IV. RESULTS AND DISCUSSION

It is well known that salinity is considered one of the factors
that affect plant growth through its depressive on both metabolic
activities and water relations within the different plant tissues.
Thus, the following presentation of results and discussion will be
concerned with the effect of salinity concentration, sodium
adsorption ratio (SAR) and chloride (Cl: SO4) ratio of saline
solutions used for irrigation on growth, physiological aspects,
chemical composition of plant organs and anatonitical structure of
three pomegranate cvs transplants.

IV.1. Effect of salt concentration; sodium adsorption
ratio and chloride level (Cl: SO,) in irrigation
water on growth measurements of three
pomegranate cultivars transplants:

In this regard, the vegetative growth measurements
expressed as plant height; net increase in plant height; number of
leaves/plant; net increase in number of leaves/ plant; number of
shoots/ plant; net increase in number of shoots/ plant; leaf area,
total assimilation leaves area; root length; number of roots; fresh
and dry weights of plant organs (leaves, stem, roots and total plant)
in response to specific effect of four factors i.e., salinity
concentrations (2000, 4000 and 6000 ppm beside tap water as
control), two sodium adsorption levels (3 & 6); two chloride:
sulphate levels i.e. (low & high Cl: SOj4 ratio) in irrigation water
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used and three pomegranate cultivars transplants, as well as
interaction effect of different combinations between four studied
factors were investigated. Data obtained during 2000 and 2001
seasons are presented in Tables (3); (4); (5); (6); (7); (8); (9); (10)
and (11).

IV.1.1. Effect on plant height (cm):

Data obtained during 2000 and 2001 seasons regarding the
specific and interaction effects of the four investigated factors i.e;
(pomegranate cultivars, salinity concentration, SAR and Cl: SO,
ratio) on average plant height (cm.) of pomegranate cultivars
transplants are presented in Table (3).

A) Specific effect:

Regarding the specific effect of pomegranate cultivars on the
average plant height (cm.), data obtained in Table (3) showed that
Manfalouty transplants were the tallest ones followed in a
descending order by Nab El-Gamel and Wardy transplants. These
results are in harmony with the findings of Youssif, (1989),
Noaman ef al, (1994), Ali (2000) on pomegranate cvs and
Motosugi ef al., (1987) and Schreiner and Ludders, (1992 a & b)
on apple rootstock.

Concerning the specific effect of salinity concentration, data in
Table (3) clearly show that all three investigated concentrations
(2000, 4000 and 6000 ppm) of saline solutions resulted in an
obvious decrease in plant height of pomegranate transplants during
2000 and 2001 seasons. Such decrease was significant as compared
to those of tap water irrigated ones. On the other hand, the most
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depressive effect was always in concomitant to the highest
concentration i.e., 6000 ppm during both seasons of study.
However, the 2000ppm saline solution exhibited the lowest
decrease. Meanwhile, the 4000 ppm concentration was intermediate
in this concern, whereas, differences between the three salinity
concentrations were significant as each was compared to the two
other ones during two seasons of study. The obtained results,
regarding the specific effect of salt concentration, in irrigation
water agree with that reported by Wilcox, (1951) who mentioned
that salinity of soil solution may affect plant growth in two ways: 1-
The osmotic pressure of the solution which may be much enough to
limit the availability of water to the plant. or 2- the high
concentration of salts may facilitate the uptake of one or more ions

so that an accumulation may occur and cause a damage in the plant.

The effects of soil and irrigation water salinity on growth of
pomegranate were intensively studied and recorded Patil ef al,
(1985); Doring and Ludders, (1986-a and b) and Doring, (1987);
Mehata ef al., (1988); Mishra, (1990) and Luice, ef al, (1991).
Pomegranate has been described as a salinity tolerant fruit trees
Petrosyan, (1984) and Jain and Dass, (1988). Shashi er al, (1995)
found that in pomegranate (Punica granatum, L.) highly
significant and negative correlations were observed between growth
parameters (plant height, stem girth and average spread) and
clectrical conductivity (EC) of soil at all depths.

Pokroveskay, (1957) found that in glycophages both cell
division and cell elongation were inhibited with increasing salinity.
Moreover, Behairy et al., (1984) on the Thompson and American
grape rooted cuttings; Kabeel, (1985) on some deciduous fruit
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seedlings; Taylor et al., (1987); Al-Saidi et al., (1988) and Prior et
al., (1992) on grape vine plants, all reported that the plant height
was decreased with increasing salinity concentrations.

Concerning the specific effect of sodium adsorption ratio
(SAR) it was quite evident that raising it from 3 to 6 in irrigation
water significantly decreased the plant height during 2000 and 2001
seasons. These results are inagreement with the findings of Youssif,
(1989), Noaman et al, (1994) on pomegranate Behariy er al.,
(1984) on Thompson scedless and American grape, Kabeel (1985)
on some deciduous fruit species, AL-IKhateeb, (1989) on some fig
varieties and Omar, (1996) on apricot and mango seedlings. They
found that increasing sodium adsorption ratio (SAR) resulted in a
significant reduction in plant height.

As for the specific effect of Cl:SO, ratio in saline solution
used for irrigation on plant height, it could be noticed from data in
Table (3) that the higher ratio (increasing the level of chloride in
irrigation water) resulted in a significant decrease in stem length of
apple rootstocks transplants during the two seasons of study. In this
respect, Kabeel, (1985) on some deciduous fruits species, Omar,
(1996) on apricot and mango seedlings and Abd-El-Mageid,
(1998) on almond seedlings, found that increasing Cl:SO, ratio
significantly decreased stem length.

B) Interaction effect:

Referring the interaction effect of possible combinations
between four investigated factors i.e., pomegranate cultivars,
salinity concentration, SAR and Cl: SO, ratio on average transplant

height, data obtained in Table (3) show obviously a considerable
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response during two scasons. The most depressive effect was
exhibited by the irrigated Wardy transplants with 6000 ppm saline
solution of SAR 6 and higher Cl:SO, ratio, where the shortest
transplants were resulted. Moreover, three other combinations of

6000ppm saline solutions ranked second in an increasing order,

On the other hand, the lowest decrease in stem length was
detected by those of Manfalouty transplants irrigated with 2000
ppm saline solution of SAR 3 and lower C1:SO, ratio as compared
to those combinations of three pomegranate cultivars continuously
irrigated with tap water (control) during 2000 and 2001 seasons. In
addition, other combinations were in between the aforesaid two
extents. These results are in agreement with the findings of
Noaman et al., (1994) on pomegranate Osman, (2005) on apple
rootstocks and Hassan, (2005) on oliv.

1V.1.2. Effect on net increase in plant height (cm):

Data obtained during 2000 and 2001 seasons regarding the
specific and interaction effects of the four investigated factors i.e;
(pomegranate cultivars, salinity concentration, SAR and CL:SO,
ratio) and their combinations on net increase in plant height (cm.)

of pomegranate transplants arc presented in Table (3).
A) Specific effect:

Regarding the specific effect of pomegranate cultivars on net
increase in plant height (cm.), data obtained in Table (3) showed
that Manfalouty cultivar had the tallest transplants followed in a

descending order by Nab El-Gamel and Wardy cultivars. These
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results are in harmony with the findings of Youssif, (1989) and Ali,
(2000) on pomegranate cultivars, Motosugi er al., (1987) and
Schreiner and Ludders, (1992 a and b) on apple rootstocks.

Concerning the specific effect of salinity concentration, data
in Table (3) clearly show that all three investigated concentrations
(2000, 4000 and 6000 ppm) of saline solutions obviously by
decreased the net increase in plant height of pomegranate
transplants during 2000 and 2001 seasons. Such decrease was
significant as compared to those of tap water irrigated ones. On the
other hand, the most depressive effect was always in concomitant to
the highest concentration i.e., 6000 ppm during both seasons of
study, however, the 2000ppm saline solution exhibited the lowest
decrease. Meanwhile, the 4000 ppm concentration was intermediate
in this concern, whereas, differences between the three salinity
concentrations were significant as each was compared to the two
other ones during two seasons of study. The obtained results,
regarding the specific effect of salt concentration, in irrigation
water agree with that reported by Wilcox et al., (1951) who
mentioned that salinity of soil solution may affect plant growth in
two ways: |- The osmotic pressure of the solution which may be
much enough to limit the availability of water to the plant. or 2- the
high concentration of salts may facilitate the uptake of one or more
ions so that an accumulation may occur and cause a derangement of
the plant.

Pokroveskay, (1957) found that in glycophages both cell
division and cell elongation were inhibited with increasing salinity.

Moreover, Youssif, (1989) on pomegranate Behairy er al., (1984)

S =

Results and Discussion 105



on the Thompson and American grape rooted cuttings; Kabeel,
(1985) on some deciduous fruit seedlings; Taylor et al, (1987);
Al-Saidi ef al., (1980) and Prior et al., (1992) on grape vine plants,
all reported that the plant height was decreased with increasing

salinity concentrations.

Concerning the specific effect of sodium adsorption ratio
(SAR) it was quite evident that raising it from 3 to 6 in irrigation
water significantly decreased the net increase in plant height during
2000 and 2001 seasons. These results are in agreement with the
findings of Youssif, (1989) on pomegranate Behariy ef al., (1984)
on Thompson seedless and American grape rooted cuttings,
Kabeel, (1985) on some deciduous fruit species, AL-Khateeb,
(1989) on some fig varieties and Omar, (1996) on apricot and
mango seedlings. They found that increasing sodium adsorption

ratio (SAR) resulted in a significant reduction in plant height.

As for the specific effect of Cl:SO4 ratio in saline solution
used for irrigation on net increase in plant height, it could be
noticed from data in Table (3) that the higher ratio (increasing the
level of chloride in irrigation water) significantly decrcased stem
length of pomegranate transplants during the two seasons of study.
In this respect, Kabeel, (1985) on some deciduous fruits species,
Omar, (1996) on apricot and mango seedlings and Abd-El-
Mageid, (1998) on almond seedlings, found that increasing Cl1:SO,

ratio significantly decreased net increase in plant height.
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Tabie (3): Plant height (cm) and net increase in plant height (cm) of pomegranate transplants (rooted cutting) in response te specific and interactior
effects of Pomegranate cultivars; (salt concentrations, SAR and Cl:SO4 ratio in saline irrigation water) and their combinations during 2000 ¢
2001 seasons.
h S Cultivars Plant height (cm) | net increase in plant height (cm) 7
Treatments ) e Manfalouty wm_wﬂn”:.w_. Wardy . Mean®* ; Mean™™" 7 Mean*®"=* - Mantalouty m -Mwm_w..w__. Wardy Mean"" Mean™" v Mean®"*" 7
2000
Tap water | 79.33a | 72830 | 72830 75.00 A SAR3 A LowCl | 37.17a 32.17 b 30.83 b 33.38A | SARS _ Low CI
SAR 3 LowCl | 73.00b 68.67d [6550F | 31.33b 27.17cd | 23.83 fg | | _
2000 HighGl |6883¢ §567e 63830 65978 | 6229A | e17sa | 2533c  12583de 122879 | ., .0p | 20754 | 20154
ppm SRR LowCl | 68.83 cd 65.17f |160.33J 26.33de | 25.00ef | 17.00i | |
High Ci | 68.17d 61.83h | 55834 25.00 ef 20.67 h 17.33 kI | |
SAR 3 LowCl | 6517f 54.17im | 5533 K SARE HighCl | 22.83g 17.17 1 13.00n | SARGE High CI
4000 High CI 64.67 fg 5§3.50i-n | 53.17M-0 Side 21.00 h | 16.50 1 11.330-q | _
ppm SARE Low CI 61.50 hi 52.83 no | 52.50 N-P W 20. 33 hi 16.171im | 933 rs 14.67 C _
High CI 60.50 ij 5217 op | 52.33 N-P | 18.67 jk 14.83m | 8.00s _
EATES Low ClI 54.33 ki 47.33q | 4567RS | 60.28 B 60.82B | 12.50 no 10.17 g-s | 4.17 uv 1E.69 B 19.28 B _
6000 High Ci 53.50 I-n 46.17r | 44507 D | 12.17 no 5.00 s 283 vw |
ppm SiTE Low ClI 52.83 no 4467 st | 44.17 TU i 11.67 n-p 7.33¢t 233w 6.33D ,_
High CI 51.50 p 4417t | 43330 10.67 p-r 5.00 u | 1.83 w |
Mean * 63.32 A 56.17B 54.87C D e | o= | 21.38A | 17.46B | 12.73C ) e e
2001 W
Tap water 7117 a 68.67b | 66.67c | 68.83A SAR3 LowCl | 36.17a |3467b [3200c | 3428A | SAR3 LowCl |
, SAR 3 Low Ci 65.67d 64.67e | 55831 | _, 30.67 d | 2083 e 22.67 ” !
2000 High Cl | 63.50 f mn.ma.m | 54.50 n S5HAD SEAGA o, 28.50 f 28.83 f 2150k | 54 698 YA A ,
ppm GaRs Low CI 61.17 h 58.83i 4 52.50 p 26.50 g 2517 h 18.67 o |
High CI 58.00 j 58.00 k | 50.00 r 24171 23.00 16.83 g |
Sikis Low CI 56.17 | 5517 m _ 44.00 u SARG High CI | 21.33 kI 20.83Im | 10.33 u SARE Highcl |
4000 High CI 5517 m 53500 | 43.00v - 20.67 m 18.50 o 8.83v |
ppm Giie Low ClI 54.67 mn 52.67p |41.83w _ 18.33 n 17.83 p 8.50 v 15.50C 7
High CI 52.33p 50.50q | 4167w 1717 q 1567 r 7.00 w
EARS Low ClI 46.83 s 47.17s | 3833y 53.97B 54498 | 1217 st 12.50 s 3.67 x i 19.47B 20.088 |
6000 High CI 4567 t 4567t 3833y 42,500 11.83 1 11.00 u 3.50 x _ [
PPpmM SARGE Low Ci 45831t 44 33 u 36.502 11.00 u 10.50 u 2.67y | 8.03D
High CI 44.00 u 40.50 x 36.83z 8.50 v | 06.B3 w 217y |
Mean * 55.48 A 54098 |4615C | —— | —~— | < |2062A | 19.63B |12148C | | = | = |
*, *, = and "~ means refer to specific effect of pomegranate cvs; salinity concentration: SAR and Cl:SO4 ratio, respectively. Values within the same column or row for any of fou

investigated factors and their combinations followed by the same letter/s were not significantly different at 5% level. Capital and small letters were used for distinguishing vaiues of eithe

specific effect for each investigated factor or interaction effect of their combinations, respectively.
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B) Interaction effect:

Referring the interaction effect of possible combinations
between four investigated factors i.e., pomegranate cultivars,
salinity concentration, SAR and Cl: SO, ratio on net increase of
plant height, data obtained in Table (3) show obviously a
considerable response during two seasons. The most depressive
effect was exhibited by the irrigated Wardy transplants with 6000
ppm saline solution of SAR 6 irrespective of Cl: SOy ratio, where
the least increase in transplants height was significantly resulted.
Moreover, two other combinations of 6000ppm irrigated transplants
of the same cultivar ranked second in an increasing order.

On the other hand, the least decrease in net increase in plant
height was detected by those combinations of Manfalouty
transplants irrigated with 2000 ppm saline solution of SAR 3 and
lower Cl: SO, ratio as compared to those irrigated with different
saline solutions of three pomegranate cultivars during 2000 and
2001 seasons. In addition, other combinations were in between the
aforesaid two extents.

IV.1.3. Effect on root length (cm):
A. Specific effect:

Concerning the specific and interaction effects of pomegranate
cultivars; salt concentration; sodium adsorption ratio (SAR);
chloride level (Cl: SOy ratio) and their combinations on root length,
data are presented in Table (4). Referring the specific effect of
pomegranate cultivar, it is clear that Manfalouty had the tallest
roots followed in descending order by Nab El-Gamal and Wardy
transplants.

#
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Regarding the specific effect of salt concentration, data in
Table (4) indicated that root length (cm.) was negatively correlated
with salt concentration during the two seasons of study. In other
words all three salt concentrations (2000, 4000 and 6000 ppm.)
significantly depressed root length, however, such decrease was
more remarkable with the highest concentration (6000 ppm). On
the contrary 2000 ppm concentration exhibited the least depression.
Meanwhile, the 4000ppm concentration was intermediate in this
respect. Differences between the three salinity concentrations were
significant as cach was compared to two other ones during 2000
and 2001 seasons. In this connection, the findings of Noaman er
al., (1994) and Ali (2000) on pomegranate transplants gave support
to the present results. Moreover, Hayward and Long, (1942)
reported that the total concentration was a major factor in the
general growth depression on peach. Hayward and Spurr, (1943)
concluded that the increase in osmotic pressure of saline soil
solution tended to restrict the water uptake by root of corn plants.

Omar, (1996) on apricot and mango seedlings and Abd-El-
Mageid, (1998) on almond seedlings, reported that a significant
decrease in root length was observed with increasing  salt

concentration in the irrigation water.

Concerning the specific effect of sodium adsorption ratio
(SAR), it is quite clear that, increasing sodium adsorption ratio
from 3 to 6 in irrigation water significantly decreased the root
length of pomegranate cultivars transplants during 2000 and 2001
scasons. This result is similar to that reported by Noaman et al.,
(1994) on pomegranate cultivars. Omar, (1996) on both apricot and
mango seedlings and Abd El-Mageid, (1998) on almond seedlings.
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With respect to the specific effect of chloride level (Cl: SO
ratio) of saline solution used for irrigation on root length, it is quite
clear from the present data in Table (4) that the higher Cl: SO, ratio
in irrigation water decreased root length. Such decrease was
significant during the two scasons of study. The same trend was
reported by Omar, (1996) on both apricot and mango seedlings and
Abd-El-Mageid, (1998) on almond seedlings.

B) Interaction effect:

As for the interaction effect between pomegranale cultivars;
salt concentration; sodium adsorption ratio (SAR) and chloride
level (Cl: SO, ratio), data are presented in Table (4). Generally,
data indicated that root length of pomegranate cultivars transplants
irrigated with saline solutions were significantly depressed  as
compared with control during the study.

The most depressive on root length was always in conomitant
to such combination of Wardy transplants irrigated with saline
solutions of 6000ppm; SAR 6 and higher Cl: SO, ratio (highest
decrease in root length was resulted). Moreover, other
combinations of 6000ppm saline solution ranked second in an
increasing order. On the other hand; the least decrease in root
length was coupled with those combination of Manfalouty
transplants irrigated with 2000 ppm saline solution of SAR3 and
lower Cl: SO, ratio as compared with control during 2000 and 2001
sasons. In addition, other combinations were in between the
abovementioned two extremes. The same trend was found by
Youssif, (1989) on pomegranate, Omar, (1996) on apricot and
mango seedlings, Abd-El-Mageid, (1998) on almond plants,
Osman (2005) on apple rootstocks and Hassan (2005) on olive.

—_———_—__ﬁ——

Results and Discussion 110



IV.1.4. Effect on number of roots per plant:

Data obtained during both 2000 and 2001 experimental
scasons regarding the specific and interaction effects of four
investigated factors and their combinations are presented in Table

(4).
A) Specific effect:

Concerning the specific effect of the different factors
involved in this study i.e. (pomegranate cultivars; salinity
concentrations; SAR and Cl: SO, ratio) on the number of roots per
plant, data as shown in Table (4) revealed that Manfalouty
transplants had significantly the greatest number of roots/ plant in
both seasons. Wardy took the other way around. In addition, total
number of roots per plant decreased, in general, with increasing salt
concentration in irrigation water during 2000 and 2001 seasons.
Such decrease was significant as the three salts concentrations i.e.
of 2000, 4000 and 6000ppm were compared to those of tap water.
In addition, the most depressive effect was always in concomitant
to the highest concentration i.c., 6000ppm during both seasons of
study, however, the 2000 ppm saline solution exhibited
significantly the lowest decrease. Meanwhile, the 4000 ppm
concentration was intermediate in this conern.

These findings are in harmony with those obtained by Ali,
(2000) and Saeed, (2005) on pomegranate cultivars Fathi, (1994)
on apple rootstock seedlings, Pandey and Divate, (1976) on
grapevine, Kabeel, (1985) on some decidious fruit species, Bondok
et al, (1995) on Florida prince peach, Omar, (1996) on some
deciduous fruit species and Abd-EI-Mageid, (1998) on almond
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plants. They found that number of roots per plant decreased

considerably with increasing salt concentration in irrigation water.

Regarding the specific effect SAR, data as shown in Table
(4) revealed that the higher ratio of SAR (6) resulted significantly
in depressing the qumber of roots/ plant than the lower one i.¢.
SAR 3 during two seasons of study. These results are in agreement
with that reported by Behairy ef al., (1984) on Thompson grape
and American grape: Omar, (1996) on apricot and mango
seedlings and Abd El-Mageid, (1998) on almond plants. They
found that increasing SAR from 3 to 6 in irrigation water resulted

in a significant reduction in the number of roots per plant.

As for the specific effect of the Cl: SO, ratio of saline solution
used for irrigation on number of roots/plant, it could be observed
from data in Table (4) that the higher ratio resulted in a significant
decrease in number of roots/ plant than the lower one during the
study. Similar results were also found by Kabeel, (1985) on some
deciduous fruit species; Omar, (1996) on apricot and mango

seedlings and Abd-El-Mageid, (1998) on almond seedlings.
B) Interaction effect:

Referring the interaction offect of different combinations
between the four investigated factors i.c. pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on number of roots.
Table (4) shows a considerable and statistical effect in both seasons
of study where, the most depressive effect on number of roots/plant
was exhibited by Wardy transplants irrigated  with (6000ppm)
saline solution of SAR 6 regardless of Cl: SO, ratio, followed by

the transplants of the same cultivar irrigated with 6000 ppm saline

/
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in response to specific and interaction effects o

Table (4):  Average length and number of roots per plant of pomegranate transplant (rooted cutting)
Pomegranate cultivars; (salt concentrations, SAR and Cl:SO4 of saline irrigation water) ratio and their combinations during 2000 & 200°
seasons.

Cultivars | Average root Length (cm) Number of roots per piant J
m L C— | Manfaiouty __ _.Wm“:_“__. | Wardy | Mean* “ Mean™" Mean®==" _ Manfalouty | Mﬂw:mw__. n Wargy ,_ Mean=" _ Mean®** m Mear. """
, 2000
! Tap water | 58.00a |48.50d | 52.33bc | 53.61A | SAR3 LowCl | ©.500a |867b |833c | EB3A SAR3 Low CI
,. | SAR3 LLtowCi _, §3.00 b | 46.50 e 45.50 ef __ ,_ _ | 8.667 b | g.33¢c ,_ 7.33 ef ,ﬁ ‘
| 2000 HighCl | 52.00bc | 4500f | 42.00h £.000 d | 7.83d 6670 | N
| ppm | SARg _OWCI [5150c _ |4250gh | 40.50 i B | 3R | ABA e ve (783d ] gask__| 4B R e
i | HighCl | 50.17d |4333g [38.33) | _ | | 7.500 e 750e | 600m |
_, | sar3 _owCl [4e50e |4033i 3750k | | SAR6 [HighCl 17.200fg |7.17fg [ 600m | SARS High Ci %
| 4000 | | Highcl | 44.50f {3833k [3533n0 | i _ | | 7.333ef |683hi | 567n e 500
| ppm | SARE owCl 43.00gh | 36.00mn |3250p | i _ | 7.333 ef | 6.50jk 15330 ’
| _ | Highcl | 42.00h |33.50p [3100q | ﬁ , | 7.000gh | 667§ | 5.00 pg
._ | sar3 .owCl |37.50ki  [36.50Im | 30334 _ 40838 | 4144B | 6.667j 1633kl |48iqr | 6.928 6.87E
o000 | 7 HighCl | 36.00mn | 26.33r  2880r | — | [6333K__  6.00m [467rs |
| ppm | samrg _owCl | 35.33 no _ 26.00t [ 27.00s ,_ ., , 6.200im | 567n | 4.50 st k 5.53D
_ HighCl /34500 | 23.50u 25501 | _ 5667 n !517o0p | 433t _
Mean * | 4500A  [3764B | 3602C | - - _ - | 7.38 A 696B |577C | - ~— | - ]
2001
| Tap water 68.33a 57.83 1 S5617g 60.78BA | SAR3 | LowCl |967a |8167b | T.833fg | E.BBYA SAR3 Low CI
| | sars Llowc [6567b | 49001 | 4633k _ | _ [8E3c | 8500d | 6.83]
2000 | | Highcl | 6417 ¢ l47.50) 45501 | ¥ , | 8.67 ed |8167e | 6.00no |
ppm | |Lowel [6317d  |45.331 | 4333n | -13B | 4B.92A | AEBA Tesod [8.000ef [567p | O3B 7208 TR
| SARG : i — _
, | Highel | 60.67 e 42500 [4033g | “ | 7.831g | 7.500gh | 5.830p |
| | sagps . Lowc | 56.00 1 _ 4133p  |3833rs | _ SARE | HighCl | 7.33hi | 7167 i 533q SARE High Ci
| 4000  Highel | 5650g 38.00s | 3£83s - m 7.50 gh | 6.667jk | 5174 & A
. ppm ﬂrm ¢ lLowel (56009 3750t |36850u | | 7.33 hi 6500kl [ 517
, | [Highcl [54.50h  [3500v | 3547v | | [7.471 [ 6.333Im | 467r
| m SaRs LLowel | 4867 |3133x  [3233w | | 46.108 _ 46.81B | 6.53j |5667p | 4.50rs 6.878 6.928 %
| 6000 , | Highel | 4417 m 3050y | 3117 xy — ﬁ i _ 6€.50 kI 15.333q |4.50rs S
(I (e ,ﬁ Low c! _ 40.00gr | 2800[ 3050y _ | | 6.50 ki | 5.167q | 4.33st
[ | | Highcl | 3800t | 26,000 | 29332 | " |618mn | 4667r | 4471t
_ Mean - | 55214 38298 |3se3c | =TT =" 7604 6838 538 C - el e
" 7. "™ and **™ means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:S04 ratio, respectively. Values within the same column or row for any of fou

Investigated factors and their combinations followed by the same letter/s were not significanti

specific effect for each investigated factor or interaction effect of their combinations, respective

y different at 5%

ly.

level. Capital and small letters were used for distinguishing values of eithe
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solution of SAR3 (regardless of Cl:SO, ratio). In addition, the
lightest decrease in number of roots/ plant was detected by
Manfalouty seedlings irrigated with 2000ppm saline solution of
SAR 3 and lower and Cl: SO, ratio, as compared with control
during the two seasons of study. Other combinations were in
between the aforementioned two extents. This result is in
agreement with that reported by Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond plants.

IV.1.5. Effect on number of shoots per plant:
A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., (pomegranate cultivars; salinity concentrations;
SAR and Cl: SO, ratio) on the number of shoots per plant, data as
shown in Table (5) revealed that Manfalouty transplants had
significantly the greatest number of shoots/ plant in both seasons.
Wardy took the other way around. In addition, total number of
shoots per plant decreased, in general, with increasing salt
concentration in irrigation water during 2000 and 2001 seasons.
Such decrease was significant as the three salts concentrations i.e.
of 2000, 4000 and 6000ppm were compared to those of tap water.
In addition, the most depressive effect was always in concomitant
to the highest concentration i.e., 6000ppm during both seasons of
study, however, the 2000 ppm saline solution exhibited
significantly the lowest decrease. Meanwhile, the 4000 ppm

concentration was intermediate in this concern.
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These findings are in harmony with those obtained by
Youssif, (1989), Noaman er al, (1994), Ali (2000) and Saeed,
(2005) on pomegranate transplants. Besides, Fathi, (1994) on apple
rootstock seedlings, Pandey and Divate, (1976) on grapevine,
Kabeel, (1985) on some decidious fruit species, Bondok et al,
(1995) on Florida prince peach, Omar, (1996) on some decidious
fruit species and Abd El-Mageid, (1998) on almond plants, all
found that number of shoots per plant decreased considerably with

increasing salt concentration in irrigation water.

Regarding the specific effect of SAR, data as shown in Table
(5) revealed that the higher ratio of SAR (6) resulted significantly
in depressing the number of shoots/ plant than the lower one i.c.
SAR 3 during two seasons of study. These results are in agreement
with that reported by Behairy er al., (1984) on Thompson scedless
and American grapes; Omar, (1996) on apricot and mango
seedlings and Abd El-Mageid, (1998) on almond plants. Who
found that increasing SAR from 3 to 6 in irrigation water resulted

in a significant reduction in the number of shoots per plant.

As for the specific effect of the Cl: SO, ratio of saline solution
used for irrigation on number of shoots/plant, it could be observed
from data in Table (5) that the higher ratio resulted in a significant
decrease in number of shoots/ plant than the lower one during the

study. Similar results was also found by Kabeel,

(1985) on some deciduous fruit species; Omar, (1996) on apricot
and mango seedlings and Abd-El-Mageid, (1998) on almond
seedlings.
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B) Interaction effect:

Referring the interaction offect of different combinations
between the four investigated factors i.e. pomegranate cultivars:
salinity concentration; SAR and Cl: SO, ratio on number of roots,
Table (5) shows a considerable and statistical effect in both seasons
of study. The most depressive effect on number of roots/plant was
exhibited by Wardy transplants irrigated with (6000ppm) saline
solution of SAR 6 regardless of Cl: SO, ratio. In addition, the
lighest decrease in number of shoots/ plant was dected by
Manfalouty scedlings irrigated with 2000ppm saline solution of
SAR 3 and lower and/or higher Cl: SO4 ratio, as compared with
control during 1 and 2™ geasons, respectively. Other combinations
were in between the aforementioned two extents. This result is in
agreement with that reported by Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond plants.

[V.1.6. Effect on net increase in number of shoots per
plant:

A) Specific effect:

Concerning the specific effect of the different factors
involved in this study i.c., pomegranate cultivars and (salinity
concentrations; SAR and Cl: SO, ratio of saline water irrigation) on
the net increase in number of shoots per plant, data obtained during
two seasons are presented in Table (5). With regard to specific
effect of pomegranate cultivar tabulated data revealed that
Manfalouty transplants had significantly the greatest number of

shoots/ plant in both scasons. Wardy took the other way around. In

/
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addition, net increase in number of shoots per plant decreased, in
general, with increasing salt concentration in irrigation water during
2000 and 2001 seasons. Such decrease was significant as the three
salts concentrations i.e. of 2000, 4000 and 6000 ppm were
compared either each other or to those of tap water. In addition, the
most depressive effect was always in concomitant to the highest
concentration i.e., 6000ppm during both seasons of study, however,
the 2000 ppm saline solution exhibited significantly the lowest
decrease. Meanwhile, the 4000 Ppm concentration was intermediate
in this conern.

These findings are in harmony with those obtained by
Youssif, (1989), Noaman et al, (1994), Ali (2000) and Saeed,
(2005) on pomegranate transplants, Fathi, (1994) on apple
rootstock seedlings, Pandey and Divate, (1976) on grapevine,
Kabeel, (1985) on some deciduous fruit species, Bondok
et al, (1995) on Florida prince peach, Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond plants.
They found that number of shoots per plant decreased considerably

with increasing salt concentration in irrigation water,

Regarding the specific effect of SAR, data as shown in Table
(5) revealed that the higher ratio of SAR (6) resulted significantly
in depressing the net increase in number of shoots/ plant than the
lower one i.e. SAR 3 during two seasons of study. These results are
in agreement with that reported by Behairy er al., (1984) on
Thompson seedless grape and American grape; Omar, (1996) on
apricot and mango seedlings and Abd El-Mageid, (1998) on
almond plants. They found that increasing SAR from 3 to 6 in
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irrigation water resulted in a significant reduction in the number of
shoots per plant.

As for the specific effect of the C1:SO, ratio of saline solution
used for irrigation on net increase in number of shoots/plant, it
could be observed from data in Table (5) that the higher ratio
resulted in a significant decrease in number of shoots/ plant than the
lower onc during the study. Similar result was also found by
Kabeel, (1985) on some deciduous fruit species; Omar, (1996) on
apricot and mango seedlings and Abd El-Mageid, (1998) on
almond seedlings.

B) Interaction effect:

Referring the interaction effect of different combinations
between the four investigated factors i.e. pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on net increase in
number of roots. Table (5) shows a considerable and statistical
offect in both seasons of study. The most depressive effect on
number of roots/plant was exhibited by Wardy transplants irrigated
with (6000ppm) saline solution of SAR 6 regardless of Cl: SO4
ratio. In addition, the lighest decrease in net increase in number of
shoots/ plant was dected by Manfalouty seedlings irrigated with
2000ppm saline solution of SAR 3 either with lower or higher Cl:
SO, ratio. Whereas differences between such two combinations
from one hand and control from the other were not significant
during two seasons of study. Other combinations were in between
the aforementioned two extents. This result is in agreement with
that reported by Omar, (1996) on apricot and mango seedlings and
Abd El-Mageid, (1998) on almond plants.

M
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of pomegranate transpiant (rooted cutting) in response to specific anc

Table {5):  Total number and net increase in number of shoots per plant
interaction effects of Pomegranate cultivars; (salt concentrations, SAR and Cl:SO4 ratio of saline irrigation water) and their combination:
during 2000 & 2001 seasons.
| Culuvars | Total number of shoots per plant Net increase in number of shoots per plant
I tragtrunts s | Manfalouty ﬁ Mumﬂamm_g. _ Wardy _ Mean™ _ Mean*"” _ Mean®== | Manfalouty | Mmmﬂ:mu__. ﬁ Wardy | Mean* k Mean™ _ Mean™™" |
2000 |
Tap water | 8.000 & 7.500e | 6.750h | 7.750A | SAR3 LowCl |467a | 4.00c 30efg | 3824 SAR3 | LowCl |
| SAR § _!_ros. Cl_ |es00b 7.500 ¢ _ €.500 i | | 4.25b | 382cd | 2.0Efg
(— | High CI | 8.417 b 7.500e | 6.5001 > 5 i BB cvei | 417b |400c | 300fp | saeE o —
| | sare LLowCl [833c 7.250f | 6.500 | S . 3834 | 358e 2829 |
i | Highci | 7.750d 6.500 i | 6.167 | | 350 e | 3.08 fg | 2.58 h ! |
_ SAR'S [Lower  [7.000¢ 6.500i | 57501 | | SARE High Cl | 3.00 fg | 308fg | 286h SARE High Tl |
000 pom | | Highcl | 7.000 @ 65001 | 57501 - . | [ W.S fg |2829 l23aj ... m
m 7 o |LowCl | 7.250f 6167 | 5500m _ _ [347¢ | 2.50 hi 217k | m
_ | Highct | 7.000 g 6000k | 5250n | ,_ (3175 2335 | 200Im _
, | sarg | Lowel [esesi 5583m | 5167 n | 6528 | 658B [242i] |2.08kl  [175n 2708 2878 |
| 5066 ppm | ”_ns Ci | 6.083jk 5.500 m ﬂ u.mmh Q s350 | _ | 2.08 ki | 1.67n m W
| SARE ow CI £.000 k 5.000 o 4.5E3ar | _ _ | 1.82m | 1.50 0 | | 168D |
_ HighCl | 5.500 m 4833p | 4500r | | l1420p  |133pg [1167r | |
Mean * | 726 A |633B | 566C - e | - | 3124 12778 2.27¢C - - | =
' 2001
_ Tap water i 8.50a | 7921 €75kl | BOD4A | SARZ | LowCl |517a 1 425c¢ | 347h 417A SAR3 | LowCl |
| _, sars3 |LewCl [e00p “ 7751g | 650m | _ , 456 b _ 400de [283jk | m ,
| I | HighCl | B.E7c | 7.58 h | 617 f ! 4.33c | 383e 2.67 kl
W 2000 ppm | . [Low ol Yy T Tl 7.338B | 7.00 A ; 6.92 A [es e BT (258t 3488 318 A 310 A
| | SARS [Highct leire .83k |583p | : | 4.00 de | 3.08hi | 217 ep
“ | sams LowCl [ 7.82f 667k | 550¢ | | ARG _ High CI | 3.56 t 1282i |233n0 SARE _ High CI |
_ - | Highcl | 7.58h |esom [ 550 | eazc | 2329 | 282 |208p mr m
! HEM | [Lowel | 7.67gn 617n | 517s ! 300h4 | 242mn | 2000 ¢
, | SARE | High I | 7.25i 6.00 0 | 5.001t | 283k 233n0 | 1.75q * |
W ;, sar3 LLowC 7.00 567 g 5.00¢ | | e728B , 2.58 Im | 2.00p 167g 282B | 28 m
E— HighCl | 6.83k 5255 450V 7 23300 | 1.67q 1.33r | ﬂ
‘ sarE | LowC! 6.56 Im 517s [ 4.25w \ 2170p | 158gq 1.06 s | 1720 _
. _ High €l | 6.50 m 4.83u [4.47w | , 200p | 1.08s 1.00 s _ |
[ Mean * - 778 A 6428 |s41C | _ " T=—~"1 340A [274B 206C | =T | o T -
within the same column or row for any of fou

investigated factors and their combinations followed by the same ietter/s were not significantly different at 5%

- e
'

and ™" means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:SO4 ratio, respectively. Values

specific effect for each investigated factor or interaction effect of their combinations, respectively.

level. Capital and small letters were used for distinguishing values of eithe
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IV.1.7. Effect on number of leaves per plant:
A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., pomegranate cultivars: (salinity concentrations;
SAR and Cl: SO, ratio of water irrigation) on the number of leaves
per plant, data as shown in Table (6) revealed that Manfalouty had
significantly the greatest number of leaves/ plant in both seasons.
Wardy took the other way around. In addition, total number of
lcaves per plant decreased, gencrally, with increasing  salt
concentration in irrigation water during 2000 and 2001 seasons.
Such decrease was significant either the three salts concentrations
ie. of 2000, 4000 and 6000ppm were compared each other or to
those of tap water. In addition, the most depressive effect was
always in concomitant to the highest concentration i.e., 6000ppm
during both seasons of study, however, the 2000 ppm saline
solution exhibited significantly the lowest decrease. Meanwhile, the

4000 ppm concentration was intermediate in this conern.

These findings arc in harmony with those obtained by Patil et
al., (1985), Youssif, (1989), Noaman ef al, (1994) and Saeed,
(2005) on pomegranate transplants. Fathi, (1994) on apple
rootstock seedlings, Pandey and Divate, (1976) on grapevine,
Kabeel, (1985) on some deciduous fruit species, Bondok et al.,
(1995) on Florida prince peach, Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond plants.
They found that number of leaves per plant decreased considerably

with increasing salt concentration in irrigation water.

//f
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Regarding the specific effect of SAR, data as shown in Table
(6) revealed that the higher ratio of SAR (6) resulted significantly
in depressing the number of leaves/ plant than the lower one i.e.
SAR 3 during two seasons of study. These results are in agreement
with that reported by Behairy et al., (1984) on Thompson seedless
and American grape rooted cuttings; Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond plants.
They found that increasing SAR from 3 to 6 in irrigation water
resulted in a significant reduction in the number of leaves pér plant.

As for the specific effect of the Cl: SO, ratio of saline solution
used for irrigation on number of leaves/plant, it could be observed
from data in Table (6) that the higher ratio resulted in a significant
decrease in number of leaves/ plant than the lower one during the
study. Similar results were also found by Kabeel, (1985) on some
deciduous fruit species; Omar, (1996) on apricot and mango
seedlings and Abd-El-Mageid, (1998) on almond seedlings.

B) Interaction effect:

Referring the interaction effect of different combinations
between the four investigated factors i.e. pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on number of leaves.
Table (6) shows a considerable and statistical effect in both seasons
of study. The most depressive effect on number of leaves/plant was
exhibited by Wardy transplants irrigated with (6000ppm) saline
solution of SAR 6 regardless of Cl: SO, ratio. In addition, the
lightest decrease in number of leaves/ plant was detected by
Manfalouty seedlings irrigated with 2000ppm saline solution of
SAR 3 and lower Cl: SO, ratio especially during 1*' season which
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didn’t significantly vary as compared with control. Other
combinations were in between the aforementioned two extents.
This result is in agreement with that reported by Omar, (1996) on
apricot and mango seedlings and Abd El-Mageid, (1998) on
almond plants.

[V.1.8. Effect on net increase in number of leaves per
plant:

A) Specific effect:

Concerning the specific effect of pomegranate cultivars, salt
concentration, SAR and Cl: SO, ratio on net increase in number of
leaves per plant, Table (6) clearly shows that Manfalouty
transplants had significantly the greatest net increase in number of
leaves /plant followed in a desecending order by Nab El-Gamal and
Wardy cultivars. Such rend was true and differences were
significant during 2000 and 2001 seasons.

The obtained results as shown from Table (6) revealed that
salinizing irrigation water with CaCl,, MgS0,, KCl, K,S0y,
Na,SO4 and NaCl at different concentrations, had in general
significant effect on net increase in number of leaves / pomegranate
transplant. To clarify this, it was noticed that net increase in number
of leaves / plant decreased with increasing salt concentration to
reach its minimum value of net inerease in number of leaves /plant
at the highest salts concentration (6000 ppm) during 2000 and 2001
seasons. However, the 2000 ppm saline solution exhibited the
lightest decrease. In addition, 4000 ppm concentration was
intermediate in this concern. Moreover, differences between the
three salinity concentrations were significant as they were

/
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compared either each other each was compared or to tap water
irrigation (control) during two seasons of study. These results are
confirmed by the earlier findings of several investigators Youssif,
(1989), Noaman et al, (1994) and Saeed, (2005) on pomegranate
transplants, Kabeel, (1985) on some deciduous fruit species, Prior
et al., (1992) and Walker, (1994) on grapevines.

Concerning the specific effect of SAR level on net increase in
number of leaves per transplant, it was quite clear as shown from
tabulated data in Table (6) that raising SAR from 3 to 6 exhibited
significant decrease in net increase in number of leaves per
transplant during both seasons.

As for the specific effect of the CI: SO, ratio of saline water
used for irrigation on net increase in number of leaves /plant, data
as shown from Table (6) revealed that the response significant as
the net increase in number of leaves was negatively correlated with
the Cl: SO, ratio of saline irrigation solution.

B) Interaction effect:

Table (6) indicates a significant variations between different
combinations of pomegranate cultivars, salinity concentration, SAR
and Cl: SO, ratio, in net increase in number of leaves / plant.
Anyhow, Wardy transplants irrigated with 6000ppm saline water
with SAR 6 and high level of CI: SOy ratio had the lowest net
increase in number of leaves / plant, during 2000 and 2001 seasons.
Moreover, other combinations of 6000ppm saline solution specially
of Nab El-Gamal and Manfalouty cultivars in an increasing order
ranked next to the aforesaid inferior one. On the other hand, the
lowest decrease in net increase in number of leaves /plant was

%
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Table (6):

specific

Total number of ieaves/plant and net
and interaction effects of Pomeg

increase in number of leaves per plant of pomegranat
ranate cultivars; (salt concentratio

combinations during 2000 & 2001 seasons.

ns, SAR and Ch

e transplant (rooted cutting) in response ¢
S04 ratio saline irrigation water) and thei

—

net increase in number of leavesiplant

ﬁ T Cultivars | Tota! number of leaves/plant |
_ Treatments _ Mantalouty _ -M“”:M__. Waray _, Mean*™* _ Mean™ _ Mean™™" r Manfalouty | ”_wma £ Waray # Mean™ Mean™ _ Mean™"""
| | | amal |
{ 2000
[ Tap water | 126.00 2 12510a | 112100 [ 121.07A | SAR3 Low Cl Ec a | 58.0E 2 515804 | 56244 | SAR3 | LowCl i
| sams o Cl | 12580a | 12310b 10660 | , 7 f@q b 5375¢ | 4B.0Bg _, m, ,
6056 HEH | | HighCl | 12080c | 12240Db 100.00 | - _ U52% A # Sowts A& | 50.33 ef | 51.82d 40.33 s k P ——
[LowCl | 112.80¢ | 11E00e [850E0 | | 50.67 df | 50.47 f 33.58 1
| _ ShR8 | High CI [ 116.50 |115.20g [ 80.25r | 7 _ | 48.08 g | 48.00 g 28.08 mn _ | ﬁ
# | samra ,Tros. cl | 116.30f | 10270k | BE.OCt | _ SARE High C! | 46.17 h | 43473 22.17p | SARG 7. Hign Cl
Ty | High CI “ 11590fg 1100301 | BO.OCU | oo e Km..a gh | 39.83] 17.67 g 3425 C l _ |
| SARE |LowCl |11430h | s800m 7TIETW | _ | 45820 | 3767k 15.671 _ | W
_ | |HighCl | 11260 85000 [71.00y | _ |4656gh | 3683k 10.67 t | ﬁ m
| ﬁ —_— TLowCl |9775m | Be33s | 7T1.B3xy | m, 100.46 B # 101668 | 30,25 m g 26.00 0 12.33s “ 708 | 37576 |
e — .szm: ci | 96.25n | 76.33v__ | BE.SC NJ — | | 28,56 n 117174 8.50 u | M, W
| sars LLow cl | s367p _ 7433w | 6850 | _ 7 Wﬂmw n | 1267s 7.50 u 17.84 0 f _
i | HighCl 182.33¢q |7267x | BEBI[ | | | | 2617 0 | 12.50 s 5.63 v ! i _
P Mean * 41138 A (100868 | 8372C | -~ | —=~-_ = — ~ |4327A |3752B [2331C el s
| 2001
[ Tap water 13050 | 12050b | 121.30e | 127114 | SARS [ LowcCl |63.67a Tcz50a | S667cd | 6084A | SARS | Low(Cl
7 | s [Lowol |126300  12670c | 11570h | , @.3 c | se33b_ | 50471 | ”
| 2000 ppm  High CI_| 121,308 121.30e 10B30K  ..eqp | 104954 | 103414 saese | 8575d | 43674 | se2ze | s0o7A | sesea
. T cl__|119.00f !117.00g |100.70m | _ 7 50.83 f | 54.00e 3417 _ _
_ W High CI | 113301  |111.30j |95.33n | 4s00g  4617g |2947Tm _ _
m | saRs Low CI 106.00 | _ os67n | 91830 | 7 SARE _ High CI T‘m.mi _ 31471 _ 20.67 g SARE | Hign Cl _
“ r— L HighCl | 10070m | 82000 |B800s | goc¢ { | 34.83j | 26.50n | 18E7r . _
| | saes | ci |9573n | Bg67q | 7833 ] H8C v vm.mn k 25750 | 17.47s | _ |
V | MHighCl | e100p 8433t | 74831 | | , 30.00im | 24170 | 1517t | . r
[ — | Low Cl__ | 86.50 1 | Bo6Tw | T0E2] ] | op32E | 99908 [2600n  |2033q |E67 <|L | 5398 | 36488 |
- fﬁ [Wighcl | 8300y | 7800z | 67.33- _ e31D 7 24330 | 19.00r |800vw | , W
I i |Lowel [8133v [ 7567] | 61.67 | | 2283p | 13.00u [ 7.00 zi 15490 | |
_ _ i | Highcl | 80.00x | ea.33 4 | 57.33° | g _ 22.00 p | Bo17v | 575x | _
L Mean * [10236A | 97.78B | BESEC =~ —=—_ | —~_ |3854A [3435B Taame | o | e | B

* = = and = means refer to specific effec
investigated factors and their combinations fol

specific effect for each investigated factor or in

1 of pomegranate cvs; salinity
lowed by the same

concentration; SAR and

jetteris were not significantly different at 5%

teraction effect of their combinations, respectively.

C1-S04 ratio, respectively. Values within the

same column or row for any of fou

jevel. Capital and small letters were used for distinguishing values of eithe
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detected by those combinations of Manfalouty and/or Nab-El-
Gamal transplants irrigated with 2000ppm saline solution of SAR3
and lower Cl: SO, ratio as compared to those irrigated with tap
water during two seasons of study. In addition, other combinations
were in between the aforesaid two extremes.

IV.1.9. Effect on average leaf area (em®) and total

assimilation area (dec’) per plant:
A) Specific effect:

Concerning the specific effect of the investigated factors i.e.,
pomegranate cultivars, salt concentration, sodium adsorption ratio
(SAR) and Cl: SO, ratio on average leaf area and total assimilation
area (dec’) per plant, data obtained in Table (7) showed that
Manfalouty cultivars had statistically the greatest values of both
leaf / leaves measurements followed in a decreasing order by Nab
El-Gamal and Wardy transplants during two seasons.

Referring the specific effect of salinity concentration on
average leaf area (cm?) and total assimilation area (dec’)/plant, data
obtained in Table (7) clearly show that both measurements were
decrcased significantly with increasing the salt concentration either
compared cach other or with tap water. On the other hand, the most
depressive effect was always in concomitant to the highest
concentration i.c. 6000 ppm during both seasons of study, however,
the 2000 ppm saline solution exhibited the lowest decrease.
Meanwhile, 4000 ppm concentration was intermediate in this
concern, whereas differences between the three salinity
concentrations (2000, 4000 and 6000 ppm) were significant as cach
was compared to two other ones during 2000 and 2001 seasons.

%
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These findings are in harmony with those obtained by Patil and
Patil, (1982), Youssif, (1989), Noaman ef al., (1994) and Saeed,
(2005) on pomegranate who reported that the number of leaves and
their surface arca decreased with increasing soil salinity. Turnsov,
(1972), Pandy and Divate, (1976), Meligi et al., (1983) and
Hatem, (1984) on grapevine; Kaul, (1981) In this connection, the
findings of Nieman, (1965) concluded that the number of cells per
leaf area unit (Phoseoulus vulgaris L.) tended to remain constant
throughout most of the growth period in both the control and salt
stunted leaves. In addition, similar results were pointed out by Al-
Khateeb, (1989) on some Fig varieties.

Referring the specific effect of SAR, it was quite clear that the
highest ratio i.e. S.AR. 6 resulted significantly in an obvious
decrease in both average leaf area (cm”) and total assimilation area
(dec’)/ plant than the lower one i.e. SAR3 during two seasons of
study. As for the specific effect of the Cl: SOy ratio of saline
solution used for irrigation, it could be noticed from Table (7) that
the higher ratio caused a significant decrease in both leaf area and
total assimilation leaves area/ plant than lower one during 2000 and
2001 seasons. The obtained results are confirmed by the findings of
Al-Khateeb, (1989) on some Fig varieties.

B) Interaction effect:

Regarding the interaction effect of the different combinations
between four investigated factors i.e., pomegranate cultivars x
salinity concentration x SAR x Cl; SO, ratio, on average leaf area
(cml) and total assimilation arca (decz) / plant, data in Table (7

showed obviously a variable response during two seasons. The

ﬁ
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response to specific and interactior

Table (7). Average leaf area (cm?) and total assimilation area (dec?) of pomegranate transplant (rooted cutting) in
effects of Pomegranate cultivars: (salt concentrations, SAR and Cl:S04 ratio of saline irrigation water) and their comoinations during 2000 &
2001 seasons.
o Cultivars | Average leaf area (cm’) Total assimilation area (gec”) E
i i | i | i |
\ Freatmients - | Manfalouty | Mﬂﬂ._mm_,. Waray _ Mean™ _ Mean™" Mean* _ Manfalouty _H szmﬂ__.:mw.". _ Wardy . Mean™" Mean**" Mear=="*
| 2000
i Tap water i 7.008 '7.00a [660ce |EETA | SAR3 LowCl | BB.21a | 67.562 | 73.9Bfg | E3.26A | SARZ | Low C|
| g sars _LowCl (6872 ' 6.86b 657 e | m [g771a | 84450 [ 71380 |
[ 2000 ppm | DOl & bbdcd [OS6dS | cesm | e2sA Gaaa | BAOED _ E1.20¢ | GE4AK 75018 | 66944 | €510 4
“ _ same |LowCl | &esc | 6.50 ef 64710 | | | 80.13d 76.74e | E1.52m | “
i | | HighCl | 6.54d-f | 6.34 hi 645fg | | | 76.15e 73.06gh | 58.1En _
| EiR3 _ Low CI , 6.40 gh | 6.24 jk 6.30 ij _ | SARE High Cl | 74401 | 84101 | 5355p _ | SARE  Higndi
T — _HighCl | 6.21jk _ 615k 6.28 i coie _ 72.08 hi | 61.75m _ 50256 | o ..o 1
_ | sapg |LLowCl | 5.821 | 5.821 5811 66.54 57010 | 4280t | , :
! ﬂ |Highcl  [576im | 568m 558 n _ 64.86 ki 53.99p | 38.88v | _ _
| sary LLowCl | 5.58n | 5420 470q “ 587B 59008 |5454p | 4B.77r | 33.7Bx | BO.ESB _ 6I4EB
| G0 | [HighCl | 519p |5.24p s8hs | oo _ 42980 | 4106u [ 3041y ] | |
_ ‘ sarg |LLowCi | 4774 | 479 ¢ 4.08 t f ,m 44.64 5 3563w | 2713z | 3848D ,
, | HighCl | 446s 4.56r 358u | ” 41.21u 3316x . 23.56[ |
| Mean * | 6.03 A | 594 B 565C | - < = 6E.05 A ~61.27B i 4858C | -
2004
Tap water | 6.962 | 678b | 653ce | ETEA | SARS LowCl |9083a | B7.85b | 78.27f | B5.9EA SAR3 | Low Cl
| | sar3 LLowCl [&77b 6.55¢ 645dt | g B4.B9 c | 62960 | 7465n |
| | HighCl | &58¢ | 6.51ce 6.38 f | ” R 79.88 e | 78.85¢ 69.15k | __ , , .
| oD TLowCl | 6.52¢d 6101 gaog | 0B a2 815% [Tssg 37} |esasm | oee | BATR | BLISA
| .
, | SARE highcl |eadef Ts583k  |o26an | | 72951 | 66.061 | 58650 _ “ i
_ [ sar3 |LowCl | 624gh 585mn | E18Bh | | saRrs High CI | 66.11 | 56.00r | s679q | SARE ' High Ci
| 4000 pprm High CI , 6.10 i 5.76 op 6.00 jk — , 6141n “ 52905 |5160¢ | cser ,
p SAR 6 Low CI | 6.07ij 5.68 pg 591 Im . 5E.08 p | 81.05u | 46.91 x | !
[ | High CI 581no | 564ar 5.70 pg ! | 52.90s | 4756w | 4266\ | | i
k, sapy LLowCl | 567q | 556 1 5.56r | J_ 595 B 605B [4908v | 45.04z | 39.50 - | 60198 | &171B |
_ &B08 pprm | Highct | 558r | 543 545s R 46.40 y | 42.38Y) | 36.70° _
_ sare LLowcl | 5321 5331 503u | . 43.30 | 4036~ | 3104b | 3980D !
ﬁ ' High CI 5.271 | 5.07u 4.63v | | | 42.13) | 35134 | 26.57¢ |
AW Mean * 6.10 A | 5.88 B 586C | —-c | e |63.50A | se28B | s215C |~ = ! =

. ™. "™ and """ means refer to specific efiect of pomegranate cvs; salinity concentration; SAR and Cl:504 ratio, respectively. Values

investigated factors and their combinations followed by tne same ietteris were not significantly different at 59

specific effect for each investigated factor or interaction effect of their combinations, respectively,

within the same column or row for any of fou

« level. Capital and small letters were used for distinguishing values of eithe
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most depressive effect on average leaf area and total assimilation
area/ plant was exhibited by such combination reprsented irrigated
Wardy transplants with saline solution of 6000ppm; SAR 6 and
higher Cl: SOq4 ratio, whereas, the least values of both leaves
measurements were resulted. On the contrary, the least depressive
effect was generally found by the Manfalouty cultivars transplants
irrigated with the 2000 ppm saline solution especially of the lower
SAR and Cl : SO, ratios which did not significantly differ than tap
water irrigated transplants of the same cultivar during both seasons.
Other combinations were in between the aforesaid two extremes.
The obtained results are confirmed by the findings of Osman
(2005) on apple rootstocks and Hassan (2005) on olive.

[V.1.10. Effect on the fresh and dry weights of plant
organs (leaves, stem, roots and total plants):

Data presented in Tables (8, 9, 10 and 11) show the specific
and interaction effects of pomegranate cultivars; (salt
concentration, sodium adsorption ratio and chloride level Cl: SO4
of saline solutions) and their combinations on the fresh and dry
weights of plant organs (leaves, stem, roots and total plant) during
2000 and 2001 seasons.

A) Specific effect:

Concerning the specific effect of different factors involved in
this study i.e., pomegranate cultivars; salinity concentrations; SAR
and Cl: SO, ratios of saline solutions on the fresh and dry weights
of plant organs (leaves; stem; roots and total plant), data in Tables
8; 9; 10 and 11) showed that Manfalouty cultivars had

f
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significantly the heaviest fresh and dry plant organs followed in a
decreasing order by Nab El-Gamal and Wardy transplants. These
results are in harmony with the findings of Noaman er al, (1994)
and Ali (2000) on pomegranate plants.

Referring the specific effect of salinity concentrations, data
obtained in Tables (8; 9; 10 and 11) revealed that, the fresh and
dry weights of plant organs were gradually decreased by increasing
the level of salinity concentration in irrigation water. The decrease
was significant as both fresh and dry weights for a given organ and
consequently the total plant weights under an investigated saline
solution were compared to the analogous ones of either transplants
irrigated  with any of two saline concentrations or those
continuously irrigated with tap water (control) during both 2000
and 2001 experimental seasons.

These results are confirmed by the findings of Aly, (1979),
Youssif, (1989), Noaman et al, (1994), Ali (2000) and Saeed,
(2005) on pomegranate plants, Fathi, (1989) on apple rootstocks;
Attia, (1994) on apple and olive; Taha et al., (1972) on some
grapevine cvs., El-Azab et al., (1973) and Nasr et al., (1974) on
pecan seedlings; Sourial et al., (1975); Aly, (1979); Al-Saidi,
(1980) and Meligi er al, (1983) on grapevine, Behairy et al.,
(1984) on two grape spp. (rooted cuttings); Kabeel, (1985) on
some deciduous fruit species, Bondok, et al., (1995) on some peach
rootstock transplants, Omar, (1996) on apricot and mango
seedlings and Abd-El-Magied, (1998) on almond seedlings. All
reported that the fresh and dry weights of plant organs (leaves,
stem, roots and total plant) were decreased gradually by increasing
the level of salinity concentration in irrigation water.

%
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Regarding the specific effect of sodium adsorption ratio
(SAR), data in Tables (8; 9:10 and 11) pointed out that increasing
it from 3 to 6 in irrigation water significantly decreased both fresh
and dry weights of plant organs (leaves, stem, roots and total plant)
during the two seasons of study. These results are in agreement
with that reported by Noaman ef al., (1994) on pomegranate
transplant Behairy ef al., (1984) on Thompson and American grape
plants, Kabeel, (1985) on some deciduous fruit seedlings, Al-
Khateeb, (1989) on fig plants, Omar, (1996) on apricot and mango
seedlings and Abd El-Mageid, (1998) on almond scedlings. All
found that increasing (SAR) resulted in a significant reduction in
fresh and dry weights of different plant organs.

With respect to the specific effect of chloride levels (Cl: So4
ratio) of saline solution used for irrigation Tables (8; 9;10 and 11)
show that raising it significantly decreased both fresh and dry
weights of various plant organs (leaves, stem, roots and total plant)
during two seasons of study. These results agree those of Kabeel,
(1985) on some deciduous fruit species; Al-Khteeb, (1989) on fig
plants, Omar, (1996) on (apricot & mango seedlings) and Abd El-
Mageid, (1998) on almond seedlings.

B) Interaction effect:

Concerning the interaction effect of various combinations
between pomegranate cultivars; salt concentration; SAR and (Cl:
SO, ratio) on fresh and dry weights of plant organs (leaves, stem,
roots and total plant) data presented in Tables (8; 9; 10 and 11)
declared that all saline solutions significantly decreased these
parameters as compared with those of control regardless of
pomegranate specics during two seasons of study.
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The most depressive effect on fresh and dry weights of plant
organs was in closed relationship to such transplants of Wardy
transplants irrigated with saline solution of the highest
concentration (6000 ppm) especially of the higher SAR & CI: SO,
ratios); followed in an increasing order by those of Nab El-Gamal
supplied with saline solution of 6000 ppm; SAR 6 and higher ClI:
SO, ratios. Meanwhile, the least reduction in fresh and dry weights
of various plant organs resulted by saline solutions was markedly
related to Manfalouty cultivar transplants irrigated with 2000 ppm
saline solution of lower SAR and CI: SOy ratios. Such trend was
true during both seasons, however, it was more pronounced with
leaves; stem and total plant weights. This results are similar to
those achieved by Kabeel, (1985) on some deciduous fruit species,
Al-Khateeb, (1989) on fig plants, Omar, (1996) on apricot and
mango seedlings and Abd El-Mageid, (1998) on almond seedlings.

The reduction in fresh and dry weight of pomegranate transplant
organs (leaves, stem, roots and tota] plant) under three level of salinity
(2000, 4000 and 6000 ppm) might be attributed to osmotic pressure
of the substrate which may restrict the uptake of water by plant
roots (Hayward and Spurr, 1943), or may be due to the absorption
of particular ions from the saline medium to toxic accumulation or
to decrease of essential nutrients (Wadleigh and Gaush, 1944), in
addition, Greenway, ( 1963), suggested that such growth reduction
was due to drastic changes in the ion relationships of plants.

From the above results one may conclude that transplants
growth of three pomegranate cultivars, as being indicated from the
values of fresh and dry weights of plant organs (leaves, stem, roots
and total plant), root and total plant length; number of leaves plant

Results and Discussion
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height, number of laterals (plant, leaf area and assimilation arca
have been adversely affected by the application of saline solution
which may lead to ecarliness of plant senescence, as a result of the
accumulation of some ions (Na™ and/or CI') to a toxic levels this
may an adaptive mechanism in three pomegranate cultivars to
retranslocate excess amount of Na' and or Cl” out of younger leaves
to the older leaves to put them away from the physiologically active
tissue Winter, (1982). On the other hand, the control plants (non-
stressed plants) did not show such decline in fresh and dry weights
of their plant organs, probably because of the balanced ion
composition in their tissues. They were able to remain
physiologically active to relatively longer period than the saline
sensitive ones.

Moreover, the reduction of growth with increasing osmotic
pressure (O.P.) of the external nutrient solution has been reported
by Bernstein and Hayward, (1958) who have been indicated that
the degree of reduction in growth caused by water stress is the same
whether, the total soil moisture stress is composed mainly of
tension or osmotic components. They suggested that salinity like
drought, may reduce the water potential of plant cells to the point
that one or both of its components osmotic potential and pressure

(turgor pressure) became limiting to growth.

Slatyer, (1961) showed that when plants are exposed to
osmotic substrates, a sufficient amount of the substrate is absorbed

to increase the O.P. by an amount equal to the increase in solute

O.P.
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Ponse to specific and interaction effects o

Table (8): Leaves fresh weight and Leaves dry weight (g.} of pomegranate transplant (rooted cutting) in res ;
Pomegranate cultivars; (salt concentrations, SAR and Cl:S04 ratic of saline irrigation water| and their combinations during 2000 & 200-
seasons.

| : Cultivars | Leaves fresh weight (¢.) i Leaves dry weight (g |
_ N _ | NabEi- B - ‘ | Nab EI- ‘ ) , W ] !
| Trastients . | Manfalouty | Gamial | Waray Mean # Mean Mean _ Manfalouty | Gamal Wardy ‘ Mean _ Mean I Mean m,
|z . 2000 ,
kl Tap water [ 11.12a !825¢ce | 768agh | gasp | SAR3 LowCl | 2052 [201ab | 183a< 200A | sSaR3 | Lowc |
._ _ ! 7 | | ,
. ”os _n_h u “M.mu ab m.MM w.m_ 7.13 h-k [ i [201ab | “wm ad _ﬁ “.mm ae _" !
! i . 1 7. - | €.55 i- ) | 1. K T2a ] {
2000 ppm ————— High C 21bc  |7.96th | 655im 7958 | 701A | epapn L1958< S = o 1818 | 187 A 1644 |
| sare LLowCl |s.42cd 7.50 g-j £.16 k-n , / 1.86ad | 176af | 16BEb-i | “, _ |
| | [HighCl | 88704 | 711 hk | 580 me | _ [1.77 ot 1.725¢ | 1.64 cj | |
‘ . LLowCl |804fh | 6071m 5.35 n-p SARE HighC€l [171ah | 147fn | 1.50 fom I | SAR6 | HignCl |
| SAR3 | HighCl | 7.52g- | 546n-t | 48000 | | ,_ |165¢i | 14200 [138ho | _ | .
4000 ppm f— g5, - s72¢ | _, o280 | 1.36 145C _
| sars [700h4  [50604q | , W | [158dk | 136i-0 | 127 kop | ! ,
| 6.50j-m |47%90-r | 28814 | | | 1.52 el | 1.32)p _ 1.24 k- | | _
{ T e —— i
| SAR'3 | 5.47 np 42205 | 341s-u €318 | &a4sB E..ﬂa f-n [1.25k-p | 1.17m-q g 1.57B 15¢8B
< T B T 1 1 N | 1
[ HighC! | 468Bpr | 380rt |27 _ 1. 1.22 I- .11 _
6000 ppm {— | Hig ct | p-r 3.80r 6 uv e 40 m.o q “ 1110q | R _
saRe LLOWCl [4.23a% | 3408w | 2460y | 1.33jp | 118m< | 1.02pe | 121D | |
_ |Highcl [383rt | 3006w |214y _ , [131jp 114n-q | 080q | | | |
r = ! T — e = T 1 = i
| Mean | 748 & | 58586 479 ¢C | [ 166 A [1518  [142c | = |
- 2001
| Tap water | 10.07 a | 8.40¢c | B.45 g 8.31 4 SARI | LowCl | 2.04a | z.00 a0 [180cf [ 195A4 | sar3 | Lowcl |
| _ sar3 |LowCl |943p |882e  |769j ﬁ ﬁ 196ac | 191ac |[171eh | _ ”
" I . |
| High Ci 8.874d | 838 h | 747m | , | 1.80 a | 1.86 b 167 f
2000 ppm | Hig | : _ —  78EB 7T00A | 683A | < __ == ,‘ 1768 1644 | 1624 |
| sape LLowCl leszf |766k | 6630 | | [ 1.88 ad 181cf | 16094 | |
W | Highci [go00i [718m 6.26 | _ [181ct [ 173dw | 1.86 h ] | _
- saR3 LLowCl 730 l610r  [s5g7¢ SARS HighCl | 1.71eh | 182 i1 | 1531 T | SARE | Highcl
| R i 1 1 — 1
h 6.78 57 | 5.20 _ 4 | 1.44 ke 1.45 - , .
000 g E= [ Highcl |678n | 5.76 u 520x | | _ | 1.60 g4 44 k-m ,_ Sjm | e ﬂ _
| sare LLowGi |645p  |ssov  la77. ! 50k [1380n  |138im | | ,_ h
| | | HighCl | 590s 4822  [a3s. | 1,49 j 1.30m-p | 1.28 n-p | , _
\ SAR 2 [LowCl 547w 454~ 30822 | | 642B | 658B |136ln | 123n<g | 14S0r | | 154B | 1578 |
N T \ | \ | | |
ci K 18 [ 3. : 18 o- A2 ,
6000 ppm "_1_9: _u 7y | 41 _umqn. J_ 408D | | 1.31 m-o 1.18 o-r _.: qr _ m, _
| sare |LoewCl |480] [3876°  [301e W ! 1.23 0-g 114 p-r | 0.97 st 1160 | |
| | HighCl | 4.62) | 3274 255f | | [ 122 0r 107rs (o080t | | . i
Mean |7.034 6128 [s3sc [ =< T162A l1518  l1a0c o I
SAR and Cl:SO4 ratio, respectively. Values within the same column or row for any of fou

means refer to specific effect of pomegranate cvs;
investigated factors and their combinations followed by the same lett

specific effect for each investigated factor or interaction effect of their

combinations, respectively.

% level. Capital and small letters were used for disting

uishing values of eithe
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Table (9): Stem fresh weight and Stem dry weight (g.) of pomeagranate transplant (rooted cutting) in response 10 specific and interaction effects ©
Pomegranate cultivars; (salt concentrations, SAR and Cl:S04 ratio of saline irrigation water) and their combinations during 2000 & 200°
seasons.
s Cultivars | Stem fresh weight (g , Stem dry weight (C.)
¢ | Nab El- | | f | _ | Nabel- _ i
LT = | Manfalouty | Wardy | Mean™" Mean™ | Mean™" Maniasiout _ Wardy Mean™ | SAR3I Low Cl |
.‘qmmz..wim = | Gamal | | | 1 Gama! 1
2000
Tap water | 19.512 T7600bc | 1800bc | 1B504 | SAR3 | LowCl | 6602 | 6.03¢c [600cd | 6214 | SARI | Low cl |
| | | T | | i
J cans I Lewcl  1825b , ,m_,qm%m.._ﬁ | | |
| HighCl | 17.65¢cd | 16.76 1547g | |
2000 ppm : , T . 4gABB | 1432A | 1408A
LowCl | 17.36d | 16.22 f 1445h | ,
SAR6 — T - #
| High €I | 16.47 ef 14660 | 13951 W
T | T am ] F T =
b | | 14.66 12.20 1187kl | | RE | h Cl
_ SAR 3 win . 66 h K _ 1 i _ SA High C
: | HighCl__| 1464 h [ 1<75im | 11.48m | |
4000 ppm : : L1 4216C |
jm.pm  LowCi | 14S2h 10720 | 1087 no |
— e
[ Highcl | 13.16] leevaq | 10.14pg i 7
Low Cl 1.11 | & | 8.21 | 13.41B 13.65B
AR 3 Tos _,ﬂ n mmﬂ _3 s | _ _ 5
| HighCl | 10640 1 B.53 r 798 s |
§000 ppm _ “ “ , £610 | "
i SARE Low Ci | 10.28 p 7.601t 7.08 u _
i HighCl . 987Tpg | 711u 628V |
Mean [1446A | i221B [11868C T o =
2001
Tap water 119.2%a | €66 b | 18.69 b 18888 | SAR3 | SAR3 , Low ClI
* cars vl [tg.0ac__ | 17.98c | 17560 | | !
[Highci | 17.87 {17 | 16.6 | , J
2000 ppm . r_.. M_ e MNM , ““ M“ L ﬁ HM »M fg 17.028 | 1483 A d 5.08 A 502 A
I LO ¥ \ i. % | |
SARG _ a 98 “ _ _
_ | HighCl | 16.45g [ qe77¢ | 14.231 , , | |
ﬁ SAR 3 | LowCl | 14.51h | 14.63 h 12.13m i _ SAR6 | HighCl
ighcl | 13.77] | 13.87 | 11. i !
| wson g | High | 13.77) [1387) [1181m | eec V f JE | ,
, | LoweCl | 1339k | 1320k | 11.62n | | l
SAR B H | {12 | | | | ! ",
| High Cl__ | 12611 | 1207m | 1054p . ,
[LowCl | 10790 | 1C134Q [e83s | | 1408B | 14.2¢4B | 48s8
SAR3  Myighcl | 10.13 | 2.94 | 8.62 .
| - . r .
| 6000 ppm 2 g === = | sg28D |
: ARG [Lowc |872r egar BBt | 345D
| Highcl | B.OB | 5671 7.44u | {
, Mean * [ 1400A | 13878 | 1283c | — | T ~ | 480A 2628 | 418C = | |

+ = s+ and "= means refer to specific effect of pomegranate cvs; salinity concentration; SAR and CL:S

specific effect for each investigated factor or interaction effect of their combinations, respectively.

04 ratio, respectively. Values
investigated ractors and their combinations followed by the same letter/s were not significantly different at 59 level. Capital and small lette

within the same column or row for any of fou
rs were used for distinguishing values of eithe
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Table (10): Root fresh weight and Root dry weight (g.) of pomegranate transplant (rooted cutting) in response to specific and interaction effects o
Pomegranate cultivars; (salt concentrations. SAR and Cl:S04 ratio of saline irrigation water) and their combinations during 2000 & 200
seasons.

: . Cultivars | Root fresh weight (a.) | Root dry weight (g.)
_ ﬁ Manfalouty MatEl- Waray Mean** Mean®=~ Mean®*=- | Manfalouty Nab Ei- ) Waray _ Mean*" Mear*"" , Mean===+ |
| Treatments | Gamal | ! | . Gamal | | | |
: 2000 |
[ Tap water | 11.33 a 10.00 d 8.70 e 10.34 A SAR3 | Low Cl EL_.J a 4.40 d | 4.37d | 465A | SAR3 Low Ci
_ ‘ saR3 LLowCl [1057b c1ga 8.73i | “ [457b 406e | 380f _ ,ﬁ
| 2000 | HighCl_| 10.10¢ B.57 B.57 6798 | 82rA | EAtA [4.60c . 3.77fg 1377 6||_ 5858 | sssa 1524 |
| ppm ﬁ saRg LLowCl |seof | 7.85n 8.00 m 3.38i | 345i | | _
L | Highcl |s20g 7.40a 7.70 0 1 3.101 | 3.30 | | |
| _ sary |LowCl [s01h 7.00s 7.30r | SARE  High CI 291m (3101 | SAR6 | HighCl |
| 4000 | |HighCl | 8.35k €.80 u BO0E | o | _ .280n | 29%0m | |
| ppm | Re | LowCl |83l 650w  663v | m 2670|272 :D,, n q
_f | | Highcl | 7.50p 6.27 x 6.20 y ! '252p |250p | {
| _ sar3 LLowCl [e64v /6002 5444 | 768B | 7E3B 2400  |2.10¢ | 3288 | 3388 | w
| s000 | Highct | 6.30x 577\ 511° ! — i | 2.28 r | 1.1 u | | _ B
| ppm ‘ saRe owCl [580] | 5.27 - 490a | ﬂ i 2.30 1 178v | 217D | |

| HighCl | 5.60] | ‘510" £447b | | 1.90 u |1.53w |
[ Mean - [8.334 |7.068 | 689C [ To~wT [ e— | o | 386A 2968 | 286C | -~ | —
m 2001 |
i Tap water 13.46 a 12.01d 11.06g | 1218A | SAR3 LowCl |6.27a 1 5.81d 490 5.58 A SAR3 | LowClI
“ ‘ - Ei Cl_ |12.74b 11.13fg 10.03 | | 6.01b 514g | 450 | | _ _ "
| 2000 | High CI 4, 12.32'¢ 10.75 _._ | 8.72 k | 190708 | asg i &80A g 5B3c | 4.97 r | 4.38 mn b o 5 A% adn k| .
| ppm [LowCl [11.71e 1031 933m | | 545 473] laz210 | _ |
! H SARE @ encl | 11387 (0880 |847n | i _ 5281 4511  |382q | | m ! 3
| | SR 3 " Low Ci 10.75 h £.50 | 846p | SARE | High CI _ 4.99 h [ 4.21n |371s | SARG | High Cl “ m
| 4000 _ | High CI | 10.02 _ 9.02 o 7.91q ! grec | | ﬁ 4.61k 4.03 p L 3.50t | sesc | [ ,_ @
| ppm \ SARg |LOWCl |8.66k |855p | 767r ] , W | 4.431Im | 381r [332v | | | ,
, | High ¢l | 8.08 no 7.62r 7245 | . [4140 1347t [342x | | W _ M
{ [LowcCl [851p [7.76qr  &70u | "] e218 | gasm [379r 322w |282z | 410B | 421B ﬁ =
| 6000 — SAR3 Ihighcl |782q 6361  le22w | Faif 7 ﬁ 3.40 u 1297y |287[ | _ N R
| ppm ‘ Sidia H LowCl [7.01¢ |6.43v | 571 x|U : _ | 2.99 y 1233\ 1231\ | 277D __ | 2
[ |HighCl [632vw  |674x  [520y | | | 2.60 [ 227\ [198] | | MM
[ Mean * | 10,054 18808 [803C | | o | 4602 |28 (348 [ i | o o |

* "t "™ and

means refer to specific effect of pomegranate cvs: salinity concentration;
investigated factors and their combinations followed by the same letter/s were not significantly different at

specific effect for each investigated factor or interaction effect of their combinations, respectively.

SAR and CI:SO4 ratio, respectively. Values within the same column or row for any of fou
S% level. Capital and small letters were used for distinguishing values of eithe



Table (11): Total piant fresh and dry weight (g.) of pomegranate transplant (rooted cutting) in response to specific and interaction effects of Pomegranatt
cultivars: (salt concentrations, SAR and Cl:SO4 ratio of saline irrigation water) and their combinations during 2000 & 2001 seasons.

ht (g.) , Total plant dry weight (a.)

Cultivars Total plant fresh wei

|

| | Manfaiout _ Hab'El- | Ward Mean™ | Mean™™ | Mean= _ Mantalout Mab B | Ward Mean™ Me: | Me ,
o a | n | wnws |

| Treatments — = Y ! gamal Y i ! Y | Gamal _ ¥ | Mean™™" | Mean

| 2000

= tap e e

I Tap water | 41.96 2 | 37.25d | 35.39 f 38.20 A | SARS3 } Low Cl |13.828 | 12.44cd | 12.30de | 12.B5 A4 | SAR3 | LowCl |

m siy Hewd 3o3sb | 3434g (32000 | _ _ _ W

00 HighCl | 37. | 30.5 ” . , m
| #0! | High & T8¢ 8k 35928 | 2080A | 2803 A 11218 | 10.23A | 10034 |
| ppm | LowCl | 36.3Be | | _ |

| S4R 6

SARE | HighCl ._

| 4000 High Cl | 30.51 k | 2401r | 231Bs

S e = ] 2510 C
| Low Cli

| 29.65 2228t | 21.87u | ,

|

| .
aesC | , _

|

I

|

i | 27408 | 27.87B | 8.210 630u | 546 B 986 E |

”. SAR 3 : _ _ | H _ _ ”

| 6000 * | HighCi__| 21.82u [1810z | 15851 | ...gp | m | 6. 1 | W _

| ppm | Low Cl | 2042w | 16.260 | 1444- | ' # . , _ .m

| | _ | | ,
Mean ~ i — [

| Tap water | 42.83 a | 40.07 b | 38.20d 40.37T A | SAR3 | | 28 e | 1411 A SAR3 ,, Low Ci

| lowCl 40.21b | 3704de | 3528h | , , [ |
| 2000 ﬁ SAR3 ighCi | _ _ .,
_ a _ _ ,
ﬁ ppm _r%in, | 37.65¢€ l3501n | 3245k | 35618 | 32004 | B ,_ 11234 | 11044

SARE - - — _ , _ _ _ _
| J “ighCl | 3571g  [33.83i [20.66n _ _ 268g | 1174i 10210 | 1

1 | 1 | A :
, l P 'LowCl | 3256k [3023m 26451 | SARE | High CI | 11.65i | 1045m | 94Ep _ m saRE | High Cl ,
| 4000 | | High €l | 30.57 1 (28650 1250158 | . a0c _ | | 10. : | _ W w
| pom [ pe oW Cl | 2850n | 27.25q | 24.06u ) m. I ” _ ,
! | HighCl | 2761p | 2461t | 2213 | | k
~.| I LowCl | 2477 st 2243w | 1948\ | ! 28718 | 10436 | 10.63 B
,_ 6000 | High I | 2342V 21072z [1841"% | 006D { 7
| ppm | LowCl | 2154y [2013[ 1680- | |
_ SAR & - . i ﬁ
[ High ¢l | 19.01] [ 1868~ |1518- | ‘ ‘

L Mean * T a108A | 28.98B | 2580C S | e | o | 103 A 40088 [911C — | . |

= = = and *** means refer to specific effect of pomegranate cVs: calinity concentration; SAR and Cl:504 ratio, respectively. Values within the same column or row *oqmgc:ac

investigated factors and their combinations followed by the same letter/s were not significantly different at 5% level. Capital and small letters were used for distinguishing values of eithe
specific effect for each investigated factor or interaction effect of their combinations, respectively.
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Also, in this regard, Strogonov, (1962) attributed the
depressive effect of salinity on growth to the disturbance in
metabolic pathway of plants as a result of the adverse effect of salts
on enzymatic activities. While, Delane ef al., (1982) indicated that
reduction in plant height, fresh and dry weights of plants is located
in the photo-synthetic or the growing tissues, and that in either
cases, the inhibition could be arised from the adverse effect of Na*
and CI ions on metabolism or from disturbed water relations.

IV-II. Effect of salt concentrations, sodium adsorption
ratio (SAR) and chloride level (CI: SO, ratio) in
irrigation water on some leaf physiological
measurements of three pomegranate cultivars:

IV.IL1. Effect on leaf relative turgidity percent (L.R.T.):

A) Specific effect:

Concerning the specific effect of the different investigated
factors involved in this study i.e., pomegranate cultivars; salinity
concentration; SAR and chloride level (Cl: SO, ratio) on leaf
relative turgidity percent, data as shown from Table (12) revealed
that Manfalouty cultivars transplants exhibited statistically the
greatest value of leaf relative turgidity while Wardy transplants was
the inferior in both seasons. As for the specific effect of salinity
concentration, it was quite evident that leaf relative turgidity %
decreased significantly with raising salt concentration in the
irrigation water during two seasons. These findings are in harmony
with those obtained by Bernstein, (1961) on various plants; Fenn
et al, (1970) on avocado trees and El-Hefnawy, (1986) on guava
seedlings.

\
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Regarding the specific effect of SAR, data as shown from
Table (12) revealed that the higher ratio of SAR 6 decreased
significantly the leaf relative turgidity than the lower one i.e., SAR
3 during the two seasons of study.

As for the specific effect of the Cl: SO, ratio of saline
solutions used for irrigation on the leaf relative turgidity, it could be
observed from data in Table (12) that the higher ratio resulted in a
significant decrease in leaf relative turgidity during the study.

B) Interaction effect:

Referring the interaction effect of the different combinations
between four investigated factors i.ec. pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on the leaf relative
turgidity, Table (12) shows a considerable and statistical effect in
both seasons of study. Herein, the least leaf relative turgidity value
was always in concomitant to the irrigated Wardy transplants with
6000 ppm saline solution of SAR 6 and higher Cl: SOy ratio.
Moreover, other combinations of 6000 ppm saline solution
followed in an increasing order the aforesaid combination. On the
contrary, the lowest decrease in the value of leaf relative turgidity
below control (tap water irrigation), was detected by Manfalouty
rooted cuttings irrigated with 2000 ppm saline solution of SAR 3
and lower Cl: SO, ratio as compared with either control or other
combinations during 2000 and 2001 seasons. In addition, other
combinations were in between the aforesaid two extremes. The
obtained results are confirmed by the findings of Osman (2005) on
apple rootstocks and Hassan (2005) on olive.
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IV.I1.2. Effect on leaf osmotic pressure (L.O.P):
A) Specific effect:

Concerning the specific effect of different factors involved in
this study i.e. (pomegranate cultivars: salinity concentration; SAR
and Cl: SOy ratio) on the leaf osmotic pressure (atm), data obtained
in Table (12) clearly show that Manfalouty cultivars has the
highest value of leaf osmotic pressure significantly followed in a
decreasing order by Nab El-Gamal and Wardy transplants which
ranked second and last, respectively during two seasons of study.

Referring the specific effect of salt concentration on leaf
osmotic pressure, it is quite clear from the present results in Table
(12) that a significant positive relationship was detected between
such character and salts concentration in irrigation water. Herein,
the leaf osmotic pressure increased significantly with increasing
salt concentration in the irrigation water from 0.0 (tap water) up to
6000 ppm during both seasons of study:.

Analogous results were obtained by Ayers, (1950);
Bernstein, (1961) in various plants; Lioyd and Howie, (1989) on
Navel orange; Abd El-Karim, (1997) on three grapevine cultivars
and Abo El-Khashab, (1997) on peach and olive. In this concern.
Hayward and Wadleigh, (1949) reported that the tolerance of
plant to salt depends on its ability to regulate the intake of ions so
as to affect the increase in osmotic pressure without excessive
accumulation of such absorbed ions. Slatyer, (1961) and
Bernstein, (1961 & 1975) indicated that when plants are exposed
to osmotic substances, a sufficient amount of the substrate is
absorbed to increase the internal osmotic pressure by an amount
equal to the increase in substrate O.P.

%
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Table (12): Leaf relative turgidity (%) and Osmotic pressure of pomegranate transplants
of Pomegranate cultivars; (salt concentrations, SAR and Cl: S04

(rooted cuttings) in respo
ratio of saline irrigation water) and their combinations during 2000 & 200°

nse to specific a

nd interaction effect:

seasons.
N
.;.,fﬁ.‘fﬂr Cultivars Leaf relative turgidity :!W..J_ (%) _ _ Osmotic anm,m:_.m (0.P.) |
T . Manfalouty M Ex _ Wardy _ Mean™" _ Mean™™" _ Mean=="* | Manfalouty # MRk EF 1 Wardy _Hw:.. Mean™***
Treatments —~— Gamal | | | | Gamal
2000 L
Tap water [77.23a 76.81a | 7302d | 75694 | SAR3 [Lowet |9.01w [780V |B272 8.40 D Low CI
- 'ki ci_ | 75.69b 7383¢c | 71.75 L | ﬁ |31y 21 ESly | _
2000 High CI | 73.66 ¢ 71.83e |69.34g 70688 | 67.34A _ STk 9.95s [g70x |%26v | 9.58 C —
PP | carE LowCl |7184e 69.16¢g | 6B.36h ' ’ P 10.41 p o84t | 9.54 :||_ ' ’
" T
High CI | 70.38 f 67.811 | 64331 4 | 11.03n 10.32q |&82s |
cam 3 |LowCl |ese3h 54661 | 6273 m SAR6 | HighCi Wﬂ ! 10650 | 10421 | High CI
4000 High CI_| 67.20] §154n  160.32p | oene 11.56 | 1108m |1033g |
ppm | o [LowCl 66.10 k 61.34 no | 59.04 ar ’ 11.88 h 11.43k | 10610
- High CI_| 64.741 sggir | 56.10t 1247 f 11.82h | 11.06 mn
snra LEowel 62.54 m 5671s | 54.38u | 64428 | 65.02B |1239e 12.07g | 11.26| | 10.52 A _
6000 [HighCl | 61010 54620 | 5188V S 12.57d 1237e | 1145k |
pPm | Came ’k.z ci_|58.41q 52.06v | 49.33x 1272c | 1278b | 11721 l
| High CI | 54.66 u 5100w | 47.22y [13.152 [13.15a 12099
Mean * | 6717 A cissB | 6058C | —>— | —>—— T=—_— |1134A | 10808 |1032C |
T 2001 L
Tap water | 75.12a 72.99b | 74.B4a 7432A | SAR3 LowCl |10.500 [o987q | 82771 | Low Cl J
car 3 ewl 74672 7069c | 7285b 10530 | 1007g |99870a |
2000 High CI_| 7T0.46 ¢ 70.42¢c | 70.46¢ cose | es7za | sa76A 1086n | 10.81n # 10.31 p 1288 4
ppm | ipg |LowC 63.37 g 67.76d | 67.63d . 11.23 | |11.00m | 10610
HighCl | 67.10d 64.67f | 62.22 hi _ 11.99 [41.51k | 10.83mn L
AR |LowCl |es3Te 62.88gh | 60.091 | SAR6 | HighCl | 1206 [11.70j | 11.06 ﬂ # High CI |
4000 High Cl | 64.32f GoBzk | 58.52m | .- 1211hi 12030 [1149k | k
ppm | carg LLOWC! 61.10 jk 6174i | 5534p | 80 [1212hi _ |1221h | :.._a_.L g
High Cl | 61.01 jk 57.28no | 54309 | Ec h 12.43fg | 1210hi |
saRa EowC! 59.71 | 57060 | 52661 | §239B | 63.35B |1248fg 1266e |1223h | | 1 52 A
6000 ‘HighCl | 567.95mn | 5201 [s032t | S 12.75 € 1310cd | 12369
ppm SARE Ti Ci 55.32 p 51.05s 48.88 u ' 13.01d 13.897b [1250f -
High CI | 54.55 q 5005t | 48.12v 1315¢ 1417a | 1268e
L Mean * 63.85 A 1408 | 58.72C | ——— | —— | < |11.97A 11.82B | 11.33C | | =

.= *= and *~ means refer to
investigated factors and their com

pecific effect of pomegranate cvs; salinity concentration;

binations followed by t

he same letter/s were not significan

specific effect for each investigated factor or interaction effect of their combinations, respecti

SAR and Cl:S04
tly different at 5%
vely.

ratio, respectively. Values within the same column or row for any of fou
level. Capital and small letters were used for distinguishing values of eithe
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Abd El-Rahman er al., (1971) working on 8 orange cultivars
reported that the increase in concentration of the external solution

was accompanied by an increase in salt accumulation and total
osmotic pressure of cell sap.

Referring the specific effect of SAR, it was quite clear that the
higher ratio i.e., 6 resulted significantly increasing significantly the
leaf osmotic pressure of pomegranate transplants, than the lower
one i.e. SAR 3 during two seasons of study.

As for the specific of the chloride level (Cl: SO, ratio of saline
solution used for irrigation on the leaf osmotic pressure, it could be
noticed from data in Table (12) that the higher ratio caused a
significant increase in leaf osmotic pressure value than the lower
ratio during two seasons of study.

B) Interaction effect:

Regarding the interaction effect of the four investigated
factors i.e., pomegranate cultivars; salinity concentration x SAR x
Cl: SO4 ratio on leaf osmotic pressure, data obtained in Table (12)
showed obviously a variable response in leaf osmotic pressure of
pomegranate rooted cuttings as related to the different
combinations of four investigated factors during two scasons. The
least increase in leaf osmotic pressure was found by such
combinations representing transplants of 3 cultivars irrigated with
the lowest saline solution (2000 ppm) of SAR 3 and lower Cl: SO
ratio as transplants of each cultivar were compared to the analogous
ones continuously irrigated with tap water. Morcover, other
combinations of 2000 ppm saline solution ranked second in an
increasing order. On the other hand, the highest increase in leaf
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osmotic pressure was detected by Nab-El-Gamal transplants
irrigated with 6000 ppm saline solution of SAR 6 and higher Cl:
SO, ratio either compared to those continuously irrigated with tap
water or supplied with other saline solutions during 2000 and 2001
seasons. In addition, other combinations were in between the
aforesaid two extremes. The obtained results are confirmed by the
findings of Osman (2005) on apple rootstocks and Hassan (2005)

on olive.
[V.IL.3. Effect on transpiration rate (T.R.):
A) Specific effect:

Regarding the specific effect of pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on transpiration rate,
Table (13) clearly shows that Wardy transplants had the greatest
value of transpiration rate while the reverse was true with
Manfalouty cultivar transplants.

The obtained results in Table (13) revealed that salinizing
irrigation water with CaCl,, MgS0O,, KCI, K>SO, and NaCl at
different concentrations significantly affected transpiration rate. To
clarify this, it was noticed that transpiration rate decreased with
increasing salts concentration to reach its minimum value at the
high salts concentration i.e. 6000 ppm during 2000 and 2001
seasons. However, the 2000 ppm saline solution exhibited the
lowest decrease. In addition, the 4000 ppm concentration was
intermediate in this concern. Moreover, the differences were
significant either three salinity concentrations were compared each

other or to control (tap water) during two seasons of study.
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These results are confirmed by the findings of Ragab, (1979)
on citrus seedlings; Walker et al., (1979) on guava trees: Beshir,
(1982) on sultani fig transplants; El-Hefnawy, (1986) on guava
scedlings; El-Hawary, (1987); Gaser, (1992); Abd-El-Karim,
(1997) on grapevine rootstocks and Valia and Patiel, (1997) on
Cashew seedlings, all pointed out that salt treatments strongly
inhibited transpiration rate compared with untreated plants,

Concerning the specific effect of SAR, data as shown from
Table (13) revealed that the higher ratio of SAR6 significantly
decreased the transpiration rate than the lower one i.e., SAR3
during two seasons of study.

As for the specific effect of the chloride level (CI: SO, ratio)
of saline solution used for irrigation on transpiration rate value it
could be noticed from data in Table (13) that the higher ratio
resulted in a significant decrease in transpiration rate than the lower
one during study.

B) Interaction effect:

Table (13) indicates a significant variances due to interaction
effect of various combinations between pomegranate cultivars:
salinity concentration; SAR and CI: SO, ratios on leaf transpiration
rate. Anyhow, three cultivars irrigated with 2000 ppm saline water
of SAR 3 and low level of Cl: SO, ratio, which didn’t significantly
vary than the analogous ones irrigated with tap water as transplants
of each cv. were compared separately. Moreover other
combinations of the same cultivar from one hand and 2000 ppm
saline solution (irrespective of SAR of Cl: SO, ratios) in an

e ree————————————
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increasing order ranked statistically 2 and /or 3" during two
seasons of study.

On the contrary, the greatest decrease in the leaf transpiration
rate was detected by irrigated Manfalouty cultivars plants with
6000 ppm saline solutions of SAR 6 and higher Cl: SO, ratio as
compared with either plants irrigated with tap water or those
supplied with any other saline solution during two seasons of study.
In addition, other combinations were in between the aforesaid two
extremes. The obtained results are confirmed by the findings of

Osman (2005) on apple rootstocks and Hassan (2005) on olive.
1V.1L4. Effect on leaf water potential (L.W.P):
A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., pomegranate cultivars, salinity concentration,
sodium adsorption ratio (SAR) and chloride level (C1:SOy4 ratio) on
the leaf water potential, Table (13) shows that Manfalouty cultivar
plants had significantly the highest value followed in a descending
order by Nab El-Gamal and Wardy transplants. Differences
between 3 cultivars were significant as compared each other during
2000 and 2001 seasons.

Regarding the specific effect of salinity concentration, data
obtained revealed that all investigated saline solutions (2000, 4000
and 6000 ppm) resulted significantly in an obvious decrease in leaf
water potential during two scasons. The decrease in leaf water
potential ~ was gradually  increased with  raising salinity
concentration. Differences were significant cither 3 concentrations

were compared each other or to those of tap water irrigated
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transplants. Consequently, the most depressive effect was always in
concomitant to the highest concentration i.e. 6000 ppm, while 2000
ppm saline solution exhibited the lowest decrease during both
seasons of study. These results are in coincidence with the findings
of Divate and Pandey, (1979) on grapevine: Beshir, (1982) on fig
transplants; Hatem, (1984) on grapevine; El-Hefnawy, (1986) on
guava plants; Stevens and Harvey, (1990) on grapevine and Nieves
et al., (1991) on citrus. In this concern, Stevens and Harvey,
(1990) proved that increasing salinity caused a decline in leaf water
potential. However, Kaul, (1981) on guava plants found that salt
stress reduced plant water status (especially with SO,), and
increased leaf diffusive resistance.

With respect to the specific effect of sodium adsorption ratio
(SAR), it is quite clear that increasing SAR from 3 to 6 in saline
irrigation water used resulted significantly in depressing the leaf
water potential (L.W.P) during two seasons of study.

As for the specific effect of the Cl: SO, ratio of saline solution
used for irrigation on leaf water potential, it could be noticed from
data in Table (13) that the higher ratio decreased it significantly
below those of lower Cl: SO, ratio during 2000 and 2001 seasons.

B) Interaction effect:

Referring the interaction effect of the four investigated factors
l.e., pomegranate cultivars; salinity concentration; SAR and Cl: SO,
ratio on leaf water potential, data obtained in Table (13) showed
significantly an obvious response to the different investigated
combinations during two seasons. The most depressive effect on
leaf water potential was exhibited by such combination represented
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Table (13): Transpiration rate (T.R) and leaf water potential (L.W.P.) of pomegranate transplants (rooted cuttings) in response to specific and interactiot
effects of Pomegranate cultivars; (salt concentrations, SAR and C1:SO4 ratio of saline irrigation water) and their combinations during 2000 &
2001 seasons.

Transpiration rate T.R) | Lea! water potential (LW.P.)

Nab El- | | Nab EI- , |
Manfalouty | Waray _sws_m_oc:._ Wardy _ Mean™ Mean™ | Mean™™ |
| Gamal | | Gamal | |
|
| 0.204 ab Low Cl | 78.27 f j | T8.23 A SAR3 Low ClI

[ 0.198 bc
0.166 e | 0.201 ac
| 0148 gn 1 0.183¢c
0.140 i | 0.175d

74.56 A 7415 A |

71.72p
SARG HighCi | 78.70e | 75821 | 71.96 | SARE High CI )
cl ; | 0. 78.07 f | 74.07 k 71.329

|
77549 | 73.07m | 69.53t 73.83C _
| 68.09 v J
65.79 x 7262E | 73.03B
| 58.64

0.175B 0.155A 0.148A

2000 ppm

4000 ppm

| 0.123 k! 0.135B 0.140B

SAR €

| Mean * 0153 A 76.35 A ; [, | o= b e |
2001 |
% 0.210¢ 0213bc | 0220a | 0.211A | SAR3 o | 774z |7872c | 7866cd |76.04A SAR3 | LowCl |
—_—_— TLowCl lo0200d  |0.200d 021720 | | 7e23b | 7837d | 7176e ,
HighCl | 0.180e 0a77¢ |0210c | _ Jes57cd | TiBée | 1674g |
00 g 04848 | D0.1B64A | D0.158A 77258 | T600A | 7586
2000 ppm e LowCl ﬁ T7e0e | 7638h | 75861 | ¢ A
MianCl | 0147 | 01500 | 0.190e | 7738f | 75770 | 7513 | |
T [ Lowect | 0.130k! 0140 | 01700 | ,_ SARE High CI | 76.58gh | 75.08 ki | 73870 | SARG High CI |
High CI |
400 . |
0 ppm 0.132€ | 74.80 Im | 7411¢ | _,
_ 74.87 k-m " _
| 01458 | 0.1508 74648 | 74958 .,
.080 ¢ | 0. qQ | 0. i
N 0.08 0.080g | 0120m - l
[o0s57s _ |0073r [01000 . Ta44n | 70521t 70.88 D
|

SAR 6
0.070 r | 0.090 p 73610 67.25 x

[ Mzan * 04126C | 01338  |0163A . 7641A | 74468 .
* =, ** and "™ means refer to specific effect of pomegranate CVS; salinity concentration; SAR and Cl:S04 ratio, respectively. Values within the same column or row for any of fou

investigated factors and their combinations followed by the same jetterfs were not significantly different at 5% level. Capital and small letters were used for distinguishing values of eithe
specific effect for each investigated factor or interaction effect of their combinations, respectively.
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the irrigated Wardy transplants with saline solution of the highest
salinity concentration (6000 ppm); SAR 6 and higher Cl: SO, ratio,
where the lowest value of leaf water potential was resulted.
Moreover, other combinations of irrigated Wardy transplants with
6000 ppm saline solution ranked second in an increasing order. On
the other hand, the lowest decrease in the leaf water potential %
below control was detected by Manfalouty rooted cuttings irrigated
with 2000 ppm saline solution of SAR 3 and lower Cl: SO, ratio as
compared to the analogous ones of the same cultivar but
continuously irrigated with tap water during 2000 and 2001
seasons. In addition, other combinations were in between the
aforesaid two extremes. The obtained results are confirmed by the
findings of Osman (2005) on apple rootstocks and Hassan (2005)
on olive.

IV.IL5. Effect on leaf succulence grade (L.S.G.):

Data obtained during both seasons of 2000 and 2001 regarding
the response of leaf succulence grade (H,0 in g/Dem? leaf area) to
specific and interaction effects of pomegranate cultivar: salt
concentration; SAR; Cl: SO, ratio and their combinations are
presented in Table (14).

A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.c., pomegranate cultivars; salinity concentration;
SAR and chloride level (Cl: SO, ratio) on leaf succulence grade,
data obtained in Table (14) showed that Manfalouty cultivar
transplants had significantly the highest value of leaf succulence
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grade. However, both Nab El-Gamal and Wardy cultivars slowed
similar values and ranked statistically 2™ during two seasons.

Regarding the specific effect of salt concentration, Table (14)
shows that leaf succulence grade in pomegranate rooted cuttings
was significantly affected by salt concentration. In this regard leaf
succulence grade decreased significantly with increasing salts
concentration in the irrigation water during the two seasons of
study. These results are in accordance with those obtained by El-
Hefnawy, (1986) on guava seedlings and Nomir, (1994) on kaki
plants

Referring the specific effect of sodium adsorption ratio (SAR),
data obtained revealed that increasing it from 3 to 6 slightly
decreased the leaf succulence grade during both 2000 and 2001
experimental seasons.

As for the specific effect of chloride level (Cl : SO, ratio) of
saline solution used for irrigation on leaf succulence grade, it could
be noticed from data in Table (14) that the higher Cl: SOy ratio

decreased it slightly during both seasons.
B) Interaction effect:

Concerning the interaction effect of the different combinations
between four investigated factors i.e., pomegranate cultivars;
salinity concentration; sodium adsorption ratio (SAR) and chloride
level (Cl: SO4 ratio) on leaf succulence grade, data obtained in
Table (14) showed obviously a considerable variances during 2000
and 2001 seasons. The combination of irrigated transplants of both
Wardy and Nab-El-Gamal rooted cuttings with saline solution of
6000ppm; regardless of neither SAR nor Cl: SO, ratio showed in

f
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general the least values of leaf succulence grade. On the contrary
the highest leaf succulence grade was always in concomitant to
Manfalouty cultivar transplants coniniously irrigated with tap
water, followed by the transplants representing the combinations
between the same pomegranate cultivar irrigated with 2000 ppm
saline solution; regardless of SAR or Cl: SO, ratios. Such trend was
true during both 2000 and 2001 experimental seasons. however the
combinations of the lower levels of Cl: SO, and SAR ratios tended
to show higher values of L.S.G., especially during the second
season. In addition, other combinations are in between the aforesaid
two extremes. The obtained results are confirmed by the findings of
Osman (2005) on pomegranate transplant and Hassan (2005) on
olive.,

IV.11.6. Effect on hard leaf character (H.L.C.):
A) Specific effect:

Referring the specific effect of the pomegranate cultivars; salt
concentration, SAR and Cl: SO, ratio on hard leaf character (H. L.
C), Table (14) clearly shows that Wardy transplants had
statistically the greatest value of hard leaf character (H.L.C)
especially during 1™ season as compared to two other cultivars.
Meanwhile, both Manfalouty and Nab El-Gamal cultivars, didn’t
vary significantly by during two seasons of study.

With regard to the specific effect of salt concentration, data
obtained during both seasons revealed that all three investigated
(2000, 4000 and 6000ppm) saline solutions resulted in an obvious
increase in values of hard leaf character (H.L.C). Such increase was
gradually raised with increasing salt concentration in the irrigation
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water from 2000ppm to 6000ppm. Differences between 3 saline
concentrations (2000; 4000 and 6000 ppm) were significant either
compared each other or to non salinized water during two seasons
of study, with unique except ion in 1% season when control was

compared to the lowest concentration (2000 ppm).

With respect to the specific effect of sodium absorption ratio
(SAR), data in Table (14) showed that increasing it from 3 to 6 In
irrigation water increased relatively value of hard leaf character

where differences was significant during 1™ season only.

Regarding the specific effect of chloride levels (CI : SO ratio)
of saline solution used for irrigation on the value of hard leaf
character (H.L.C), in Table (14) shows that the hard leaf character
(H.L.C) was slightly increased by increasing Cl: SOy ratio during
the two experimental seasons.

B) Interaction effect:

Concerning the interaction effect of various combinations
between; pomegranate cultivars; salt concentration; SAR and CL:
SO, ratio on the value of hard leaf character (H.L.C), data are
presented in Table (14). It is quit clear that a variable response to
the different combinations was detected during the two seasons.
The highest hard leaf character (H.L.C) was detected by Wardy
transplants irrigated with 6000 ppm saline solution regardless of
SAR and Cl: SO, ratio, while the lowest value of hard leaf
character (H.L.C.) was detected by irrigated transplants with saline
solutions at 2000 ppm regardless of pomegranate cultivar or ratios
of both SAR and Cl: SO, whereas all such combinations didn’t

significantly varied in most cascs than those continuously supplied
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Tabie (14): Leaf succulence grade (L.S.G.) and Hard leaf character (H.L.C.) of pomegranate transplants (rooted cuttings) in response to specific anc
interaction effects of Pomegranate cultivars; (sait concentrations, SAR and CI:SO4 ratio of saline irrigation water and their combination:

during 2000 & 2001 seasons.

[ Cultvare Leaf succulence grade (L.5.G. Hard leaf character (H.L.C.) |
. a _ =
— | Nap Ei-
. fanfalouty Nat Ei-Gamal Waray Mean"" Mean™"* Mean**** Mantaiouty [ Waroy Mean"* Mean™" Mear """
| Treaiments L Gamal
| 2000
| Tap water 001627 & 0.008300-¢ 0007767 ¢-¢ | D.DDB7E A SARE Low CI 0.002333 0.0023001 0 002600 f+ 0.00241 B SAR3 Low Ci
_ SRy Lo 0.0u875 ab 0 00785z 0.007367 e+ | 0.002300 1 00022671 | 0.002600 f+
-~ ¥
| | | Hor Gl 0.00950 a-c 0 00753c-+ 0.007400 e- | _ _— 0.002300 1 £.0023001 | 0002500 f-i |
| 2000 ppm 0008128 | COOTTOR | 0.00768 A = 0002436 | 000256B | OOGZEZA |
_ S | LowCl C 00843 8¢ 0.007508-n 0.007300 # 0.002300: | 0.0023001 | 0.002700 e |
o
{ | Honci 000833 8¢ 0.00736¢- 0.007167 -k 0002300, | D.002387 N | 0002800 e |
| i s | Lowe 0 00B4E & 0007176k 0007200 -k SARE Hign CI 0 002300 | £ 0323001 | 0002800 & SARE Higr GI
_ SR J = =
High CI 0 00B1E bg 0.008571-x ) 34 0.002267 00023001 | 0.002733 e+
| 4000 pom — - COMEI | poorzzc _ £.00253 8
came LLowC 000820 bg 0 008501k 0 006767 -k _ 0.002367 hi 00024009~ | ©£.00300 d-g
| HohCl 0.00770 c-g 0.00640g-+k 0.005857 I-k | 0002367 h 0002433g+ | 000313 cf
i sy iowCl 0.00730 £ 0 00837g-+ 0.008657 -+ 0007434 | ©OC7454 | 0002700+ | 0002700e: | 0003462d | 0002734 | 000Z8EA
1 -
! Hign CI 0 00853 -+ 0 .00530g++ C.00540 | 0002800 e- | 000257d-h | 0.00367ac
| 6000 pom | 0008160
| simg  LLowC 000853 -k 0 008260+ 0005333 k| 0002967 o-b | 000330a¢ | 0O0377ab | 0.00323A
} e
" | Hion C 0.00833 o-k 0.00563h-4 0005257k | 0003200 b-f | 000343ad | 000380Ca
Mear * | cooe2r A 000588¢ £ 00057026 | . ——. | = | ———_ | 00025008 | 0032565B | 00398E3A | ~— | 7= _ |
2003 |
T {
! Tap water a 0 008BET & 0 008400 < COOE3ET a<« | (QOOBSS & SAR3 Low Ci | 0.0D224E r 0002277¢gh | 00D2275gn | 000227D SAR3 Low Ci H
[ m sis | Low G 0008800 & 00083332< | C0OJBO00 e | 0002308 +-n | 0.00228Boh | 000228100 _
K]
| [ Hian C 0 038700 ab 0005267 a0 | 0007957 a+ | 0002376 e-n | 0002352Lh | 00G2410 ¢ [
2000 pom DODE2EAS | CO0BDSA | 000BOSA 000244C | 000254A | 0DOG2ETA |
_ | came LiowC 0 008600 a-c 00082003 | 0007900 a¢ | 0002426 c-n | 0002536 b-h | COC2521 bon _
| ,
| ! Hign G 0 028467 a-c 0008200+ | COJ7900a<e | | 0002481 t-n | 0002624 b-n| © 002508 bt | i
| | o [Lowc: | 0008467 ac 00081672« | 00076352 | | S4RE MonCl | 0052585 0-n | 0002714 bn| G 062700 b1 SARS Hign & |
1 1 2 3 i
H | | Hian C! 000B433a-c | 00081672 | COOT267a¢ | | 000261100 | 0002717 b | 0002830 a1 |
| 4000 pom i 0007528 | = 000276 B [
| [ sane LoeC 0008367 a-c | 0008067 a< | 0007233 a-¢ ! 0052732 6-n | 6002716 bn | © 002948 5+ |
© |
i _ Hign C! 0 008367 ac 00076338 | CO0T233 8 | 0002804 2 | 0002726 bn | 0003005 2 [
sans LLowC 0.008300 a<¢ 00073332 | 0.005957 s 0007504 | 0D0784A | 0.002818a-h | 0002738 b-n| 0.003021 a¢ 0002664 | 000283 A
High Cl 0 002300 a-c 0.0067067 a-e C DOBBET b€ 0002831 a-n 0.00278< a-h | 0.003051 a-c
6000 ppm gogr23 C
cme L 0006233 a-¢ 00087336 | 0005500 c-e 0002833 5-n | 0.002625a-h| 000311480 | 0002854
| High CI 0 008067 a-¢ 0006267 de | 0005233 e 0002696 a-g | 0003046 2-d | 0003367 &
Mean * 0008459 A 000775 B oooragzR | o= | — - | 0002781AB | 0002642B | cop28Bt1A | o= | < | — ]

. me wen
L

and =" means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:SO4 ratio, respectively. Values within the same column or row
investigated factors and their combinations followed by the same ietter/s were not significantly different at 5% level. Capital and small letters were used for distinguishing values of eithe

specific effect for each investigated factor or interaction effect of their combinations, respectively.
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with tap water (control) during both 2000 and 2001 experimental
seasons. In addition, other combinations showed intermediate
values of H.L.C. as compared to the aforesaid two extremes. The
obtained results are confirmed by the findings of Osman (2005) on
apple rootstocks and Hassan (2005) on olive.

IV.III. Effect of pomegranate cultivars; salts
concentration; sodium adsorption ratio
(SAR) and chloride level (Cl: SO, ratio) in
irrigation  water on  some chemical
constituents:

IV.IIL1. Effect on leaves photosynthetic pigments
(chlorophyll a, b and carotein contents):

Data obtained during 2000 and 2001 seasons regarding the
specific and interaction effects of the four investigated factors
(pomegranate cultivars; salinity concentration; SAR and CI: SO,
ratio) in irrigation water on leaves chlorophyll a, b and carotein
contents are presented in Table (15).

A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., pomegranate cultivars; salts concentration; SAR
and chloride level (Cl: SO, ratio) on the leaf chlorophyll a, b and
carotein contents, Table (15) shows that Manfalouty cultivar plants
had the highest values of chlorophyll (a), (b) and carotein contents,
followed in a decreasing order by Nab El-Gamal and Wardy
transplants during two scasons of study. In this respect, Noamen et
al,, (1994) on pomegranate transplants, Gaser, (1992) on some

%
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grapevine rootstock found that salinity greatly affected
photosynthesis, via inhibiting chlorophyll pigment formation,
where the most sensitive rootstocks i.e. St. George and Coudere
1202 accumulated the lowest amounts of chlorophyll A and B and
carotenoids compounds.

Regarding the specific effect of salinity concentration on
chlorophyll (a), (b) and carotein, data obtained revealed that all
investigated three saline solutions (2000, 4000 and 6000 ppm)
resulted in an obvious decrease in leaf chlorophyll A and B, as well
as carotein contents of three pomegranate cultivars during the two
seasons of study. Such decrease was significant as compared with
those of tap water (control) irrigated rooted cuttings.

On other hand, the most depressive effect was always in
concomitant to the highest concentration i.e., 6000 ppm during both
2000and 2001 seasons of study. However, the 2000 ppm saline
solution exhibited the lowest decrease in both chlorophyll A, B and
carotein contents. Meanwhile, the 4000 ppm concentration was
intermediate in this concern, whereas. Differences between the
three salinity concentrations were significant as each was compared
to the two other ones regarding leaf chlorophyll A, B and carotein
contents during 2000 and 2001 seasons. Thus, it could be stated that
salinity reduced severcly the photosynthetic pigments content in
leaf. These results are coincided with the findings of Noaman er
al., (1994) on pomegranate, Pandey and Divate, (1976) and Salem,
(1981) on grape who mentioned that salinity decreased leaf
chlorophyll content. Hatem, (1984) reported that, green pigments
content (chlorophyll A and B) and caroteinoids in the salt treated
Rome grape plants grown in calcareous soil, decreased with
increasing salinity. Attia, (1994) found that leaf total chlorophyll
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content in both apple and olive transplants was significantly
depressed by rising the salts concentrations.

Kabeel, (1985) stated that the salt concentrations in irrigation
water decreased significantly total chlorophyll content as compared
with those of the control (tap water irrigated seedlings of some fruit
spp.).

Abo-El-Khashab, (1997) found that chlorophyll a, b and
carotein were decreased in olive and peach seedlings irrigated with
saline water. The same trend was found by Mohamed, (1997) on
bitter almond and Nemaguard peach rootstock, Abbas, (1999) and
Attia, (2002) on olive plants.

Concerning the specific effect of sodium adsorption
ratio(SAR), it is quite clear that increasing SAR from 3 to 6 in
irrigation water resulted significantly in decreasing chlorophyll a
and b and carotein during two seasons of study. Similar
observations were also found by Noaman ef al, (1994) on
pomegranate transplants; Kabeel, (1985) on grape, peach and
Plum, Omar, (1996) on peach and mango seedlings and Abd El-
Mageid, (1998) on almond scedlings.

As for the specific effect of chloride level (C1:SO,) of saline
solution used for irrigation water on pomegranate leaf chlorophyll
a, b and carotein contents, Table (15) shows that the higher ratio
(increasing the level of chloride in irrigation water) resulted in a
significant decrease in leaves chlorophyll a, b and carotein contents
during 2000 and 2001 seasons. The same findings was obtained by
Kabeel, (1985) on three deciduous fruit species and Abd El-
Mageid, (1998) on almond seedlings.
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B) Interaction effect:

Regarding the interaction effect of different combinations
between pomegranate cultivars; saline concentration; SAR and ClI:
SO, ratio on leaf chlorophyll A, B and carotein contents, data
obtained in Table (15) showed that chlorophyll A, B and carotein
of all irrigated pomegranate cultivars transplants with saline
solutions were significantly decreased as compared with control
during the study.

The least level of leaf photosynthetic pigments i.e.,
chlorophyll (a & b) and carotein were always in closed relationship
to such combination representing Wardy transplants irrigated with
highest salinity concentration (6000 ppm) of SAR 6 and higher
CL:SOq4 ratio. Moreover, other combinations of 6000 ppm saline
solution especially of Wardy transplants transplants ranked
statistically second in an increasing order. On the other hand, the
lowest decrease in leaves chlorophyll A, B and carotein contents
below control (tap water irrigation) was exhibited by Manfalouty
cultivar transplants irrigated with 2000 ppm saline solution of SAR
3 and lower CI:SO, ratio during 2000 and 2001 seasons. These
results are confirmed by those of Kabeel, (1985) on some
deciduous fruit species, Omar, (1996) on both apricot and mango
plants and Abd El-Mageid, (1998) on almond seedlings.

The decline in photosynthetic pigments content of salt-
stressed plants might be due to the decrease in the a absorption of
minerals nceded for chlorophyll  biosynthesis, i.c., iron and
magnesium Reddy, (1967) or due to reduction of chloropyll
moleculies Polijakoff and Gale, (1975) or due to inhibition of
chlorophyll syntheses Patil, et al., (1984).
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Table (15): Leaf Chlorophyll (A), Chlorophyll (B) and Caroteins (mg/g f.w) of pomegranate transplant (rooted cuttings) in response to specific ant
interaction effects of Pomegranate cultivars; (salt concentrations, SAR and Cl: SO, ratio of saline irrigation water) and their combination:

during 2000 & 2001 seasons.

S Cultivars Chiorophvil (A) [ Chiorophyll (B) Carotein
——_ T T
Trantments ff‘fﬂf.ﬂf.ﬁ Manfalouty Mﬂm:_w__. | Wardy % Mean™ _ Manfalouty " ﬂﬂw:_w_. Wardy | Mean™ Manfalouty 7 ﬂﬂasm__. Wardy Mean™
2000
Tan water 1302 1202  |117d  [125A |073= [0.65d 067e 0.70 A 067a | Obéc 062d | 0&5A
SAR 3 wos M_ 128 a A.Mm b | “,HM ot f MWM b | NMM w M.M m M.Mm b | 063c 06he |
ighCl |1.21¢c 1.20 ¢ 4 e 70¢c | 0. 2 64 c | 0.60e 0.57 f
2000ppm s LowCl | .13 f-n 116de | 1.08] 1168 Msea [0.64g 0.59 ] e 063c__ | 056g 054 h e |
ARG iighcl | 1.14ef 11204 | 1.06k 065g 0.6 i 0.58 0.56 0 0.52 | 051k
s pame Tt e eal e o et Hh e
High CI | 1.06 k .09 ij .99mn .58 j .54 m . 51 0.47 m 0.46n
4000pEm SARG L LowCl [1.05k 1.05 k 0.960 193¢ [osem 0.50 0 0.52n 928C 04T m 0.45 n 0440 0415
High Cl | 1.01Im 0.96 n 0.88 p 0.50 0 0.45pg_ | 048p 0.44 0 0.42p 0.41g
SAR 3 LowCl | 0.98n 0.90 p 0.84¢g 048 g 0.44 r 0.44 rs 042p 0.40rs 0.38 st
6o High Cl | 0.80 p 0785 077s 0.43s 0.42 tu 0.421 0.40 ar 0.39 st 0.37u
sARe L LowCl [o80r 073t 0.67 v 078D [0.41uv 0.35 w 039w 042D 0.39¢ 037 u 0.35v 0.38D
High CI | 0.71 0 065 u 0.56 w [040v __ [0.38x 0.37 0374 0.35v 033w
Mean * [1.05 A 103B__|o085C [0.57 A To54B 053 C 051 A 0.45 B 147 C
o “ SAR 3 SAR 6 SAR 3 SAR G SAR 3 SAR 6 |
“ 1.10 A 1.02B 0.594 0.56 B 0.5¢ A 0.50 B _
Mean ** | Low Cl: SO4 High Cl: S04 Low Cl: SO, High Cl!: SO, Low CI: SO« High CI: 80, |“
| 1.08 A 1.04 B 0.58 A 0.57 B 0.53 A 051 B !
2001 ]
4wumv water 1.35a 1.33 b | 1.24 g | 1.30 A 0.78 a | 0.71 ¢ 0.70 c-e ﬂ 0.73 A 0.6% a | 0.67 b 0.67 b 0677TA B
SR 3 |LowCl [130c 1260 | 118h | 0.72b [070ce | 08901 | 0.65¢c |065cd | o63e _
High CI_| 1.24 ¢ 125¢ | 118 071cd | 0.68ef 0.68 fg 0.64 d 0.63 ¢ 0.59 g _
200ape LowCl | 1.20g 123f | 1470 1218 o eoef 0.65ef | 067g e YT 0.61f 0.54 ] c.61B
SARS ighCl [ 1.78 145 1.4 kI 0.68 fg 0.66h 0.6 i 0.60 g 0.58 i 0.52 1
SAR 3 Low Cl [ 1.14 jk 1.131 ﬂ.”_“ m M.MWLM M.MM_. ”.% N.wm h 0.53 k 0.50 m
High Cl | 1.09n 1.11m 1.08 no . .56 m ; 5B i 0.521 0.48 p
420%mpm T T 109n | 098g 107C Fisem 0.510p | 056m 057C pasn 0.48 o 0.44s oasc
SAR G High Cl | 089 g 1.03 p 0821t 0.55m 0.52 0 0.54n 045r 0.45r 0.42 u
SAR3 |LowCl [088r “.wﬂ [ M.w“ u Mwm p w.ww op M“M ; ”.S B 0.44 5 0.40 v
HighCl | 0.93s B1w 79 x .51 op 48 gr 448 46 g 0.42u 0.39 w
E00 pom Low Cl | 0.84 v 077y 0.70 | 080D e g 0.421 042t 046D a3t 040 vw | 0.39 x 041D
SARE iahcl | 0722 0.70] 061\ 0.44 5 0.40 u 0.39 u 0352 0.39 x 038y
Mean * 113 A 1.06B 1.00C | 0.60 A 0.56 B 057C 0.54 A 0528 0.49 C _
EE—— SAR 3 SAR 6 SAR 3 SAR 6 SAR 3 SARE _
113 A 1.05B 0.63A 0.59 B 0.57 A 0.53B |
Mean == Low CI: SO« High Cl: SO« Low Cl: SO, High Cl: SO, Low Cl: SO, High Cl: SO. |_
- 112 A 1.07 B .62 A 0.60 B 0.56 A 0.54 B _

*, ™, " and "™ means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:504 ratio, respectively. Values within the same column or row for any of fou

investigated factors and their combinations followed by the same letter/s were not significantly different at 5% level. Capital and small letters were used for distinguishing values of eithe
specific effect for each investigated factor or interaction effect of their combinations, respectively.
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[V.II1.2. Effect on stem total carbohydrates content:
A) Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., pomegranate cultivars; salt concentration; SAR
and Cl: SO, ratio on stem total carbohydrates content, data as
shown in Table (16) revealed that Manfalouty cultivar transplants
exhibited the highest value of stem total carbohydrates in both
seasons, while Wardy transplants was the poorest during two
seasons of study.

Regarding the specific effect of different salts concentrations
in the irrigation water on stem total carbohydrates content of
pomegranate transplants, it is obvious from the results in Table
(16) that stem total carbohydrates content decreased significantly
with increasing salt concentration in the irrigation water during
2000 and 2001 seasons. Such decrease was significant within the
three salts concentration of 2000, 4000 and 6000 ppm as compared
to those of tap water (control) plants. These findings are in
harmony with those obtained by Nasr er al., (1977) on plum and
Peach; Aly, (1979) on pomegranate and some fruit species; Beshir,
(1982) on fig plants and Lioyd and Howie, (1989) on Washington
Navel orange who proved that the actual amounts of carbohydrates

in different plant organs were adversly affected with rising salinity
level.

Regarding the specific of SAR, data as shown in Table (16)
revealed that the higher ratio of SAR resulted significantly in
decreasing the stem total carbohydrates content during two seasons
of study.
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As for the specific effect of the Cl: SO, ratio of saline
solutions used for irrigation in stem total carbohydrates content, it
could be observed from data in Table (16) that higher ratio slightly
decreased stem total carbohydrates contents, during the study.

B) Interaction effect:

Referring the interaction effect of the different combinations
between the investigated four factors i.e., pomegranate cultivars;
salinity concentration; SAR and Cl: SO, ratio on stem total
carbohydrates, Table (16) shows a considerable and statistical
effect in both seasons of study. The most depressive effect on stem
total carbohydrate was closely related to that combination
represented Wardy transplants irrigated with the highest salinity
concentration (6000 ppm) of SAR 6 and higher Cl: SO, ratio
whereas the lowest value of stem total carbohydrates content was
resulted. Moreover, other combinations of 6000 ppm saline solution
ranked second in an increasing order. On the contrary, the lowest
decrease in stem total carbohydrates was detected by Manfalouty
cultivar transplants irrigated with 2000 ppm saline solution with
SAR 3 and lower Cl: SOy ratio as compared with control during
2000 and 2001 seasons. In addition, other combinations were in
between the aforementioned two extremes. The obtained results are
confirmed by the findings of Osman (2005) on apple rootstocks
and Hassan (2005) on olive.

IV.I11.3. Effect on stem total soluble sugars content:

Data presented in Table (16) show the specific and interaction

effects of pomegranate cultivars; salts concentration; sodium
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adsorption ratio (SAR); chloride level (Cl: SO, ratio) in irrigation
water and their interaction on stem total soluble sugars.

A) Specific effect:

Concerning the specific effect of pomegranate cultivars; salts
concentration; SAR and chloride level (CL:SOy ratio) on stem total
soluble sugars content, Table (16) clearly shows that Manfalouty
cultivar transplants had the greatest value of stem total soluble
sugars, while Wardy transplants was the poorest. It must be noticed
that, Nab El-Gamal transplants was intermediate and differences
between three pomegranate cultivars were significant during 2000
and 2001 seasons.

With respect to the specific effect of salinity concentration,
data obtained revealed that, the stem total soluble sugars content
was gradually increased by increasing salinity concentration during
two seasons. Such increase was significant as compared to those of
tap water irrigated transplants. On the other hand, the greatest level
of stem total soluble sugars content was exhibited by the tap water
irrigated transplants during both seasons of study. Differences
between the three salinity concentrations were significant as cach
was compared to two other ones during the two seasons of study.
Such results appeared to agree with those obtained by Saeed,
(2005) on pomegranate Nasr et al., (1977) on stone fruits; Aly,
(1979) on grapevine and El-Hefnawy, (1986) on guava who found
that high salinity levels increased total soluble sugars.

Regarding the specific effect of sodium adsorption ratio
(SAR), it was quite clear that increasing SAR from 3 to 6
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significantly increased stem total sugars content during two seasons
of study.

With respect to the specific effect of Cl:SOj4 ratio on stem total
soluble sugars content, data from Table (16) show clearly that the
higher Cl level significantly increased total sugars in both 2000 and
2001 seasons.

B) Interaction effect:

As for the interaction effect of different combinations between
the four investigated factors i.e., pomegranate cultivars, salinity
concentration, SAR and Cl: SO, ratio on the stem total soluble
sugars, data are presented in Table (16). It is quite clear that the
specific effect of each investigated factor was significantly
reflected on interaction effect of their combinations during two
seasons of study. Anyhow, the least stem total soluble sugars
content was coupled with such combinations of Wardy transplants
irrigated with the lowest salinity concentration (2000 ppm) of SAR
3 and lower C1:SOy, ratio as compared to any of other combinations
of different saline solutions during two seasons of study. On the
other hand, the highest stem total soluble sugars level was exhibited
by Manfalouty transplants irrigated with 6000 ppm, saline solution
of SAR 6 and higher C1:SO, ratio during 2000 and 2001 seasons. In
addition, other combinations ware in between the aforesaid two
extremes. The obtained results are confirmed by the findings of
Osman (2005) on apple rootstocks and Hassan (2005) on olive.
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Table (16): Stem Total Carbohydrates and total sugars (%)of pomegranate transpiant (rooted cuttings)
SAR and CL:SO4 ratio of saline irrigation w

Pomegranate cultivars., (salt concentrations,

in response to specific and interaction efiects of
ater) and their combinations during 2000 & 2001

seasons.
[T < . Cultivars | Carbohydrates (%) | Total sugars (%)
T Manfalouty ‘ i ‘ Wardy , Mean™ ‘ Mean™™ ﬁ Mean= “ Manfalouty m Nab Bk Wardy ﬁ Mean~ | Mean™" h _smm:..!\_
Treatments R Gamal | | Gamal | | i | i
2000 ]
Tap water 32.05a | 2864cd | 2792h | 2087A | SAR3 Low Cl | 1.91 xy | 1.83] | 1.62) | 1.79D | SAR3 Low Ci
_,’m s [ LowCi 3086b | 26.72fg | 2599 K | | 2.03v 189y [4.73) ‘ ‘
— HighCl | 30.06c | 2747 hi [25.211 | 2743 | zezom | ssen |212S [ 183x | 1882 ] soee | punE % 3545
SARg | LowCl |2041de | 27.14i 24.93 Im 22471 l207u 1.96 w m
HighCi | 20.09ef | 26.54] 23.68 0q | 2.37p | 2155 210t ! _
SAR'3 ,..,us cl 28.52 g _ﬁ 25.84 k 2270s | SARE HighCl | 248 m f 2.28 ¢ i 213s | _ SARGE _ High CI
465 HighCl | 27.63hi | 25.061m | 21.73¢ | — 262k [237p [220q __ _
sage |LowCl | 2613j | 24.86im | 20.36 E 274 [245n | 2400 2498 | |
HighCl | 24.99im | 23.880p | 19.94v | 290g | 2561 | 2.60 k i
SAR: LLowCl |2458mn | 22.96rs | 18.02 w _ 24.848 251BA | 304 [2.79i 2.73j — | 2424 M 2.38A
HighCl | 2413n0 | 20584 | 18.50 x 317¢ | 2.86 h 2.88h
6000 pam SArRe | LoWCl [2351pg | 1B04wx | 1708y | 20480 [3.33p l283g /299f | 303a “ ﬁ
HighCl | 23.25qr 1741y | 1580z | | 352a |303e  [300d | _ _
Mean * 27.25 A 2454B | 21.76C | —~<_ | -~ | ——  |286A 2408  T234¢c | - | -~ ]
2001
Tap water [3536a | 3278c | 30.88¢ 23.01A | SAR32 LowCl | 212w 203y [186) | 2.00D SAR3 | LowCl |
SaAR3 |LowCl |3344p | 32.084d 27.95i | {220 ,ﬁ 205y | 182 J_ | | ,
S HighCl | 3318bc | 31.16ef | 26.86] 4 e | zmsa | maea |28 |209x 200z | ... . [ — _
sars |LowCl |32050 [20.089 2628k | 248q [2230 211w | _ _
HighCl | 31.56de | 29.56q | 2516 mn | 2.53p [237r 230t | _ ﬁ
sar3 LLowCl [3118ef | 2702 23.78n | SARE HighCl | 2.68n | 2460 239r | 274B SARE High CI _
o HighCl | 31.02ef 27.63i 2298p | 26.42c | 2.831 | 2.58 0 254p | A _
sarg | LowCl [2872h 2644k | 2211q 294k 273m | 2.81) |
Highcl | 2768 2509 mn | 21.43r 311 2.821 2.92k f
Low Cl | 26.38 jk 23650 | 20.80s 2706B | 27.52A |341d 3.00 2.99] | 2694 263 A
SAR 3 - |
N High Cl | 25.711 21.819r | 19.851 5 erm 346 ¢ 317 h 319g |
saRE |LowCl |2545im | 2009t | 18610 3.73b 3.31¢ 3.35e | 337A _
_|Highcl [2503mn [1914u | 16.98 v 3.93a 3.43d 348c | |
Mean * 28.75 A 2673B  [2344C | < | o | | 2e0A [264B 260C | = | o | |

s ", " and ~=

investigated factors and their combinations followed by the same letteris
specific effect for each investigated factor or interaction effect of their col

means refer to specific effect of pomegranate cvs; salinity concentration; S
were not significantly different at 5%
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IV.II1.4. Effect on leaf proline content:

Data obtained during both 2000 and 2001 seasons regarding
the specific and interaction effects of four investigated factors and
their combinations are presented in Table (17).

A) Specific effect:

Concerning the specific effect of pomegranate cultivars,
salinity concentration, SAR and chloride level (Cl: SO, ratio) on
the leaf-proline content, data obtained in Table (17) clearly show
that Wardy Pomegranate transplants had significantly the greatest
value of leaf-proline content followed in a descending order by Nab
El-Gamal transplants and Manfalouty cultivar during two seasons
of study. In this respect, Gaser, (1992) reported on grapevines that
the most sensitive rootstock (St. Georg, Gouderc 1202 and Couderc
1613) tended to accumulate higher amount of proline while the
more tolerant stock (Cauderc 1616) Thompson seedless, Arabi and
Dogridge contained the lowest amounts of proline in leaves.

Regarding the specific effect of salinity concentrations, data
obtained in Table (17) revealed that a significant variances in leaf
proline contents were obviously detected due to salt concentration
of irrigation water during the study. Herein, the obtained results
revealed that leaf proline content increased significantly by any of
the three salt concentrations of the irrigation water as compared to
that of tap water irrigation. Moreover, the most remarkable increase
was resulted by the highest saline concentration (6000 ppm),
however, 2000 ppm saline solution exhibited the lowest increase.
Meanwhile, the 4000 ppm concentration was intermediate in this
respect, whereas differences between the three salinity
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concentrations were significant as each was compared to two other
ones during 2000 and 2001 seasons. Proline might act as an
osmoregulator compound against salinity stress and its
accumulation considered as an adaptive response to stress
conditions Saeed, (2005) on pomegranate Handa ef al., (1985).

Salt stress increased leaves proline content is in conformity
with those obtained by Saeed, (2005) on pomegranate Downton
and Loveys, (1981) on salinity stressed érapevines; Kaul, (1981)
on guava plants; Rajasekaran and Shanmugavelu, (1983) on
tomato plants and El-Hefnawy, (1986) on guava plants. However,
Nieves et al., (1991) found that free proline increased as salinity
increased in the leaves of both Verna and fino lemon scions
cultivars budded on sour orange rootstock but it was unaffected on
Alemow (Citrus macrophylla). They also concluded that
differences in both free total amino acids and proline contents
parameters in response to salinity stress are attributable to the
different capacity of each specific rootstock/scion combination to
import chloride and sodium to leaves.

With respect to the specific effect of SAR, it was clear that.
increasing sodium adsorption ratio (SAR) from 3 to 6 in irrigation
water resulted significantly in increasing leaf proline content during
two seasons of study.

Referring the specific effect of the Cl: SO, ratio of saline
solution used for irrigation, Table (17) shows that leaf-proline
content significantly increased with higher ratio than lower one
during 2000 and 2001 seasons.
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B) Interaction effect:

As for the interaction effect of various combinations between
pomegranate cultivars; concentration level; SAR and CI:SOy ratio
on leaf proline content data presented in Table (17), show
generally, a noticeable variances during the study.

Anyhow, the greatest value of leaf proline content was always
in concomitant to that combination between Wardy transplants x
highest salinity concentration (6000 ppm) x SAR 6 x higher C1:SO,
ratio. Moreover, other combinations of 6000 ppm saline solution
for the same pomegranate cultivar ranked statistically second; third
and fourth in an decreasing order as SAR6 of lower Cl level and
SAR3 of either higher or lower Cl: SO, ratio were concerned,
respectively. On the other hand, the lowest increase in leaf proline
content was found by Manfalouty cultivar transplants irrigated with
2000 ppm, saline solution of SAR3 x lower Cl:SO, ratio as
compared with control during 2000 and 2001 seasons. In addition,
other combination were in between with slight tendency of
variance. The obtained results are confirmed by the findings of
Osman (2005) on apple rootstocks and Hassan (2005) on olive.

IV.IiL.5. Effect on leaf total free amino acids content:

A) Specific effect:

Concerning the specific effect of the different factors involved
i.e., pomegranate cultivars; salinity concentration; SAR and C1:S0,
ratio on leaves total free amino acids, data obtained in Table (17)

showed that Wardy transplants had the highest value of leaf amino
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acids contents followed in a descending order by Nab El-Gamal
transplants and Manfalouty cultivar during two seasons of study.

Referring the specific effect of different salts concentration in the
irrigation water on leaf total amino acids content of pomegranate
cultivars transplants, it is obvious from the results of Table (17) that
total amino acids in leaves increased significantly with increasing salts
concentration in the irrigation water comparing with those of the
control (tap water) during 2000 and 2001 seasons. These results are in
harmony with those reported by Saeed, (2005) on pomegranate
Petrosyan er al., (1967) on apple leaves; Kessler and Snir, (1968) on
citrus seedlings; Joham, (1971) on cotton leaves and El-Hefnawy,
(1986) on guava plants, who found that leaves of highly salinized
treatments recorded higher value of free amino acids in comparison
with the untreated treatments.

As for the specific effect of sodjum adsorption ratio (SAR) in
the irrigation water on leaf total free amino acids content (mg/100g
D.W), data are presented in Table (17). The results show that the
total free amino acids content increased by increasing sodium
adsorption ratio (SAR) from 3 to 6 during the study:.

With respect to the specific effect of CL:SOy4 ratio (chloride
levels) on leaf-total free amino acids content, Table (17) shows
clearly that leaf-free amino acid content in pomegranate cultivars
seedlings increased slightly by increasing levels of chloride (CL:SO,
ratio) in irrigation water during two seasons of study:.

B) Interaction effect:

Regarding the interaction effect of various combinations
between the four investigated factors i.e., pomegranate cultivars;
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Table (17): Leaf Proline and Total free aimino acids contents (mg/100g.f.w) of pomegranate transplants (rooted cuttings) in response to specific and interaction

effects of Pomegranate cultivars.,

(salt concentrations, SAR and

Ci:SO4 ratio of saline irrigation water) and their combinations during 2000 & 2001

seasons.
“.ﬂf —_ Cultivars | Leaf Proline content (mg/100g.F.Wt.) | Total free aimino acids (mg/100g.F.Wt ) |
i i I | NabEl- | m [ W _ Nab Ei- i #
Sy, w Mean™ == | Mean™ | Manfalouty - - Ll
i R - 7 Manfalouty ( Gamal ardy ean _ Mean | Mean 7 anfalouty Sumat Wardy Mean | Mean Mean !
2000 |
Tap water | 0.16 | .17 - 0.18 - 017D SAR3 | LowCl | 2.01 ! 2.05* | 215\ | 207D SAR3 Low Cl
7 saAR 3. Eo¥ cl |018- ! 0.21] 0.22 [\ m 2.04 - 2.09) | 2.24 x
[ T |
Highcl | 0.18* | 0.24 | 0.25 | 2.08 | 247 | 22 |
2000 ppm < z - 0.24C 0.40 B 0.44 B 1 _ St W 221C | 234B | 237A |
care |ew e 0.211] 0.26 x 0.28 x | 2151\ 221z 230 u
High Cl 0.22 | | 0.30w 0.32v | 222y 220vw | 248p | i
_ sAig LLowel 0.30 w | 0.37u 0.41s | SAR6 | HignCl |229v | 2.34t | 2.49 0 | sare High CI
| [ High CI | 0.39t | 0.45¢ 053p | _ 2.37s 240 r 2.52n
4000 ppm i 050B _ , !
sAre oW cl 0.47 g | 0.53p 0.60 n | | 245¢q | 2.48 p 2.64 ] 242 B
|
| HighCl | 0.590 | 0.64 m 0.66 | | 2.53m 2551 | 277h
[ Low i 0.71k {0771 0.75 m 0.55 A 051A | 262k | 263§ 2.81f 7 246 A 243 A
SAR3 — X 2
High CI 0.84 h | 0.82g 091 g | 2.711 271 282c |
6000 ppm 1 098 A + [ |
—_— Low ClI 1.06 f | 1.00e 1.14d | 2.80f 278 g | 298 b 282A |
HighCl | 1.18¢ | 1.22b 131a | 291d  2.86e | 311a | i
Mean ~ lo.50C lossB | 05B8A e - 2408 ' 243B | 259A | ~_ | - 1
2001 |
Tap water |06y | c21wx | 0.20 wx 118D | SAR3 LowCl |2.08y 211y 218w 1 213D | SAR3 LowCi |
LowCl | 018 x | 021wx | C.24uv _ 210y 220w | 2.23v ! | |
SAR3 lighci | 022vw | 0.20t 0.29 ¢ 4 _ 2.15x {220t 2.26 u i
1a - L U B | | o 2 | £
2000 = . 0.28C 045B | 048B 227C 241B 2.44 A
PR lowCl [0.25u 0.34s 036rs | _ 222v__ | 235r | 2325 z ‘
SAR 6 i , , |
HighCl | 0.281 0361 0.40 g | ! 2.32s 241p l2430 [
cAR3 LEo cl 0.35rs 0.42 g 0.48 o | SAR6 | HighCl |2.38q | 248 n 249 n 2.56 B SARG High CI
High Cl 0.44 p 0.48 0 0.59 m [ 2.42 op | 250 n 257Tm
4000 ppm 055B | T T
Low CI 0.54 n 0.54 n 0.6E k 2.50n L2611 | 267k |
SAR 6 - g | i - = f
High CI 0.631 0.621 0.79 i | 2.57Tm | 272 27710
sar3 EO¥ cl 0.75] 0.75 0.93g 0.60 A 056A [ 271) | 2.81h 2869 253 A 2.50 A
High CI 0.88 h 0.201g 1.08 e 280 h 2.90 f 297d
6000 ppm 1.05A
sars |ewC 1.05f 1.10e 127 ¢ 2.89 f 282e 311b 293 A
HighCl | 1.20d 1.31b 1.40 a 291e 301¢c 3.26a
Mean * 053C 0568 0.67 A T | = ~——<_ |247C___ | 2568 2634 | o= | = | = |

. -

.=, *= and " means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:SO4 ratio, respectively. Values within the same column or row for any of four

investigated factors and their combinations followed by the same letter/s were not significantly different at 5% level. Capital and small letters were used for distinguishing values of either
specific effect for each investigated factor or interaction effect of their combinations, respectively.
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salinity concentration; SAR and Cl: SOy ratio on leaf total free
amino acids content, data obtained in Table (17) showed obviously
the variable response to such combinations evaluated during two
seasons. The highest leaf total free amino acids content was
coupled with such combination representative of irrigated with
saline solution of the Wardy transplants highest salinity
concentration (6000 ppm); SAR 6 and higher Cl: SO, ratio as
compared to either those of control or other salinity combinations
during two seasons of study. However, the lowest leaf-total free
amino acids was detected by those transplants of Manfalouty
cultivar irrigated with 2000 ppm saline solution of SAR 3 and
lower Cl:SO, ratio as compared to those of other salinity
combinations which ranked 2" just after those continuously
irrigated with tap water during 2000 and 2001 seasons. Moreover,
other combinations were in between in this concern. The obtained
results are confirmed by the findings of Osman (2005) on apple
rootstocks and Hassan (2005) on olive.

IV.I11.6. Catalase and peroxidase enzymes activities:

Regarding activitics of both catalase and peroxidase enzymes
in leaves of pomegranatc rooted cuttingsas affected by cultivars:
salinity concentration: sodjum adsorption ratio (SAR) and chloride
level (Cl: SOy ratio) data obtained during 2001 seasons are
presented in Tables (18 and 19).

Concerning catalase activity, it is quite clear that an obvious
decrease detected with advancement of estimation time till 60
recorded then it tended to be slightly increased. Such trend was true
for three pomegranate cultivars during the study. Moreover, three

e ee——————————————————————
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pomegranate cultivars varied pertaining catalase activity in their
leaves, whereas Manfalouty cultivar had the highest rate of activity,
descendingly followed by Nab El-Gamal transplants and Wardy
transplants which last was the inferior during the study.

In addition, catalase activity responded slightly to salinity
concentration; sodium adsorption (SAR) and Cl: SO, ratios. Herein,
the activity tended to be slightly decrcased by rising salt
concentration, especially with two higher ones (4000 & 6000 ppm)
or SAR ratio in irrigation water. While with both SAR and Cl: SO,
ratios the trend took the other way around where a positive
relationship was detected.

With respect to the response of peroxidase activity to time of
estimation, Table (19) shows that trend was entirely changed.
Hence, activity was gradually increased as the time of estimation
was advanced. Moreover, the response to pomegranate cultivars
was typically the same where it followed the previously detected
are trend of catalase, so leaves of Wardy had the lowest value of
peroxidase activity but the contrary was found with Manfalouty.

Meanwhile, the trend of peroxidase activity in relation to salinity
concentration and SAR both followed the same trend where an
opposite relationship was obviously detected. Hence, rising the salt
concentration and / or SAR resulted in increasing activity of
peroxidase. Such increase exhibited by salt stress was more
pronounced in transplants of both Nab El-Gamal and Manfalouty
cultivars. Meanwhile, rising Cl: SO, ratio depressed peroxidase
activity.

Generally, it could be safely concluded that activity of both

catalase and peroxidase enzymes each followed its own trends

e T e R T R R e T |
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regarding the response to pomegranate cultivars; salt concentration:
SAR ratio and chloride level (Cl: SO, ratio), as well as
advancement of estimation time. Hence, peroxidase enzyme
activity recorded activity was the highest in Manfalouty cultivar,
under salt stress and it continuously increased with advancement of
estimation time. While the reverse was true for catalase. enzyme
regarding the response to either salt stress, or the advancement of
duration of estimation.

Such results are in general agreement with Lapina er al,,
(1976) on bean plants who found that sodium sulphate and chloride
decreased the activity of cyclic and non cyclic phosphorylation in
been plants noted for low salt resistance. From another point of
view, Kaur and Gupta, (1970) on pea cvs., dehydrogenase activity
in the shoots and roots of both varieties (Perfection as salt sensitive
and T- 163 relatively salt tolerant) increased with salt
concentration, being inversely related to salt toxicity. T- 163
polyphenol oxidase activity was greater in the roots than in the
shoots and decreased with increasing salt concentration. Peroxidase
activity was far greater in T- 163 than in perfection. On the
contrary, Bhardwaj, (1964) on wheat; Kaur and Gupta, (1970) on
pea cvs, Morozovskiy and Kabanov, (1970), on peas Kaul, (1981)
on guava and Nomir, (1994) on Kaki reported that a positive
relationship between salinity level and the activity of both catalase
and peroxidase enzymes in plant leaves. The leaves of salt
treatments recorded higher values in comparison with the control
(unsalinized). The obtained results are confirmed by the findings of
Osman (2005) on apple rootstocks and Hassan (2005) on olive.

Results and Discussion
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Table (18): Catalaze enzyme activity in leaves of some pomegranate cultivars (rooted cuttings) as influenced by saline
solutions used for irrigation of various concentrations; sodium adsorption ratio SAR and chloride levels Cl:SO,
ratio during 2001 season.

Time (se<.| 0 , 15 _ 30 a5 60 75 30
_ Pomegranate CVS. | ! | ” | | | | : | = |
. = | §F | = | ® s |'E > | ® > | T | & | E == | | &
~. |E|2 | f|F% | FlE|®|f|E % |Fli|Eo|¢flE|®|f|E|¥o|f);
| S = = = | = =z = z = z | I = = =z | 2
| Treatments . | | | |
Tap water 074 | 0.69% | 0690 ﬁ 0738 | 0650 | 0642 | 0684 | 0.600 | 0631 | 0663 | 0.E71 | D601 | 0643 | 0551 A 0581 | 0674 | 0.591 | 0622 | 0686 | 0612 | €633 | ce4s
Low | 0.675 | 0.666 | 0.588 | 0761 | 0620 | 0551 | 0725 | 0569 | 0521 | €705 | 0.53¢ | 0491 | 0685 | 0518 | 0471 | 0717 | 0560 | 051z | 0726 | 0581 | 052
SAR3 ,
2000ppm High | 0.812 | 0681 | 0.602 | 0.752 | 0.632 | 0.565 | 0700 | 0.577 | 0.537 | 0680 | 0655 | 0500 | 0.660 | 0.52% | 0480 | 0652 | 0.570 | 0521 | 0703 | 0581 | 0532 |
, 0.616
Low | 0767 | 0710 | 0582 | 0.720 | 0661 | 0.522 | 0672 | 0610 | 0.502 | ©63% | G581 | D462 | LE1S | 0.561 | 0.442 | 0650 | 0602 | 0490 | 0.660 | 0623 | 0.503 |
SARE . : . .
High | 0.78¢ | 0.670 | 0.588 | 0.767 | 0640 | 0568 | 0740 | 0552 | 0542 | 0720 | 0568 | 0512 | 0701 | 0545 | 0452 | 0736 | 0580 | 0532 | 0743 | 0605 | 0543 |
i Low | 0826 | 0725 | 0.557 | 0.781 | €690 | 0.502 | 0.700 | 0642 | 0481 | 0862 | 0612 | 0.452 | 662 | 0583 | 0432 | 0707 | 0633 | 0478 | 0719 | 0653 | cagt m
SAR3 ,
| Wigh | 0.765 | 0742 | 0556 | G705 | €723 | 0491 | 0651 | 0661 | 0473 | 0631 | 0631 | 0449 | 0612 | 0611 | 0428 | 0645 | 0652 | 0.470 | 0855 | 0667 | 0483 =
7 4100ppm. - - , 0.606
Low | 0772 | 0720 | 6572 | o727 | 667z | 0522 | 0666 | 0602 | 0508 | 0647 | 0582 | 0.47¢ | €.627 | 0.562 | 0.45¢ | 0.65¢ | 0603 | 0.500 | 0.670 | 0626 | 0521 | i
SARE ! ! : !
High | 0.621 | 0671 | 0752 | 0624 | 0536 | 0697 | 0580 | 0521 | 0676 | 0552 | D.4s2 | 0660 | 0533 | 0472 | 0680 | 0573 | 056 | 0680 | 038 | 0s20
Low | 0780 | 0867 | 0542 | 0740 | G623 | 0486 | 0.681 | 0571 | 0472 | 0662 | 0542 | 0ad2 | 0ea2 | 0522 | 0422 | 0g7s | 0562 | 0461 | 0s8e | o.sse | 0472 | _
SAR3 ! . ! ” | I ! b .
Wigh | 07BE | D666 | 0.588 | 0731 | 0E31 | 0522 | 0672 | 0571 | 0504 | 0652 | 0542 | 0474 | 032 | 0523 | 0SS | 0BG | 0.563 | 0499 | 0676 | 0585 m 0510 |
6000ppm ; _ : ‘ , , (230 s
Low | 0.860 | 0692 | 0.601 | 0.80C 0563 | 0741 | 0582 | 0544 | 0721 | 0558 | 0514 | 0707 | 0.538 | 0484 _ 0741 | 0575 | 0536 | 0753 | 0600 | 0.5& .
SARE W ! , : ! !
Wigh | 0.840 | 0.720 | 0.583 | 0783 | 0663 | 0851 | 0716 ‘ 0602 | 0537 | 0680 | 0571 | 0.484 | 0686 | 0551 | 0487 | 071 | 0s9s | 0537 | 072 | 0600 | 0550 M
| 3
0.807 | 0.694 _ 0.586 | 0.750 _ 0651 | 0540 | 0.696 * 0557 | 0521 | 0675 | 0578 | 0488 | 0657 | 0.545 | 0471 | 0691 | 0590 | 0513 | 0.700 | 0583 | 0526 ]
Mean of Time @
0.696 _ 0.647 0605 0.581 0.55% 0.598 0.606 rM
Mean of pomegranate Manfalouty NabEl-Gamal Wardy 3
cvs. 0711 0.607 0.521 [
)
Mean of SAR SAR3 SARE =S
0.606 0.616 =
Mean of Ci: SO, ratio Low High “
0.609 0.612 m



Table (19): Peroxides enzyme activit

y in leaves of some pome

granate cultivars (rooted cuttings
o0 SAR and chloride

) as influenced by

saline solutions used for irrigation of various concentrations; sodium adsorption rati
levels Cl:S04 ratio during 2001 season.
_ Time {sec’) ] ] i 3 120 i 180 240 I 300
| | | | >
= . Pomegranate CVS. i | | | | £
~ = * & | | & ‘ | ) = | = ‘ s
S T |BE = E £ | E T |EE = | T |5 T |2 E 5 T (EE = g
| tvesmen T~ | £ B8 | £ | F EF  F | 3 28 | 5| & |53 £ 126 |5 & 55 |5/ 2
| Tap water ; 0.661 | 0.551 _ 0.424 “ 0634 | 0591 | 6484 | 0.715 _ 0605 | 0502 | 0778 ‘ 0.652 £22 ‘ 0691 | 0.530 ‘ 0888 | 0738 _ 0632 ¥ 0.63¢ _
r - T
| _ Low k 0631 | 0.549 | 0.478 ‘ 0622 | o602 “ 0535 | 0.674 ﬁ 0591 | 0564 | 0712 | oesz 0.772 _ 0711 | 0602 _ 0.838 | 0772 * 0708 |
SAR3 , ; , - ,
ﬁ 2000ppm | _ High _ 0485 | 0470 | 0448 | 0623 | 0502 { 0514 | 0.651 _ 0548 | 0532 | 0702 | 0562 | v762 _ 0632 | 0598 ﬁ 0.821 | 0679 _ 0692 |
— - : 0.688
1 I 1 1
_ Low | 0592 | 0.49 | 0.487 | 0,651 ,_ 0542 | 0.560 | 0.677 _ 0562 | 0578 | €729 | p.g0e _ 0.763 ‘ 0.641 | 0.608 _ 0832 | 0.692 _ 0723 |
SARE - - —
ﬁ _ High | 0607 | 0541 | 043¢ | 0863 | 0.86¢ | 0502 | 0.676 _ 0.582 & 0542 | 0717 | 0582 % 0753 _ 0.638 | 0.590 ; 0822 | c703 ‘ ot |
f : + -
_ | Low | 0.602 | 0523 | 0531 | 05z | c.597 | 0621 | o678 _ 0612 _ 0653 | 0736 | eses _ 0778 a 0.740 _m 0.713 _ 032 | 0783 | n.B2e | 1_
, SAR3 T T 8
s ﬁ ‘ High | 0.601 | 0.547 | C.4s8 g 0812 | 0.882 | 0532 | 0.6855 | osse _ 0562 | o708 M 0.858 | 075 | oass2 _ 0612 _ 0.818 | 0.757 ﬁ 0712 |
ppm — . ! ! , { ogar
ﬁ _|5s | 0573 _ 0542 | 0444 _ 0.622 | 0.583 | 0512 | 0.632 _ 0604 | 0.523 | 0688 | 0.651 _ 0748 | 0.684 _ 0.582 g 0.80¢ | o722 “ 0674 |
SARE | - ! ! , !
_, | hign | 0585 | 048 _ 0477 K 0682 | 0530 | 0511 | 0651 | 0553 | os32 | 70t | osoz | €737 _ 0.634 % 0.579 _ C.783 | 0,688 | oer2 | |
“ Low _ 0625 | 0.537 % 0456 | 0672 | C582 | 0.492 | 0.693 | 0606 | 0507 _ c752 _ 0658 | 734 | 0721 ,_ 0.553 m DBS3 | 0760 | 0.652 |
|
, - - - - .
Q High h 0.661 g 0527 _ 0411 | 0641 | 0601 | 0498 | 0.702 | 0632 | 0514 | 0768 | o679 | o8 | 0722 | 0747 k 0.543 _ 0886 | 0762 | 0648 |
5000ppm  — - , . : , .+ 0648
_ Low _ 0.582 _ 0528 | 0.442 | 0.662 ‘ 0577 u 0512 | 0662 | 0.601 | 0.542 | ©728 ﬁ 0.668 | 0.592 | 0764 _ 0702 | o83 _ 0.847 | 0761 ﬁ 0.685 |
- t - -
High ; 0622 | 0527 | 0488 | 0647 | 0572 | 0563 | 0682 | 0.506 ‘ 0.582 % 0741 | 0782 ﬁ 0663 | 0788 % 0.732 _ 0662 | 0.85¢ | 0773 _ orsz | |
0604 | 0.526 | 0.465 | 0.64¢ _ 0.570 _ 0526 | 0.673 | 0.593 ‘ 0.54¢ ‘ 0728 | 0.647 w 0611 | 0768 _ 0,688 ‘ c.597 _ 0.838 | SQL o702 |
Mean of Time : - t - - -
0.532 0.581 0.605 | 0.662 | 0.685 % 0758 W
1 1 1
Manfalout KabEl-Gamal | Ward
Mean of pomegranate cvs. 0710 0627 T 0.57%
SAR3 SARE I
Mian ot SAR 0.642 _ 0673 | %
Mean of Cl: SO, ratio Low High |
0.683 0.632 !
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IV.II1.7. Effect on leaves mineral content:

The data concerning the effect of pomegranate cultivars; salt
concentration; SAR and Cl: SO, ratio (chloride levels) on leaf Cl,
Na, N, P, K, Ca, Mg, Fe, Mn and Zn contents are presented in
Tables (20, 21, 22, 23 & 24).

IV.II11.7.1. Effect on leaf chloride content :

A. Specific effect:

Concerning the specific effect of pomegranate cultivars,
different salt concentration; SAR and Cl: SO, ratio in the irrigation
water on leaf chloride content, Table (20) clearly shows that Wardy
transplants had statistically the greatest value of leaf chloride

content.

Regarding the specific effect of different salt concentrations in
the irrigation water on leaf chloride content, it is quite clear that
leaf chloride increased significantly with increasing salts
concentration in the irrigation water as compared to those of control
(tap water) during two seasons of study. Analogical results were
reported by many investigators; Youssif, (1989) on pomegranate
transplant Pearson er al., (1957) on grapefruit; Ayoub and
Minessy, (1974) on citrus; El-Gazzar et al., (1979) on seedlings of
some fruit species, Khelil, (1979) on citrus; Salem, (1981) on
grapevines, Gaser, (1986) on avocado; Garica and Charbaji,
(1989) on grapevine and Bartolini ef al., (1991) on olive plants.

As for the specific effect of sodium adsorption ratio (SAR) in

the irrigation water on leaf chloride content, data presented in
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Table (20) show an increase with increasing sodium adsorption
ratio from 3 to 6 during two seasons of study.

With respect to the specific cffect of C1:SOy ratio (chloride
levels) on leaf-Cl content, Table (20) shows clearly that the higher
ratio increased it significantly during 2000 and 2001 seasons.

B. Interaction effect:

Referring the interaction effect of different combinations
between the four investigated factors i.e., pomegranate cultivars:
salinity concentration; SAR and CI: SOy ratio on leaf-Cl content,
data obtained in Table (20) showed obviously that the least leaf-
chloride content in irrigated pomegranate transplants with saline
solutions was exhibited by Manfalouty cultivar transplants irrigated
with lowest salinity concentration (2000 ppm) of SAR 3 and lower
Cl:S0, ratio as compared to other saline combinations during two
seasons of study. Moreover, other combinations of (2000 ppm)
saline solution ranked second in an increasing order. In addition the
highest increase in leaf-Cl content value was detected by such
combination represented Wardy transplants x 6000 ppm saline
solution of SAR 6 and higher Cl: SO, ratio as compared with
control during two seasons of study. In addition, other
combinations were in between the aforesaid two extremes.

IV.1IL.7.2. Effect on leaf sodium content:
A. Specific effect:

Regarding the specific effect of the pomegranate cultivars on
leaf-Na content, Table (20) clearly shows that Wardy transplants
had statistically the highest leaf-Na content, while Manfalouty
cultivar transplants showed the least level.
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Concerning the specific effect of salinity concentration, data
obtained revealed that three concentrations (2000, 4000 and 6000
ppm) of investigated saline solutions resulted in an obvious
increase in leaf-Na content over control during two seasons. Such
increase was significant as compared to those of tap water irrigated
pomegranate transplants of three cultivars. Analogical results were
reported by many investigators; Patil and Patil, (1982) and
Youssif, (1989), Wang et al, (1995), Ali, (2000) and Saeed,
Wafaa (2005) on pomegranate. Ivanova, (1971) on apricot; Salem,
(1981) on grapevines; Sweidan er al., (1982) on apricot seedling;
Kabeel, (1985) on some deciduous fruits; Gaser, (1986) on
avocado; El-Hefnawy, (1986) on guava; Garica and Charbaji,
(1989) on grapevines; Bondok et al., (1995) on peach plants and
Omar, (1996) on apricot and mango seedlings. They stated that as
the salinity level of the irrigation water increased, a subsequent

. . + . .
increase was observed in Na accumulation in plant organs.

Regarding the specific effect of sodium adsorption ratio
(SAR) on leaf Na“ content, obtained results showed that higher
SAR (6) significantly increased Na' content in leaves than lower
SAR (3) during 2000and 2001 seasons. These result are in
accordance with findings of Sharaf er al., (1985) on Thompson
seedless and American grape; Al-Khateeb, (1989) on some fig
varieties; Omar, (1996) on apricot and mango seedlings, and Abd
El-Mageid, (1998) on almond plants. '

With respect to the specific effect of chloride level (C1:SO,
ratio) of saline solution used for irrigation on leaf - Na" content, it
could be noticed that the higher C1:SOy ratio increased it significantly

during first and second scasons of study. In this respect, however,
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Table (20): Leaf Chloride (%) and Sodium (%) of pomegranate transplants (rooted cuttings) in response to specific and interaction effects of
Pomegranate cultivars., (salt concentrations, SAR and Cl:SO4 ratio in saline irrigation water) and their combinations during 2000 & 2001

seasons.
— Cultivars | Chiorid (% Sodium (%) ]
i EN 0 T [ | I L] T i
Treatinients T ~— | Manfalouty ,_ MMN.M__. “ Wardy | Mean™ | Mean™ | Mean™ | Manfaiouty _ Mum”amw__ | wargy 7 Mean™ | Mean- _, Mean== ._
2000 |
Tap water 0.59 s 1071p-s | 0740 |06BED SAR3 | Lowcl |0a5p | 0.7 p | 018 p | 017D | SAR3 | Lowai
[Lowecl |o061rs 07305 | 0£3mp , 0.21p 021p | 022p | 4 ‘
SARS i " 10154 | _ | 0.22 | 0.29 10310 | ‘ .
2000 ppm HighC) 106596 1078ng |1.01)] 086C | 094B | 0968 =P _ [0290 |031¢ 031C | 044B | 047B
saRe LLowCl [070ps | 087mo |110n% | , lo280 '0.34nc | 0.38 mn _ ,
High CI 080ng | 099k-m |121eh | "0.38 mn l041im | o046k _
saR3 |LowCl [082np [ 10414 | 123eh | | SARE | HignCi 042im | 048k o51h | | sars High I |
HighCl 0821 |108hk |131d4 | __ _, “ 0.50 k losej |osej | _
4040 bpm LowCl | 1.02j4 | 110hk |135ce | 28 | ! 0.59] |0.62if _|o06eh | 060E |
SAR & , - ’ , _
HighCl | 1.08hk | 113nhk |13tca | | _ 0.67hi | 068h | 078g | _ “
sar3 |LowCl l110hk [116gf [141b<g _ | 104a | 1024 [076¢ 075g |o87er | | os5a | os2a
SO0 B | HighCl | 1159 | 118+ | 1.46 be —_— _ | 0.80¢g | 0.82gf  [083ce | | i
sare |LowCl [118fh [121eh [153ab | , _ |og0e | 0820 [1.04b | 0s0A |
| High CI 1.21 e-h 11.30dg |162a | | | 0.97 cd . 0.98 bc 111a | | !
Mean * [osoc 11028 (1268 | —~ | =~ -~ | oasc 0568 | 06za | - - -
2001 m
Tap water | 0.62- 070\ 0.7% y | 0.70D | SAR3 | LowCl |0.16] {018z {018y |01ED | SAR3 | Lowcl |
LowCl | 065* | 0.752 083w | “ 0182 €20y: 028w | 1 _ ﬁ
SAR3 I igh i 0.69 ] [ 0.81x 089t | _ h 021y 029w 028w | ,_ |
“0t0;ppm LowCl | 0.73] | 085v | 084r GE2C | UMB | 0mB orx o3ty To3zy, | O%C | 0B | osB |
SARE HighCl | 079y 0.90 s 098p | m 029w {038t |o043r | _ ,
sar3 LLowCl 0.82 w 0.84r 1.06 mn | | SARE { Highcl |040s {045q | 0sen | SARB { Highct |
— HighCl | 0.86 u 0.98 p 113k JA — L 0.50 p | 0830|0651 | | _
sare | LowCl [o0sts 1.05n 1218 | 0.52 0 |0.58m  |072) 0608 | m
High CI__ | 0.97 q 113k 122h | 0.66 1 o6ek  |[o08se | _ *
sar3 LLewcl [1.020 119§ 1286 | 0.98 A 057 A | 069k [ 074 0.90e | 0.54 A .52 A
. HighCl | 1.06 m 1.25g 1.3¢d | — 0.78 h [0.81g 0.98 ¢
sare |Lowecl 1121 130e 142b ¥ 0.86 1 [o89e 1.04 b 0.89 A
Highcl [ 1.19] 138 ¢ 1492 0.97 d 0.86d 110a | _
Mean * 0.88 C 1.02 B 114A | o< | |~ | osmc 054 B 06BA | - | o | |

. "™ and =

means refer to s

1s foll

pecific effect of pomegranate cvs; salinity concentration; SAR and CI:S

04 ra

investigated factors and their cc
specific effect for each investigated factor or intera

d by the same letter/s were not significantly different at 5% le:
ction effect of their combinations, respectively.

tio, respectively. Values within the same column or row for any of four
vel. Capital and small letters were used for distinguishing values of either
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Kabeel, (1985) on grape, peach and plum reported that leaf Na'
content was not affected by increasing chloride levels (Cl:SOj
ratio) in irrigation water, but such results are in conformity with the
findings of Omar, (1996) on apricot and mango seedlings and Abd
El-Mageid, (1998) on almond scedlings, who stated that the higher
Cl1:SO, ratio significantly increased leaf -Na” content.

B. Interaction effect:

As for the interaction effect of different combination between
the four investigated factors i.e., pomegranate cultivars; salinity
concentration; SAR and Cl: SO, ratio on leaf-Na" content, Table
(20) shows obviously the variable response to different
combinations during 2000 and 2001 seasons. The highest leaf-Na"
contents was detected by the combination representing Wardy
transplants irrigated with saline solution of the highest salinity
concentration (6000 ppm); SAR 6 and higher Cl: SOy ratios. While
the lowest leaf-Na  content of saline stressed pomegranate
transplants was detected by Manfalouty cultivar transplants
irrigated with saline solution of 2000 ppm:; SAR 3 and lower
C1:SO, ratio as compared to those continuously irrigated with tap
water during two seasons of study.

1V.II1.7.3. Effect on leaf nitrogen content:
A. Specific effect:

Regarding the specific effect of the four investigated factors
involved in this study ie., pomegranate cultivars: salts
concentration; SAR and chloride level (Cl: SOy ratio) in irrigation

water on leaf nitrogen content, data are presented in Table (21). As

m
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for the specific effect of pomegranate cultivars it is so clear that
Manfalouty cultivar had significantly the highest value of leaf-N
content, followed in descending order by Nab El-Gamal and Wardy
cultivars.

Concerning the specific effect of different salts concentrations
in the irrigation water on leaf-N content, it is obvious from Table
(21) that nitrogen level decreased significantly with increasing salts
concentration with comparing to those of the control (tap water)
during 2000 and 2001 seasons.

The data obtained considering the effect of salinity stress on
total nitrogen agreed with those of other investigators i.e. Salem,
(1981) on grape scedlings; Abdalla et al., (1981) on El-Sultani fig:
Patil and Patil, (1982), Yamdagni ef al., (1988) and Ali (2000) on
pomegranate plants; Kabeel, (1985) on some deciduous fruits:
Sharaf et al., (1985) on Thompson seedless and American grapes
and Omar, (1996) on apricot and mango seedlings. They stated that
increasing the salt concentration in irrigation water decreased leaf
nitrogen content. In this respect; Shehata, (1989) postulated that
excess CI' in saline water used for irrigation, antagonized the
uptake of nitrate by the affected plants. It might also be attributed to
rapid protein decay under saline conditions Prisco and O'leary,
(1972), the reduce capacity for protein synthesis Aliza et al., (1967)
and/or reduced uptake and incorporation of protein amino acids into
protein EI-Shourbagy, et al., (1980).

Referring the specific effect of sodium adsorption ratio (SAR)
on leaf nitrogen content, data presented in Table (21) show a

significant decrease with increasing sodium adsorption ratio (SAR)
from 3 to 6 during 2000 and 2001 scasons. In this respect, Kabeel,
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(1985) on three deciduous fruit species seedlings, Sharaf et al,
(1985) on Thompson seedless and American grapes, Al-Khateeb,
(1989) on some fig varieties, Omar, (1996) on apricot and mango
seedlings and Abd-El-Mageid, (1998) on almond seedlings. They
found that leaf nitrogen content was decreased by increasing
sodium absorption ratio (SAR) in irrigation water.

With respect to the specific effect of Cl:SOy ratio (Chloride
levels) on leaf-N content, Table (21) shows clearly that leaf
nitrogen % significantly decreased with increasing levels of
chloride (Cl:SOy ratio) in irrigation water during both 2000 and

2001 seasons.

This results are in harmony with those reported by Kabeel,
(1985) on some deciduous fruit species, Omar, (1996) on apricot
and mango secedlings and Abd El-Mageid, (1998) on almond
seedlings.

B. Interaction effect:

Regarding the interaction effect of various combination
between the four investigated factors i.e., pomegranate cultivars;
salinity concentration; SAR and Cl:SO, ratio on leaf-nitrogen
content, data obtained in Table (21) showed obviously that the
most depressive effect on leaf nitrogen percent was always in
concomitant to that combination between Wardy transplants x
highest salinity concentration (6000 ppm) x SAR 6 x higher C1:SOy4
ratio. On the contrary, the lowest decrease value in leaf-nitrogen
content below control was detected by Manfalouty cultivar
transplants irrigated with 2000 ppm saline solution of SAR 3 and
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lower CI:SO, ratio during two seasons of study. Moreover, other
combinations were in between in this concern.

IV.II1.7.4. Effect on leaf phosphorus content:
A. Specific effect:

Concerning the specific effect of the different factors involved
in this study i.e., pomegranate cultivars; salinity concentration:
SAR and chloride level (CI: SO, ratio) on leaf phosphorus content.
data’as shown in Table (21) revealed that Manfalouty cultivar had
the highest value of leaf-P content, followed in a descending order
by Nab El-Gamal and Wardy cultivars.

Regarding the specific effect of salinity concentration, Table
(21) shows clearly that phosphorus level in pomegranate cultivars
was significantly affected by salt concentration in the irrigation
water. In this regard, phosphorus level decreased significantly in
leaves with increasing salts concentration in the irrigation water
during two seasons of study. These results are in accordance with
those obtained by Patil and Patil, (1982), Yamdagni et al, (1988),
Ali, (2000) on pomcgranate El-Azab et al., (1978) on apricot and
peach, Al-Khateeb, (1989) on some fig cultivars and Omar,
(1996) on apricot and mango seedlings. They found that leaf

phosphorus content decreased as salinity level increased.

The obtained results go also in line with those reported by
Abdalla er al., (1981) on fig plants Salem, (1981) on grapevine;
Kabeel, (1985) on some deciduous fruit seedlings; Gaser, (1986)
on avocado seedlings; Garacia and Charbaji, (1989) on grapevine
plants, Bondok er al., (1995) on peach plants and Attia, (2002) on
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olive seedlings. All stated that leaf-P content decreased with
increasing salts concentration in irrigation water.

With respect to the specific effect of sodium adsorption ratio
SAR it is quite clear that phosphorous level significantly decreased
with increasing sodium adsorption ratio (SAR) from 3 to 6 during
two seasons of study. In this respect, Bernstein et al., (1956) on
stone fruits, El-Ashram et al., (1985) on some citrus stock
scedlings, Sharaf et al, (1985) on European and American grape
plants and Al-Khateeb, (1989) on some fig cultivars did not show

any definite differences

Referring the specific effect of C1:SO, ratio of saline solution
used for irrigations on leaf phosphorus content, it could be noticed
that leaf-phosphorus content was significantly decreased with
increasing chloride level in irrigation water during two seasons of
study. In this respect El-Ashram et al., (1985) on some citrus
rootstocks seedlings; Sharaf et al., (1985) on guava and olive
seedlings; Kabeel, (1985) on some deciduous fruit species and Abd
El-Mageid, (1998) on almond plants reported that no definite

differences were detected in this concern.
B. Interaction effect:

Results in Table (21) showed obviously the response to the
interaction effect of the different combinations between
pomegranate cultivars; salts concentration; SAR and chloride levels
(Cl: SO, ratio) in irrigation water on leaf-phosphorus content.
These results revealed that the most depressive irrigation effect
solution on leaf phosphorus was detected by that combination

between Wardy transplants x highest salinity concentration (6000

ﬁ
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Table (21); Leaf Nitrogen and Phosphorus (%) of pomegranate transplants (rooted cuttings) in response to specific and interaction effects of
Pomegranate cultivars., (salt concentrations, SAR and Cl:SO4 ratio in saline irrigation water) and their combinations during 2000 & 2001
seasons.

_ e—— o Cultivars Nitrogen (%) | Phosphorus (%) _
T ( Nab El- [ . | NabEI- | |
= - _— . _ = - —
[ Treatments s _ Manfaiouty | Gamal ‘ Wardy _ Mean n Mean Mean | Manfalouty | Gamal | Wardy Mean | Mean { Mean _,*
T —
2000
| Tap water _ 292a [261e [2441 2654 | sAR3 , Low CI Q.wmw a 06.33d [031e | 0.34 2 | SARZ | LowCi I
| | Low CI 280 b | 2431 {232 | | | 0.37b | 0.30 f 0.30ef | | |
| _— SAR uE: cl T.uwn [ 2.22 | N.ﬁﬂ_ 5 _ — [o.35¢ | 0.28 :m “ 027 ﬁ sa | cosa |
| m A .30 & .29 25 A 23 A
i F _ SaRg |LowCl |268¢ (219K 218 2308 _ |0.33d 10270 (o025 AR v o2 _ “
| [HighCl [ z260e l210n  [215m | | 029gh  1024) o023k | | i
| hwbm 5 |LowCl [244f | 2050 2060 | | saRe | Highcl 027 021m o221 | “ SARE | High CI
, | Hi | 1.9¢ | j
gr— | Highcl [2a41g |1.98pg [ 2050 | s1ac ‘ _ [0.24] [e.190 _ 0.20n | g
m _ SaRe | LowCl [231h |187q 200p | | 0.20 mn 0.18p 018 p c20C | _
| | Highcl | 220k 1.83r 198q | “ _ 0.18 0 (0160 [015¢ ﬁ
m _ sar3 LtowCl [199pg [ 1891 1.91s w 218B | 222B [016q [013s _ [013s | | €238 | c23B
| 6000 ppm |— [Highct [ 1874 | 1881 1.83u P , [c14s 012t |o012ta | | _
i 2 SAfiG | Low cI [ 1.89¢ | 171w 163y i | | [0.12tu [011uv | 0121w 0.12D ‘
[ | Highel [ 1.80v [1.67x | 1842z | _ | [ 0.11 vw 010w | 011 vw | | |
I Mean * {2374 2058 J191c | o | | =~ o244 o208 le2oe | - | - 1 =
[ 2001
Tap water | 2.86 a | 248¢ [ 2221 252A | SAR3 | LlowcCl |037a 0.21d lo2se l0324 | sars Low CI
I} | ,
_ lLowcl [262b l238e [22040 | — | T033¢ 028f  lo28f | " .
| SAR3 |— _ — | == ,‘ _
, [HighCl | 258bc | 216gh | 2.1 hi [0.34b |026h  [0z26hn | )
| 2000 ppm : ; . 2208 218A | 216A ; : —— 28 0244 | G24A |
| ‘ saRs LLowCl [261b | 2.10i 2.08 ij | _ | 0314 1025i o024 ‘ _ _
| 1
I | HighCl | 285¢ | 2.04 jk 2.04 jk % i |o2se 1023k [p23k L , !
) SAR3 | LowCl [239e [ 203k 201k | | SAR6 | HighCl |027g [020n  [o021m | 018¢C | SaARs [ Highci _
q | HighCl | 237e [190mn | 200k | _ [0.221 1017p  |op20n | _
_ 4000 ppm - 206C | I T | *
| e LowCl |220fa | 195/m | 200K _ | {0180 016q | *
[ [Highet [ 214719 [1810q | 1.86n0 [o17p l016q  Jo17p | h
‘ P [LowCl | 1830p | 1675t 1.68 st 208 B 211B [o0.16gq 1015+ joasr | | o228 0228
. | High €1 | 1.80 pg 1,64 t 1.71rs | [0.14rs | 015 0.14 5
6000 ppm 1 —— 1.66D | T
_ sare | owCl  [1764r 1570 1.56 u ﬁ [010v 0131t 011u | 013D
[Highci [ 1.6sst 154 u 147 v ‘ [o.10v ot0v_ lowov | _
Mean *, 2.26 A 1.95 B 1.82¢C | == | [o2a 0208 [0189¢C | - | | - |
«* **, *** and *** means refer to specific effect of pomegranate cvs; salinity concentration; SAR and Cl:SO4 ratio, respectively. Values within the same column or row for any of four
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ppm) x SAR6 x higher C1:SO, ratio as compared to either control
or other saline combinations during two seasons of study. On the
contrary, the least decrease in leaf-P content below the tap water
irrigated transplants (control) was detected by Manfalouty cultivars
« salts concentration (2000 ppm)x SAR 3 x low CL:SO, ratio as
compared with the control during study. Moreover, other
combinations were in between in this concern.

[V.I11.7.5. Effect on leaf potassium content :

Results of the two seasons as shown in Table (22) show the
specific and interaction effects of salts concentration; SAR and
C1:SO, ratio in the irrigation water and their combinations on leaf
potassium content of pomegranate transplants during 2000 and
2001 seasons.

A. Specific effect:

Concerning the specific effect of pomegranate cultivars on
leaf-K content, Table (22) shows that Manfalouty cultivar had
statistically the highest leaf-K content followed by both Wardy and
Nab El-Gamal cultivars, where difference between later cvs. was

not significant during two seasons of study.

With respect to, the specific effect of salts concentration, it 1s
obvious from the results of Table (22) that pomegranate cultivars
transplants irrigated with salinized water had significantly lower
potassium % as compared to tap water irrigated ones (control).

From these results, it could be noticed that K concentration,
decreased gradually and significantly with increasing salt

concentration in the irrigation water from 2000 ppm to 6000 ppm.

M
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during two seasons of study. The depressive effect of salinity on K
level may explain the competitive effect of Na" ions existed in the
prepared saline planting media on the absorption of K" ion,

This results is similar to that reported by Patil and Patil,
(1982) on pomegranate Rains, (1972), who confirmed the
competition between Na“ and K* ions in the growing media. In
addition, Cooper et al., (1952), stated that increasing Ca content in
irrigation water depressed K concentration of grapefruit leaves.
Pearson er al., (1957) found that increasing levels of salinity, as
NaCl in irrigation water caused a decrease in leaf potassium
content.

Similar findings were also reported by Aly, (1979); Khandija
et al., (1980) on grapevine: Kabeel, (1985) on three deciduous fruit
plants; Al-Khateeb, ( 1989) on some fig cultivars, Omar, (1996) on
apricote and mango scedlings and Abd El-Mageid, (1998) on
almond plants. They stated that potassium content in leaves
decreased by rising salt concentration in irrigation water,

Regarding the specific effect of sodium adsorption ratio
(SAR), it is quite clear that lcaf-K Yo was decreased by increasing
sodium adsorption ratio (SAR), the decrease was significant during
2000 and 2001 scasons. In this respect. Bower and Wedleigh,
(1949) reported that increasing the exchangeable Na percentage of
the growth substrate resulted in decreasing plant K content.

Similar findings were also reported by Kabeel, (1985) on
three deciduous fruits scedlings; Al-Khateeb, (1989) on some fig
cultivars; Omar, (1996) on apricot and mango seedlings and Abd-
El-Mageid, (1998) on almond plants.
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Referring the specific effect of chloride level (CL:SO, ratio) of
saline solution used for irrigation on leaf-K content, it could be
noticed from Table (22) that, the higher C1:SOy ratio in irrigation
water significantly decreased leaf-K content of pomegranate
transplants during 2000 and 2001 seasons. The same trend was
found by Kabeel, (1985) on three deciduous fruit plants; Omar,
(1996) on apricot and mango scedlings; Abd El-Mageid, (1998) on
almond plants, all reported that increasing chloride level in
irrigation water decreased leaf-K content in leaves but this decrease

was not so pronounced.

B. Interaction effect:

As for the interaction effect of the various combinations
between four investigated factors i.e., pomegranate cultivars;
salinity concentration; SAR and chloride level (C1:SO4 ratio) on
leaf-K content, data obtained in Table (22) showed obviously that
the least leaf-K content of pomegranate transplants was always in
concomitant to such combinations pomegranate transplants
irrigated with saline solution of the highest salinity concentration
(6000 ppm); SAR 6 and higher CL:SO4 ratio, especially Nab El-
Gamal cv. In 2000 season and both Wardy and Manfalouty cvs.
during 2™ season, whereas the highest decrease was resulted.
Morcover, the lowest decrease in leaf-K content exhibited by saline
solution was detected by Manfalouty transplants irrigated with
2000 ppm saline solution of SAR 3 and lower Cl:SOy ratio as
compared with these continuously irrigated with tap water during
2000 and 2001 seasons. In addition, other combinations were in

between in this concern. The same findings were obtained by

W
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Omar, (1996) on apricot and mango and Abd El-Mageid, (1998)
on almond plants.

IV.111.7.6. Effect on leaf calcium content :

Data obtained during regarding two seasons the specific effect
of pomegranate cultivars: salts concentration; SAR and chloride
level (C1:SO, ratio) in the irrigation water and interaction effect of
their combinations on leaf Ca content are presented in Table (22).

A. Specific effect:

Regarding the specific effect of pomegranate cultivars on leaf
calcium content, Table (22) clearly shows that, in seasons both
Wardy transplants cultivar had statistically the highest value of
leaf-Ca content, while Manfalouty leaves were the poorest in 2000
and 2001 seasons. In addition, Nab El-Gamal cv. Was significantly
in between.

Concerning the specific effect of salinity concentration in
irrigation water on leaf calcium %, data in Table (22) revealed that,
Ca level increased gradually with increasing salts concentration in
irrigation water from 2000 ppm to 6000 ppm. Differences between
3 salinity concentrations (2000, 4000 and 6000 ppm were
significant either compared each other or to the non salinized
transplants where the later one exhibited the least leaf Ca % during
2001and 2002 seasons. This might be explained according to the
finding of Wallace et al., (1952) who reported that low K content
resulted by plants grown under salinity conditions, tended to
compensate their low K content by either high calcium and/or
magnesium contents in leaves.

%
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These results confirmed post researches of Yamdagni ef al.,
(1988) and Ali, (2000) on pomegranate. Kabeel, (1985) on grape,
peach and plum seedlings; Gaser, (1986) on avocado, Abd El-
Ghani, (1990) on peach; Omar, (1996) on apricot and mango
seedlings and Abd El-Mageid, (1998) on almond plants, whose
results showed that Ca™ content in salt-treated plants was increased
with increasing salinity levels.

Referring the specific effect of sodium adsorption ratio (SAR),
it was quite clear that the higher ratio i.e., 6 significantly increased
leaf calcium content than the lower one i.e., SAR 3 during lst and
Ind seasons. These results are similar to that obtained by Kabeel,
(1985) on grape, peach and plum seedlings; Al-Khateeb, (1989) on
some fig cultivars; Omar, (1996) on apricot and mango seedlings
and Abd El-Mageid, (1998) on almond plants. All found that leaf-
Ca content increased by increasing salt concentration in irrigation

water.

As for the specific effect of the CL:SOy ratio, on leaf-Ca
content, it could be noticed that the higher ratio resulted in a
significant increase as compared to the lower one during two
seasons of study. In this respect, Kabeel, (1985) on some deciduous
fruit species; Omar, (1996) on apricot and mango seedlings and
Abd El-Mageid, (1998) on almond plants, who found that leaf-Ca
content increased by increasing C1:SOj ratio.

B. Interaction effect:

Referring the interaction effect of the combinations between
the four investigated factors, i.c., pomegranate cultivars, salinity
concentration, SAR and chloride level (C1:SOy ratio) on leaf-Ca

H
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interaction effects of

Table (22): Leaf Potassium and Caicium (%)of Pomegranate transplants (rooted cuttings) in response to specific and
Pomeagranate cultivars., (salt concentrations, SAR and Cl:SO4 ratio in saline irrigation water) their combinations during 2000 & 2001
seasons.

B P Cultivars _’ Potassium (% | Calcium (%) i
~ f Nab El- | , I Nab Ei- | ,
= | e | | - o —
- | Mean*™ d M M
Treatments e _ Manfalouty | Gamal | Wardy | Mean k_ Mean™ | Mean Manfalouty Gamai | Wardy Mean™ | Mean ean
— 2000 1
[ Tap water | 100 2 | 1.85b .1.B4 b 188A | SAR3 _ LowCl | 148z | 1.50z | 1.59 vw 1.52D | SAR3 | LowcCi |
h sAR3 |LewCl [178¢ ‘1631 1714 | | i 153y [154y  [168s | _ ! ”
U Hi _ | 152h | | 1 | 1.61 | 176 ! ,_ , !
2000 ppm —HughCl 171 LA | 1458 | 414 PRSSXY L 161uv i 1e6c | 1758 | 1788 |
‘ sars | LowCl [161g 142  |1e3f | “ ,. [157wx | 166t | 1840 _ _ _ _
— T — ] T ¥ T ——— 1 |
| | Highcl | 152 1.3¢im | 144 _, | i | 1.60 v [171rs  11B9m | | , |
A 1 | { 1 5
LowCl | 1.48] i132m  [1.35; | | sARs | Highcl | 1634 | 172r  [198jk | SAR6 | HighCl
H sar3 Lo - - = _ | — — | ! |
— HighCl | 1.41k [124n 1210 | . e | _ | 1.661 1.80 p 200§ |
1 Las | H 1 = | }
BarE [LowCl | 141k [1.96p  [111q | _ , 17105 [180m 212 1876 | .,
HighCl | 1.22n0 | 107r [103s | | ﬂ 1.754q 1187k | 218¢ | _
I I I | ! !
,_ sarR3z LLowCl [080uv l082u 0961 | 1318 | 1348 [181p [2.04n 2280 | | 1e¢A | te2a |
| HighCl | ops0v | 0B3w [ 0.79 x [ | | | 1.87n | 2.06h l2.33¢ | |
6000 ppm — : C7ED _ _ : k ,
ﬁ sare |LowCl lo72y le72y  Jo71y | ﬁ [ 1.851 [211g¢  [241b | 2434 _ _
| | Highci | os6z 0.63] (0672 | ! | [ 2.02i {223e  |248a
| Mean * 11334 [1278 1248 [ - -7 - l17c [183B  [204A | = . -
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-1 T T ]
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— |Lowci 157 by 1424 [1.52¢h | " [181st  |18ap |182s _ |
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specific effect fo

means refer to specific effect of pomegranate cvs;
ors and their combinations followed by the same letter/s were not significantly different at 5
r each investigated factor or interacti on effect of their combinations, respectively.

salinity concentration: SAR and CI'S0O4

ratio, respectively. Values within

the same column or row for any of four

% level. Capital and small letters were used for distinguishing values of either
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content, data obtained in Table (22) showed obviously the variable
response during the two scasons. The highest leaf-Ca content was
related to such combination between Wardy transplants irrigated
with saline solution of the highest salinity concentration (6000
ppm); SAR 6 and higher C1:SO, ratio. However, the lowest leaf-Ca
content was detected by Manfalouty transplants irrigated with 2000
ppm saline solution of SAR 3 and lower C1:SO, ratio as compared
to those continuously irrigated with tap water (control) during both
2000 and 2001 seasons.

These may mean that the four tested factors can act together in
affecting Ca level in separable way. Moreover, other combinations
were in between in this concern. The same trend was found by
Omar, (1996) on apricot and mango seedlings and Abd El-
Mageid, (1998) on almond plants.

IV.II1.7.7. Effect on leaf magnesium content :

Regarding the specific and interaction effects of pomegranate
cultivars: salts concentration: sodium adsorption ratio (SAR) and
chloride level (Cl: SO, ratio) in irrigation water and their
combinations on leaf magnesium level data obtained during both
seasons are presented in Table (23).

A. Specific effect:

Concerning the specific effect of pomegranate cultivars; data
obtained revealed that Manfalouty cultivar had the richest leaves in
their Mg content, however difference was significant as compared

to two other cvs during 1% scason and Wardy cv during 2" season.
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On the contrary both Nab El-Gama] and Wardy cultivars had the
poorest leaves during 2000 and 2001 Seasons, respectively,

With respect to the specific effect of salinity concentration,
data obtained revealed that three investigated concentrations i.e,,
2000, 4000 and 6000 ppm saline solutions resulted significantly in
decreasing leaf magnesium content as compared to those of tap
water irrigation during two seasons, Op the other hand, a gradual
decrease in leaf-Mg content was significantly exhibited as salinity
in irrigation water increased during two seasons of study.

These findings are Supported by those of Wallace et al.,
(1952) who reported that plant with low K-level obtained under
salinity condition tended to compensate the low K level by either
high calcium and/or magnesium contents in leaves. This results are
in agreement with the findings by Downton, (1978) who reported
that Mg™ content tended to increase somewhite in avacodo by
salinity. On the other hand, El-Azab and Minessy, ( 1975) on grape;
guava and olive and Nasr ¢f al., (1977) on plum showed that Mg
content did not differ markedly with salinity condition, Moreover,
Al-Khateeb, (1989) on some fig cultivars mentioned that leaf Mg
content was decreased significantly by using different saline
solutions for irrigation as compared with those irrigated with tap
water.

Gaser, (1986) on avocado: El-Hefnawy, (1986) on guava:
Omar, (1996) on apricot and mango seedlings and Abd F)-
Mageid, (1998) on almond plants all. concluded that using different
saline solutions significantly decreased leaf Mg content.
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Regarding the specific effect of SAR, it was quite clear that
the higher ratio i.e. SAR 6 significantly decrcased leaf. Mg content
of pomegranate transplants as compared to the lower one (SAR 3)
during 2000 and 2001 seasons. This result is confirmed by findings
of Al-Khateeb, (1989) on some fig cultivars and Kabeel, (1985) on

grape, peach and plum.

As for the specific effect of the C1:SO, ratio, on leaf-Mg
content Table (23) shows that the higher level decreased it slightly
during the 1st and 2nd seasons. Such trend is in agreement with that
reported by Omar, (1996) on apricot seedlings.

B. Interaction effect:

Referring the interaction effect of the different combinations
between four investigated factors, i.e.,, pomegranate cultivars;
salinity concentration; sodium adsorption ratio (SAR) and CL:SO4
ratio on leaf magnesium content, data obtained in Table (23)
showed obviously the variable response during 2000 and 2001
seasons. The least leaf-Mg content was related to that combinations
representative of Wardy and Nab El-Gamal transplants irrigated
with saline solution of the highest salinity concentration (6000
ppm); SAR 6 and higher C1:SO, ratio. On the contrary, the highest
value of leaf-Mg content was detected by tap water irrigated
Manfalouty transplants followed by those of the same cultivar
irrigated with 2000 ppm saline solution of lower SAR3 and Cl: SOy
ratio during 2000 and 2001 scasons. Moreover, other combinations
were in between. These results indicated that the four factors can
act together in affecting leaf-Mg content. Similar results were
obtained by Omar, (1996) on apricot and mango seedlings and
Abd El-Mageid (1998) on almond plants.
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IV.IIL.7.8. Effect on leaf iron content:

Results presented in Table (23) show the specific and
interaction effects of pomegranate cultivars; salts concentration,
SAR; CI:S0; ratio in irrigation water and thejr combinations on
leaf- Fe content during 2000 and 2001 seasons.

A. Specific effect:

Concerning  the specific effect of the different factors
involved in this study i.e., pomegranate cultivars; salinity
concentration; SAR and CL:SO, ratio on leaf iron content, data
obtained in Table (23) showed that Manfalouty cultivar plants had
the greatest value of leaf- Fe content followed in descending order
by Nab El-Gamal and Wardy cultivars in both seasons.

With respect to the specific effect of salinity concentration,
the obtained results indicated that leaf iron content significantly
decreased by raising salinity concentration in irrigation water
during the two seasons of study. Differences between different
salinity levels were significant.

These results arc confirmed by the findings of Patil and
Patil, (1982) on pomegranate, Aly et al, (1986a) on some citrus
rootstocks and El-Hefinawy, (1986) on guava, all found that leaf
Fe content decreased with increasing levels of salinity. In this
concern from another point of view, Bartolini ¢/ al., (1991)
working on olive plants, found that leaf- Fe content was not
changed under different salinity levels. On the contrary Ivanov,
(1971) working on apricot and Gaser, (1986) on avocado, who
reported that leaf- Fe concentration increased by increasing salinity
concentration,
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Table (23): Leaf Magnesium and lron contents (ppm) of pomegranate transplants (rooted cuttings) in response to specific and interaction effects of
Pomegranate cultivars., (salt concentrations, SAR and Cl:SO4 ratio in saline irrigation water) and their combinations during 2000 & 2001
seasons.
e Cultivars _.| mezmw":_.: %o : : " iron (ppm)
| - | | | |
.ﬁ T . Sy s Manfalouty ”, Mmmu:..mm_". Wardy # Mean™ “ Mean™" | Mean™" 7 Manfalouty | ﬂm..uvamm__. | wardy _W Mean™ | Mean™ #
. 2000 |
H Tap water | 0.84a | 067g 0.75¢ 0758 | SAR3 LowCl | 23268 T2280c | 21141; | 2238A | SAR3 | LowCl
7 _ [Lowcl 073D l062] 071d | _ [2303b 2243d | 2084k | _ _
W # SAR3 ol lo7ec _ loeok _ oeef | i [z214c  2207¢ |2062m | . _ |
_ 2000.ppmm _.| [LowCl |0.70e [ 057 m 0.64i | 938 ,_ e 057TA oasd 21041 20340 | nee k WAt A f ABT-1 B
- | SARS® Thighci loesn  |os1o 058l | | [2205e 2789 20130 | _ _
| LowCl | 060k To4sp _ 054n | | SARS HighCl | 217.0n [ 21330 |1968r SARE High CI |
_ SAR3 —— _ : | — _ | 8 7
_ [Highcl | 055n 046 043p L oasc | | 2138 2080k | 1822s | ," W ,.
4 500 e [LowCl 0500 |g42s 045 ’ | | 207.31 1991q | 18811t | 201.7C _ _ _
| | SARE IMignci |o4sr Toe11 | Dait J_ 1 [2004p | 1981q | 1844w , _
47 ’ SRR TE.E cl__ |04t | 038 1 | 0.36 <|L _ 0.53B 0.56 A Em.m r | 187.2u | 180.4 x __ m 202.85B | 204.66 B
| Highcl  lDp3gu | 034w 0.32x | _ | 19165 180.3x | 179.2y | _ |
jj Boatnpt A‘ T LowCl | 0.36v Toa1y | 028 el [1852v 17571 | 1746\ | 181.3D | m .
, SARE —— — ‘ —— 7 ~
_ {HighClI | 0.34w 028z 0.31xy | | (17842 1754 [0 1706 ]
| Mean " | 0.56 A 47T B | .50 B | -~ | - | = | 2087 2036 B 1821 C - - "
| 2001 ”
f Tap water 1 0.737a [ 0640b | 0577¢c | 06SA SAR3 | LowCl | 2183a 2143 ¢ 19841 | 210.4A SAR3 | LowCl |
_ l SAR 3 |LowCl | 0660b | 0597 c 0.483 fg _ ' | 2154 b 209.7de | 1854n , m | _
# 2000 ppm High Gl | 0.647D , 0.543¢ | 0463gh | 4535 | p4sA | 04BA |2136c 21030 19286 0368 | 197.92A | 19655 A _
lowCl | 0583c 0513e 0.423 _ [ | 210.3d 20600 | 190.1p | ,_
__ SARE o ostse | 0507el- | 040Tj | | _ [2091e | 2033i |187.3q | _ | |
ﬁ P [LowCl |0490eg | 0.480fg _ 0.383 ki |W SARG High CI | 2074 ¢ “ 2041hi | 1815s | 192.8C 7 SAR6 | High Cl 7
Sitbnom HighCl | 0443hi | 04237 |0.367Im o w; | 2001k | 17571 |
SafE |Law Cl | o417 | 0407jk | 0343 mn_| 201.7 | 197.2m | 1727w 7
HighCl | 0343mn | 0.383kl | 0.330n-p | 198.01 | 1953n | 1735V | |
sar3 HLewd 0327na | 0.380mo | 0.313 0 0.45B 0.46 A _._E.m n 185.1r | 1647z 192758 | 184.12B
T WighCl | 0.300q1 | 0.303p-s 1030705 | (a0p Eﬂ: p 1745u | 1673y
sarg v e 030004 | 020371 | 0.293 14 187.3 g 1721w | 158.6] 174.7D
WighCl | 0293rt | 0.280st | 0270t _ [1813s 168.3x | 150.8\ _
[ Mean * 046 A | D44A | 0388 —_—— | ——_ | -~ l2026A |18128B (arr6c | o= | = | —~ |
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Referring the specific effect of sodium adsorption ratio (SAR)
on leaf Fe content, it was quite clear that increasing sodium
adsorption ratio (SAR) significantly decreased leaf iron content
during two seasons of study.

As for the specific effect of the CL:SO, ratio of saline
solution used for irrigation water on leaf iron content, it could be
noticed that increasing the chloride level (CI:SO, ratio) slightly
decreased leaf- Fe content in both seasons of study:.

B. Interaction effect:

Table (23) reveals that leaf iron level was greatly affected by
various combinations between four investigated factors as they can
act together in affecting Fe level in pomegranate leaves during two
seasons of study. In addition, the pattern of Fe distribution showed
that leaves of Wardy cultivar plants irrigated with the highest salt
concentration (6000 ppm) of SAR 6 and high CI:SO, ratio had the
lowest value leaf Fe content while the reverse was true with
Manfalouty plants irrigated with tap water during the two seasons
of study. In addition, other investigated combinations ‘were in
between.

IV.IIL7.9. Effect on leaf manganese content:

Data obtained regarding the specific and interaction effects of
pomegranate cultivars: salts concentration; sodium adsorption ratio
(SAR); chloride level (CL:SO, ratio) and their combinations on leaf-
Mn content of pomegranate transplants are presented in Table (24).
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A. Specific effect:

Regarding the specific offect of the different factors involved
in this study i.e., pomegranate cultivars; salinity concentration;
SAR and Cl1:SO, ratio on leaf-Mn content, data as shown in Table
(24) revealed that Manfalouty cultivar had significantly the greatest
value of leaf Mn content followed in a decreasing order by Nab El-
Gamal transplants and Wardy transplants. Differences were
significant with comparing Manfalouty to Wardy during two
scasons, while both Manfalouty and Nab El-Gamal were equally
the same from statistical point of view.

Concerning the specific effect of salts concentration, data
obtained revealed that all three investigated concentrations (2000,
4000 nd 6000 ppm) of saline solutions resulted significantly in an
obvious decrease in leaf-Mn content during 2000 and 2001 seasons.
Such decrease in leaf-Mn content was significant as compared to
those of tap water irrigated pomegranate transplants. On the other
hand, leaf-manganese level significantly decreased with increasing
salts concentration up to 6000 ppm, where differences between

three tested levels were significant during two seasons of study.

In this respect, Patil and Patil, (1982) on pomegranate, found
that, leaf-Mn content decreased with increasing salinity

concentration in irrigation water.

Moreover. Gaser, (1986) found that lcaves of some avocado
rootstocks seemed to accumulate higher amounts of Mn in their
organs, especially leaves than those of others under salinity levels.
However. Bartolini ef al., (1991) on olive plants reported that leaf
Mn concentration was unaffected by different salinity levels. From

M
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another point of view, Dilley, (1958) found that increasing CI in
the soil caused an increase in leaf-Mn content of apple, peach and

cherry,

With respect to the specific effect of sodium adsorption ratio
(SAR), it was quite clear that the higher ratio i.e., SAR 6 resulted in
slight decrease in leaf-Mn content below SAR 3, where difference
was too few to reach level of significance during two seasons of
study. The present trend agrees with the finding of Omar, (1996)
on apricot seedlings.

As for the specific effect of CI:SO, ratio in saline solutjon
used for irrigation on leaf Mmanganese content, it could be noticed
that increasing chloride level (CI:SO, ratio) in irrigation water
decreased slightly leaf-Mn content during 2000 and 200] seasons.
In this concern, the present trend goes partically with findings of
Omar, (1996) op apricot and mango seedlings and Abd FJ-
Mageid, (1998) on almond plants, who reported that increasing the
level of chloride in irrigation water did not affect leaf-Mn content.

B. Interation effect:

Regarding the interaction effect of various combination
between the four investigated factors L.e., pomegranate cultivars:
salinity concentration: SAR and CI:S0, ratio, on leaf-Mn content,
data obtained in Table (24) showed obviously that, the most
depressive effect op leaf-Mn was resulted by that combination
representative of irrigated transplants of Wardy transplants with
saline solution of (he highest salinity concentration (6000 ppm) of
SAR 6 and higher C1:SO, ratio, However, the lowest decrease in
leaf-Mn content was detected by those transplants of Manfalouty
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cultivar irrigated with 2000 ppm saline solution of SAR 3 and
lower C1:SO, ratio as compared to those continuously irrigated with
tap water (control) during 2000 and 2001 seasons. Moreover, other
combinations are in between the aforesaid two extremes in this
concern. Similar findings were obtained by Omar, (1996) on
apricot and mango seedlings and Abd El-Mageid, (1998) on
almond plants.

IV.I11.7.10. Effect on leaf zinc content:
Data obtained during both 2000 and 2001 seasons regarding

the specific and interaction effects of pomegranate cultivars; salts
concentration; SAR and Cl:SO, ratio in irrigation water and their
combinations on leaf-Zn content are presented in Table (24).

A. Specific effect:

Concerning the specific effect of the different factors involved
(pomegranate cultivars, salts concentration, SAR and C1:SOj ratio)
on leaf-Zn content, the results presented in Table (24) clearly show
that, Manfalouty cultivar (in both seasons) showed significantly the
highest value of leaf-Zn content than Nab El-Gamal and Wardy
cultivars, where both were equally the same from statistical point of
view during both experimental seasons.

Regarding the specific effect of salinity concentrations Table
(24) shows that three saline solutions resulted in an obvious
decrease in leaf-Zn content below control during two scasons of
study. Differences in leaf-Zn content was significant either 3
solutions were compared cach other or to those of tap water
(control) during 2000 and 2001 seasons. Such trend is supported by
those of Patil and Patil, (1982) on pomegranate, Patil er al., (1984)

on guava leaves, Aly et al., (1986-a) on Cleopatra mamadrain and

M
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Troyer citrange, El-Hefinawy, (1986) on guava leaves and Gaser,
(1986) on Avocado plants regarding the influence of salinity
concentration on Zn content.

With respect to the specific effect of sodium adsorption ratio
(SAR), it was quite clear that the higher ratio ie. SAR 6
significantly decreased leaf.Zn content below lower SAR 3 during
the two seasons of study.

This trend goes with the findings of Omar, (1996) on apricot
seedlings and Abd El-Mageid, (1998) on almond plants.

As for the specific effect of Cl:SO, ratio of saline solution
used for irrigation on leaf zinc content, it could be noticed that, the
higher chloride level (CL:SO; ratio) slightly decreased leaf-Zn
content during 2000 and 2001 seasons. The same trend was found
by Omar, (1996) on mango seedlings.

B. Interaction effect:

Regarding the interaction effect of various combinations
between four investigated factors l.e.., pomegranate cultivars;
salinity concentration, SAR and CL:SOy ratio, on leaf-Zn content.
data obtained in Table (24) showed obviously variable responsc
during 2000 and 2001 scasons. Hence, the most depressive effect
on Zn concentration was detected by Manfalouty transplants
irrigated with the highest salinity concentration (6000 ppm) of SAR
6 and higher C1:SO, ratio whereas, the lowest leaf-Zn content was
resulted. On the other hand, the lowest decrease in leaf-Zn content
below control was detected by Manfalouty transplants irrigated
with 2000 ppm saline solution of SAR 3 and lower Cl:SO; ratio
during both seasons of study. Morcover, other combinations were
in between in this concern.
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interaction effects of

Table (24): Leaf Manganese and Zinc contents of pomegranate transplants (rooted cuttings) in response to specific and
during 2000 & 2001

Pomegranate cultivars., (salt concentrations, SAR and Cl:504 ratio in saline irrigation water) and their combinations

seasons.
W.J”fﬂ. b Cultivars |__ Manganese (ppm) , | _ Zinc (ppm)
Em.io:#m ey = ,_ Manfalouty “ Mﬂuﬂmm_ﬂ. k Wardy _ Mean™ | Mean™ _ Mean™" ,_ Manfalouty u -”wmmw:mm__. Wardy Mean™ | Mean™™" _ Mean™™""
2000
_ Tap water T5040a | 5053a |47.5e | 49.37A | SAR3 | LowCl Tab91a | 4517cd | 4553c | 46.54A | SAR3 | Low ClI
l|ﬁ [, LLowCl _ 50212 _ 4s36b_ | 46081 | | | [47.06b f 4411ef | 43.70% 1 _
| High CI | 48.08 b 48.60 b 4516 hi _ | 46.70 b 4184 h 42.25h T !
f 2000 ppm T T G Tasseb | 4817b | 4538 0h 47.88B 4 47.05A | BBEA o Ta070 et 43.088 | 4125 A g 40 64 A
r | SARS gg Gl | 4B34c | 47.9Bcd | 4465k | , [esas304 | 3999jk | 39.83jk | | .
7 * SAR 3 | Low CI 4832c | 4T.41de | 4412kl _ SARE | High ci | 43004 | 38.511 363k | _ SAR6 | HighCl
| 4000 ppm | High Ci | 47.53 de | 47.51de | 43.621m e | ﬁ | 4044k | 38021 | 37861 4
_ | sars _lowCl | 4684e | 46.00fg | 43.06m | , | 38.56 k | 37.06m | 35.20 ne 38.14C _
_] _ HighCl_ | 46.03fg | 4598fg |42.04n _ | _ | 38611 | 35.06 no | 34.54 no _ _
| 7 SAR3 Low Cl 45.53f-h | 46.031g | 42.02n k | 4621 A L, 46.401A | 37.16m , 3498 no | 33.50 p | 39.06 B | 3867 A -
| 5000 ppm | High CI | 44.87 hi [4548fh | 40850 ol , | 35.37n _ 34360 | 32.1Bar V =
A _ saps |lLewel | 24701k | 44.60 ik | 40.02 u|__ | _ | 32519 3218ar | 31.12st 32.67D | —
| High CI__| 4450k | 4440jk |39.38g | (20350 | 3141rs | 3038t |
| Mean * 2739 A | 4724 A | 4336B | - -~ ] 4061 A 38858 | 37.49B | = , . =
_ 2001
L Tap water | 48.30 2 46366 | 4534 ef 47674 | SAR3 | LowCi |S3E5a 5176 b | 50.44c | 51.95A SAR3 | LowClI
_ * S .T_,os cl 7 48.57b “ 4620d | 4472¢g _ | Tﬂww, b | M_M” b_| 4664e | W !
[ High Cl | 48.35a 4511 f 43.67 h , , 50.36 ¢ | 4550d | 46901 ) i
,A 2000 ppm J e [tow & T IRIE f FrYTT FrETT 45736 7_ 44.60 A | 4asTh Casse T n e 4813 B _ 45.54 A | 4291 A .m..
| High CI 47.04 c | 43.92h 4252 | | 4872 44700 | 4375jk | | | M
4 ‘ sigs W cl 46.16d 4308 41661 SARE | HighCl Kﬂw g | 4330k 4083mn | 4175C , SARE | Hign CI o
£000 pprm High G| 46.77 ¢ 2207k | 4108mn | oo | 4534h | 42431 | 4p110p _ B
_ _ I cl 45.36 ef 42.09 k 40.14p W 44.12 40.35n0 | 3964 p =
HighCl | 44549 42.15k 40.08 p _ [ 22331 38.57 q 38.12 gr 3
SARs ELow (o] 4383 h 41.360m | 3967 g 4388 A | 4391A T:m m 33.93u 38.15 ar 4313B | 4376A M
— High Cl | 4211k 40740 3818 s o _ | 3656 35.72t 37.70rs | rM
l Sake Lo cl 4272 41.631 38771 | 33720 33.80u 37.33s 35.51D * 3
HighCl | 40.14p | 40.82noc | 37.53t _ | 3164 w 3173w | 3275V ! i ©
L Mean * 4573A | 43.32AB | 41298 | =T | .- |438A [4181B |4054B el e ma‘v

= = = and ~* means refer to specific e
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The present data of nutritional status i.e., leaf mineral
composition of Manfalouty cultivar plants revealed an apparent
increase in leaf dry weight accompanied by sharp decrease in leaf
N, P and K content as a result of the increase in salt uptake which
caused nutritional imbalance in the plant by depressing N, P and K
uptake Faruqe, (1968) the increase in pH value in root medium, the
matter that makes many nutrients becoming unavailable to the
plants Russell, (1982).

Manfalouty cultivar was more tolerant to salinity treatments
as it recorded more dry matter and mineral nutrient elements (N, P,
K, content) while Wardy transplants showed less degree of salt
tolerance.

Generally, it could be concluded that the reduction in growth
of pomegranate cultivars seedlings associated with salinity stress
noticed in the present investigation might be attributed to the
process of building up the osmotic pressure of the developing cells
by adjusting salts accumulation to meet the increasing osmotic
pressure of the rooting medium Bernstein, (1961 and 1975) and
Munns et al,, (1982). It might also be due to the result of specilic
toxic effects of some jons excessively absorbed from saline soil
solution.

The imbalance in nutritional cations in tissues of salf-
stressed plants may be responsible for the depression of growth
Strogonoyv, (1962) in connection with these views, Greenway,
(1963) stated that salinity reduced plant height either by making
osmotic cell enlargement dependent on solute accumulation or by
the drastic changes in the ion relation, reduction of growth of
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pomegranate salt- stressed plants could also be attributed to the
reduction in carbon fixation by photosynthesis and to increasing
carbon release in respiration Gale, (1975).

The changes in many metabolic process including enzyme
activity, protein synthesis and the activity of mitochondria and
chloroplasts might also play role in growth reduction of salt-
stressed plants Poljackoff and Gale, (1975).

Balba, (1984) stated that the harmful effect of salts on plant
growth is related to nutrient changing of their forms in the soil or to

competition between the salt cations and anions with the nutrients.

Other causes are more related to the plant itself, which affect
its ability to absorb water or directly affect the plant biochemical
processes due to toxicity.

IV.IV. Anatomical structure:

The effect ‘of irrigation with saline solution of the highest
concentration (6000 ppm), sodium adsorption ratio (SAR 3 & 6)
and chloride level (High and Low) beside tap water irrigated
pomegranate transplants as control during 2" 2001 growing season
on the leaf and root anatomy of Manfalouty, Nab El-Gamal and
Wardy pomegranate cvs. transplants have been studied in this work.

a. Leaf anatomy:

Data obtained regarding the response of investigated leaf
structural features to the irrigation saline solution with 6000 ppm
saline solution of two SAR and Cl: SO, levels (6 & 3 and lower &
higher, respectively) are presented in Table (25) and illustrated by
photos (1); (2) and (3).

- ]
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1. Epiderms layer:

Concerning epiderms layer, as showen in Table (25). It is
clear that, Manfalouty cv. 6000 ppm (SARG6) and high chloride
treatment only, exhibited an increase in the lower epiderms,
although there was no effect either for lower or upper epidermis as
affected by the rest of salt concentrations compared to the
transplants irrigated with tap water.

As for Nab El-Gamal cv. Table (25), it is obvious that
irrigation with saline solutions increased the upper and lower
epidermis except 6000 ppm concentration with SAR 3 and high
chloride treatment didn’t show difference is compared to the
control. On the other hand, the upper epiderms of Wardy cv. Table
(25) was decreased as affected by salts in irrigation water, however
the lower epiderms of the same cultivar was not influenced by salt
concentrations in irrigation water (SAR, 3 & 6) or chloride (high &
low). These results g0 in harmony with Ahmed, (1982), EL-
Hamady er al., 1986), and Laz, et al., (2005).

2- Palisade layer:

According to palisade layer of Manfalouty cv. Table (25), it
was decreased as salt concentrations in irrigation water reached
6000 ppm (SAR, 6 & high chloride) in comparison with the control.
Reversly, other salt treatments increased palisade layer of the same
cv. when compaerd to plants irrigated with tape water,

Nab El-Gamal cv. Table (25) leaf palisade layer was
increased when irrigated with 6000 ppm saline solution of low ClI:
SO, ratio and solutions regardless of SAR. However, the same
concentrations of SAR 3 and high chloride reduced the palisade

Results and Discussion

201



layer but at SAR 6 didn’t influence it. Meantime, Wardy cv. Table
(25), although as general palisade layer was generally reduced by
most salt solutions as compared to the leaf of the control plants
(irrigated with tap water). These data coincide with the data
obtained by Sourial et al., (1978), and Ahmed (1982).

3-Spongy layer:

Data in Table (25) showed the effect of salt concentrations on
the spongy cells layer of Manfalouty leaf. It is obvious that, the
songy layer of the plants irrigated with saline solutions was
increased compared with that of the plants irrigated with tape water.
In the same time the increase exhibited by saline solution of lower

SAR (3) was more pronounced than that of higher one.

Nab El-Gamal spongy layer Table (25) was increased with
low SAR and high chloride treatment. The reverse was true for
saline solutions with low chloride (SAR 3 or 6) treatments.
Whereas, there was no effect of the extreme salt solution and
chloride. However, Wardy cv. (Table 25) responded positively to
salt solutions either with low or high SAR and low or high chloride.
This mean salt treatments increased the spomgy layer and the
extreme was with the highest SAR and chloride levels. The effect
of the irrigation of saline solutions on the leaf spongy tissue were
presented by Salem et al, (1989) and Abd El-Karim (1991).

4- Blade thickness:

Concerning the balde thickness of Manfalouty pomegranate
cv. (Table 25), data obtained revealed that, the blade thickness was
increased by saline solutions, especially at lower (3) SAR.
Meantime. blade thickness of Nab El-Gamal cv. Table (25) was

M
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increased by saline solutions (SAR 3 or 6) but the rate was more
pronounced with the higher SAR (6) regardless of C]: SOy ratio.
Moreover, Wardy cv. blade thickness Table (25) was increased as
SAR increased except that of low SAR (3) and high chloride was
reduced in blade thickness. The effect of saline solutions on leaf
blade thickness was reported by Sourial et al, (1978) and Mohsen
et al., (1987).

5- Midribe Thickness:

As for the leaf Midrib thickness in Table (25) reveals
obviously that, salt treatments increased the leaf midrib thickness of
Manfalouty cv., however the concentration of 6000 ppm with SAR
(6) and low chloride reduced the leaf midrib thickness. Whereas,
leaf midrib thickness of Nab El-Gamal cv. Table (25) exhibited
also an increase in thickness especially at SAR 6, regardless of CI:
SOy ratio. On contrast, leaf midrib thickness of Wardy cv. Table
(25) was reduced when irrigated with salt solutions and there was a
direct relationship  between  the midrib thickness and the
concentration of saline solution. The reduction of the main vein and
vascular system of Mango seedlings leaf as affected by salt stress
was discussed by Maksoud, (1988). However, Mohsen, er al,
(1987) indicated that the Jeaf midrib increased in the leaf of guava
seedlings irrigated with salt solutions,

6-Vascular bundle thickness:

Thickness of vascular bundle was increased in the leaf of
Manfalouty pomegranate transplants Table (25) as affected by the

irrigation of saline solution either with low or high chloride or
SAR, 3 or 6.
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Table (25): Some measurements
Pomegranate cultivars as affected by

of leaf anatomical exa
6000 ppm salin

& high) ratios during 2001growing season. X = 60

mination in Manfalouty; Nab El-Gamal and Wardy
e solution of two SAR (3 & 6) and CL: S04 (low

Upper Lower Palisade Spongy Blade Hr_nr.:nm.m d:nr,:nmm
. o . . _ .| of the mamn of vascular
SAR | Chlorid epidermis | epidermis layer layer thickness vein bundle
Treatments oriae f
(nm) (pm) (nm) (um) (p m) 1) (u 1)
zzéZzézzév\_zéz_.zrézzLé M|N|W
Tap water STala (1255|8263 |n M 14| 16|47 |40 | 60 53 (65| 75
ow 1213121122166 |5|6]5]8 15| 16| 1750 |40} ¥} 605 40
Salt 3 : - H “ _ s
High 2131211121613 61617515 ]14]15}30}143] 42160 |48 160
6000 ] |
Low 2131211 1(2]2 6l6| 1V]13|5)]4 1211714145 _ 521 55155|62]60
@ﬁa 6 1 . -t
high 2131212121214 51 71316]9]11 _ 171201430 # 65 ﬂ 35155|68 |75
M= Manfalouty cultivar ~ N=Nab El-Gamal W= Wardy
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Photo (1): Leaf anatomical structure of Manfalouty Pomegranate
transplants as influenced by salinity stress (X =60).

(1) Tap water.

(2) 6000 ppm % SAR3 x Low Cl: SO,.
(3) 6000 ppm x SAR3 x High CI: SO4.
(4) 6000 ppm x SAR6 x Low Cl: SOy
(5) 6000 ppm x SAR6 x High Cl: SO4.

ﬁ
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Photo (2): Leaf anatomical structure of Nab El Gamal Pomegranate
transplants as influenced by salinity stress (X = 60).

(6) Tap water.

(7) 6000 ppm x SAR3 x Low Cl: SOy.
(8) 6000 ppm x SAR3 x High CL: SO,.
(9) 6000 ppm x SAR6 x Low Cl: SO,.
(10) 6000 ppm x SARG6 x High CL: SO,.

m

Results and Discussion 206



(14)

Photo (3): Leaf anatomical structure of Wardy Pomegranate
transplants as influenced by salinity stress (X =60).

(11) Tap water.

(12) 6000 ppm X SAR3 x Low Cl: SO4.
(13) 6000 ppm * SAR3 X High Cl: SO4.
(14) 6000 ppm X SAR 6 x Low Cl: SO4.
(15) 6000 ppm X SAR6 x High Cl: SOy

/
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Whereas, both Nab El-Gamal and Wardy cvs. Table (25) were
exhibited less thickness of leaf vascular bundle when irrigated with
saline solutions compard to the control irrigated with tap water.
Meanwhile, the higher SAR and chloride increased the thickness of
vascular bundle than the control in Nab El-Gamal. However, the
same concentration of saline solution didn’t affect the same
character in Wardy cv. Table (25). These results go on line with the
findings of Sourial et al., (1978) and Ahmed, (1982).

b- Root anatomy:

Data obtained concerning the response of examined root
structural features of 3 pomegranate cultivars (Manfalouty; Nab EI-
Gamal and Wardy) to 6000 ppm saline solution of SAR (3 & 6) ClI:
SO, ratio (high & low) are presented in Table (25) and illustrated
by photos (4); (5) and (6).

The root anatomy of three pomegranate cvs. under study
(Manfalouty, Nab El-Gamal and Wardy) as affected by the
irrigation with 6000 ppm of two SAR levels (3 & 6) at either low or
high CI: SO, ratio was investigated.

1- Periderm layer:

Periderm layer in the root of Manfalouty cv. Table (26) was
reduced either with SAR or chloride level. It was decreased as SAR
and chloride level was increased in irrigation water i.e we can say
that, the least thickness of periderm layer was exhibited by
Manfalouty transﬁlants irrigated with the 6000 ppm saline solution
of (SAR6) and high chloride. The same trend was found with
transplants of Nab El-Gamal and Wardy cvs. where the periderm

M
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layer was decreased to reach minimum value with 6000 ppm (SAR
6) and high chloride, where the least thickness of periderm layer
was detected. These results were consistent with those of Walker er
al., (1984) and Abou Taleb, (2003) who showed that the cortex of
pecan root cross section was depressed by saline solution.

2- Phloem:

As for the phloem layer, of Manfalouty transplants Table (26)
show that irrigation with 6000 ppm saline solution either SAR 3 or
6 and high or low chloride treatments decreased the thickness of the
phloem compared to the control. On the other hand, the trend of
response took the other onw around with Nab El-Gamal Cv.
increased the phloem of the root was increased in most cases when
irrigated with saline solutions except with higher (SAR6) and high
chloride treatment where the phloem was affected a compared to
the control. However, transplants of Wardy cv. was not influenced
by saline solutions as root phloem layer was concerned. These
results go in line with, Sourial, (1978) and Abd El-Karim, (1991)
who reported that saline conditions caused loss in vascular elements
(xylem and phloem).

3- Cambium layer:

The root cambium layer of three pomegranate cultivars i.e.,
Manfalouty; Nab El-Gamal and Wardy did not respond to saline
solutions; Table (26). In this regard findings of Pokrovskaya,
(1954) and Salama, (1985), confirmed partially the present result,
as they mentioned that in glycophytes cell division and clongation
was restricted by salinity.
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4- Xylem thickness:

Root xylem layer as shown from Table (26) was obviously
decreased in thickness by saline solution regardless as SAR and CI:
SO,. Such trend was true with three cultivars with a noticeable slight
variance better cultivars as the rate of change was concerned. These
results were coincided to those of Sourial, (1978), Abou Taleb,
(2003). Meantime, Ahmed, (1982), reported that xylem vessels within
root were decreased by salinity, however average cross area per vessel
was increased.

5- Root diameter:

As for the root diameter of the transverse section Table (26)
shows that it followed nearly the same trend previously detected in
xylem vessels diameter. These results are in harmony with those of
Ahmed, (1982) and Abou Taleb, (2003).
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Table, (26): Some measurements of root anatomical examination in Manfalouty; Nab El-Gamal and
Wardy Pomegranate cultivars as affected by 6000 ppm saline solution of two SAR (3 & 6)
and Cl: SO4 (low & high) ratios during 2001growing season. X = 60

Transvese
Periderm Phloem Cambium Xylem vessels section
Treatments | SAR | Chloride layer (1 m) (r m) (L m) (pm) diameter
(1 m)
MINI I WIM|IN|IWIM|IN|WIM NI WIM|N/|W
Tap water 13 116|161 4 -+ - 3 3 3 | 150 (191|178 )225|278 | 244
Salt 3 Low 10| 1310} 3 6 | 4] 3 3 [ 3 1140169 |135]205] 245 ] 205
momco High 11 11 |11 3 ] 3 3 2 2 1164150 | 110232253195
Low 8 | 13|15} 3 51413 3 1 3 J1I3]152]127)160]225] 220
PRI ® Thign 7171813 442155 13] 62 [ 143|167 ] 122 | 228
M= Manfalouty cultivar N=Nab ElI-Gamal W= Wardy
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structure of Manfalouty Pomegranate

Photo (4): Root anatomical
fluenced by salinity stress (X = 60).

transplants as in

(16) Tap water.

(17) 6000 ppm X SAR3 x Low Cl: SOq4.

(18) 6000 ppm X SAR3 x High ClL: SO4.
(19) 6000 ppm X SAR6 x Low Cl: SO4.

(20) 6000 ppm X SARG6 x High Cl: SO4.
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Photo (5) Root anatomical structure of Nab El Gamal Pomegranate
transplants as influenced by salinity stress (X = 60).

(21) Tap water.

(22) 6000 ppm X SAR3 x Low Cl: SOq4.
(23) 6000 ppm X SAR3 x High Cl: SO4.
(24) 6000 ppm * SAR6 x Low CI: SO4.
(25) 6000 ppm X SAR6 x High Cl: SO4.

/
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Photo (6): Root anatomical structure of Wardy Pomegranate
transplants as influenced by salinity stress (X = 60).

(26) Tap water.

(27) 6000 ppm * SAR3 X Low Cl: SO4.
(28) 6000 ppm X SAR3 x High CL: SOs.
(29) 6000 ppm x SARG * Low Cl: SO4.
(30) 6000 ppm * SAR6 X High Cl: SOs.
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