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Abstract: Seawater contains many dissolved substances and these add mass to the water within which they
are dissolved, thereby producing a greater mass per unit volume, or a density, higher than that of pure water.
This study was conducted to clarify the effect of irrigation with different levels of seawater on the germination,
growth and metabolites of Jojoba (Simmondisia chinensis) at two periods (four weeks and six weeks after
planting). At the two periods of growth, the results were the same. Leaf area was gradually decreased and
recorded the smaller area at concentration of 100% which reached 0.047cm .The water content and fresh and2

dry weight showed a gradually decreased as compared to the control plants. The photosynthetic pigments
content (Chl.a, Chl.b, Chl.a/b and carotenoids) aws reduced at all levels of treatments as compared to the
control. Results of soluble, non-soluble sugars and total carbohydrates  described  a  clear  evidence of
increase accumulation of carbohydrates Simmondisia chinensis as compared to the control. Also, proline
content was increased in shoots and roots of Simmondisia chinensis by treatment with sea water
concentrations. The activity of catalase has been increased with seawater levels of 25% and 75%, while this
activity was declined at high levels 50% and 100% as compared to control plants. Also, peroxidase activity was
decreased in all the treatments with increasing salinity of seawater as compared to control. It can be concluded
that diluted seawater may use as alternative sources of fresh water to grow jojoba plants under condition of
Jeddah city.

Key words: Jojoba  Salinity  Metabolites  Growth parameters

INTRODUCTION winter, low fertility of soil and low water resources. It

Jojoba (Simmondsia chinensis (link) Schneider) is a for olives with great ability to withstand the high salt in
plant that can grow in semi-arid areas. This evergreen the soil. The payback for planting Jojoba is encouraging
dessert shrub is native to arid hills of Arizona, southern [2]. Jojoba (Simmondsia chinensis (Link) Schneider) is a
California and adjacent parts of Mexico. The leaves and relatively new crop that is adapted to hot, dry climates. It
young twigs are much browsed by sheep, cattle and is a new industrial crop being grown commercially in hot
goats. The seeds are edible for man and are used arid and semiarid regions [3]. Jojoba is covering a surface
extensively by American-Indians for food. Jojoba yields of about 8500ha hectares [4] and the world production of
a crop of seeds that contain 40-50% oil that is unique in jojoba is expected to grow markedly over the next decade.
nature. No other plant on earth produces oil like Jojoba. Jojoba is considered one of the most practical
Salt stress affects many physiological and biochemical solutions for desert plantation in Egypt, Saudi Arabia and
processes in plants, resulting in the alteration of some other desert lands. Heat, drought and salt tolerance, lesser
metabolic pathways [1]. possibilities for infection, lesser need for fertilizers and

Jojoba has very promising scope for cultivation in the generous financial income, are certainly the most
desert even in the relatively hot weather. Its nature encouraging goals to plant jojoba in Egypt and Saudi
withstands the hot weather in summer, warm weather in Arabia [5].

needs less than one quarter the amount of water needed
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Seawater has higher density compared with fresh MATERIALS AND METHODS
water. Seawater contains many dissolved substances and
these add mass to the water within which they are
dissolved, thereby producing a greater mass per unit
volume, or a density, higher than that of pure water. Open
ocean water has an average salinity of about 35 o/oo
(parts per thousand) (equivalent to 3.5%). Salinities near
shore vary due to the addition of fresh water by rivers and
rainfall. An estuary is a semi-enclosed body of water
where incoming seawater is diluted with fresh water
coming from the land.

Many countries are looking toward developing jojoba
culture to solve over production and low price for their
food and other traditional crops [6]. Ali et al., [7] studied
planting of jojoba for oil production under salt and water
stress in Taif region. Their study investigated that the
effect of irrigation intervals and different salinity
concentrations of (NaCl) on shoot growth, root
parameters, leaf measurements and leaf chemical
constituents of jojoba (Simmondsia chinensis (Link)
Schneider). Natsheh et al., [8] studied effect of irrigation
with sea water on germination and growth of lentil (Lens
culinaris Medic). The results showed that all cultivars
were able to germinate at different salinity levels. The
germination percent was increased. At higher salinity
(EC12dS/m) the germination rate was reduced and the
mean germination time was greater than that in lentil seeds
irrigated with sea water of EC 0.9-9 dS/m. Al-Zahrani et al.,
[9] studied growth and mineral constituents of prose millet
(Pennisetum glaucum) irrigated with seawater. The effect
of different seawater salinity levels on seed germination,
seedling growth and mineral ion concentration of prose
millet (Pennisetum glauccum). Germination of prose millet
seed was affected by high salinity levels; the germination
percentages were increased with decreased of
concentration of seawater. Also Abdelbasset et al., [10]
studied role of salt stress on seed germination and growth
of jojoba plant Simmondisia chinensis (Link) Schneider.
These studies were to define the effect of various (NaCl)
concentration levels on plant growth and seed
germination. Whereas, Rajaravindran and Natarajan [11]
studied effect of (NaCl) stress on biochemical and
enzymes changes of the halophyte Suaeda maritime dum.
There study was made to study the effect of different
concentrations of sodium chloride on biochemical
constituents and antioxidant enzymes of the seedlings of
Suaeda maritima. The proline content increased with
increasing concentration of the salt. Our study aimed to
use seawater as alternative sources of fresh water to grow
jojoba plants under conditions of Jeddah city.

Growth Experiment: Jojoba (Simmondsia chinensis)
(Link) Schneider, Buxaceae) was grown in an outdoor
green house at the Faculty of Science, King Abdul-Aziz
University under natural conditions of temperature,
humidity, light and day/night rhythm in the period of
January– March, 2013. Seeds of jojoba were cultivated in
pots containing 8 kg of mixed, sieved, acid washed sand
and peat moss soil (2:1 by volume). The pots were
irrigated with tap water till complete germination and
seedling emergence. The pots were divided into five
groups, six pots for each concentration. Five seedlings
per pot were left to grow in open field at about 40°C and
at soil water potential near field capacity. Jojoba seed
germination irrigated with tap water for a month and then
the plant has been processed following salinity
concentrations (Tap water (control), 25, 50, 75 and 100%)
corresponding to (0, 8250, 17500, 26250 and 35000 ppm)
for a month and a half. Watered with 5 seawater
concentrations (0% (control), 25%; 50%; 75% and 100%
seawater) were used together with tap water. Seawater
percentages were prepared by mixing seawater with fresh
non saline tap water at different ratios (v/v).

Determination and Analyses of Growth Parameters: At
the end of the experiment of each stage, plants were
thoroughly washed with tap water to remove the
substrate and surface salt and then blotted with paper
toweling. The following growth parameters were recorded
for plants in each pot: The height of the tallest shoots and
root, the leaf area and the fresh weight (FW) and dry
weight (DW) of above-ground and below-ground tissues.
For leaf area measurements, the silhouette of each leaf
was copied onto paper, which was then cut out and
weighed. The relationship between the area and the
weight of the paper was  used  to  calculate  leaf  areas.
Dry weight was obtained after oven drying at 70°C for 48
hour. According to Yossif [12] water contents (WC) were
calculated by the following formula:

Estimation of Chlorophyll Content: The fractions of
photosynthetic pigments (chlorophyll a, chlorophyll b
and carotenoids) were estimated using the
spectrophotometric method recommended by
Lichtenthaler [13]. Chlorophylls and carotenoids
concentrations were calculated as mg/g FW at 663, 644
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and 452 nm and concentration of chl.a and chl.b were RESULTS
calculated using the simultaneous equations of Arnon
[14].

Chl a = (27.49 R(644) – (8.12 R(663))
Chl b = (5.24 R(663) – (22.24 R(644))
Chl a + Chl b = 

Determination of soluble metabolites: The analysis of
soluble sugars and total carbohydrates (as carbon
metabolites), were determined. The anthrone sulphuric
acid method [15, 16] was used for the determination of
carbohydrates fractions. A calibration curve using pure
glucose was made. The content of each metabolite in the
experimental plants is expressed in mg/g fresh weight.

 Free proline content was determined according to
Bates et al., [17]. Shoots and roots samples (0.1 g from
shoot and 0.1 g from root of jojoba) were homogenized in
3% sulphosalycylic acid, then filtered through filter paper.
After addition of acid ninhydrin and glacial acetic acid,
resulting mixture was heated at 100 °C for 1 h in water
bath.  Reaction  was  then  stopped  by  using ice bath.
The mixture was extracted with toluene and mixed
vigorously. The chromophore containing toluene was
aspired from the aqueous phase and the absorbance was
measured at 520 nm. Proline concentration was determined
using calibration curve and expressed as mg/g DW.

Determination   of    Enzyme:     Guaiacol    peroxidase
(EC 1.11.1.7) activity was measured
spectrophotometrically by following the method of
Tatiana et al., [18] with some modifications. The reaction
mixture (3 ml) consisted of 30 mM potassium phosphate
(pH 7), 6.5 mM H O  and 1.5 mM guaiacol. The reaction2 2

was  started  by  the  addition of 100 µl enzyme extract.
The formation of tetra guaiacol was measured at 470 nm.
Catalase (CAT) activity was assayed by following the
consumption of H O  for 1 min. (Aebi, 1984). The reaction2 2

medium (4 ml volume) contained 50 mM potassium
phosphate buffer (pH 7), 100 µl 10 mM H O and 100 µl of2 2

enzyme extract. The change in absorbance at 240 nm was
determined to calculate the specific activity.

Statistical Analysis: All data obtained were subjected to
a one-way analysis of variance (ANOVA), using the SPSS
statistical package. For comparison of the means, the
Duncan’s multiple range tests (p< 0.05) were used.

Data presented in Tables 1 and 2 showed that fresh
weight was decreased with different seawater
concentrations. In Simmondisia chinensis there was
gradually decreased of fresh weight as compared to the
control plants. Using high concentration of seawater
(100%) resulted in the highest value of decline (2.45 g) in
shoot and (1.13 g ) in root, while applied of concentration
of 25% produced teh highest increased which reached
(15.59 g ) in shoot and (3.18 g ) in root.

Data in Tables 1 and 2 showed that fresh weight was
decreased by different treatments with seawater
concentrations after six weeks from planting. In
Simmondisia chinensis there was gradualyl decreased in
fresh weight as compared to the control. Irrigation with
diluted seawater of 75% recorded the highest value of
decline (3.05 g) in shoot and (1.26 g) in root, while the
concentration of 25% produced the highest increased
which reached (14.96 g) in shoot and (1.26 g) in root. Also,
data in Table 1 and 2 showed that dry weight was
decreased by treatment with different seawater
concentrations. There was a gradual decrease of dry
weight as compared to the control pants. Irrigatin with
100% seawater recorded the lowest value which reached
(1.27 g) in shoot and (0.51 g ) in root while and the highest
value (4.49g) in shoot and (1.17 g) in root with
concentration of 25%. The results after six weeks Table 1
and 2 showed that dry weight was decreased by different
treatments with seawater concentrations. There was a
gradual decrease of dry weight as compared to the
control. Irrigation with concentration of 75% recorded the
lowest value of decline which reached (1.18 g) in shoot
and (0.62 g) in root, while irrigation with concentration of
25% resulted in the highest increase which reached
(4.07g) in shoot and (1.00 g) in roots.

Data represented in Tables 1 and 2 indicated that
there was a gradual decrease in lengths of Simmondisia
chinensis by treatment with seawater concentrations
compared with control and recorded  the  highest
shortage at concentration of 100% (21.03cm) in shoot and
(11.28 cm) in root, while the highest length happened at
25% concentration (29.78 cm) in shoot and (20.62 cm) in
root. After six weeks, data represented in Table 1and 2
indicated that there was a gradual decrease in lengths of
Simmondisia chinensis by treatment with seawater
concentrations compared with control and recorded the
highest  shortage  at  concentration  of   75%  (18.17cm) in
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Table 1: Mean values and±SE for fresh weight, dry weight, length and water content (WC) of roots of S. chinensis plant at different concentration of seawater
after four and six weeks, different litters are significantly different at P<0.05.

Concentrations of seawater Fresh weight (g) Dry weight (g) Length (cm) WC (%)

4 Weeks Control 2.89±0.05 d 1.12±0.02 c 16.82±1.59 b 61.17±0.28 bc
25% 3.18±0.01 e 1.17±0.02 c 20.62±0.67 c 63.04±0.44 c
50% 1.77±0.04 c 0.70±0.04 b 13.77±0.51 a 60.44±1.51 bc
75% 1.63±0.06 b 0.67±0.05 b 12.60±0.31 a 59.00±1.36 b
100% 1.13±0.01 a 0.51±0.02 a 11.28±0.21 a 55.04±0.87 a
F-value 470.8** 91.95** 20.783** 8.696**

6 Weeks Control 2.84±0.04c 1.12±0.04c 19.42±1.47bc 60.47±0.84c
25% 2.80±0.03c 1.00±0.02c 21.75±0.88c 64.22±0.33d
50% 1.45±0.02b 0.65±0.02b 17.88±1.20ab 55.41±1.16b
75% 1.26±0.01a 0.62±0.01a 14.82±0.38a 51.20±0.83a
F-value 851.54** 100.34** 7.47* 45.61**

Table 2: Mean values and±SE for leaf area, fresh weight, dry weight, length and water content (WC) of shoots of S. chinensis plant at different concentration
of seawater after four and six weeks, different litters are significantly different at P<0.05

Concentrations of seawater Leaf area (cm ) Fresh weight (g) Dry weight (g) Length (cm) WC (%)2

4 Weeks Control 0.097±0.012 bc 12.92±0.42 b 4.11±0.10 b 26.80±1.05 bc 68.15±0.33 d
25% 0.107±0.007 c 15.59±0.39 c 4.49±0.21 c 29.78±1.55 c 71.24±0.78 e
50% 0.083±0.015 bc 3.25±0.05 a 1.16±0.04 a 24.55±0.81 b 64.29±0.67 c
75% 0.070±0.010 ab 3.12±0.07 a 1.29±0.02 a 23.95±0.30 ab 58.62±0.95 b
100% 0.047±0.003 a 2.45±0.23 a 1.27±0.11 a 21.03±0.62 a 47.99±1.52 a
F-value 5.402* 504.4** 217.9** 11.556** 95.571**

6 Weeks Control 0.08±0.003ab 13.38±0.28c 4.26±0.04d 27.63±0.68c 68.15±0.41c
25% 0.09±0.01b 14.96±0.23d 4.07±0.03c 30.83±0.35d 72.79±0.27d
50% 0.06±0.01ab 6.03±0.13b 2.17±0.04b 24.37±0.45b 63.99±0.85b
75% 0.05±0.01a 3.05±0.02a 1.18±0.03a 18.17±0.48a 61.16±1.01a
F-value 2.53ns 885.81** 1581.88** 114.56** 51.54**

shoot and (14.82 cm) in root, while the highest length Effect of Treatments on Chlorophyll Contents: The
happened at 25% concentration (30.83 cm) in shoot and results in Table 3 showed that the effect of different
(21.75 cm) in root. seawater concentrations of treatment on Chl.a, Chl.b,

Effect of Treatments on Water Contents (WC): Data In Simmondisia chinensis Chl.a, Chl.b, chl.a/b and
represented in Tables 1, 2 indicated that there is a clear carotenoids were reduced at all concentration of
decrease of (WC) by treatment with seawater treatments as compared to the control.  The  highest
concentrations. In Simmondisia chinensis there was a values  of  Chl.a,  Chl.b,  Chl.a/b  and  carotenoids
gradual decrease of (WC) as compared to the control and recorded 6.63 mg, 2.09 mg, 8.71 mg and 3.71mg/ g FW
recorded the lowest percentage at concentration of 100% respectively at Seawater concentration 25%. At
(47.99%) in shoot and (55.04%) in root, while the highest concentration 100% induced inhbition of Chl.a, Chl.b,
percentage in shoot happened at 25% concentration, it chl.a/b  and   carotenoids  reaching  5.06  mg,  1.63  mg,
reached (71.24%) and (63.04%) in root. 6.16  mg  and  2.01 mg/g FW, respectively. Also, the

The results after six weeks,  data  represented in results showed that the effect of different seawater
Table 1, 2 indicated that there was a clear decrease of concentrations  of  treatment  on  Chl.a,  Chl.b,  Chl.a/b
(WC)   by    treatment    with    seawater  concentrations. and  carotenoids   of  Simmondisia  chinensis  leaves)
In Simmondisia chinensis there was a gradual decrease of after six weeks. In Simmondisia chinensis Chl.a, Chl.b,
(WC) as compared to the control and recorded the lowest Chl.a/b and carotenoids reduced at all concentration of
percentage at concentration of 75% (61.16%) in shoot and treatments as compared to the control.  The  highest
( 51.20% ) in root, while the highest percentage in shoot values of Chl.a, Chl.b, Chl.a/b and carotenoids recorded
happened at 25% concentration, it reached (72.79%) and 5.31 mg, 2.03 mg, 7.32 mg and 2.97 mg/g FW, respectively
(64.22%) in root. at  seawater  concentration  25%.   At   concentration  75%

Chl.a/b and carotenoids of Simmondisia chinensis leaves.
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Table 3: Chlorophyll (a,b and a/b ) and carotenoids (mg g  fresh wt.) of S. chinensis plant at different concentration of seawater after four and six weeks,-1

different litters are significantly different at P<0.05
levels of seawater Chl. a  (mg/g Fw) Chl. B (mg/g FW.) Chl. a/b (mg/g Fw.) Carotenoids (mg/g FW)

4Weeks Control 7.95±0.70 a 3.16±0.32 a 11.08±1.50 b 3.62±0.45 b
25% 6.63±0.31 a 2.09±0.16 a 8.71±0.17 ab 3.71±0.18 b
50% 6.23±0.12 a 2.26±0.45 a 7.48±1.21 a 2.31±0.15 a
75% 5.77±0.89 a 2.40±0.57 a 6.46±0.63 a 2.10±0.16 a
100% 5.06±0.85 a 1.63±0.13 a 6.16±0.22 a 2.01±0.28 a
F-value 1.498 ns 0.466 ns 4.286* 9.745**

6 Weeks Control 6.01±1.23b 3.19±1.03a 9.18±0.99b 3.15±0.15b
25% 5.31±0.29ab 2.03±0.78a 7.32±0.68b 2.97±0.14b
50% 3.41±0.52a 1.54±0.84a 4.94±0.36a 1.73±0.16a
75% 3.12±0.33a 1.21±0.36a 4.32±0.03a 1.46±0.23a
F-value 4.08* 1.19ns 12.78** 23.74**

Table 4: Soluble and non-soluble sugars and total carbohydrates, (mg g  dry wt.) of S. chinensis plant at different concentration of seawater after four and six1

weeks, different litters are significantly different at P<0.05
Soluble sugars Total Carbohydrates Non-soluble sugars

Concentrations of seawater (mg gx) dry wt. (mg g ) dry wt.  (mg g ) dry wt.1 1

4 Weeks Control 0.83±0.02 a 18.32±0.01 a 17.49±0.03 a
25% 1.25±0.02 b 22.15±1.57 b 20.91±1.58 b
50% 1.56±0.01 c 22.70±0.29 b 21.14±0.30 b
75% 2.00±0.02 d 24.54±0.26 bc 22.54±0.28 b
100% 2.41±0.17 e 25.27±0.34 c 22.86±0.28 b
F-value 61.674** 13.617** 8.283**

6 Weeks Control 0.55±0.03a 21.25±0.37a 20.71±0.39a
25% 0.59±0.03a 23.70±0.06b 23.12±0.05b
50% 1.05±0.01b 24.14±0.30b 23.09±0.30b
75% 1.39±0.02c 25.96±0.30c 24.57±0.32c
F-value 301.18** 46.65** 28.92**

induced inhbition of chl.a, chl.b, chl.a/b and carotenoids recorded the highest increase percentage at concentration
reaching 3.12 mg, 1.21 mg, 4.32 mg and 1.46 mg/g FW, 100% (25.27 mg g ) and the lowest concentration at 25%
respectively. (22.15 mg g ). After six weeks data indicated in Table 4

Results of soluble carbohydrates is presented in showed that the total carbohydrates was increased
Table 4 showed that clear evidence of increase accumulation of carbohydrates at Simmondisia chinensis
accumulation of carbohydrates of Simmondisia shoots at all seawater concentrations compared to the
chinensisas compared to the control. The content of control. The  content  of  total  carbohydrates  recorded
soluble carbohydrates at study plant recorded the highest the highest increase percentage at concentration 75%
increase at seawater concentration 100% reached 2.41 mg (23.70 mg g ) and the lowest concentration at 25% (25.96
g and the lowest concentration at 25% reached 1.25 mg mg g ).1

g . Also, after six weeks it was noticed that an increase Table 4 also showed the results of non-soluble1

in the accumulation of carbohydrates of Simmondisia sugars was increased in Simmondisia chinensis shoots at
chinensis as compared to the control by increasing the all concentrations of seawater as compared to the control.
concentration of seawater. The content of soluble The content of non-soluble sugars recorded 22.86 mg g
carbohydrates at study plant recorded the highest at concentration 100% and the lowest concentration at
increase at seawater concentration 75% reached 1.39 mg 25% (20.91 mg g ).
g and the lowest concentration at 25% reached 0.59 mg The results in Table 4 after six weeks showed that1

g . non-soluble sugars was increased in Simmondisia1

Table 4 showed that the total carbohydrates chinensis shoots at all concentrations of seawater as
described accumulation of carbohydrates at Simmondisia compared to the control. The content of non-soluble
chinensis shoots at all seawater concentrations compared sugars recorded 24.57 mg g  at concentration 75% and
to the control. The content of total carbohydrates the lowest concentration at 25% (23.12 mg g ).

1

1

1

1

1

1

1

1
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Fig. 1: Mean values and±SE for concentration of proline, expressd in (mg g  fresh wt.) in shoots of S. chinensis plant1

at different concentration of seawater (A) roots and (B) shoots 4 weeks, Bars carrying different litters are
significantly different at P<0.05.

Effect on Proline: The results in Fig. 1 showed that there salinity of seawater while, decline at concentration 50%
was a clear increase in shoots and roots of Simmondisia and 100% ( 0.0011 and 0.0014) mmol / mg protein / 1 min,
chinensis by treatment with seawater concentrations. respectively when compared to control in shoot of
There was  a   gradual  increase  in  the  plants compared Simmondisia chinensis. The data after six weeks in Fig. 2
with control. The highest values at 100% concentration B,  catalase  activity  has  been  increased at
(1.36 mg / g FW) in shoot and (0.23 mg / g FW) in root, concentration 25% and 75% reached to (0.003) mmol / mg
while the lowest values at concentrations of 25% reached protein / 1 min by using salinity of seawater, while, decline
(0.94 mg / g FW) in shoot and (0.11 mg / g FW) in root. at concentration 50% (0.001) mmol / mg protein / 1 min

In Fig. 1 after six weeks, the results showed that there when compared to control in shoot of Simmondisia
was a clear increase in shoots and roots of Simmondisia chinensis.
chinensis by treatment with seawater concentrations.
There was a gradual increase in the plants compared with Peroxidase Activity: Peroxidase activity was decreased in
control. The highest values at 75% concentration (1.39 mg all the treatments with increasing salinity of seawater
/ g FW) in shoot and (0.41 mg / g FW) in root, while the when compared to control as shown in Fig. 2 A, the
lowest values at concentrations of 25% reached (1.13 mg highest value at 25% (0.0006 mmol / mg protein / 1 min)
/ g FW) in shoot and (0.11 mg / g FW) in root. and the lower value at 100% (0.0001 mmol / mg protein / 1

Catalase Activity: Catalase activity (Fig. 2 A) has been Fig, 2 B indicated that the peroxidase activity was
increased at concentration 25% and 75% (0.0033 and decreased in all the treatments with increase salinity of
0,0024) mmol / mg protein / 1 min, respectively by using seawater when compared to control, the highest value at

min) in shoot of Simmondisia chinensis. The results in
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Fig. 2: Mean values and±SE for specific activity of catalase and peroxidase enzymes, expressed in (mmol / mg protein
/ 1 min) in shoots of S. chinensis plant at different concentration of seawater after four (A) and six (B) weeks, Bars
carrying different litters are significantly different at P<0.05.

25% and 50% reached to (0.0003mmol / mg protein / 1 min) may either be due to osmotic reduction in water
and the lower value at 75% (0.0002 mmol / mg protein / 1 availability or to excessive accumulation of ions, known
min) in shoot of Simmondisia chinensis. as specific ion effect [21].

DISCUSSION effect in all crop plants. Almost all growth related

Our results indicated that the plant growth was then root dry weight and lengths were adversely affected
negatively correlated with increasing saline water levels. under saline conditions. Fresh weight of seedling in both
The values of plant length, shoot weight (fresh & dry), wheat cultivars was decreased at higher salinity level. Salt
shoot/root ratio and leaf measurements were decreased tolerant variety gave more fresh weights as compared to
with increasing salinity levels, especially with higher other under low salt stress [22].
salinity concentrations. These results are in agreement Our results indicated a highly significant decrease in
with Chookhampaeng et al. and Qaderi et al., [19, 20]. the water content and growth represented in the biomass
They recorded that salinity treatment caused the of shoots and roots of Simmondisia chinensis plants
retardation in growth and inhibition of shoot. The under different saline water levels (Tables 1, 2). These
suppression of shoots and roots growth under salt-stress results were similar with those obtained by Hossain et al.,

Inhibition of growth by salinity is the most evident

parameters like seedling fresh and dry weights, shoot and
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[23]. They concluded that the reduction of growth may of reactive oxygen species in playing an important role in
result from salt effects on dry weight allocation, ion
relation, water status, physiological processes,
biochemical reactions and combinations of such factors
[24]. Our results also revealed that shoots are generally
more inhibited by raising salinity levels than roots [25]
also recorded the same results.

Our results indicated that shoot lengths and leaf area
were increased at seawater level of 25% and then
significantly reduced  as  seawater  salinity  increased.
The results also showed that the maximum shoot and root
lengths and leaf area were recorded at the 25% seawater
salinity level, then the results showing gradual reduction
with increasing salinity in all plant parts. But the
decreasing in root lengths still higher with comparison
with plants irrigated with fresh water, except the last
treatment (100% seawater). On the other hand leaf lengths
did not show any significant reductions compared to
control, except the high treatment (100% seawater). These
results are in agreement with those obtained by Yakubu
et al.,[26] who explained that the increase in root lengths
may be due migration of carbohydrates to the lowest plant
parts in salinity, where is the reduction in shoots lengths
may be due to many reasons such as the increase in the
osmotic pressure of soil solution which reduces water
availability and the interference of nutrient.

Our results in Tables 1, 2 showed a decrease in water
content by increasing seawater levels. Similar results were
reported by Chutipaijit et al., [27]. This reduction
associated to the salt-tolerance potentialities of the
Simmondisia chinenses; so, a slight decrease of water
content was shown in plant considered as a salt-tolerance
cultivar. The increased solute content of the cells in the
salt-treated plants causes more water to be taken up than
in the control leaves, resulting in an apparent low water
capacity in the salt treatment [28]. Data represented in
Tables 1, 2 showed that water contents (WC) of
Simmondisia chinensis plants reduced significantly by
increasing salinization levels. Reduction of water supply
to the leaves occurs probably through the effects of
stress on the anatomical structure and disorganization of
vascular cylinder and decreased conductance of root
membranes [29]. The same results were found by Nafie
and El-Khallal [30] on wheat.

Salinity levels considerably decreased leaf content of
chlorophyll a, chlorophyll b and total chlorophyll
compared to the control (Fig. 3). Apparently, the lowest
leaf content of chlorophyll was obtained from 100%.
These results may be due to salt-induced water stress
reduction of chloroplast stroma volume  and  regeneration

the inhibition of photosynthesis seen in salt stressed
plants [31]. Our results are in agreement with many
authors who revealed that, the total chlorophyll content
of leaves was reduced by increasing seawater level [32].
The salinity could seriously change the photosynthetic
carbon metabolize, leaf chlorophyll content as well as
photosynthetic efficiency. It was observed that the high
levels of salinization induced a significant decrease in the
contents of pigment fractions (chlorophyll a and b) and
consequently of the total chlorophyll content as
compared with control plants [33]. The decreased levels
in chlorophyll content under saline stress is commonly
reported phenomenon and established that it may be due
to different reasons; one of them is related to membrane
deterioration [34].

Data represented in Table 3 show that chlorophyll a,
b, chlorophyll a / b ratio and carotenoides contents were
decreased significantly by increasing salinization levels in
Simmondisia chinensis plants. Also, salinity decreased
chlorophyll content as reported by Jeyaramraja et al., [35].
Moreover, the highly significant increase obtained in
carotenoids content may due to the protective role of
carotenoids represents one of their primary functions [36].
These results are in agreement with those obtained by
Maibangsa et al., [37] on Oryza sativa Nafie and El-
Khallal [38] on Tomato; Gad [25] on Vicia faba and Durai
[39] on sugarcane.

It was shown that proline accumulates in larger
amount than any other amino acids and regulates osmotic
potential of the cell [40]. It is also hypothesized that
proline, besides being an osmolyte is also involved in
scavenging free radicals and protects plant cell against
adverse effect of salt by maintaining osmotic balance [41].
It is obvious from the study that salt stress up-regulated
the enzymes involved in biosynthesis and elevated the
levels of proline and it is in accordance with the findings
of Munns [42]. It has also been shown that salt tolerant
strains generally exhibit higher proline content than the
salt sensitive [43]. To verify whether exogenous proline
modifies the internal amino acid content, proline content
of leaf tissue was determined. Different concentration of
proline applied exogenously increased the measurement
under saline stress, suggesting that accumulation of
compatible solutes often forms a basic strategy for the
salt stress elevated the activities of all four antioxidant
enzymes CAT and POX, in plants exposed to saline stress
suggesting that oxidative defence system in salt stressed
maize plants had been very operative to counteract
various reactive oxygen species (ROS) produced due to
salt stress [44].
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