shoots and 

roots) grown in soil contaminated with 

different concentrations of crude oil. In 

general, shoot length of Jojoba plants 

treated with inorganic fertilizers in 

combination with crude oil had a significant 

decrease than those grown in crude oil only, 

where they show a non significant change.  

 
Table (4): Effect of crude oil contaminated soil 
(COCS, V/W %) and inorganic fertilizers (IF) on IAA 
content (µg/g Dwt) of Jojoba (Simmondsia 
chinensis) 
 

Treatments 
(COCS %) 

IAA content  
(µg/g Dwt) 

Control 51.26 ± 2.3 
1 48.78 ± 1.1* 
2 34.03 ± 0.90 
3 32.56 ± 1.7 

Cont. +IF. 78.29 ± 2.3 
1% +IF. 56.73 ± 4.5 
2% +IF. 51.60 ± 2.3* 

3% +IF. 40.37 ± 1.2 
L.S.D. at 5% 3.49 

 

There were a high significant decrease and 

a non significant change in fresh and dry 

weight at 1% crude oil and 1% crude oil with 

fertilizers respectively. This in accordance 

with the results of Yermanos (1983) 

reported that a seeded planting Jojoba at 

Riverside, California did not respond to N 

fertilizer in the desert areas of southwestern 

US, indigenous soil N levels are seldom 

sufficient for commercial crop production. 

However, Benzioni and Nerd (1985) found 

that NPK fertilizer has increased jojoba 

growth and seed yield. In the same 

situation, Merkl et al. (2005) reported that 

the addition of inorganic fertilizers in a crude 

oil polluted soil enhances the growth and 

performance of Brachiaria brizantha in 

crude oil polluted soil. The level of auxin 

was significantly decrease in crude oil 

contaminated soil at 2% and 3% and at 3% 

with inorganic fertilizers, meanwhile, there 

was a significant increase at 1% with 

inorganic fertilizers (Table 4 and Figure 4). 

In general the level of auxin in treatment 

with inorganic fertilizers was higher than 

those without fertilizers. The decrease in the 

levels of IAA might be attributed to the 

increase in their degradation and 

conjugation Shukry et al. (2007). It is well 

established that endogenous hormones 

control and coordinate the growth and 

development (Tables 2 and 3) and 

metabolism as reported by Al-Hawas et al.( 

in press) Total phenol (Table 5 and figure 5) 

showed a significant increase with 

increasing the crude oil concentration with 

and without inorganic fertilizers, this may be 

attributed to the increase in carbohydrate 

synthesis Youssef (1993) and (Al-Hawas in 

press). 

 
Table (5): Effect of crude oil contaminated soil 
(COCS, V/W %) and inorganic fertilizers (IF) on 
phenol content (µg/g Dwt) of Jojoba (Simmondsia 
chinensis) 

Treatments 
(COCS%) 

Phenole content  
(µg/g Dwt) 

Control 307.00 ± 11.5 

1 381.67 ± 10.5 
2 422.33 ± 2.8** 
3 741.33 ± 2.5** 

Cont. +IF. 366.00 ± 5.3** 
1% +IF. 487.00 ± 3.7** 
2% +IF. 515.00 ± 4.2** 

3% +IF. 611.67 ± 2.4** 
L.S.D. at 5% 35.66 

 

As shown in Figure 6, the changes in 

protein patterns of Jojoba seedlings which 

were analysed and recorded in Table 6 due 

to growth in crude oil contaminated soil 

alone or in combination with inorganic 

fertilizers has led to some discrepancies in 

protein pattern of Jojoba seedlings.  
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Figure (4): Effect of crude oil contaminated soil (COCS, V/W %) and inorganic fertilizers 
(IF) on IAA content (µg/g Dwt) of Jojoba (Simmondsia chinensis) 

 
 
 
Figure 5: Effect of crude oil contaminated soil (COCS, V/W %) and inorganic fertilizers 

(IF) on phenol content (µg/g Dwt) of Jojoba (Simmondsia chinensis) 
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Figure 6: Electrograph of soluble protein pattern by one dimensional SDS-PAGE 

showing the change of protein bands (marked by arrowheads) in response to 

different treatments on Jojoba (Simmondsia chinensis) seedlings. 

 

 
Each lane contains equal amounts of protein extracted from plant. Protein bands in the gel 
were visualized by Coomassie Blue Stain. Lane M= protein markers, Lane 1 = control, Lane 2 
= 1% Crude oil, Lane 3 = 2% Crude oil, Lane 4 3% Crude oil, Lane 5 Control + inorganic 
fertilizers, Lane 6= 1% Crude oil + inorganic fertilizers, Lane 7= 2% Crude oil + inorganic 
fertilizers, Lane 8 = 3% Crude oil + inorganic fertilizers  

 
Table 6: Relative area (%) of each protein band of Jojoba (Simmondsia chinensis) 
seedlings at different treatments of crude oil either alone or in combination with 
inorganic fertilizers (IF). 

 

 

 

 

M wt. KDa Control 1% 
crude 

oil 

2% 
crude oil 

3% 
crude 

oil 

Control 
+IF 

1% 
crude oil 

+IF 

2% 
crude 
oil +IF 

3% 
crude 
oil +IF 

58.3 - 19.0* 17.2* 14.3* 14.5* 10.7* 14.9* 11.7* 

47.7 28.1 17.7 16.6 11.7 14.7 9.1 9.6 8.7 
41.6 - - - 11.1* 16.5* 11.8* 13.3* 9.1* 

37.6 - - - 6.7* - - - 10.2* 
33.4 - - 10.0* 10.4* - 10.8* 9.8* 9.1* 

30.6 - - - - - 9.4* - - 

23.0 - 20.6* 22.8* 24.0* 23.2* 14.5* 23.2* 16.6* 
18.0 24.2 16.2 16.9 12.0 12.0 11.6 9.8 13.0 

16.6 26.0 14.7 6.9 - 10.0 11.4 10.5 12.7 

14.4 21.6 11.8 9.6 9.8 9.1 10.7 8.9 8.9 
Total number 
of bands 

4 6 7 8 7 9 9 9 

*No of new 
band 

 2 3 5 3 5 4 5 
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In control plants analysis of seedlings 

proteins revealed the presence of four 

proteins; they were 47.7, 18.0, 16.6 and 

14.4 KDa. These proteins were appeared in 

the seedlings at all treatments, however, 

they recorded a high relative area in control 

than the other treatments. Crude oil 

contaminated soil at 1%, 2% and 3% 

induced the de novo synthesis of 2, 3 and 5 

proteins respectively. It appears that one of 

the most important mechanisms involved in 

the cell protection against stress is the 

induction of de novo synthesis of a set of 

proteins Kermode (1997). These proteins 

were newely synthesized under drought 

conditions. In the present study, drought in 

general, induced de novo synthesis of a 

number of polypeptides. Their molecular 

weights were 58.3 and 23.0 KDa at 1%; 

58.3, 33.4 and 23.0 KDa at 2% and 58.3, 

41.6, 37.6, 33.4 and 23.0 KDa at 3%. The 

addition of inorganic fertilizers to control, 

leads to de novo synthesis of 3 protein 

bands, they were 58.3, 41.6 and 23.0 KDa. 

Meanwhile the addition of inorganic 

fertilizers to crude contaminated soil leads 

to de novo synthesis of 5 protein bands at 

1%, they were 58.3, 41.6, 33.4, 30.6 and 

23.0 KDa; de novo synthesis of 4 protein 

bands at 2%, they were 58.3, 41.6, 33.4 and 

23.0 KDa and de novo synthesis of 5 protein 

bands at 3%, they were 58.3, 41.6, 37.6, 

33.4 and 23.0 KDa. In general the protein 

band with M.Wt. 58.3 KDa was look like 

heat shock protein HSP 60 kDa. Stress 

proteins from the HSP 60 kDa family can be 

localized in mitochondria and chloroplasts 

both in stress-induced and normal 

conditions Wang et al. (2004) The basic 

function of proteins from this family is to 

enable and assist conformational changes 

in mitochondrial polypeptides Hamilton and 

Coleman, (2001).  

Temperature stresses significantly 

increased the content of HSP 60 kDa family 

proteins in the stress-tolerant species, which 

attests to a stress induced transformation of 

the mitochondrial protein synthesis system 

under unfavorable conditions. Heat shock 

proteins (HSPS) /chaperones are 

responsible for protein folding, assembly, 

translocation and degradation in many 

normal cellular processes, stabilize protein 

and membranes and can assist in protein 

refolding under stress conditions. They can 

play a crucial role in protecting plants 

against stress by reestablishing normal 

protein conformation and thus cellular 

homeostasis Wangxia et al. (2004). 

Kosakivska et al (2008) stated that, active 

synthesis of 50 kDa HSP and some low 

molecular weight proteins took place after 

temperature stresses. Stressful 

polypeptides were detected one of them 

could be reviewed as a biomarker. 

Ultrastructural investigations revealed 

different features and directions in changes 

of cell organelles from plants with different 

types of ecological strategies under stress 

conditions. Perspectives of proteins usage 

as biomarkers of plants with different types 

of ecological strategies and probable role of 

ultrastructural changes in cell organelles 

during adaptation to environmental stress. 

De novo synthesis of 23 KDa protein band 

with different intensity in all treatments, 

revealed that, this protein increase the 

resistance to stress imposed by crude oil. 

Gera et al. (1994) stated that, an IVR-like 

protein about (23 KDa) is constitutively 

produced in resistant paper cultivar to 

infection by virus, but not in susceptible one. 

This constitutive production of the IVR-like 

protein in this host may be responsible for 

its resistance to TMV Datta et al.(1998) 

.Bioassays of transgenic plants challenged 

with the sheath blight pathogen, Rhizoctonia 

solani, indicated that over-expression of 23-

kDa TLP resulted in enhanced resistance 

compared to control plants.  

Meanwhile, Parida et al. (2004) have 

reported , the intensity of several protein 

bands of molecular weight 17, 23, 32, 33 

and 34 kDa decreased as a result of NaCl 

treatment. The degree of decrease of these 

protein bands seemed to be roughly 

proportional to the external NaCl 

concentration. The most obvious change 

concerned a 23 kDa-polypeptide (SSP-23), 

which disappeared after 45 d treatment in 

400 mm NaCl. Moreover, the SSP-23 

protein, which disappeared in B. parviflora 

under salinity stress, reappeared when 

these salinized seedlings were desalinized 
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.These observations suggest the possible 

involvement of these polypeptids for osmotic 

adjustment under salt stress. 
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