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ABSTRACT

Pet experiments were conducted during 2002 and 2003 seasons to study the
effect of irrigation water with three salinity levels, 4000 |, 6000 and 8000 ppm with two
fevels of Sodium Adsorption Ratios (SAR) 6 & 12 and foliar sprays of phosphorus as
HaPOs ; at the highest level of salinity and SAR 6& 12 on plant growth some
physiological aspects, changes of chemical constituents of jojoba seedlings, as well
as the effect on anatomical features of jojoba leaf .

Also, the study aimed to determine the physiclogicai mechanism of
phosphorus as foliar application in reducing salt stress effecis on jojoba seedlings .

The obtained results could he summarized as follows:

Increasing salt cencentration in irrigation water caused marked decrease in
growth parameters of both seasons, namely, stem length, number of leaves / plant,
leaf area and assimilation area as well as dry weight of ieaves ,fresh and dry weight of
stem and roots of jojocba seedlings. In contrast, fresh weight of leaves significantly
increased, it mainly due fo an increase in tissue water content reflected in the
increasing fresh weight: dry weight ratio which can take as a good indicator of tissue
succulence within plant.

The result also indicated that treating the seedlings which growing under 8000
pom and SAR 6 &12 by phosphorus foliar sprays apparently tended to minimize the
adverse effect of salinity.

No visual salt damage in vegetative growth during the two seasons, where the
survival percentage was 100% in all treated plants were observed. It seems that
jojoba seedlings able to tolerate the salt concentrations of irrigation water up to 8000
ppm although; vegetative growth was significantly reduced under that salinity
treatment.

Regarding the effect of salinity levels in irrigation water on physiological and
chemical aspects, the obtained data showed that, leaf osmotic potential {LOP) leaf
succulence grade (LSG) , total soluble sugars and proline content increased with
increasing salinity levels, whereas, results in both seasons showed significant
reduction in chlorophyll a , b and carotene content as welt as N, P, K content in the
leaves of jojoba seedlings compared with contral in two seasons.

Sodium and chloride were significantly accumulated in jojoba leaves in
response to the increase in salinity levels of irngation water. The amount of Na” and
CI" uptake by jojoba plants appear to be the highest under the highest salinity level
comparing with other treated salinity levels in the two seasons.

Phosphorus application significantly increased chlorophyll a, b and carotene,
on the other hand P decreased total soluble sugars and proline content in leaves of
jojoba seedlings as compared with only irrigated with saline water. '

Concerning the effect of phosphorus sprays on minerals content of jojoba
leaves, results showed that P treatment results in higher leaf N, P and K content of
jojoba seedlings than their analogous without P spraying. Moreover, P application to
plants results in a significant reduction in Na* and CI” concentration in leaves of jojoba
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seedlings irrigated with saline water at 8000 ppm and SAR 6 &12 as compared with
those without P treatment.

Regarding the anatomica! structure of leaf microscopic studies should that
Jeaf of jojoba consisted on three layers : the epidermis , the mesophyli ( isolateral and
organized completely as palisade like tissue and consisted on two regions
surrounding a third each region oblong in out line ) and vascular bundles . The data
showed significant difference between the treated and untreated sector, leaf blade
thickness and axial diameter of leaf midvein increased with increasing safinity leveis in
irrigation water .The values of mesophyll thickness showed the same trend of leaf
thickness under different salinity levels. No significant difference in the thickness of
epidermis and cuticle were recorded in leaf of treated and un-treated seedlings .

In conclusion salt tolerance in jojoba related to the ability of the plant to
accumulate high concentration of Na’ and C!I" in leaves without causing visible
damage .In addition accumulation of Na* and CI in jojoba leaves may be indicate the
utilization of both ions for osmotic adjustment in vacucles that improve the water
balance .

It should be emphasized that jojoba is considered to be a salt-tolerante plant
typical of many halophytes to salinity stress.

INTRODUCTION

Salinity is a continuing threat to economic crop production in arid and
semiarid regions of the world. Millions of hectares of salt-affected soil are
wide-spreaded all over arid and semi arid regions throughout the world
already exist, and more soils being added each year due to secondray
salinization .A search for a plant species with an economic potential as a
crop that is already somewhat adapted to saline conditions is a prerequisite
for the proper utilization on these salt-affected soil.. Jojoba {Simmondsia
chinensis [Link] Schneider} is considered to be one of these species it is a
perennial, evergreen, dioecious, much branched, shrub or shrubby tree
native to the Sonoran Desert of the southwestern of United States and
northern Mexico (Genty, 1958 , Xayani et al, 1990) . Also jojoba is well
adapted to drought, soil salinity ,and extreme temperature (Adams et
al.,1978).

Jojoba has special interest as a possible commercial crop because the
seeds containing about 50% of liquid wax which can be used as a substitute
for sperm whale oil that has applications in several industries as a lubricant
additive to oils and a cosmetic base {National Research Council. 1985).
Since water is the main limiting factor in agriculture, Benzioni et al., (1996),
reported that jojoba could be grown and flower gn marginal water, mainly
sewage, effluent and brackish. In addition, Yermancs et al. (1957) did not find
any damage to vegetative growth at a salinity of 108 mM (ca.11ds m™”),but a
serious reduction in the number of flower buds and potential yield was
noticed at this level of salinity.

Salt tolerance seems to be related to the ability of Jojoba plants to
accumulate and compartment both Na™ and CI at high concentrations in their
leaves and !o keep salt levels constant for a long period (Benzioni et al.
1996).
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Salinity treatments decreased the concentration of P in both the soil
solution and plant leaves, therefore phosphorus treatment reduced foliar
symptoms of salt damage in tomato and nearly doubled the fruit yield { Awad
gt al ,1990). Phosphorus addition to the saline conditions enabled the
maintenance of relatively low levels of Na® and high levels of K* in immature
leaves .This was in contrast to levels of Na* and K* in the order mature
leaves . This demonstrated that P addition to saline nutrient solutions may
enhance the capacity to regulate ions distribution between leaves of different
age. The requirement for more P in salinized plants could be related to its
role in energy fixation and carbohydrate partitioning and transport (Gibson
1988 & Bieleski and Ferguson 1983 ).

Moreover, P also involved in the formation of cell membrane lipids,
which play avail role in ionic reguiation {Bieleski and Ferguson, 1983 ),
Moreaver, P deficits decreased both stomatat conductance and the hydrautic
conductance of roots which increase plant water deficits and inhibit leaf
expansion (Radin and Eidenbock, 1984).

Because of the interest in cultivating jojoba in Egypt we undertocok
seedlings to:-

1- Study the effect of irrigation with different levels of salinity(4000, 6000, and
8000 ppm ) and two levels of Sodium adsorption ratios (SAR) 6 & 12 for gach
concentraticn on vegetative growth , physiolegical aspects and chemical
constituents of jojoba seedlings , as well as anatomical features of leaf

2- Study the effect of phosphorus H3PQO, (1000 ppm ) as foliar  application
at the highest level of salinity(8000ppm} with SAR 6 , 12 on growth, and
determine the physiological mechanism of phosphorus in reducing salt stress
effects of plant,

MATERIALS AND METHODS

The present study was carried out during 2002 and 2003 seasons in
the greenhouse of the experimental crchard of the Horliculture Research
Institute, Giza Governorate Egypt, to study the effect of rrigation with
different leveis of saline water ancd phosphorus application at the highest
salinity level ; on growth. some physiological aspects, chemical constituents
and anatomical features of jojoba seedlings.

Uniform and healthy one-year-old of Jojoba {(Simmondsia chinensis
Link, Schnider) seedlings were transplanted in February in plastic pots of 25
cm in diameter and 30 ¢cm in depth, containing & kgs / pot of sandy clay loam
soil, free from salts taken from the surface soil layer (0 -30 ¢cm) of Ismaillia
Governorate .

Some physical and chemical properties of the used soil in this study
were determined by Sal, Water and Environment Res. Inst, Agric. Res.
Center, according to the method as described by Jackson (1973) and were
summarize in Table ( 1)
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Table (1) Physical and Chemical properties of the experimented soil
(A) Physical properties

Saturation | Partial size distribution WP+
Percent | Total sand | Silt | Clay o
20% 69.7 25.3 5 | Sandicam | 16% | 3% |

Textural class| F.C.*

(B} Chemical properties

Soluble cations (mefl) Soluble anions (mefi)

EC** | PH Cacoy
Na" | K" | Ca’" | Mg"™ | Hcoy | Cos™ | CF | Sos

1.35 8.26|26.75 2204390 12.60| 9.00 43.60 | 32.85 | 2.17

F.C*= Field capacity. W.P*'= Wilting Point. E.C***= Electrical Conductivity (m.mhos/cm’).

The plants were irrigated twice a week with tap water before
application of saline solution at the first week of May up to late November in
both seasons. The plants were irngated with three levels of salinized water Uy
dissolving Na CI, Na SO, , Ca Cl, , Mg SO, and KSO, salts to obtain saline
solutions at concentrations 4000, 6000 and 8000 ppm and SAR {sodium
adsorption ratio) 6 and 12 , for each saline level ,calculated on the basis of
the following equation

SAR: \ Na
Ca+Mgn2

Phosphorus treatment as H,PO, (1000 PPM) was added as three
foliar apptications on 15" May, June, and July to seedlings under irrigated
with saline water (8000ppm); with SAR 8&12 during both seasons of study .
The above treatments were amanged In factorial complete randomized
design. Each treatment was replicated three time, comprising 9 plants, to
receive one of salt treatment, besides that of phosphorus spray.

The untreated (control) piants were irrigated with tap water (400
ppm). Irmgation with saline water was applied twice a week using 750 ml /
pot. started in the first week of May and ended at late November in both
$easons.

To prevent salt accumutation in soil, salt were leached every 21 days
by irrigation with tap water to reach approximately EC (0.29 - 0.31 m. moles),
followed by re-watering with the corresponding saline solutions . Control
treatment was irrigated by tap water { 400 ppm ) at the same rate.

Hoagland solution (Hoagland and Arnon, 1950} was added biweekly for all
treatments throughout the growth period to avoid salt shock.

At the end of season ( late Novemnber ) nine seediings (representing
3 replicates) of each treatment were carefully pulled from the pots, the roots
were washed, air dried and used for the following parameters
[1] Vegetative growth :-

1- Stem length {cm) and its rate of increase {cm / season).

2-Average numnber of leaves / plant.

3-Average leaf area (cm?) using Area Meter Ci-203.

4-Assimilation area ( cm?/plant) .

5-Fresh and dry weight of different plant organs i.e leaves, stem and root (g).
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{2] Physiological aspects of leaf:
1- Leaf osmotic potential (LCP) :

Total soluble solids (TSS) was determined in the sap of leaf samples
by a refractometer and equivalent values of the osmotic potential were
estimated according to Gusov (1960).

2- Leaf succulence grade (LSG)
LSG= leaf fresh W —leaf dry W
Leaf area(dec)’
=g water content / dec’ of leaf area, as described by Poljakoff (1975).

[ 3] - Chemical constituents :
1- Foliar pigment contents :-

The quantitative analysis of photosynthetic pigments (mg / g. F.W.)
was determined in samples of sufficient fresh leaves. The optical densities
were measured colorimetrically at 662 , 644 and 440 p.M wave length for
chlorophyll (a) , (b) and carotene respectively according to Saric et al,
(1967).

2-Total soluble sugars :-
Total soluble sugars ( mg/g D.W.) were determined colorimetrically
in leaf dry matter according to method of Dubois ef af., (1956)

3- Leaf proline content:
The proline content ( g /100g F.W,) was determined in fresh leaves
according to the method described by Bates et al., (1973).

4- Leaf mineral contents:-

Samples of fully expanded mature leaves presented at the third node
from plant top were taken and dried at 7G° C till constant weight then ground
and used for subsequent determination of NP, K Na and Cl in each sample
as follows:

a) Nitrogen was determined by the modified micro-kjeldahl method as
described by Pregl (1945)

b) Phosphorus was determined colorimetrically according to A.Q.A.C (2000)

¢) Potassium and Sodium were determined by atomic emission analysis
according to A.0.A.C (2000).

d) Chloride was extracted from ash samples with hot water titrated with
standard silver nitrate solution and then determined according to AO.AC
(2000).

[ 4 JAnatomical studies:

Fresh samples of mature leaves were taken at the end of the
experimental period, cleaned from dust and immediately killed and fixed in
formalin-acetic acid- alcohol { FAA) solution. Then, dehydrated with N-butanol
and paraffin wax (56-58° C) for infiltration and embedding . Serial transverse
sections of 10 micron thickness were prepared using a rotary microtome.
Saffranin and fast green stains technique were followed, then the cross
sections washed in absolute ethanol and cleared in xylol and mounted in
Canada balsam {Johnson 1940).
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Depth of epidermal cell, the thickness of leaf blade, axial diameter of
leaf midvein, thickness of palisade tissue, thickness of phloem and xylem
vessel and diameter of vascular bundles, were measured.

Statistical analysis:

The obtained data were subjected to analysis of variance according
to Snedecor and Cochran (1980) and means were differentiated using
Duncan multiple tests at the level of probability 5% (Duncan 19585).

RESULTS and DISCUSSION

[ 1]-Vegetative growth parameters

The effect of irrigation with different levels of saline water at SAR 6 &
12 and foliar application of phosphorus “ P * (at the highest level of salinity)
and SAR 6, 12 on vegetative growth parameters of Jojoba seedlings were
tested and evaluated under the same experimental condition in both 2002
and 2003 seasons.

Stem length{cm) and its rate of increase(cmiseason)

The date presented in Table (2) clearly show that, the reduction of
stem length was closely associated with increasing salt concentration and
SAR in irrigation water. Irrigation with saline water at 4000 ppm, resulted in
the least significant effect on stem growth, where its rate of increase recorded
at SAR 6 (10.31&10.08) and at SAR 12 (10.12& 9.793) comparing with
control (10.72 & 10.33) in 2002 & 2003 seasons respectively.

The maximum growth reduction was obvious at the highest
concentration (8000 ppm and SAR 12) without phosphorus sprays (4.69 &
4.14) in both seascns respectively. However, data of the present study also
revealed, positive influence of phosphorus treatment on the growth of
seedlings grown under such highest level of salinity at SAR 6 & 12 which
exhibited significant increase in stem growth comparing with those without P
spray in both seasons.

These results agree with Bernstein ef al, (1874) who pointed out
that the accumulation of specific ions such as sodium and chloride in different
plant tissues would probably exert an inhibitory effect on plant growth and
development. Similarly. Awad ef al ( 1980 ) , reported that phosphorus
treatments reduced the salt damage .

Number of leaves/plant, leaf area(cm)’ and assimilation area(cm*/plant):

As shown in Table (2) average number of leaves / plant and leaf area
were significantly decreased with increasing salt concentrations and SAR in
irrigation water. In seedlings treated with different salt concentrations, the
maximum total leaves number / plant (149.10 & 156.34) and leaf area (5.86 &
6.15) were obtained in seedlings irrigated with 4000 ppm and SAR 6 | in
contrast to those irrigated with 8000 ppm and SAR 12 (The highest salt
stress) without P sprays (97.18 & 107.51) and (4.55 & 4.86) comparing with
untreated seedlings which recorded the highest values of both number of
leaves / plant (151.95 & 157.70) and leaf area (6.020 & 6.51) in 2002 &2003
respectively.
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No visual salt damage of leaves could be detected in any of the
Jojoba seedlings ,whereas the survival percentage was 100 % in all treated
plants. it seems that, although salinity treatment reduced vegetative growth,
Jojoba seedling could tolerate salt concentrations in irrigation water up to
8000 ppm and SAR 12, although vegetative growth was significantly reduced
under salinity treatment, this observation, is coinciding with Yermanos et al,, (
1967) and Benzioni et af., (1996) on Jojoba clones irrigated with saline water.

The results also showed that, phosphorus sprays resulted a
significant increase in leaf area, number of leaves per plant and assimilation
area with Jojoba seedlings irrigated with saline water at 8000 ppm with SAR
6 & 12 as compared with those without phosphorus application.

Fresh and dry weight of leaves(g) :-

Concerning the effect of salinity stress on fresh and dry weight of the
leaves, data presented in Table (3) indicated that, increasing salt
concentrations in irrigation water resulted in an increase in fresh weight of
leaves which recorded at 8000 ppm 0.367 & 0.363 with SAR 6 and 0.367 &
0.347 with SAR 12 , comparing with control 0.237 & 0b257 in two seasons
respectively, which was mainly due to an increase in tissue water content
reflected in the change in fresh: dry weight ratio of leaves from 2.862 and
2.761 in control to 4.342 and 4.799 in plants irrigated with saline water at
8000 ppm and SAR 12 without P application. Moreover , dry weight of leaves
under such highest salt level was significantly reduced as compared with
those at lower salinity level These findings go in parallet with the present
results that increasing salimity level resulted in a significant reduction n
assimilation area . Moreover, the great reduction in leaf area under the
highest salinity level and subsequently in transpiration rate could be
responsible for increasing the fresh weight of leaves . However, Storey and
Wyn- Jones (1979) found that, salts induced synthesis of additional organic
material made only a small quantitative contribution to the total increase in
fresh weight and the improved morphological appearance of the plant,

Fresh and dry weight of stem and roots :-

Results reported in Table (4) clearly show that the different salt
concentrations in irrigation water resulted in significant reduction in fresh and
dry weight of stem and roots of Jojoba plants as compared with control
plants in the two studied seasons. Salted irrigation water at 8000 ppm and
SAR 12 had the greatest adverse effect on stem and root weight |, followed by
6000 ppm then 4G00 ppm

The data aiso indicated that, treating the seedlings growing under
8000 ppm Na CI by phosphorus sprays apparently tended to minimize the
such retorting effect of salinity in reducing the fresh and dry weight of stem
and roots.

These results coincide with, Benzioni et al., (1992) who showed that
Na CL is preferentially accumulated in Jojoba leaves without causing visible
damage. In this respect, Jojoba resembles crops like cotton or typical
halophytes { Storey and Wyn Jones 1979 ; Brugnoli and Bjorkman 1992).
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The increase in salt tolerance caused by P application supports the
findings of several experiments where P was applied to soil (Awad et al,
1990 and Al 1999} or supplied via the leaves (Malakondairh and
Rajesworarao 1979}

From the above mentioned resuits , it can be concluded that, growth
parameters of jojoba seedlings were responded to salinity of irrigation water
up to 8000 ppm and SAR 12 without causing visual damage in vegetative
growth. So, these results proved that Jojoba seedling could tolerate different
concentrations of saline irrigation water.

[ 2 1- Physiological aspects :
Osmotic potential:

Data presented in Table ( 5 ) clearly showed that increasing salt
concentrations in irrigation water for jojoba seedlings resulted in significant
increase in the leaf osmotic potential of treated seedlings in both studied
seasons. Result indicated that spraying phosphorus for seedlings grown at
8000 ppm and SAR 6,12 significantly decreased leaf osmotic potential
comparing with that un- sprayed, on the other hand the results showed a
significant increase of osmotic potential in P application seedling as
compared with control ones. In this concern, Hsiao et al,, { 1976 ) found that,
solids accumulation in plant cells creates an intraceliular osmotic potential
which in the presence of a rigid cell wall generates turgid pressure.
Maintenance of turgid pressure is necessary for continued growth through
cell elongation. Hence an improved capacity for osmotic adjustment throeugh
increased ion uptake and compartmental may explain the P enhancement of
tomato growth under saline condition (Awad ef a/., 1990 ).On the cther hand,
accumulation of inorganic ions for osmotic adjustment is an energy effective
way for higher plants to combine productivity with salt tolerance and is a
feature of terrestrial halophytes (Yeo, 1983).

Table {5): Effect of irrigation with different concentration of saline water
on leaf osmotic potential and leaf succulence of jojoba
seedlings during 2002 and 2003 seasons .

Leaf osmotic potential Leaf succulence

Treatments 2002 2003 2002 2003
Control 1212 H 1194 E 0.249F 0.252

4000 ppm SAR 6 12806 12.80 D (.268 EF 0.258
4000 ppm SAR 12 14.05 E 13.87C 0.287E 0.273
68000 ppm SAR 6 14930 14.05C 0.387C 0.326
6000 ppm SAR 12 1547 C 1457 B 0.4518 0.376
8000 ppm SAR B 16.05 8 14.58 B 0.604 A 0.543
8000 ppm SAR 6+P 12.45 GH 1371 C 0.331D 0.356
8000 ppm SAR 12 16.88 A 15.28 A 0.621 0.593
8000 ppm SAR 12+P 13.33F 13.87C 0.361 0.385

Means for a given parameter followed by different litters are significantly different at level,
p= §% according to DunCan's new multiple range test.
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Leaf Succulence Grade (LSG) :-

It is clear from the results presented in Table { 5 } that, increasing
salinity concentration in irrigation water resulted in a significant increase in
leaf succulence grade of the treated seedlings .The highest values (0.604
&0.543) and (0.621 &0.593) was obtained when plants treated with saline
water at 8000 ppm and SAR & &12 without P application in two seasons
respectively ,followed in decreasing order by those under 6000, 4000, and
400 (control) ppm. These results are in harmony with those reported by David
and Park(1979) who pointed that raising the concentration of NaCl in
hydroponic solutions resulted in greater leaf succulence (mg H,0/cm %)

[ 3]-Chemical constituents
1-Foliar pigments content (chlorophyll a, b and carotene):

The effect of irrigation with different concentration of saline water and
foliar treatment of phosphorus on the leaf contents of chlerophyll a , b and
carotene of Jojoba seedling are shown in Table {6 ).

The results revealed that, chlorophyll a , b and carotene content in
Jojoba leaves were significantly decreased with increasing salinity levels
comparing with control seedlings in both seascns. Such depression was
more pronounced at 8000 ppm salt level than that at 6000 ppm or 4000 ppm .
Moreover, it was noticed that chlorophyll {b) content showed greater
depletion due to salt treatment than chlorophyll { a } or carotene contents. It is
noticed that phosphorus sprays improved leaves content of chlorophyll( a) |
{b) and carotene of Jojoba seedling irrigated with saline water at 8000 ppm
and 6 or 12 when compared with saline treatment only .

These results agree with those previously reported by Divate and
Pandy {1981); El- sherif et al, {(2000),they all coancluded that salinity stress
condition reduced the concentration of leaf pigments content. In this concern,
Gaser (1992) indicated that, irrigation of grapevine rootstocks with saline
water greatly affected photosynthesis process, via inhibiting pigment
formation . With respect to the influence of phosphorus treatment Youssif
{1998} found that .total leaf chlorophyll ( a and b ) content was positively
influenced by the application of phosphorus.

2 -Total sofuble sugars:

Results in Tabie (6) revealed that increasing the salinity levels
significantly increased the leaf total soluble sugars content of Jojoba
seedlings comparing with that in control in both studied seasons. These
results are in agreement with those reported by youssif {(1998) who
concluded that salinity increased the total soluble sugars content. As for P
treatment, the data clearly show that, phosphorus application significantly
reduced sugars in jojoba salt-stressed as compared with those irrigated with
saline water only in both seasons. These results agree with those reported
by Gibson (1988) and Youssif (1998) that adequate phosphorus nutrition
reduced sugars of salt stressed plants.
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3-Proline content: -

Data presented in Table (8) indicated that increasing salt

concentration in #migation water significantly increased prolineg content in
leaves of Jojoba seedlings comparing with that in control piants. whereas,
seedlings irngated with the highest salt concentration (8000 ppm, SAR 12},
had the highest amount of leaf proline content { 0.450 & 0.410).
With respect to P treatment, it caused a significant decrease in praline
content in jojoba seedlings compared with those only irrigated with the saline
water. Whereas proline content greater in jojoba seedlings treated with
phosphorus than that in control.

The above mentioned results are in line with Bates et al (1973) ;
Stewart and lee {1974), who mentioned that proline was increased gradually
as levels of salinity raised ; they also suggested that, proline function as a
source of solids for intraceilular osmotic adjustments under saline conditions.
4 -Mineral contents:-

a) Sodium and chloride content

Results revealed that Sodium and Chloride were significantly
accumulated in jojoba leaves in response to the increase in salinity level of
irrigation water (Table 7 ). The amount of Na* and CI' uptake by jojoba plants
seem to be the highest under the high salinity level ( 8000 ppm and SAR 12 )
,comparing with other tested salinity levels in the two seasons. These results
supported the previous findings by Benzioni ef al.,(19986) .

The results clearly showed that phosphorus sprays significantly
decreased sodium and chloride concentration in leaves of jojoba seedling
irrigated with saline water 8000 ppm and SAR 6§ &12 comparing with those
under the same salinity leveis without P sprays. These results agree with
Awad ef al, (1990) who suggested that increasing phospheorus fertilization
enhanced the tolerance of plant to NaCl salinity stress possibly due to
accumulation of ions for osmotic adjustment besides the restriction of sodium
and chloride accumulation in immature leaves.

b) Nitrogen, phosphorus and potassium content .

As for leaf nitrogen and phosphorus content in Jojoba seedling as
influenced by increasing salinity level in irrigation water, resuits in both seasons
showed significant reduction in the N and P content in leaves of Jojoba plants
compared with the control ones.

These results go in line with those reported by Awad ef a/.. (1990) and
Benzioni et al., (1996).

The concentration of potassium was slightly affected by the salinity
treatments. The concentration of K* was 1.680 & 1.593 in the leaves of control
plants and 1.537 & 1.487 in the [eaves of plants treated with the highest salinity
level without P application in 2002 and 2003 seasons respectively. Results also
showed that, Sodium : Potassium ratio in the leaves were increased under
salinity plants .

Concerning the effect of phosphorus sprays on minerals content of
Jojoba leaves, results clearly show that P treatment resulted in higher leaf N | P
and K content of jojoba seedlings than their analogous without P sprays .
Mereover, P application in salinized plants resulted in a significant reduction in
sodium and chloride contents in leaves of Jojoba seedlings irrigated with saline
water at 8000 ppm (SAR 6, 12) as compared with those without P treatment.
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The reguirement for P application in salinized plants could be related
to its role in energy fixation and carbohydrate partitioning and its transport
(Bieleski and Ferguson 1983, Gibson 1988). However P is also involved in
the formation of cell membrane lipids , which play a vital role in ionic
regulation (Bieleski and Ferguson 1983) .

In conclusion salt tolerance in Jojoba may be related to its ability to
accumulate Na* and CI' at high concentrations in leaves without causing
visible damage. In addition accumulation of Na and C! in Jojoba leaves may
be indicate the utilization of both ions for esmotic adjustment in vacucles and
improve the water balance.

It should be, emphasized that Jojoba is considered to be a sait-
tolerant plants which can survive well under salinity stress and the response
of Jojoba to salt concentration in irrigation water depends also on irrigation
management, scil properties and climatic factors ; each of them should
contribute in the growth and survival of plants under saline conditions.

[ 4 JAnatomical Studies :

Anatomical structure of leaf
The structure of the leaf blade was briefly described by Metcalf and Chalf
{1950) and described in some details by Bailey (1980).

Cross section of the leaf blades are shown in Fig ( 1) revealed that, the leaf
of jojoba seedling consisted of three layers :

1- The epidermis , its cells are rectangular and procumbent, cell size is
uniform throughout each epidermis . The cuticle evenly distributed over the
upper and lower epidermial surfaces . Stomata are evenly distributed over
each leaf epidermis , and it slightly sunken . Similar finding was reported by
Metcalfe and Chalf (1950) ;Bailey (1980).

2-The mesophytl :

The mesophyll is isolateral and organized completely as palisadelike
tissue , it consists of two concentric regions surrounding a third each region
oblong in outline { Fig 1 ) . These findings agree with previously reported by
Bailey (1980).

The outermost mesophyll region, is of 3-4 cell layers thick and is
subjacent to each epidermis . Cells recorded 4.167 pm in length and 1.833
Hm in width . Bailey (1980) suggested that outermost mesophyll region is
most likely the major site of photosynthesis since the cells border on the
epidermis ,hence ,are the mesophyll celis closest to the source of light,
tannins are commonly absent the deposition of which could limit or prevent
photosynthesis |

Second mesophyll region ( The tanniferous layers ), celis of the second
mesophyll region are larger than those of the cutermost layer and contained
abundant tannins , this mesophyli region is completely developed in
seedlings which irrigated with saline water at 8000 ppm. Bailey (1980)
reported that this region was designated for storage of the tanniferous
materials .

Innermost mesophyll region, the innermost mesophyl! region is
surrounded by tanniferrous layer where vascular bundles were situated. Cells
in that region contain tannins in their cells .
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3-Vascular bundles and vascular tissue of the primary vein, are collateral
(xylem adaxial, phloem abaxial), except within basal and medial portions of
the blade where the vascular tissue of the primary vein is bi-tripartite. These
results in general are in harmony with those reported by Bailey (1980).

Effect of different salinity levels on the structure of jojoba :-

The effect of different salinity on the leaf structure of jojoba seedlings
are illustrated in Table ( 8 ) and Fig { 1&2 ). The data showed a significant
difference in sectors of treated and untreated plants, where leaf blade
thickness and axial diameter of leaf midvein increased with increasing salinity
level in irrigation water. the maximum increase was recorded in leaf of
seedlings irrigated with 8000 ppm . The values of mesophyll thickness
showed the same trend of leaf thickness with the different salinity levels.
These results agree with David and Park {(1979) they reported that ,
increasing in leaf thickness can be induced by exposure of roots to high
concentration of NaCl they also suggested that, such salt induced
succulence could lower the resistance to CO; uptake and thus increased
photosynthetic rate by increasing the amount of internal leaf surface area
across which gaseous exchange can occur per unit feaf area.

Table (8): Effect of irrigation with different concentration of saline water
on leaf anatomy of jojoba seedlings .x=144
Cell of the outer
Mesophyll| most mesophyll
thickness region

Cells in the second
mesophyll region

Thickness of sum
Treatments upper and lower

Cuticle | Epidermis Length | Width | Length | Width
Control 2.667 3.333 66670 [ 4167C | 1.833C | 7.333D | 2.667D
4000 ppm 2.667 3.500 74.67 DC 5508 2.833BC 9.333C 3.333C
6000 ppm 2833 3.500 82678 7.50 A 3.167 B 10.67 8 4.667 B
8000 ppm 2.760 3.507 1067A | 7833A | 3333A [ 1433A | 5333A
Table {8): Continued.
Treatments | AXal diameter D'a;;‘f:fn’ | Thickness of | Leaf blade Piameter of
of leaf midvein phloem thickness
vesse! bundles
Control 74.33D 2200C 6.833 73.330 32.67 B
4000 ppm 8267 C 2167C 7.000 8t33C 32.00B
6000 ppm 92.67 B 23.00 B 6.933 89.00 B 36.86 A
8000 ppm 1153 A 2400 A 5.967 111.7 A 43.00A

Means for a given parameter followed by different litters are significantly different at fevel
p= 5%, according to DunCan's new multiple range test.

Non significant difference in the thickness of cuticle and epidermis
recorded in leaf of treated and untreated seedlings .In the present study,
great changes were noticed in the features of the mesophyll cells with salinity
treatments ,where the cells in the outermost mesophyll region and the
tanniferrous layers increased in length and width ,thus the thickness of these
layers increased by increasing salinity izvels , the cells of the second
mesophyli region was appeared and increased in seedlings irrigated with
saline water at 8000 ppm and arranged as the tanniferous materials layers
cormparing with control where this tanniferous materials were scattered .
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Fig.! 1) : Effect of dilferent salinity levels on leaf blade anatomy of jojoba

scedlings.showing the different responses to graded levels of salinity. 1) control
2)4000ppm 3) 6000ppm  4)8000ppm (showing the arcangemient of the mesophy !l as
a results of salt steess) a)The ourermost mesophyil region bYThe tannife -ous layers

¢)The inncrmost mesophyl! region (X £

1048



J. Agric. Sci. Mansoura Univ., 30 (2), February, 2005

(vvix) sappung aenaseA (3 spsejeqoipl surieaq

-asiap {p ¢ widd goop (7 10000 (] Buigpads volof jo Lwoysue wpapun JEa| no spRAd| AJES 3L 1P Jo 1I3)) ¢ (7 y5y

_..4 1
g
L.ﬁ e

&

1048



Sanaa, |. Laz et al.

\

widd gpog (¢

witdd popo(e . panunuod ( 7)° 314

. e Bt B B T e

e

*x;
i

0y

1050



J. Agric. Sci. Mansoura Univ., 30 (2}, February, 2005

Vascular bundles diameter clearly increased by increasing salinity
levels , the obtained values ranged between 32.67 and 43.00 ym for control
plants and those irrigated with saline water at 8000 ppm respectively
Concerning xylum thickness ,plants grown at 8000 ppm had greater xylum
thickness than plants grown at 400 ppm (control ).

Finally the results obtained from morpholegical physiological
chemical and anatomical studies reveal that jojoba seedlings can survive well
under different levels of salinity up to 8000 ppm .

Meanwhile it appeared to have some anatomical modification under both low
and high salinity stress .
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