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Abstract

‘Manzanillo' olive (Olea europea L.) transplants were grown on a sandy loam soil packed in PVC pipe and irrigated
with two types of artesian water having 3072 and 5120 mg soluble salts 17" as well as (SAR) values of 8.6 and 13.2,
respectively, as compared with tap water (532 mg soluble salts 'V and 2.6 SAR), supplemented with 0, 4, 8 and 12 mM
Ca“* as CaSo, 2H, O. Growth parameters i.e., stem length and shoot, root and total plant dry weights as well as
chlorophyll (a & b) and carotene contents and leaf mineral content (N, Pi K, Mg, Zn and Mn) werc depressed as
salinity increased in plants ]ackmg additional Ca®*. Addition of 8 mM Ca”* was more effective in ameliorating the
effects of 5210 mg soluble salis "' salinity and SAR (13.2) than 4 and 12 mM Ca®* supplements, possibly because Ca”*
addition led Lo reduce leat Cl and Na contents. )

Generally, 8 mM Ca®* addition was proved to be the most effective treatment for enhancing transplant growth and
improving leaf mineral content under irrigation with both types of artesian water.

Introduction . application of calcium including gypsum has been
In North Sinai, Manzanillo is considered the found to reduce the deleterious effect of sodium

most dominant olive cultivar. Also, the olive and improve plant growth under saline conditions.

grown arcas depended on the water of artesian The aim of this study was to evaluate the ability
wells for irrigation. Water of these wells 1s of Ca®* addition to ameliorate salinity depressive
characterized by relatively high  salinity and effect on growth and mineral nutrition of
sodicity levels. Although the olive trees are a Manzanillo olive transplants.

medium salt tolerant plant (Hassan et al, 1986), - Materials and Methods

transplants at their early stage are susceptible to the
severe injury of sait toxicity and sodium adsorption
ratio (Taha er al., 1972; Sharaf et al,, 1990). The
detrimental eftec,ts of salinity on citrus growth
have been attributed to osmotic stress, ion toxicity,
ionic imbalance or a combination of these factors
(Lea-cox and Syvertsen, 1993). Therefore, any
treatment can alleviate and reduce the adverse
effects of salinity on olive transplants can be of
great  benefit for oliveculture wunder such

This study was camried out during the two
consecutive seasons of 1997 and 1998 at the
nursery of Faculty of Environmental Agricultural
Sciences, El-Arish, North Sinai Governorate. In
early February of both seasons, one-year-old
Manzanillo olive transplants were planted
individually in 40 c¢m height X 14 cm diameter
PVC pipes, each filled with 5 kg of a sandy loam
soil, whose physical and chemical characteristics
are shown in Table (1-a). Olive transplants were

conditions. . . raised by soft wood cutting. They were healthy,

The beneficial effect of Supplemental C32+ on neaﬂy n growth Vigour held under natural
gl'OWth of salt-stressed plants 18 Wldely recognized conditions and u-ngated with tap water (532 mg
La Hayt, and Epstien (1969), showed that adequate soluble salts L' and 2.6 SAR) for 2 weeks before
Ca® was a requirement for shoot and root growth treatment. The plants were sprayed three times Ly
in  sult-stressed  bean  (Phaseolus  vulgaris), 1% urea solution and 0.4% KH,PO, solution, i .
adequate Ca®* can exclude or limit Na+ uptake into . in early March, mid May and mid July. Tween 20
roots and its translocation from roots to shoots was used as a surfactant at the rate of 0.1% in the
(Cramer et al., 1987). However, some researches spray solutions.

have indicated that high soil Ca®* is associated

with poor blueberry growth and vigour (Austin et . o
al, 1986). Furthermore, Spiers (1979), on types x 4 calcium concentrations). Therefore, the

blueberry, found that Ca2* addition was not experiment was a factorial in a completely

randomized block design and each treatment was
harmful. Also, Zekri (2004) reported that soil. replicated three times on five transplants per plot,

The experiment inclided 12 treatments (3 water
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Water types were from artesian wells Abo Sakl
{(AW1) and El-Taweel, (AW2) as well as tap water
{as a control). The water of both artestan wells was
pumped from depth of 70 m in El-Arish area of
Sinar. The quality of these types of water is
presented in Table (1-b). Ca** concentrations (as
CaSO,, 2H,0) were 0, 4, 8, 12 mM which added
in the irrigation water. The plants were irrigated
twice a week for nine months by adding at least
one liter of water per container, which was enough
to thoroughiy leach through the container.

In fate Septernber of both tested seasons, plants

were removed from the containers for growth .

measurements and chemical analysis. Each plant
was divided into roots and shoots. Stem length and
dry weight of stem, roots and total plant as well as
shoot/root ratic were determined. Also, leaf
chlorophyll content (a & b) and carotene content
were determuined using Wettstein's method (1957).

El-Deeb et al., (2004)

Samples of 20 leaves were taken (from the third.
leaf from basal lateral branches of transplants),
washed, dried at 70°C for 48 h, then ground to a
powder for mineral content analysis. Total N
content in leaf dry matter was determined using
semi-micro Kjeldahl method, while total Cl-
concentration was determined by silver ion
titration using a Haake-Buchler (Saddlebrook, New
Jersey, USA) chlonndometer. Leaf P, K, Ca, Mg,
Na, Zn, Fe and Mn concentrations were determined
using ash of leaf tissues by Inductively Coupled
Plasma (ICP) analysis on a Perkin-Elmer
(Norwalk, Connecticut, USA) Plasma 40 machine
{Gaines and Mitchell, 1979),

Data recorded in both seasons were subjected to
analysis of variance according to Clarke and
Kempson (1997) and differentiated using Duncan’s
multiple range test (Duncan, 1955).

Table {1-a): Physical and chemical characteristics of the experimental soil

Parameters Vahie
. Particle size distribution

Sand (%) 71.8

Salt (%) 12.0

Clay (%) 16.2

Textural class

Sandy loam

Organic matter (g kg™')

CaCOy (g kgh

PH'

EC(dSm"y”

Cations -

" Ca® (meq 1)
Mg’ (meq 1)
Na*(meq ™)
K'(meql™")

Anions”
Cl{meq l't) _
CO5* (meq ')
HCOs (meq ')

Chemical analysis

0.2
169.2
8.20
0.62

[¥8)

o~
— N
co 3¢

1.60

2.50
2.76

S04 (meq I'')

* in [:2.5 soil water suspension.
** 1 soil paste extract.

Results and Discussion

According to the classification system of
irrigation water outline in the Agriculture
Handbook of United States Department of
Agriculture (1954), it is clear that the predicted
hazard of salinity in both tested artesian water
wells was very high. The predicted hazard of
sodicity was low and medium for well (AWT1) and

well (AW2), respectively. Accordingly, this work |

will deal with irrigation water sodicity and salinity.

Stem length

Regarding the specific effect of salinity, data in
Table (2) reveal that in both seasons, stem length
was significantly decreased with increasing
salinity than the control. On the other hand, the .
most depressive effect was always concomitant to
the highest salinity (5120 mg L") followed by
3072 mg L' water salinity. This reduction in stem
length as a result of water salinity might be
attributed to reduction in cell size or the celils
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Table (1-b): Chemical analysis of the tested water used for irrigation

Parameters Tap water Artesian water Artesian water
(AW)) {AW>)
EC dSm’ 0.83 438 8.0
Total soluble salts 532 3072 5120
(mg 1) |
- PH 8 8.4 8.5
SAR 2.6 R.6 13.2
CY: S04 1.24 10.0 10.1
Cations (meg{i"‘)
Ca” 4 6 10
Mg’ 2 18 29
Na’ 4.5 30 58.5
K 0.1 0.2 ' 0.4
Anions (meg 1)
Cr 2.4 30 61.7
COy-
HCOy 6.25 21.20 30.1
SOy 1.95 3.0 6.1
Water guality”
Total salinity C3 C4 C4
Sodicity S

S1 S2

x: According to Agriculture Handbook (1954).

AW, Artesian well water from Abo Sakl, El-Arish, North Sinai,
AW, Artesian well water from El-Taweel, Fl-Arish, North Sinai.

number. Similar results were reported by
Strogonov (1984) and El-Deeb (2000).

As for the specific effect of Ca®* addition in the
irrigation water, data in Table (2) show that the
supplemental Ca”* led to an increase in the average
stem length, particularly with 8 mM Ca?* followed
by 4 mM as compared with 0 mM Ca®* treatment,
These findings may lead to the conclusion that the
presence of Ca’™ is necessary to maintain cell
growth and for the continued growth of apical
meristems. Similar results have been reported on
sour orange seedlings (Zekri and Parsons, 1990)
and on blueberry Wright et al., (1992).

Concerning the interaction between salinity and

Ca®* addition, data in Table (3) appear that, the
addition of Ca®* to irrigation water increased the
height of salinity-treated plants. The most effective
treatment on stem length of Manzanillo olive
transplant resulted from 8 mM Ca®* X (532, 3072
and 5120 mg soluble salts L', respectively as
compared with 0 mM Ca® X (532, 3072 and 5120
mg soluble salts L', respectively. Thus it can be
said that the addition of CaSO,, 2H, O to irrigation
water significantly decreased the adverse eftect of
salinity on shoot growth.

Plant dry weights

Regarding the specific effect of water salinity,
data in Table (2) reveal that salinity caused
significant reduction in shoot, root and total plant
dry weight. As salinity level increased up to 5120
mg L' this resulted ‘in the highest reduction in
these parameters. Salinity and sodicity of irriga@en

water reduced shoot growth. This reduction may be.
due partially to excess accumulation of Na*™ and CI°
in the leaves. These might be atiributed to the
process of building up the osmotic pressure of the
developing cell, by osmotic adjusument of salt
accumulation to meet the increasing osmotic
pressure of rooting media. The finding of Munns er
al., (1982), Zekri and Parsons {1990} and El-Deeb
(2002} emphasized these results. ‘

With regard to the specific effect of Ca’*
addition, data in Table (2) show that the addition of
4 or 8 mM Ca®*, but not 12 mM to irrigation water
reduced the harmful effect on shoot, root and plant
total dry weights as compared with untreated
transplants (control). The treatment of § mM Ca*
was more effective and followed by 4 mM Ca®*
and 12 mM Ca®*, respectively. This increase in the
dry matter may be attributed to the effect of Ca**
on the enzymatic systems which are responsible for
the biosynthesis of organic compounds and that
calcium 1s important in the reduction of nitrates in
plant tissues and it is also known to have a role in
the nitrogen metabolism of plants. In this concern,
Zekri and Parsons (1990) and Wright et al., (1992)
found that the plants receiving 10 mM Ca?* grew
almost 25% more than those not supplied with
additional Ca*. '

Referring to the effect of interaction between
salinity and Ca®* additions, Table (3) shows that all
dry weight parameters of experimental plants
(shoot, root and total plant) were significantly
increased due to 8 mM Ca®* X 532 mg salinity L1
as compared with the control. While the least plant
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dry weight values produced by 12 mM Ca®t X
5120 mg salt L7 salinity, while the other
interactions came in between. Similar results have
been reported in shoot and/or roots of sour orange
(Zekri and Parsons 1990; Wright et af, 1992).
Adequate Ca’* was reported to exclude or limit
Na* uptake into roots and Na® translocation from

roots to shoots {Cramer et gl., 1987). Also, the

addition of Ca®* to the rooting media significantly
decreased the adverse effect of NaCl on shoot
growth (Zekri and Parsons, 1990).

Shoot : root ratio:

Referring to the specific effect of salinity, Table
{2) shows that 3072 mgL salinity resulted in
highest shoot/root ratio while the least values
(1.10, 1.23) were observed with 532 or 5120 mgL.!
sahmty in both seasons. This result is in agreement
with that reported by Omer (1996) and El-Deeb
{2000) who stated that shoot/root ratio was reduced
with increasing salinity.

With regard to the specific effect of Ca®*
addition, datz in Table (2} show that in 1997 and
1998 seasons, there was no clear-cut trend on
shoot/root ratio. This resuit may explain somne of
the results found previously, where the addition of
4 or 8 mM Ca?*, but not 12 mM, to irrigation water
produced the highest stimulative effect on shoot or
root dry weights.

Referring to the effect of interaction between
salinity and Ca** additions, Table (3) shows that,
in both seasons, there was no clear-cut trend on
shootfroot ratio.

Chlorophyll and carotene content in leaves:

Concerning the specific effect of salinity, Table
(2) shows that in 1997 and 1998 seasons, leaf
chlorophyll (a & b) and carotene content were
decreased with increasing salinity. The most
depressive effect was always concormtant to the
highest salinity level (5120 mg L~ !y, These results
are in agreement with those reported by El-Deeb
(2002) who observed that leaf pigments content
decreased under salinity treatments. The decline in
photosynthetic pigments content of salt-stressed
plants might be due to the inhibition of chlorophyll
synthesis (Patil ef al., 1984).

As for the specific effect of Ca’* additions to
irrigation water, the results in Table (2) indicate
that the additional Ca’* at 8 mM produced
sttmulative effect on feaf chlorophyll {a & b) and
carotene contents as compared with planis not
supplied with Ca®*, 4 mM Ca®* came in the second
rank followed by 12 mM Ca®* treatment. This
increase in pigments of chlorophyll and carotene
may be attributed to the promotive effect of Ca®*
on the enzymatic systems which are responsible for
the biosyntheis of organic compounds.

Concerning the effect of the interaction between -

salinity and additional Ca®*, data in Table (3) show
that the most depressive effect on leal chlorophyil

(a & b) and carotenes content of Manzanillo olive -

plants was produced by the highest salinity (5120
mg L w:thout Ca®* addition. The addition of 4 or
8 mM Ca?* to imrigation water decreased the
adverse effect of salinity on leaf pigments of

El-Deeb et al., (2004)

chlorophyll and carotene.

Generally, the adverse effect of salinity on plant
growth might be attributed to its retarding effect on
cell division and cell elongaiion as well as
interrupting the activity of meristimatic tissues,
photosynthesis and translocation of assimilation
products (Mlller et al., 1990). On the other hand,
additional Ca®* can ameliorate the depressive
effect of salinity on the growth of plants (Zekri and
Parsons, 1990). _

Leaf mineral content:

Variations in leaf Cl, Na, Ca, Mg, N, P, K, Zn,

Fe and Mn contents during both seasons due to

specific and mteracnon effects of water types and
supplemental Ca®* are shown in Tables (4) and (5).

Leaf Cl and Na contents

As for the specific effect of salinity, data in
Table (4) show that Cl and Na contents were
significantly increased with increasing salinity,
from 532 to 3120 mg L' Cl and Na accumulation
under increasing salinity were reported by El-Decb
(2002). In this concern, nutrient acqunsrtron by
plants can be distupted by excessive ions in
solution either via direct ioni¢ competmon between
ions such as (Na* & K*), (Ca®* & Mg *) and (NO;
& CI) or by the decrease in osmotic potential of
solution reducing the mass fiow ' of mineral
nutrients to the root surface {Grattun and Grieve,
1992). This can be affected by absorption of ions
from medium (Pasternak, 1987).

Concemmg the specific effect of supplemental
Ca®, data in Table {4) indicate that the addition of
4, 8 or 12 mM Ca®" 10 irrigation water reduced Na
and C1 concentrations in the leaves. This effect has
been attributed to several actions of Ca®*
including: 1) flocculation of the soil in which clay
particles have been dispersed by Na, 2) preventing
the uptake of the Na ion to injuricus levels and
allowing the uptake of K and 3) maintaining the
selective permeability of membranes. Similar
results were reported by Zekri and Parsons {1990)
and Wright, et al., (1995).

Referring to the interaction between salinity and
supplemental Ca®*, data in Table (5) reveal that all,
tested additional Ca®* X high salinity caused a
significant decrease in the uptake of Na and CI as
compared with the treated plants with 0 mM Ca®*
X highest salinity level. Similar findings were
reported by Zekri and Parsons (1990) who
demonstrated that CaSQ, addition improves the
ability of citrus seedlings to tolemte salt and the
beneficial effect of adding Ca’* to a saline
Iirrigation  water depended on. the anion
accompanying the Ca®*.

Leaf Ca and Mg content

With respect to the specific effect of salt
concentration in irrigation water, it is clear from
the obtained results in Table (4) that Ca level in the
leaves of “Manzanilio olive” planis was
significamtly increased with increasing  salt
concentration, while leaf Mg content took an
opposite trend in this respect. These results
confirmed the findings of Ei-Deeb (2000) and
Garcil-Sanchez et af., (2000).



Table (2} Spectfic effect of water salinity and calcium additions on some growth pardmete:s of Manzanillo olive

transplants (1997 and 1998 seasons)

Stem length Shoot Dw Rowt Dw Total plant Dw  Shoot: oot Chlorophyll (a)  Chlorophyil (b) Carotene
{cin) {¢) (12) (1) ratio (mg ko’ Fw) (me ke Fw)  (me ke Fw)
1997, season,

Salinity a- specific effect of salinity

532 mgL.* 733 a 195 a i74 a 367 a P10 b 38 a 18 a 5.6
(Tap water}

3072 mgL" 55t b 147 b 1.8 b 266 b 124 a 25 b 1.0b 38 b

AW,y

S120mgl” 469 ¢ 13 ¢ 103 ¢ 219 ¢ 110 b 24b 1.0 b 34 ¢

(AWLY

Ca™ b- Specific effect of Ca®” addition

0 mM 542 d 13.5 d t5¢ 250 d .17 a 16 ¢ I1b 37 4d
4 wM 583 b i53 b 132 b 286 b 116 a 28 b 1.2 b 44 b
8 mM 634 a 17.7 a 152 a 329 a 1.16 @ 35 a 14 a 50 a
12 mM 369 ¢ 143 ¢ 129 b 170 ¢c 1.10 b 27 be 12 b 39 ¢

1998, season.

Salinity a- specific effect of salinity

532 mgl” 68.2 a 173 a i4.1 a 314 a 123 b 16 a 20 a 58 a
(Tap water) .

2072 mgL’ 465 b 119 b 87 b 206 b 136 a 28 b 13 b 46 b
(AW,) _ ’

5120 mgL”’ 36.7 ¢ 87 ¢ 78 ¢ 174 ¢ 123 b 24 ¢ 12 h 37 ¢

(AW.Y

Ca™ b- Specific effect of Ca’" addition

G mM 45.3 d 109 ¢ 9.1 d P (R 1.20 ¢ 26 ¢ 13b 3.7 d
4 mM 518 b {31 b 6.2 b 234 b 128 b 304 14 b 48 b
8§ mM 56.6 a 149 a 11.8 a 266 a {28 b i3 a 20 a 54 a
12 mM 48.1 ¢ i29 b 96 ¢ 224 b 133 a 28 b 1.3b 43 ¢

Means (ollowed by the same letter(s) within each columm are not significantiy differed at 5 % level.

Y {AW) = Artesian well water from Abo Sakl, E}-Arish, North Sinai Governorate.
Z(AW3) = Artesian wel) water from El-Taweel, El-Arish,North Sinai Governorate.
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Table (3): Effect of interaction between water salinity and Ca+” additions on some growth parameters of Manzanillo olive transplants (1997
and 199% seasons)

Interaction Stem Shoot Dw Root Dw Total plant  Shoot:voot  Chiorophyli (a)  Chiorophyll {b) Carotien
Water Ca™ tength Dw
salinity additions {em) (g (g) (2} ratio (mg kg™ Fw) (mg kg Fw)  (mgkg' Fw)
1997, season.
532mgl”’ 0 mM 709 ¢ 172 d 148 ¢ 3n7d 1.i5 d 36 b 1.7 b 47 d
4 mM 742 b 194 b 174 b - 369 b ittt e 38 b 1.8 ab 585
, - 8§ mM 781 a 231 a 205 a 43.6 a 12 e 14 a 20 a 6.8 a
(apwWaten) M 699 ¢ 184 ¢ 168 346 ¢ 1.05 g 37 b 1.7 b 5.1
3072mgl’ 0 mM 506 g 134 f 10.1 gh 236 fy 132 & 2.3 de 0% d 34 g
4 mM 56.0 ¢ 148 ¢ 11.7 ¢ 265 ¢ 1.26 b 24 ¢ 09 d 3R f
(AW1) 8 mM 613 d 170 d 139 d 309 d 121 ¢ 32 ¢ 1.2 ¢ 43 e
12 mM 527 f 136 117 e 153 of 1.16 d 23 de 0.9 d isg
5120 mgl.’ 0 mM 41.1 1 b 95 h 19.7 1 105 g 21e 09 d 31 h
4 mM 478 h 118 g 10.6 fg 224 gh L1 e 24 d 0.9 d 36 g
(Aw2) 8 mM 507 g 130 f 11.2 ef 42 f¢ 1.16 d 3le 1.0 d o f
12 mM 48.0 h 1.l g 10.1 gh 21.3 hi 1.08 £~ 2.3 de 09 d 32 h
1998, season.
532 mgL'l 0 mM 62.1 d 41 ¢ 124 ¢ 266 ¢ 1.[3 ¢ 34 be 19a 4.6 d
4 mM 708 b 175 b 138 b 313 b 1.26 d i b 20 a 57b
R mM 74.7 a 204 a 178 a 382 a 113 e 4.1 a 2t a 6.4 a
(pwate) 1h M 655 ¢ 173 b 123 ¢ 297 b 140 2 34D 19 a 48 ¢
3072mgl”’ 0 mM 414 g 10.9 f 80 f 18.6 efg 135 b 25 e 10b 35 ¢
4 mM 473 f 119 e 88 e 20.7 de 133 b 28 d i.1b 48 ¢
(AWT) & mM 336 ¢ 13.2 4 93 d 22.2 d. 1.41 a 32 ¢ 20 a 55b
12 mM 4335 ¢ P13 ef 6 ¢ 20.2 def 133 b 27 de 1.0 b 45 d
5120mgl’ 0 mM 323 78 69 ¢ {4.8 b (12 ¢ 2.t g 09 b 314
4 mM 373 h 101 ¢ 80 f is.l fg 1.24 d 25 ¢ 1.1 b 40 f
(Aw2) g mM 417 ¢ L ef 84 e 19.2 efe 131 ¢ 2.7 de 1.9 a 43¢
2 mM 355 h 99 g 78 f 174 ¢ 125 ¢ 23 f 0.9 b 35 ¢

Means fotlowed by the samie leltert's) within cacl column are not significantty differed at 5 %o Jevel.

Y {AW,) = Artesian well water from Abe Sakl, El-Arish, North Sinai Governorate.
Z{AW,) = Artesian well water from El-Taweel, El-Arish, North Sinai Governorate.
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Table (4): Specific eftect of water salinity and calcium additions on leaf mineral content of Manzanillo olive transplants (1997 and 1998

$eas0ns) ,
Ct Mg N P K Zn Fe Mn
(ke (g ke (pke')  (ekey (ke  Omgkgl) (mgke) (mpkg')
' 1997, season. )
Salinity a- specific effect of salinity
532 mgL " 34 ¢ 28 4 23.5a 17 a 7.7 4 54 93 ¢ 32
(Tap waler)
3072 mgl.! 72 b 20 b 160 b 1.0 b 47 b 33 145 b 27
(AW _
5120 mgL* 9.9 a 1.7 ¢ 1.2 ¢ 1.0 b 31c 29 1924 22
(Awg:
Ca™ b- Specific effect of CaZ+ addition
0 mM 94 a 22 a 152 ¢ 13 a 6.0 a 42 a 160 a 3l a
4 mM 73 b 22 a 167 b 1.2 ab 5.4 ab 40 b 148 b 28 b
8 mM 55¢ 22a 19.0 a 1.2 ab 50 be 3T ¢ 136 ¢ 26 ¢
12 mM 5.0 d 2] a 16,8 b 1.1 b 44 ¢ 36 d 128 d 24 d
1998, scason.
Salinity a- specific effect of salinity
532 mgL"” 3.0 ¢ 31 a 194 a 14 a 6.8 a 59 85 ¢ 30
{Tap water) .
3072 mgl”’ 62 b 23b 13.2 b 1.0 b 42 b 38 141 b 26
(AW Y ,
510 mgl” 97 a 1.9 ¢ 10.8 ¢ 0.9 b 30 c 3l e 176 a 22
(AW,)
Ca’’ b- Specific effect of Ca2+ addition

0 mM 88 a a 26 a 135 b 1.2 a 53 a 46 a 150 a 30 a
4 mM 68 b b 2.5 ab 4.3 b 1.2 a 51 a 44 b 139 b 26 b
8 mM 50 ¢ C 24 be 16.3 a {.1a 4.5 ab 42 ¢ 130 ¢ 24 ¢
12 M 4.7 d { 23 ¢ 13.7 b 1.1 a 38 b 39 d 116 d 23 ¢

Means followed by the same [etter(s) within each cotumn are not significantly-differed at § % fevel,

Y (AW} = Artesian well water fronmt Abo Sakl, El-Arish, North Sinai Governorate.

Z{AW;) = Artesian well water from El-Taweel, El-Arish, North Sinai Governarate.
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Table (5): Effect of interaction between water salinity and Ca+? additions on leaf mineral contént of Manzanillo otive transplants
(1997 and 1998 seasons) : Lo
Interaction Cl Na Ca Mg N p K Zn Fe Mn
(g

Water | Ca’ (eke) fgkg)  (gke) key  (gkg™y ek (gkgh [mgkg;') fmgkg) (mgkg") .
salinity additions

1997, season.

532 mgL‘! ) mM 5.1 h 344 7.2 k 29 a 213 ¢ I8 a 86 a 60 a 160 ] 37 a
4 mM 3R 1.9 i 8.0 27 a 230 bc [6b 8.3 ab 55 b 95 i b
{tap water} & mM 261 15 k 94 1 2.8 a 26.6 a 1.8 a 73 be 50 ¢ 90 k 30 be
I2mM 20k 1.0 1 921 27 a 233 b I3 b 6.6 cd 49 4 871 29 ¢d
3072mgl! 0 mM 9.1 ¢ 80 e 106k 200 14.0 f 1.1 ¢ 3.6 de 35¢ 16D e 29 cd
4 mM 71l e 71f 117¢g 210 16.0 ¢ 1.0 ¢ 4.6 ef e 150 28 de
(AWD) £ mM 65 f 50 g 12.1 1.9 be 180d 09¢ 43 f 33 f 140 g 26 f
12 mM 60 g 41t h 12.7 e 2006 163 de 10¢ 43 f 321 130 h 4 ¢
0 mM 4l a 121t a 137 d i.8 «d 103 h 10 ¢ 46 f 30 g 220 a 27 ef
5120 ppm 4 mM  110b 110D 1-‘}.80 1.7 d 113 gh 069c¢ 33 fp 29 gh 200 b 24 g
(Aw2) g mM 7.5 d 96 ¢. 166b 18 123 fg 09 ¢ 33 fg 28.h 180 ¢ 20 h
2mM  Tle 9.1 d 17.6 a 1.0 d 1o gh 10 ¢ 23 & 28 § 167 d 20 h

1998, season.
$32megl”’ 0 mM 4.7 i 291 801 “34a 183 b 1.7 a 76 a 65 a 9 a 34 a
4 mM 341 251 91 k 3.2 ab 193 b 1.6 a 73 h 60 b 90 i 30h
{tap water) & mM 2.1k 16 k 9540 .31 b 233 a 1.6 a 6.6 ¢ 58 b 841 . 2B e
: 2mM 20k 1.0 1 981 30 ¢ 8.6 b 1.5 a 56 d 32 ¢ 70k 27 ed
3072 mgl! 0 mM R6 ¢ 78 e 102 h  25d 123 4 1.G b 46 e 41 d 156 d b
4 mM 6.1 ¢ 62 f 119 g 244 130 d 1.6 b 4.0 ¢ 40 de 149 ¢ 27 od
(AW} 8 mM 52 ¢ 56 ¢ 128 ¢ 23 d 153 ¢ 1.6 b 43 f 38 ¢ 148 f 24 ¢
) i2mM 30N 43 h i31e 234d 12.3 d 0.9 b 33 h 35y 2l ¢ 23 ef
5120mgL”’ 0 mM 33a 121a 141d 21e¢ 95e¢ 10b  36¢ 33 g 200 a 26 d
4 mM IHoOobh 103 b 153 ¢ 20 ¢f e e {19 b 33 h 32 I8 b 22 ¢
A2y 8 mM  97d 86 ¢ 165b  19ef 1234 09b 261 3 166 ¢ 20 g
12 mM 71 e 80 i7.1 a P8 F 103 e 0.8 b 26 i 29 h 157 d 19 »

Means followed by the sanie letter(s) within each column are not significantly differed at 5 % level.
Y (AW, = Argtestan well water from Abo Sakl, El-Arish, Notth Sinai Governoratc.
Z{AW,) = Artesian well water from El-Taweel, El-Arish, North Sinai Governorate.
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Effect of Salinty and Calcium Additions on Growth

Regarding the specific effect of Ca’+ addition
in irrigation water, data in Table (4) show that in
both seasons, the supplemental Ca?* fed to an
increase in leaf Ca content particularly with 12
mM Ca?* followed by 8 and 4 mM compared with
0 mM Ca®* treatment. While there was no clear-cut
trend between Ca®* addition and seasons in leaf
Mg content.

Similar results were reported by Liauchli (1990).
Calcium levels within the cytoplasm must remain
low to avoid competition with Mg and inadvertent
activation or inactivation of enzyme systems
(Murschner, 1986).

Concerning the interaction between sahnity and
Ca-" addition, data in Table (5) appear that the
addition of Ca** to irrigation water increased leaf
Ca content of salinity-treated plants. The most
positive effect was induced by the combination of
highest salinity level X 12 mM Ca?* addition. On
the other hand, Mg uptake showed an opposiie
trend in this respect. Similar results have been
reported ‘on highbush blueben}/ {(Wright er al,
1992). - The presence of Ca®' is necessary to
maintain the Ca** and Mg?" status of developing
leaves to prevent the harmful displacement of Ca
by Na™ from the cell membranes and intercellular
pools (Lauchli, 1990; Wright et al, 1992).

Leaf N, P and K contents

Concerniing the specific effect of salinity, data
in Table (4) show that leaf N and K contents were

negatively affected by increasing salinity. The:

most depressive effect of salinity on leaf N, P and
K content was observed with the highest salinity
level with significant differences among the other
tested treatments. Simifar results were reported by
El-Deeb (2000},

As for the specific effect of Ca>* addition, data
Table (4) appear that the supplemental § mM Ca®*
led to improve leaf N contents. The Jpresence of
Ca”* is necessary to maintain K*/Na* selectivity
(Mightingale, 1937).

As for ‘the interaction effect of salinit
concentration X' Ca®" addition, data in Table (5);
show that the lowest leaf N, P and K contents were
produced by the combination between_the highest
salinity concentration X 12 mM Ca?* addition.
This trend supported the findings of Maklad
(2003).

Leaf Zn, Fe and Mn contents

Concerning the specific effect of salinity, data
in Table (4) show that leaf Zn and Mn contents
wete decreased with increasing salinity, while leaf
Fe content took an opposite trend in this respect.
These results go in line with those reported by
El-Deeb (2000). The inhibiting effect of salinity on

uptake of some elements may be attributed to the

reducing effect of salinity on the activity of xylem
tissues which in turn reduces the absorption and
transfocation of such nutrients (Nijjar, 1985).
Moreover, some iron may be absorbed by plants as
a result of the intimate contact between the root
surface and the soil particles (Meyer, et al., 1960).
As for the specific effect of Ca®* addition, data
in Table (4) reveal that leaf Zn, Fe and Mn content
were depressed significantly with increasing Ca?*
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concentration in the irrigation water ‘as compared

with those of the control (0 mM Ca?* addition).

Similar results were reported by Maksoud and

Haggag (2000). The effect of CaSO, on depressing

the heavy metals accumulation in plant may be

due, essentially, to increased availability of Ca

independent of soit pH (Alva et al, 1986),

although the beneficial effect of increases in Ca

availability as competitive element to adsorptive
processes of heavy metals.

Referring to the interaction effect of salinity X
Ca2* addition on leaf Zn, Fe and Mn contents, data
in Table (5) show that the lowest leaf Zn, Fe
contents were produced by the combination
between the highest salinity concentration X 12
mM Ca?* addition.

In this concem, it is well known that Ca plays
an important role for the integrity of the selective,
ion transport mechanism and also inhibits the
absorption of heavy metals by plant roots
(Maksoud and Haggag. 2000).
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