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EFFECT OF SALINITY OF IRRIGATION WATER
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Abstract: The present work was carried
out during 1995-1998 growth seasons
under a shade house at the
Experimental orchard of the Faculty of
Agriculture, Assiut University. The
aim of this work was to study the effect
of four levels of salinity inirrigation
water (tab water as a control, 2000,
4000 and 6000 ppm soluble salts)on
the chemical composition of leaves, and
roots of four different cultivars of
pomegranate (Punica granatum, L.)
seedlings namely (Manfalouty, Nab El-
Gamal, Montakhab, and Rosy) of one-
and two-years old.

The saline irrigation water was
prepared by dissolving a mixture of
NaCl and CaCl, (1:1 on the base of
equivalent weight) in tab water. At the
end of each growth season the
concentrations of N, P, K, Ca and Na in
both leaves and roots were determined.

The obtained results could be
summarized as follows:

1 - Salinity levels of irrigation water
had no significant effects on N
concentrations in leaves and roots
the seedlings of Nab FEl-Gamal,
Montakhab and Rosy, while N in
leaves of Manfalouty pomegranate
seedlings were reduced.

2 - Increasing the salt concentration in
irrigation water up to 2000 ppm and
significantly  reduced the P
concentration in leaves of the
seedlings. P concentrations in roots
of the studied cultivars were not
affected.

Pomegranate cultivars were differed
in their ability of absorption,
transiocation and accumulation of K
in seedlings. Increasing the salt
concentration in irrigation water
resulted in insignificant increases in
K concentrations in leaves and
roots. In the roots of the oldest
seedlings, increasing the salt
concentration 1n irrigation water up
to 6000 ppm reduced the
concentration of K. Rosy and
Montakhab accumulated the lowest
amount of K ions during the growih
seasons of the study.
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Increasing the salt concentration in
irrigation water up to 4000 ppm had
no significant effects on Ca
concentrations in leaves, but raising

the salipity to 6000 ppm
significantly  increased the Ca
concentrations in leaves. The

differences in Ca concentrations in
leaves between cultivars may be due
to the differential response of
pomegranate cultivars to salinity.



5 - Calcium concentrations in the roots
of pomegranate scedlings were less
affected by salinity of irrigation
water. Increasing salinity levels of
irrigation  water up to 6000 ppm
significantly increased Ca
concentrations only in roots of 1-
year old seedlings of Manfalouty
and Rosy cultivars.

6 - The main cffects of the irrigation
water salinity on Na accumulation
in leaves of pomegranate seedlings
in both growth scasons were
significant. Na concentrations were
significantly increased with salinity
levels up to 6000 ppm in the oldest

seediings. The main effects of
cultivars were not siguificant in
most cases.

7-Na concentration in roots of
pomegranate  cultivars did not
affected by increasing the salt

concentration in irmgation water of
the 1-year old scedlings. While,
only in the second growth season,
the main effect of raising the
salinity levels of irngation water on
Na accumulation in roots were
significant.  The studied cultivars
differed in their ability to absorpt,
translocate and accumulate the
sodinm ion.

Introduction

Land reclamation projects in the
Toshky, Sinai, Eastern and Westcrn
deserts, to increase the cultivated
arca, and to produce more food,
occupy a very important sector in the
programms of Agricultural
development i FEgypt. These
projects depends on using the under
ground water which usually contains
Tugh concentration  of  salts.
Therefore, 1t is important to study the
mmpacts of using such water on the
plant growth and the elements
concentration in crop plants.

Total minerals contents in plant
and plant organs is a function of
many factors that influence the
absorption by roots and transiocation
of nuinents from roots to shoots.
Salinity level i both soil solution

and irrigation water is considered as

a direct factor that affects
absorption, translocation and
accumulation of different i1ons mn

plant organs. In seediings of two
Redhaven  peach  culiivars a
correlation between Na:K ratio and
salt concentration m the growth
media was detected by Biricolti and
Pucci (1995). Results obtained by
Bondok. er af. (1995) showed that
peach seedlings responded to salinity
by incrcasing the concentration of
Ca, Na and Ci and decreasing the
concentration of both Mg and Zn
1ons 1n leaves.

In their studies on the differences
among 15 pomegranate cultivars in
leaf mineral contents, Yamdagni ef
al. (1988) found that P and Mg
levels did not show significant
differences among  the studied



cultivars, while N content was
signtficantly higher in 7 cultivars.
The highest K content was found in
Banipur selectton (2.18%)} and the
lowcst was found m Shirine Anar
(1.15%). The highest level of Ca
was in Bedana Seedana (2.71%) and
the lowest level was in nabha
(1.96%).  Zarad e al. (1996)
reported that K and Mg contents in
leaves of Nabk seedlings decrcased
with thc incrcase of salt
concentration, while Na, Caand Cl
increased.

The impact of saline irrigation
water may be reduced by using some
growth regulators that control the
uptake and accumulation of toxic
ions in seedling. Abou El-Khashab
et at. (1997 found that
paclobutrazol (PBZ) reduced the
iazard cffects of accumnulated Na”
and CI' ions In peach seedlings.
They reported that PBZ promoted
salt stress avoidance in peach by
reducing the uptake and
accumulation of harmful Na* and CI
10ns 1n plant nissues.

Stevens er gi. {1996) found that
leaf Na" and CI' concentrations wcre
elevated by mcreasing the salt
concentration in unigation water used
for sprinkler and surface irmgation.
The increases of Na' and ClI' i
leaves of grapevines with saline
sprnkler irmgation being 4 times
those with salme root irmgation,
Leaf K' concentration was reduced
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by saline foliar imgaton and
mcreased by salire root irngation.
Saline foliar irmigation had no effect
on root concentrations of Na', CI
and K” of grapes seedlings.

The objective of the present work
was to study the effect of four levels
of salinity in irrigation water on the
elemental chemical composition n
leaves, stems and roots of four
different cultivars of pomegranate
seedlings namely {Manfalouty, Nab
El-Gamal, Montakhab, and Rosy) of
different age (one- and (wo-years
old).

Materials and Methods

The present work was carried out
during the 1995-98 growth scasons
under a shade house conditions at the
Experimental orchard of the Faculty
of Agriculture, Assmut University.

The aim of this work was to study
the effect of four levels of salinity tn
irngation water (tab water as a
control, 2000, 4000 and 6000 ppm
salt) on chemical composition and
nutrient distributions in leaves and
roots of four different cultivars of
pomegranate (Punica granatuml.))
seedlings namely (Manfalouty, Nab
El-Gamal, Montakhab, and Rosy) of
one- and tow-years old.

In November 1994 homogeneous
stem cultings were taken from 15-
years old pomegranate trees grown in
the cxperimental orchard of the
Pomology ~ Department,  Assiut



University.  Stem cuttings were
buried in soil till March 1995 then
after thcy were taken out and planted
mm polycthylene bags that contained
3-4 kg of clay soil mixed with 20%
sand. Table (1) shows some physical
and chemical properties of the soil
used in the experiment. The planted
stem cuts wcre irrigated using tab

water and left to grow for three
months. Seedlings were transplanted
into  black polyethylene bags of
30x40 cm in dimentions filled with
20 kg of the same clay soil mixed
with 20% sand.  Seedlings were
irrigated with tab water and left to
grow for one year.

Table (1):Some physical and chemieal properties of the soil used inthe

expernment.

Particle size distribute:
Sand %
Silt %
Clay %
Texture
Field Capacity %
pH (1:1)
ECe (ds/m)
CaCO, %
Exch. K meg/100 gm
NaHC(, extractable P ppm
Soluble ions meq/100 gm
Ca+Mg
Na
K
CO,; + HCO;
Cl
S0,

(9.3
31.00
491
Clay
4270
7.88
1.84
3.13
1.37
16 40

0.58
0.69
0.09
(.35
0.82
012




At the beginning of [996
growth season untformm and
healthy one-year  old
seedlings of the four
pomegranate cultivars were
selected and seedlings of
each cultivar were arranged
i  two patches each
contained 36 seedlings. The
first patch was exposed to
salinity stress for one year
(1996-1997) and the other

was exposed to salinity stress
for two consecutive years (1996~
1997 and  1997-19938). The
experiment consisted of 4
pomegranate cultivars x 4 levels of
saline irrigation water. Three
replicates each contained 3 seedlings
were used and armanged 1 a
complete randomized block design.

The saline irmigation was prepared
by dissolving a mixture of NaCl and
CaCl, at the rateof 1:1 on the base
of equivalent weight in tab water.
The amount of total soluble salts in
tab water was measured (360 ppm)
and sub tracted trom the amount of
salt mixture needed for preparing
each level of saline umigation water,
Al the begmning of March 1996,
seedlings  were exposed to salimity
treatments using the saline irmgation
water. Seedlings were irrigated each
4 days usmg atwo and half litter of
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saline urigation water so as to
maintaia the soil moisture content at
80-90% of field capacity. Irmpation
using the saline irrigation water were
continued to the end of the growth
season. Scedlings received the basic
N, P and K fertilizabon dunng the
growth season with irrigation water.

By the end of the first growth
season the first patch of seedlings
was taken to runnng the chemical
analysis. The second patch was
continuously irrigated with lab water
to flush out the accumulated salt and
left to grow for the second growth
scason.

Seedlings were taken out of the
polycthylene bags and shoots wcrc
separated immediately above the so1l
surface. Shoots were separated mto
leaves and stem, wiped frec of dust
with a damp cloth, fresh weighed,
washed with tab water, nnsed twice
with distifled water, arr dned and dry
weighed.

Roots were washed out of soil
using a jet of lap water then washed
with distilled water. Roots were
plotted dry and fresh weighed. Two
fresh root samples, cach of one gram,
were taken to measure the root length
using the modified Newman’s
mtersection method as described by
Tennant (1975).

Plant materials were oven dried at
70°C, dry weighed, finely ground o
pass through a 2 mm screen and



dlgestﬂd with H;O;-sto.g mixture
as descnibed by Parkinson and Allen
(1995).

Total mtrogen was determined
using a micro-kjeldahl techmique as
described by Bremner (1965).
Phosphorus was determuned
colornmetrically using the
chlorostannous-reduced
phosphomolybdic  acid  mcthod
according to Jackson (1958). Sodium
and potassium were measured in the
digest by flamephotometer while
calcium were determined by the
versen volumetric method.

All treatment combinations were
arranged 1n a factorial experiment in
a complete randomized block design
with three replicates according to
Snedecor and Cochran (1979). The
collected data were analyzed using
the MSTAT computer program as
described by Freed er al. (1986).

Results and Discussion

Effect of saline irrigation water on
nutrients concentrations in
pomegranate seedlings:

1. Nitrogen concentrations in
leaves and roots:

Data prcsemted i Table (2)
showed the effects of increasing the
salimty level in irngation water on
thc eoncentration of N in leaves of
pomegranatc seedhngs. Regardless
of pomegranatc  eultivars, N
concentration in leaves of the 1-year
old seedlings was not significantly

affect by inereasing the salt
concentration In irmgation water up
to 6000 ppm However, N
concentration in leaves of the 2-year
old seediings was sigmficantly
reduced from 2 85 to 2.63% with
raising the salt concentrahon 1n
irmigation water up to 6000 ppm.

Data presented i Table (2) also
represented the effects of interaction
between pomegranate cultivars and
salinity levels of irmngation water on
N contents in leaves of pomegranate
scedlings grown for two successive
seasons. Saline irmgation water had
only an adversc effect on the N% in
leaves of Manfalouty pomegranate
secdlings of 1- and 2-year old.
Ratsing the salt concentrations in
irngation water up to 2000 ppm and
more and up to 4000 ppm and more

significantly  reduce the N
concentrations in leaves of
Manfalouty pomegranate seedlings
of one- and ftwo-year old,
respectively. In both growth seasons
N2% m leaves of Manfalouty
pomegranate significantly reduced

from 3 to 2.5% wath increasing the
salinity levels up to and more than
2000 ppm. Salinity levels of
irrigation water had no significant
effects on N eoncentrations in the
lcaves of 1- and 2-year old
pomegranate seedlings of Nab-El-
Gamal, Montakhab and Rosy. These
results are in agreement with those
found by Yamdagni e/ al/ (1988)
Who found that N content in leave of



7  pomegranate cultivars was
significantly higher than thai of 8
other cultivar.

Salimty levels of imigation water
had no significant effects onthe N
concentrattons in roots of the 1-year
old sesdlings of Manfalouty, Nab-El-
Gamal and Montakhab pomegranate
cultivars. However, raising the salt
concentrations in irrigation water up
to 2000 ppm and more pronouncedly
and significantly reduced the N% in
roots of l-year old seedlings of Rosy
pomegranate (Table 3) In general,
nitrogen contents (n stems and roots
of 1- and 2-year old seedlmgs of
Rosy pomegranate cultivar were
more  susceptible to the adversc
effects of increasing the salimty
levels of irmigation water,

Data of the rcsponse of N
conceniration 1n pomegranate
secdlings to saliization of irrigation
water emphasized that the oldest
poincgranate  seedlings of the all
studied cultivars were more tolerant
to high salt concentration of
irriganion . water than the youngest
oncs.

2- Phosphorus concentrations in
leaves and roots:

Investigating the data presented in
Table (4) showed that 1n both growth
scasons the overall main effect of
salinization of irngation water on P
concentration n leaves of
pomegranate seedlings was

significant, but the magnitude of this
effect was more remarkable in the
first growth season. Increasing the
salt conccntration in iTigation watcr
up to 2000 ppm and more
significantly reduced the P
concentrabon 1n  leaves of the
youngest seedlings from 0.39% to
0.34%, while 1n the oldest one, the
adverse effect of salinization of
irrigation water appeared only with
increasing the salt concentration in
irrigation water up to 4000 ppm and
more.

The effects of salinity levels of
rrngation water on P concentration n
leaves of pomegranatc seedlings werc
diffcred with cultivars, Table (4). In
the first growth season, P
concentrations in leaves of all studied
cuitivars but  Montakhab werc
significantly redueed with increasing
the salt concentration in irngation
water up to 6000 ppm. In the second
growth seasou, P concentration in
leaves of both Nab El-Gamal and
Montakhab  culivars  was  not
affccted by creasing the saliny
levels of imgation water.  The
results obtained by Yamdagm er al.
(1988), showed that P levels
Icaves did not show sigmficant
differences among the pomegranate
cultivars.

Data summarized in Table (5)

reflected  that, in  peneral, P
concentrations in roots of
pomegranate  cultivars was not



affected by both salimzauon of
irngation water and salinization of

irrigation  water

X pomegranatc

cultivars interaction effects. It 1s

worthy to

mentioned that P

concemtrations 1n roots of the 2-year
old seedlings of Rosy cultivars were
sigmficantly reduced with increasing
the salt concentration i irrigation

water up to 6000 ppm.

Table (2):Effect of different levels of salinity in imigation water on N
concentration in leaves of four different cultivars of pomegranate

scedlings.
Salinity N concentration in leaves (%) ]
treatment ppm | Manfalouty Nab El- | Montakhab Rosy Mean
Gamal
Season 1996/1997
12 months after salinity trealmen
Control 302 a 240 C 2.50 c 257 ¢ | 2063 A
2000 261 be |255 C | 257 ¢ 290 ab | 266 A
4000 265 bc |246 C | 263 b |25 bc|238 A
6000 250 ¢ [253 ¢ |26 bc [ 249 ¢ |254 A
Mean 270 A |249 B | 259 AB | 264 AB
Season 1997/1998
24 months afier salinity treaiment
Control 300 ab | 287 ac | 267 efg | 290 ad | 285 A
2000 280 af | 274 a-g | 275 apg |300 a |282 A
4000 260 g | 297 abc | 273 cg | 297 abc | 281 A
6000 250 g |268 d-g |264 dg | 274 Dbg |26 B
Mean 273 AB | 28 AB (265 B |29 A

Means followed by the same letter arc not significantly different at 5% level.

Letters from (A-B) for comparing salinity levels.

Letters from (A-B) for comparing cultivars of pomegranate.

Letters from (a-g) for the interaction.




Table (3):Effect of diffcrent levels of salinity i irrigation water on N
concentration in roots of four different cultivars of pomegranate

scedhings.
FSalinity WL N concentraton in roots (%)
treatine | Manfalouty Nab El- Montakhab Rosy Mean
nt ppm T Gamal
Season 1996/1997
17 months afler salinity treatment
Control | 169 bed | 143 cd | 150 od [ 221 a | 171 A
2000 | 176 b | 147 cd {157 bed | )75 be | 164 A
| 4000 | 168 bed | 156 bed [ 170 bed | 185 b 171 A
6000 | 171 bed | 140 d | 165 bch 150 bed | 156 A
'rMcan 171 _AB | 147 C | 161 gj i85 A
Season 1997/1998
24 months after salinity treatment
Control | 1.55 cde 1.5 od ; 167 abc| 178 a 165 A
2000 {151 de | 136 cde| 167 abc| 163 bed | 159 AB
. 4000 | 156 cde | 143 e | 175 ab | 155 ode [ 1.57 AB’
{6000 | 143 ¢ [ 156 cde | 162 bed | 158 cde | 155 B
McanJ 115 B 154 B | 168 AB([ 163 A ]

Means followed by the same letter are not significantly different at 5% level.

Letters from (A-B) for companng salinity levels.

Letters from (A-C) for companng cultivars of pomegranate.

Letters from (a-c) for the mteraction.



Table {(4): Effcct of different levels of salinity in irnpgation water on P
concentration in lecaves of four different cultivars of pomegranate

seedlings.
‘Salinity P concentration 1n leaves (%)
treatment | Manfalouty Nab El- Montakhab Rosy Mean
ppin Gamal
Season 1996/1997
12 months after salinity treatment
Control | 039 ab § 037 abc | 038 abc | 042 a [039 A
2000 034 bcd | 036 bed | 037 abc | 038 abe | 036 B -
4000 034 bed | 0.33 cd 037 abc | 034 bed | 035 B
6000 033 od 0.31 d 035 bed | 036 bed| 034 B
Mean |[035 AB| 034 B [037 A | 037 A
Season 1997/1998
24 months after salinity treatmen
Comtrol | 031 b | 0.23 f 026 def | 0.43 a 031 A
2000 635 b 0.27 cf [ 031 bed | 034 b 0.32 A
4000 06.26 ef | 027 def | 0.25 f 032 bec 028 B
6000 0.23 i 0.26 def | 0.24 f 0.27 esf 025 B
Mean 0.29 B 0.26 C 027 BC | 034 A

Means followed by the same letter are not significantly different at 5% level.

Letters from (A-B) for comparing salinity levels.

Letters fram (A-C) for comparing cultivars of pomegranate.

Letters from (a-f) for the interaction.
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Table (5): Effect of differemt levels of salinity in wrigation water on P
concentration in roots of four different cultivars of pomegranate

seedlings.
Sahimity P concentration in leaves (%)
trcatment | Manfalouty Nab El- Montakha Rosy Mean
ppm Gamal b
Season 1996/1997
12 months afler salinity trcatment
Control 0.30 b 1032 ab [ 030 b 0.35 a 032 A
2000 031 ab | 030 ab | 032 ab | 033 ab | 032 A
4000 0.29 b 032 ab | 030 ab ) 028 b 030 A
6000 0.29 b | 0.29 b 033 ab | 032 ab | 031 A
Mean 030 A [031 A [031 A |032 A
Season 1997/1998
24 months after salinity treatment
Control 023 be 023 be | 024 ad |028 a 025 A
2000 25 ad | 020 abc [ 024 ad [026 abc [ 026 A
4000 024 ad | 026 ab | 026 abc |025 ad |024 A
6000 023 ¢de | 0.21 € 022 de (024 be (022 B
Mean 024 A (0624 A [024 A [025 A

Means followed by the same letter are not significantly different at 5% level.

L_etters from (A-B) for comparing salinity levels.

Letters A for comparing cultivars of pomegranate.

Letters from (a-e) for the interaction.

3. Potassium concentrations in
leaves and roots:

The overall main cffect of
salinization of imgation water
signficantly and adversely affected

11

the K concentrations in leaves of the
l-year old pomegranate scedlings.
The decrease of K concentration in
leaves of the 1-year old pomegranate
seedlings  occured with the first




increment of increases the salinity
levels in irngabion water (up to 2000
ppm) However. in the second
growth season, irrespective of
pomegranate cultivars, salimization
of irmgation water did not affect the
K concentrations in leaves of
pomegranate  seedlings. Data
obtained by El-Hammady et al.
(1995} revealed that, regardless of
the rootstock of citrus seedlings,
ptants irrigated with water of 3000
ppm salt exhibit of lowest values of
lecaf K concentrations.

In both growth seasons, the
differcnces  between the overall
means of K concentrations in leaves
of pomegranate cultivars were
significant. Nab El-Gamal seedlings
accumulated the lghest amount of K
in their leaves. These data
emphasized  that  pomegranate
cnitivars were differed in their ability
of absorption, translocation and
acenmulation of K in their leaves.

In both pgrowth seasons, K
conceniration 1n Jeaves was not
significantly  affected by the
interaction  between  salinity of

irrigation water and pomegranate
cultivars. Salinity levels of irmigation
water had no significant effects on
the K concentrations in leaves of

both 1- and 2-year old seedlings of
all studied pomegranate cultivars
except for Rosy cultivar. Increasing
the salt concentration in irmgation
water up to 6000 ppm sipnificantly
reduced the K concentration in leaves
of the |-year old Rosy pomegranate
from 1.4to 1.0%. Data obtained by
Zarad et al. (1996) showed that K
content 1n leaves of Nabk seedlings
decreased  with increased salt
concentration n  growth media.
Using sahne water for foliar
trrigation of grapes scedlings resulted
in reducing the leaves K
concentration (Stevens ¢r al | 1996).

Data summanzed in Table (7)
showed that K concentrations in
roots of the younger seedlings were
less susceptible to the adverse effects
of salimization of prowth media.
Irrespective to pomegranate
cultivars, K concentrations in roots
of l-year old potnegranate seedlings
were not affected by raising the salt
concentration in trrigation water up
to 6000 ppm. Inthe sceond growth
season, however, the inercases of
salimity levels in irmgation water up
to and more than 4000 ppm
significantly  reduced the K
concentratiou in roots.



Table (6):Effect of different levels of salinity in irrigation water on K
concentration in leaves of four different cultivars of pomegranate

seedlings.
Salinity K concentration in leaves (%) ]
Lreatment Manfalouty [ Nab EI- Monlakhab J Rosy TﬁmT
ppm Garal ;
Season 1996/1997 _1
12 months after salinity trcatment
Control 130 abc | 140 ab | 104 cf 140 ab | 126 A
2000 1.00 def | 1.50 a 0.83 ) 120 bed | I.}] B
4000 123 ad ) 1.20 bed (09 e (110 oI | 108 B
G000 101  def | 130 abc | 111 be | 102 def| L1t B |
Mean 113 B | 132 A |10 C |[1L15 B L
Season 1997/1998
24 months after salinity treatment
Control 1.20 a-d | 1.33 a 0.81 f LO0 i 109 A
2000 1.14 ad | 1.20 ad | 0.90 f |09 e [101 A
4000 113 ad | 1.22  abc { 090 f 1o - 105 A
6000 1.00 cf | 130 ab LI.OO def ) 110 bc| 109 A
Mean 110 B | 125 A ﬁLo.ss D100 C |
Means followed by the same letter arc not significantly different at 5% level.
{ stters from (A-B) for comparing salimity levels.
Letters from (A-D) for comparing cultivars of pomegranate.
Letters from {(a-f) for the interaction.
Roots of pomegranate cultivars seedling of Manfalouty and

were

significantly differed in their

ability to absorb and accumulate K

wns {Table 7).

The overall main

effeets of powncgranate cultivars on

K concentrations

that

in 1oots showed
in the first growth season,
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Montakhab accumulated the highest
amount of K in their roots. Inthe
second growth scason, roots of Nah
El-Gamal and Montakhab
accwnulated the highest amount of K
ions.



Table (7): Effect of different levels of salinity in wngation water on K
cancentration in roots of four different cultivars of pomegranate

seedlings.
Salinity K concentration in leaves (%)
treatment | Manfalouty | Nab El-Gamal | Montakhab Rosy Mean
ppm
Season 1996/1997
12 months after salinity treatment
Control [ 049 ad | 055 abc 047 ad ] 040 d 048 A
2000 048 b 0.40 d 050 ad |05 ad ;048 A
4000 051 ad 0.49 a 0.44 cd | 0406 ad | 050 A
6000 045 b-d .59 ab 047 ad | 052 ad | 050 A
| Mean |048 A | 053 A 047 A | 048 A
Season 1997/1998
24 months afier salinity trealment
Control 0.55 bc .53 b-¢ 033 bed | 051 of (0533 A
2000 06l a 0.57 ab 052 be | 048  cfg | 034 A
4000 .50 c-f | 0.52 b-e 0.31 c[ Y046 g (050 B
6000 046 fg | 045 g | 049 dg |046 g | 047 C
Mean 0.53 A | 052 A 051 A (048 A
— —

Means followed by the same letter are not signuficantly different at 5% levcl.

Letters from (A-C) for comparing salinity levels.

Letters from (A-B) for comparing cultivars of pomegranate.

Letters from (a~g) for the interaction.

The salinity level x pomegranate
cultivar interaction had no significant
effects on K concentrations in roots
of pomegranate seedlings of the 1-
year old, but it was sigmficant in the

case of the 2-year old seedlings
(Table 7). Increasmg the salt
concentration in rigation water up
to 6000 ppm reduced the
concentration of K in roots of the 2-




vear old seedling of Manfalouty and
Nab Et-Gamal only

Saline irrigation water has many
type of inury effects on plants.
Osmotic effects and specific ion
effects are the most well known
effects. Salinization of irrigation
watcr may also damage the cell
membrane  and  demolish 1ts
selectivity.  Thus the salt affected
cells may aecumulate higher amount
of disolved ions as a final result of
destroving the cell membranc.
Therefore, in most cases salinization
of irmigation water mcreased the
concentration of 1ons 1n plant organs.
In some cases, increascs the salt
concentration  in  growth media
resulted in decreasing the ability of
roots to absorb and translocate the
dissolved ions as a result of the
antagonistic ¢ffects betwecen ions and
thus the concecntrations of ions in
plant  organs  dccreased  with
ncreasing the salt concentration in
the growth media.

4- Caleium concentrations in leaves
and roots:

Tables (8 and 9) showed the
effects of salinity levels in irnigation
water on Ca concentrations in leaves,
and roots of 1- and 2-year old
seedlings of pomegranate cultivars.
Regardlcss of cultivars, in the case of
l-year old pomegranate seedlings,
increasing the salt concentration in
trrigation  water up to 4000 ppm had
no sipuficamt  effects on Ca

concentrations in leaves, but raising
the salinity level in irrigation water
up to 6000 ppm sigruficantly
incrcased the Ca concentrations in
leaves (Table 8) Ca concentrations

in leaves of the 2-year old
pomegranate seedlings were
significantly mncreased with

increasing the salt concentrations in
irrigation water up to 4000 ppm and
higher. Leaves of Rosy seedlings
aceumulate the highest amount of Ca

white leaves of WNab El-Gamal
seedlings contaimed  the lowest
concentration of Ca.  The increase

amounts of Ca in leaves may be due
to the increascs of Ca concentrations
in the prowth media that associated
with salimzation of the trngation
water. The differences in Ca
concentration in icaves of different
pomegranate cultivars may he due to
the differences among cultivars in
absorption, translocation and
accummulation of Ca in leaves, These
results are in line with Zarad ef af
(1996), they found thar Ca
concentraton 1n leaves of Nabk
seedlings increased with the increascs
of salt m growth media. Bondok et
al.  (1995) showed that peach
seedlings responded to salinity by
increasing the concentration of Ca in
leaves.

The cultivar x salt concentration
of ingation water interaction
markedly affected the Ca
concentrations in leaves of - and 2-
year old pomcgranate seedlings. In



the first growth season, salimization

concentrations in leaves of all studied

of irmgation water up to 6000 ppm pomegranate cultivars but Nab El-

significantly

increased

the

Ca

Gamal.

Table (8):Effect of differcnt levels of salinity n irngation water on Ca
concentration in leavcs of four different cultivars of pomegranatc

scedlings.
Salinity Ca concentration 1o leaves (%) N
treatment | Manfalouty | Nab El-Gamal | Montakhab |  Rosy Mean
ppm
Season 1996/1997
12 months after salinity treatment
Control 157 d-g | 145 fg 1.70 ¢ | 193 bc| 168 B
2000 L.67 def | 162 def L48 fg 180 cd| 164 B
4000 177 cde | 1.52  efg 166 def| 208 b | 176 B
6000 1.95 bc | 150 £ 195 bec | 247 a | 198 A
Mean 1.74 D 1.52 C 170 D | 205 A
Season 1997/1998
24 months after salinity treatrment
Control 144 cde }.35 de | 150 cde| 1.56 ed| 150 B
2000 .48 cde 1.52 cde | 168 © 21 abjLl68 B
4000 135 de 1.54 cde | 2.16 a 193 b | 175 A
6000 1.33 € 1.37 de | 2.18 a 215 ab| 178 A
Mean 1.43 B 1.42 B [ 18 A |19 A

Means followed by the same letter are not significantly differcnt at 3% level.

Letters from (A-B) for comparing salinity levels.

Letters from (A-D) for comparing cultivars of pomegranate.

Letters from (a-€) for the interaction.
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Table {9):Effect of different levels of sabnity in wmngation watcr on Ca
concentration in roots of four different cultivars of pomegranate

seedlings.
Salinity Ca concentration in leaves (%)
treatment ppm | Manfalouty | Nab El-Gamal | Montakhab Rosy Mean.—j{
B Season 199671997 1
12 months after salinity treatment
Conitrol 113 del | 1.07 def 1.33 ed | 120 cf (119 B
2000 1.13  def [ 1.00 r 113 def| 128 cde| 14 B
4000 123 of ) 103 ef 125 cof [ 123 cf{ 118 B
6000 1.77 b 1.63 ef 147 ¢ | 210 a 159 A ;
B Mean 131 A |103 B 130 A [123 AB
1 Season 1997/1998
24 months afier salinity treatment
| Control 087 ef |10 b 1.13 db | 098 o) [00 A
L 2000 108 abc 116 a | 097 of {105 ad| 107 A
4000 1.13 ab | 110 abc .87 ef | 102 bed| 1.03 A |
6000 083 r 1.13 ab 092 def [ 103 ad {098 A
| Mean 098 A | 110 A fo.w A |LO2Z A

Means followed by the same letter are not sigmificantly different at 5% level.

Letters from {A-B) for companng salinity levels

Letters from (A-B) for companng cultivars of pomegranate.

Letters from (a-¢) for the interaction.

Calcium concentrations n leaves
of l-year scedling of Nab El-Gamal
were less affected by raising the salt
concentrations 1o irmgation water.
Leaves of rosy culttvars had the
Inghest concentrabons of Ca which
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were more affected by raising the salt
concentrations n irrigation water
comparing 1o the other studied
cultivars. In thc second growth
scason, the trend was changed Ca
concentrations in leaves of the 2-ycar




old secdlings of both Manfalouty and
Nab El-Gamal werc not affccted by
salimization of imgation water, while
(’a concentrations in leaves of the 2-

ycar old  secedlings of both
Montakhab and Rosy cultivars were
significantly increased with

incrcasing the salt concentrations in
irrigation  watcer up to 4000 ppm and
higher. Increasing the Ca
concentrations in the growth media
that associated with raising the
salinily levels of inpgation water may
gxplain  these  results. The
differenccs in Ca concentrations in
leaves among cultivars may be due to
the differential  response
pomegranate cultivars to salinization
of irrigation water. El-Hammady ef
af. (1995) found that citrus rootstock
were  significantly differcd in their
lcaves Ca concentrations Bondok er
«l. (1995) rcported that peach
scedimgs rcsponded to sakmity levels
Wi wrrngation  water by increasing the
concentration of Ca in leaves

The main cifect of increasing salt
conceniration in irrigation water on
Ca concentration in roots of the |-
vear old pomegranate seedling was
significant, whilc it was not
sipmficant  for thc 2-year old
pomegranate scedlings (Table 9).
Raising the salt concentration In
irnigation  water up to 6000 ppm
significantly increased the Ca
concentration in roots of the 1-vear
old pomegranatc scedlings from 1.19
to 1.59%. The 2-year old

of
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pomcgranate seedlings sccmed to be

more tolerancc to salt imury,
therefore  increasing the salinity
lcvels did not affect the Ca

concentrabions 1n therr roots.

Data presented in Table (9) also
showed that the differences in Ca
concentrations in roots of the 1-ycar
old pomegranate seedlings werc
significant, but thc roots of the 2-
ycar old secdlings accumulatcd
almost the same amount of Ca in
therr roows,

The cffect of interacthion among
culovars and salinity lcvels of
irmigation water on Ca concentrations
in roows was highly sigmificant (Tablc
9). This effect was more pronounced
in the l-year old scedlings comparcd
to the 2-ycar old oncs. Increasing
salinity lcvels of irrigation watcr up
to 6000 ppm significantly incrcased
Ca concentrations only n roots of 1-
vear old seedlings of Manfalouty and
Rosy cultivars.

5- Sodium concentrations in leaves
and roots:

The main cifects of the irrigation
water salinity on Na accumulation in
leaves of pomegranate scedlings m
both pgrowth seasons were significant
(Table 10) Na concentrations n
leaves of pomegranate seedlings
sigmficantly mereased with raising
the salinity levels of irrigation water
np to 6000 ppm. The main cffects of
culovars were not significant in most
cases.



In both pgrowth seasons the
interaction cffects of salinity lcvels x
cultivars were significant.  In both
urowth scasons and m all the studied
pomegranate  eultivars, salimization
of irngation water resulted in
increasing, the concentration of Na in
leaves (Table 10). This maybea
direct result of using NaCl salt in
salinizing the irmgation water. Many
iuvestigators reported that, m many
fruit trecs, increasing the salt
coneentration in irrgation water was
associated with accumulation of Na
ions 1 feaves These increases m Na
accumulations in leaves may be
responsible for reducing the weight
and root length of pomegranate
scedlings (Ahmed Amw et al.,
2002). This effect 1s the same as
that reported by El-Hammady e ai.
(1995) in citrus rootstocks, Stevens
er af. (1996) in grape and Zarad ef
al. (1996) in nabak.

As presentcd 1n Table (11) the
mawn cffects of the saline irrigation
watcr on Na concentration in 1oots
was ouly significant in the second
growth  scason. Incrcasing the
salinity lcvel of irngation water
resulted 1n increasing the overail
mean of Na concentration in roots of
2-year old pomegranate seedlings
from 0.14 to 0.22%. As enumerated
ubove, In leaves only n the first
growth scason significant differences
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existed in Na concentration in roots
among the pomegranate cultivars
Nab El-Gamal and Montakhab

cultivars had the highest Na
conceptration m their roots. The
differences among the 1-ycar old
pomegranatc  cuitivars in Na

concentration i roots confirmed that
pomegranate scedlings tolerate the
salinity stress by accumulate high
amount of Na tons in their roots and
the young cultivars differed n therr
abiiity of developing the exeluded
mechanism  of tolerate the salinity
stress.  The oldest seedling already
developed this mechanism and al} the
pomegranate cultivars werc equal m
this respect.

It 1s worthy to mention that the
interaction effects of salmity level x
pomegranate  cultivars on  Na
concentration in roots m both growth
Season  Werc not  significant.
However, onfy m the second growth
season, the effects of salinization on
Na concentration In roots varies with
pomegranate cultivars  Increasing
the salinity levels of irrigation water
from 2000 to 6000 ppm significantly
increased the concentration of Na in
roots of the 2-year old Manfalouty,
Nab El-Gamal and Montakhab
cnltivars where 6000 ppm sahnity
level gave the highest concentration
of Na 11 roots.



Table (10): Effect of different levels of salinity in trrigation water on Na
concentrauon in leaves of four different cultivars of pomegranatc

seedlings.
m-t;_l Na concentration in leaves {36} ‘}
treatment | Manfalouty | Nab El-Gamal | Montakhab Rosyj Mean
ppin
Season 1996/1997
[2 months afier saluity treatment
Control | 017 ¢ [ 018 c 034 abc| 016 ¢ (021 B
2000 046 ab | 0.50 ab 046 ab | 025 abc (042 A
4000 026 be | 0.30 abc 043 abc (054 a (039 A
6000 025 be | 034 abe 055 a | 043 be |039 A
t Mean 029 B QB B &44 A (035 AB |
Season 1997/1998 |
24 months after sahmty treatment |
Conirol 0.08 d 0.10 d 0,13 ¢ed | 010 cd | 010 C
2000 023 be | 018 'bed (016 cd | 014 cd | 017 B
4000 0.14 «cd 0.23 be | 02} be | 015 cd]jOI8 B
6000 0.18 cd 0.40 a 031 ab | 017 cod | 027 Al
3 Mean 016 A 0.22 %J 020 A | 015 A :1

Means followed by the samc letter are not sigmificantly different at 5% level.

Letters from (A-C) for companng salinity levels.

Letters from (A-B) for companng cultivars of pomegranate.

Letters from (a-d) for the mtcraction.
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Table (11): Effect of different levels of salimity in irrigation water on Na
concentration in roots of four different cultivars of pomegranate
seedhngs.

Salinity Na concentration in leaves (%)

treatment | Manfalouty | Nab El-Gamal | Montakhab J Rosy J Mean
ppm

Season 1996/1997
12 months after salinity treatment

P -

Contro] [ 0.24 cd 0.32 ab 025 ad|029 ad {027
2000 0.25 bed | 0.3) abe 031 abc) 030 abc | 0.29
4000 0.24 cd 029 a-d 032 ab [027 ad {028
6000 030 abc | 0.27 a-d 032 a 1021 d 0.28

L
Mean 020 B 0.30 A 030 A |027 B

]

Season 1997/1998

24 months after salinity treatment

]

Control [ 012 h 0.14 gh 0.15 eh 015 fgh |04 C
2000 | 016 d-g [017 dg |0.14 fgh (016 d-g (016 C
4000 019  bed | 0.2] be 0.18 b-e | 017 d-g |0.19 B
6000 021 b [027 a 022 b [ 017 of {022 A
Mean 0617 A 019 A 0.17 A |06 A _J

Means followed by the same letter are not significantly different at 5% level.
Letters from (A-C) for comparing salinity levels.
Letters from (A-B) for companng cultivars of pomegranate.

Letters from (a-g) for the interaction.
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