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ABSTRACT

An open field trial for 2-year-old seedlings of bald-cypress (Taxodium distichum Rich.), calabrian
pine (Pinus brutia Tenore) and cypress (Cupressus sempervirens L.) seedlings was applied from April,
2004 to November, 2005 in King- Mariut, south-west of Alexandria. Response of these conifer seedlings
to irrigation regime of saline underground water (6.36 dS m™) was studied in a large polyethylene bag
containing sandy loam soil. Irrigation treatments were applied as: tap water (control), twice saline water
followed by one time tap water (2/1 cycle), four times saline water followed by one time tap water (4/1
cycle) and totally saline water (Stressed). Irrigation treatments were applied to maintain the double-fold
of field capacity after 45 days from transplanting date the irrigated tested every third day.

The results showed that mortality increased with increasing saline/ fresh water cycles. Conversely,
all the vegetative growth parameters and biomass components of these conifer seedlings decreased
significantly with increasing the cycling of saline/ fresh water. However, significantly minimum both
height and diameter increments, number of first order-branch, fresh and dry biomasses of leaves and stem
were obtained where saline water was applied as continuous irrigation treatment (stressed). Likewise
wood density was decreased by increasing saline irrigation cycle whereas there was a slight decrease in
wood fiber length with the increase of saline water cycle. Pine seedlings seem to be statistically more
efficient to tolerate saline ground water than cypress after two years period. However, bald-cypress
seedlings were highly- sensitive to irrigation by 6.36 dSm™ saline ground water to the extent that all
seedlings died under the entire used irrigation cycles.
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1. INTRODUCTION

The use of poor quality water for irrigation
has the potential to save considerable quantities of
good quality water for higher priority uses.
Otherwise, King- Mariut, an recreation area
located in the south west of Alexandria, is suffered
from lack of irrigation water for private properties.
The present investigation attempts to find further
ways for overcoming the water shortage problem,
where the existing water resources are less than
the water demand. Although aquifer ground water
is an alternative source to overcome this problem,
unfortunately the ground water of this area mostly
is salty. FAO, (1992) stated that saline water
irrigation has been successfully practiced for
extended periods of time in many countries

including Egypt. Fresh water is required to flush
out accumulated salts (leaching) to make the soil
suitable for tree growth. Therefore, alternation of
fresh and saline ground water, is an irrigation
technique that can conserve ground water
resources and minimize the possible long-term
negative effects of saline water on tree growth and
soils. Certain tree species tolerate salinity is better
than others so many scientists evaluated the
influence of salinity on tree species (Khan and
Ismail, 1985 and Marcar et al., 2000).

For most soils, a leaching would result in
maintaining a salt balance at recommended levels.
As the leaching increases, salt concentrations
should be decrease as more water passes through
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the root zone. Glenn, (1997) explained that if the
quantity of fresh water for leaching through the
soil is too low to remove salts, the soil salt content
will increase and the yield may decrease. This
decrease in yield occurred as the plant must re-
direct additional energy (osmotic stress) from
growing to extracting pure water from the saline
water in its root zone. Injury resulting from the
presence of soil salts is caused by differences in
osmotic potential values between the tree and the
soil solution. A specific ion effect associated with
specific salt ion such as Na and Cl or a
combination of these two effects (Dirr, 1976).
High osmotic pressure decreases the availability
of soil water causing moisture stress within the
plant. Therefore, Spotts et al., (1972 and Button et
al., (1977) concluded that the specific ion effect
involves movement of ions as Na and Cl into plant
cells where they adversely affect cell membrane
stability and metabolism and high concentrations
are toxic and may Kkill the cells. Soluble salts my
reduce vegetative growth if they are in high
enough concentration in irrigation water. Mainly,
this effect is indirect by pulling moisture out of the
roots and reducing the uptake of water and
nutrients to affected plants. Accordingly, (Alden,
1980) mentioned that trees tolerate to soil salt
accumulations are able to adapt to salt because
they have the ability to: (1) absorb and conserve
water under salt stress, (2) exclude salt ion uptake,
or (3) physiologically tolerate in in the presence of
the salt ion. For instance, Jarunee et al., (2003)
suggest that the salt tolerance of Sesbania rostrata
is associated with the ability of the shrub to
translocate and sequester Na* and CI" in the shoot
cells.

The objective of this study was to assess the
best cyclic practice of irrigation to improve and
maintain use of the existing saline ground water
resources in King-Mariut area in Alexandria.

2. MATERIALS AND METHODS
2.1. Plant material

A trial with different salinity treatments for
two-year-old seedlings of bald-cypress (Taxodium
distichum Rich.), calabrian pine (Pinus brutia
Tenore) and cypress (Cupressus sempervirens L.)
was applied within two seasons in a private
nursery in King-Mariut (30°58.18°N; 29°42.69°E),
50 Km southwest of Alexandria. The substitutive
irrigation source of this nursery is saline water
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from underground shallow aquifer where its
analysis is tabulated in (Table 1). The depth of the
irrigation aquifer is 25m from the soil surface and
the water is pumped up to the surface through a
network of PVC pipes controlled by main valve.
All seedlings were transplanted in (March 13,
2004) in large polyethylene bags (50cm diameter
X 60cm depth) containing sandy loam soil (58, 26
and 16% of sand, loam and clay respectively)
where its analysis of ions and cations is shown in
(Table 2). Then, they were watered totally with
tap water to reach the field capacity (16.2 g water
100g™ dried soil) for 30 days before starting the
treatments.
2.2 Treatments

Irrigation treatments were applied as: tap
water (control), twice saline water followed
by once tap water (2/1 cycle), four times
saline water followed by once time tap water
(4/1 cycle) and totally saline water (Stressed).
All seedlings were irrigated to its double-fold
of field capacity. The experimental design was
a completely randomized split-plot with
irrigation treatments as the main plot and
species as the subplot in three replicates. Each
replicate was represented by 3 seedlings
therefore, 36 seedlings of each species were
used.
2.3. Measurements

Mortality % was calculated for each treatment
as well as, the number of first-order branch
(number of main branches) of the seedlings were
recorded at the end of experiment. Stem height
and diameter above ground level of all seedlings
were measured before the treatments (initial
measuring) and two growing seasons afterwards
(final measuring). The different meaing the
increment of stem height and diameter above
ground. Also, two random seedlings of each
replicate were destructively harvested at the end of
the second growing season (November 2005) then
leaves, stems and roots biomass was determined.
Subsequently these components were dried in the
oven for 48 hours at 60°C for leaves and 80 C’ for
stems and roots. Also, some physical wood
properties of the used conifer species were tested
to evaluate its response to irrigation cycles by
saline ground water. A sample of 3-cm
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Table (1): Chemical analysis of the used tap and underground aquifer irrigation water.

Irrigation Soluble cations (mg I-l) Soluble anions (mg I'l) pH | EC.
water quality -
k' | Nt | MI | ca™? | 50,2 | o |Hco, | co,? ds m
+2 4 3 3 1
Tap water 0.12 1.45 1.30 1.64 0.16 1.58 2.77 - 7.50 0.48
underground 0.79 | 48.40 | 9.80 5.00 21.99 36.40 5.60 - 7.50 6.36
water

* Values of underground aquifer water represent the mean of two analysis processes during the study period

Table (2): Chemical analysis of the planting soil.

Soluble cations (mg |_1) Soluble anions (mg I'l) CaCO, | pH E-Cll
K" N | Mg | ca | so,? | o |Hco, | co,? % dsm
0305 | 204 | 024 | 11 | 093 | 13 | 145 | - | 325 |80 035

Table (3): Effect of irrigation by saline ground water on mortality and first-
order branch number of three conifer seedlings after two seasons
(April,2004 to November 2005).

Treatment Mortality (%) No. first-order branch

Bald- Cypress Pine Mean | Bald-cypress | Cypress Pine Mean

Cypress

Control 0.00e 0.00e 0.00e 0.00d 37.00c 94.0a 16.0d 55.0a
2/1 cycle 100a 22.22d 0.00e 40.74c - 78.5b 11.0de 45.8b
4/1 cycle 100a 44.44c 0.00e 48.15h - 75.5bc 8.0ef 41.8¢c
Stressed 100a 77.78b 0.00e 57.41a - 73.0c 5.5f 39.3¢
Mean 75.00x 34.72y 0.00z 80.8x 10.1y

Means followed by a similar letter within a column (a, b) or row (x, y) are not significantly
different at the probability 0.05 by Duncan’s Multiple Range Test.

Table (4): Effect of irrigation by saline ground water on both height and diameter
increments of three conifer seedlings after two seasons (April,2004 to

November 2005) .

Treatm Height increment (%) Diameter increment (%6)

ent Bald- Cypress Pine Mean Bald- Cypress Pine Mean

cypress cypress

Control 67.23 62.36a 31.28¢c 46.82a 92.56 78.2% 134.07a 106.18a
2/1 - 50.89b 24.02de | 37.46b - 78.09e 122.22¢ 100.16b
cycle
411 - 28.51cd 15.55f 22.03c - 62.79f 128.89b 95.84c
cycle
Stressed - 21.06e 11.31f 16.19d - 24.03g 88.15d 56.09d
Mean 40.71x 20.54y 60.80y 118.33x

Means followed by a similar letter within a column (a, b) or row (X, y) are not significantly
different at the probability 0.05 by Duncan’s Multiple Range Test.
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was cut from each stem at the soil surface. The
sample was divided into two further samples, the
first 2-cm was used to determine the wood density
and the remained 1-cm to determine the fiber
length. Wood density was determined based on
the fresh volume and oven- dry weight according
to the American Standard Testing Method (ASTM
D-2395, 1989). For fiber length measurement, the
samples were portioned into small segments,
having radial and tangential dimension of 2x5
mm, respectively. Segments were macerated in a
1:1 (v:v) solution of acetic acid glacial and 30%
hydrogen peroxide at 60°C for 48 hours, then
rinsed several times with distilled water (Franklin,
1964). For each sample, a drop of macerated
tissue was placed on a microscope slide, stained
with Safrinin dye, and covered. The slide was
placed in a slide holder and projected onto a
screen. Fifty whole fibers per sample were
measured to the nearest 1 mm.

Since bald-cypress seedlings completely failed
to grow at all salinity treatment (2/1), (1/4)
(stressed) then the data of this species were
terminated from the statistical analysis but the data
of control of this species was exhibited only. Data
were examined by analysis of variance (ANOVA)
and means were compared by Duncan’s Multiple
Range Test using CoStat statistic software
(CoStat, 1990).

3. RESULTS AND DISCUSSION

3.1. Effect on mortality

Irrigation with saline underground water had a
significant effect on mortality of the planted
conifer tree seedlings (Table 3). Mortality
percentage increased with increasing the saline
water frequency from (2/1 cycle) up to (stressed).
Nearly 57% of mortality was achieved by
(stressed) treatment, regardless of the seedling
species, which was the highest mortality
percentage. The treatment (4/1 cycle) had about
48% mortality overall while (2/1 cycle) had about
41% and finally, the control treatment had zero %
of mortality. On the other hand, bald cypress
appeared to have the higher significant mortality
percentage followed by cypress that recorded
nearly 75.00 and 3472 % of mortality,
respectively (Table 3). Complete mortality was
recorded in bald cypress seedlings except those
irrigated with tap water (control) while 100% of
pine seedlings survived in all irrigation treatments.
Otherwise, cypress seedlings had inconsistent
mortality responses to saline irrigation water
varying from 77.78 % when treated with (stressed)
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treatment to zero% when supplied with only tap
water (control).

The analysis of variance revealed a significant
interaction between saline irrigation treatments
and the conifer species on mortality percentage
due to the differential response of the seedlings.
Bald-cypress seedlings under all treatments of
saline ground water had the highest percentage of
mortality (100%) that reflected its high sensitivity
to any saline irrigation level. Conversely, pine
seedlings had the lowest mortality percentage
(0.00%) under all treatments meaning that it is a
high saline-tolerated species. Generally, with the
progressive increase in the saline irrigation cycles
from (2/1 cycle) to (stressed) treatment, there was
a gradual increase in the mortality percentage of
cypress seedlings; that means it is a moderate
saline-tolerated species.

The main explanation of the 100% mortality
of bald-cypress possibly that it is a deciduous
conifer species which looses its leaves, the main
accumulator of salts thus, the accumulations of
salts during the dormant season will not be toxic
to the plant. Munns, (1993) concluded that
continuous salt accumulation combined with
limited production of new leaf volume could lead
to earlier build up of excess toxic levels of salt.
This might further accelerate the onset of leaf
senescence and necrosis. These results are in
parallel with (Pezeshki, 1990) who subjected
Taxodium distichum (bald--cypress) seedlings to
51 mol/m? of salinity concentration. Thereafter, he
indicated that in general, bald-cypress was
salt-sensitive probably due to its relative inability
to exclude ions or effectively compartmentalize
them in cell vacuoles. Moreover, an elucidation of
increasing the mortality percentage of most
(stressed) treatment of cypress seedlings, may be
the presence of high amounts of soluble salts in
the soil that reduces the amount of water available
to the plant. As salts increase in the soil water, the
energy expended by a plant to extract water must
also increase, even though the soil moisture
tension remains the same. In essence, salts
decrease the total available water in the soil
profile (Scherer et al., 1996). Subsequently the
plant begins to suffer, then welts or dies according
to its sensitivity. Therefore for low resistanre
species, (Choudhary et al., 2003) concluded that
photo-inhibition was the main factor responsible
for drastic reduction in net photosynthesis rate and
coupled with a toxic effect of salt ions on cellular
metabolism made the survival of the plants
impossible under high salinity. Also, tolerance of
pine seedlings to all saline treatments is
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concurrent with Jarunee et al., (2003) on Sesbania
rostrata. Furthermore, the clarification of that is
possibly the seedlings have a salt tolerance
determinant important for the regulation of Na*
and K" homeostasis in the plants as pyridoxal-5-
phosphatethat (Huazhong et al., 2002) that
modulating the activities of ion transporters and/
or they activate choline biosynthesis (Zhonglin et
al., 2002) that contributes to tolerance of salt
stress.
3.2. Effect on vegetative growth

Statistical analysis indicated that there were
strongly significant differences among the saline
irrigation water treatment and tree species on
vegetative growth Tables (3 &4). Results showed
that both (stressed) and (4/1 cycle) were the most
in  appropriate irrigation  frequencies that
minimized the first-order branch numbers of the
tested species by 28.6 and 24.0 %, respectively
compared with the control. Whereas, the (2/1
cycle) reduced the first-order branch number by
16.7 % only compared with the control treatment.
According to the seedling species, Table (3)
illustrated that cypress had the highest first-order
branch number (80.8 branches) ,while pine had
10.1 branches. The mean values in Table (3)
cleared a significant interaction between saline
irrigation treatments and conifer species on the
first-order branch number where the cypress
seedlings grown under tap water irrigation had
recorded the highest first-order branch number
that gradually decreased with increasing saline
cycle from (2/1 cycle) to (stressed). The minimum
first-order branch number was obtained with pine
seedlings irrigated by (stressed) treatment. These
effects are mainly due to the inherent properties of
the seedlings species.

The results in Table (4) indicate that the
effect of saline irrigation on height increment was
much suppressed under (stressed) followed by
(4/1 cycle) then (2/1 cycle) treatments that
recorded 16.19, 22.03 and 37.46 %, respectively
as compared to the control which recorded 46.82
% of height increment. Furthermore, cypress
seedlings recorded the highest significant stem
increment (40.71%) compaved with pine seedlings
that recorded 20.54 %. According to the
interaction effect between saline irrigation
treatments and conifer species on height
increment, it is noticeable that both cypress grew
(62.36 %) or more under irrigation with tap water
(control) than others. Conversely, all pine
seedlings irrigated with (stressed and 4/1 cycle)
had the lowest height increment where the other
treatments had intermediate values (Table 4).
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Diameter increment varied strongly depending
on the saline/fresh water irrigation cycle and
seedling species (Table 4). Effect of saline
irrigation treatments on diameter increment had a
similar trend which observed in the height
increment. All seedlings irrigated by (stressed)
treatment were the thinner followed by that treated
by (4/1 cycle) then, those irrigated by (2/1 cycle)
which were 56.09, 95.84 and 100.16 % comparing
with the seedlings irrigated by tap water 106.18.
The mean diameter increment of pine seedlings
irrigated with saline ground water was 118.33%
which was almost twice as cypress seedlings.
Concerning the interaction effect of the tested
conifer species within saline irrigation treatments
on the diameter increment, it is evident that pine
species under tap water irrigation (control) was
superior that recorded 134.07% of thickness than
other treatments while the cypress seedlings
irrigated by stressed treatment recorded the lowest
value furthermore. The other treatments had
intermediate values (Table 4).

Similarly, (Hamlet and Morris, 1996; Wang et
al., 1997 and Croser et al.,, 2001) on four
Eucalyptus species and Atriplex prostrata,
respectively , reported that they exhibit significant
reduction in height, diameter growth and the width
of the cortex and vascular tissues under saline
conditions. The reduction of vegetative growth
under saline water treatments could be attributed
to the decline in the content of endogenous
gibberellins and indole acetic acid hormones
which are required for both shoot elongation and
cambial growth (Zheng, 2002). Also, the large
differences in first-order branch number between
the three conifer tree species may be due to the
inherent differences in morphology of these
species. Otherwise, the significant differences in
stem height and diameter increments between
pine, cypress and bald-cypress are probably
caused by differences in their tolerance to salt.
Eckstein et al. (1978) concluded that after
exposure to salinity, the xylem incremens in salt-
tolerant Salix clones are wider with fewer vessels
and more fibers and rays per unit area than in salt-
sensitive clones.

3.3. Effect on biomass

The data in Table (5) suggested that biomass
allocations of the three conifer species had
significant reduction under the saline ground
water treatments. There was a slight significant
reduction in leaves fresh weight of the three
conifer seedlings when irrigated with saline
ground water whereas the (2/1 cycle), (4/1 cycle)
and (stressed) treatments minimized the leaves



M. H. Khamis and H. H. HAMMA ... ... .o oo oo i i ot ot s et e e e e et et et ee e ees ee eet eee et et ee eee tee aee ean aan e ee ae eas

fresh biomass by 6.7, 12.0 and 21.7 %,
respectively as compared with the control that
recorded the highest fresh leaves biomass (197.58
g seedling™). Pine had the highest significant
leaves fresh weight followed by cypress (203.90
and 151.28 g seedling™), respectively. On the
other hand, the leaves fresh biomass of bald-
cypress recorded 115.00 g seedling® under
irrigation with tap water. Likewise, leaves dry
weights had also slight differences when irrigated
with the saline treatments. The (stressed)
treatment investigated the highest reduction in
leaves dry weight (36.7%) followed by (4/1 cycle)
and (2/1 cycle) treatments which reduced the
leaves dry weights by 145 and 13.6%,
respectively less than the control. The three
conifer species were differed significantly
whereas, bald-cypress seedlings recorded the
lowest weight of dry leaves (43.15 g seedling™)
under tap water irrigation followed by cypress
(60.96 g seedling™) then pine (120.63 g seedling’
). Regarding the interaction effect between
irrigation saline cycles and the three conifer
species, was noticed that the magnitude of leaves
biomasses (fresh and dry) were obtained by the
pine seedlings irrigated with tap water followed by
that irrigated with (2/1 cycle) > (4/1 cycle). On the
contrary, the lowest leaves biomass attained by
cypress seedlings under (stressed) treatment
whereas, other treatments had intermediate values.

The data in Table (5) revealed that stem
fresh and dry weights had approximately, the
same trend when irrigated with saline ground
water. The (stressed) treatment had the lowest
stem fresh weight followed by (4/1 cycle) then
(2/1 cycle) which recorded 40.1, 21.2 and 1.6%
less than the control. The stressed treatment had
the lowest dry weight of stem by the same order
that recorded 29.1, 14.2 and 11.1% less than the
control.  Furthermore, pine seedlings had
significantly the highest mean of stem fresh and
dry weights (138.89 and 88.30 g seedling™,
respectively) subsequent by cypress (95.66 and
64.80 g seedling™, respectively). The stem
biomass achieved by the interaction of both
cypress and pine species among the saline
irrigation treatments was varied significantly
where the magnitude stem fresh weights were
detected in pine species under control and (2/1
cycle) treatments (160.55 and 156.90 g seedling™,
respectively) while the least fresh weights were
identified with cypress seedlings under (stressed)
irrigation cycle (50.55 g seedling™) on the other
hand, the remaining treatments had intermediate
values.
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Similarly, Table (5) exhibited that roots
fresh and dry biomasses of the tested conifers had
the same trend when treated with different
irrigation cycles. The (stressed) cycle significantly
had the highest negative effect on root biomasses
where decreased both fresh and dry weights by
27.29 and 26.60%, respectively less than control.
Both (4/1) and (2/1) cycles which had the same
significant level that decreased the fresh biomass
by 21.57 and 22.20% as well as, dry biomass by
18.11 and 15.07% less than the control,.
Moreover, pine seedlings significantly showed the
highest fresh and dry biomass of roots (287.90 and
67.80 g seedling™ followed by cypress that
allocated150.91 and 42.56 g seedling™ respecti-
vely. As regard to the interaction effect of
irrigation saline cycles and conifer species, it is
evident that the bulky fresh and dry roots (334.50
and 83.63 g seedling™ g seedling™, respectively)
were allocated by pine seedlings treated with
stressed cycle, conversely the tiny fresh and dry
roots (53.50 and 11.24 g seedling™, respectively)
were allocated by cypress species under stressed
irrigation cycle. The other treatments had an
intermediate values. These results are concurrent
with the finding of Wang et al., (1997) that

Atriplex prostrata Boucher, a facultative
halophyte, exhibits significant reduction in
biomass under saline conditions. Also, with

Croser et al., (2001) who concluded that the
emergence of Pinus banksiana seedlings was the
least affected by salinity as compared with other
two boreal forest conifers, and at certain salinity
concentrations, emergence even appeared to be
stimulated by the presence of salt. An increase in
salt levels caused a corresponding reduction in
seedling weight. The reduction of biomass among
the saline water treatments is probably due to the
decrease in photosynthesis activity (Afroz et al.,
2005). Otherwise, the increase in pine biomasses
more than cypress and bald-cypress species could
be explained that pine is a more resistance species
under irrigation with saline water. Townsend and
Kwolek, 1987; (Neumann, (1997) and Croser et
al., (2001) cited that the plants of increased
salinity resistante are expected to maintain higher
rates of growth than less resistance plants under
equivalent levels of salinity.

Figure (1) demonstrates that irrigation by
saline ground water had significant effect on root:
shoot ratio of cypress and pine seedlings. The
(4/1) and stressed cycles decreased root: shoot
ratio of cypress seedlings by 1.5 and 2.4-fold,
respectively than the control. Contrarily, this ratio
increased for pine seedlings by 1.2 and 1.4-fold
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Table (5): Effect of irrigation by saline ground water on both leaves fresh and dry weights of
three conifer seedlings after two seasons ( April,2004 to November 2005).
Treatment Fresh weight (g seedling™) Dry weight (g seedling™)
Bald- Cypress Pine Mean Bald- Cypress Pine Mean
cypress cypress
Leaves biomass
Control 115.00 165.55¢cd 229.60a 197.58a 43.15 80.05bc 136.65a 108.35a
2/1 cycle - 163.65bcd 204.90ab 184.28ab - 66.10cd 121.20ab 93.65ab
4/1 cycle - 153.05de 194.75abc 173.90b - 66.65cd 118.60ab 92.63ab
Stressed - 122.88e 186.35bcd 154.62c - 31.05d 106.05abc 68.55h
Mean 151.28y 203.90x 60.96y 120.63x
Stem biomass
Control 112.75 117.90b 160.55a 139.23a 86.80 77.95b 99.25a 88.60a
2/1 cycle - 117.15b 156.90a 137.03a - 63.60d 93.85a 78.73b
4/1 cycle - 97.05b 122.30b 109.68b - 68.70cd 83.35b 76.03b
Stressed - 50.55¢ 115.80b 83.18¢c - 49.45e 76.75bc 62.85¢
Mean 95.66y 138.89x 64.80y 88.30x
Roots biomass
Control 339.30 235.60d 298.00c 266.80a 154.70 63.60c 66.30c 64.95a
2/1 cycle - 211.75e 203.40e 207.58b - 63.53¢c 46.78d 55.16b
4/1 cycle - 102.80f 315.70b 209.25b - 31.87e 74.50b 53.19b
Stressed - 53.50g 334.50a 194.00c - 11.24f 83.63a 47.44c
Mean 150.91y 287.90x 42.56y 67.80x
Means followed by a similar letter within a column (a, b) or row (x, y) are not significantly
different at the probability 0.05 by Duncan’s Multiple Range Test.

Table (6): Effect of irrigation by saline ground water on density and fiber length of three
conifer seedlings after two seasons ( April, 2004 to November 2005) .

Treatment Density (g cm™) Fiber length (mm)

Baldcypress  Cypress Pine Mean Baldcy Cypress Pine Mean
press

Control 0.364 0.585bc  0.629a 0.607a 1.69 1.28b 1.52a 1.40a

2/1 cycle - 0.566¢ 0.601b  0.584b - 1.25b 1.19b  1.22b

4/1 cycle - 0.498d 0.598b  0.536¢ - 1.24h 1.17b  1.21b

Stressed - 0.482d 0.574c  0.528d - 1.24b 1.20b 1.22b

Mean 0.533y 0.601x 1.25x 1.27x

Means followed by a similar letter within a column (a, b) or row (x, y) are not significantly
different at the probability 0.05 by Duncan’s Multiple Range Test.
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mcracuon om both wood dcmsity and fiber Jengrh
throsghost two ssccomive seasom. Wiood deminy
wan docreamad by iscroasing salime imgation cycle
from (1) e (V1) and stresscd ecatments whore
they minimdocd the wood demity by 3K 1.7 sod
IM0% boa than  Ihe  cootrol  trostment,
rewpectively. Additiona- aly, pinsc seodlings bad
sgnt- fcanily (he demser wood (0601 g cm®)
than cypress specics (0L533 g cm™'). Reganding ihe
intcraction elfccr, i i obvioos el pine seadlings
under lap waler Wngation (cootrol) ked ke
heaview wood domity, On the other hand, Cypress

umber both (41) sod stressed saling

waker cyches had the fightest wood domsity.

There was » slight docrease in wood fiber
lcagih with the increase of saline water cycle
by 12.9% for both (/1) and stressed a5 well
o by 136% for (1) treatment Joss than
control. On the other hand, the wood fiber
length of the two conifer specics (Cypress and
pine) had pot significant differcoces wherces
thew fiber bength clongaied wp 10 1.2 and 1.7
me, rospectively, According o 1he interaction
effect between Ihe saline waner cycles and cuatler
specics, pine scodling wood had 1he kmgeut fiber
length under tap water bmgation (control)
treutment rather than the other wrcatments
which had the same significant kevel.

Those results are in parallel  with
Caschpoole of wl., (MN0) on cocalypts (rees

L)

[0 Contrat 8 23 cyeme © 41 cycie Bareanses |

Kant: Shont rattn

=

Fig. (1) Effect of irvigation by salise grousd
waler on rout: shoot ratie of cypress and plae
seedlings afler two seasams ( April 2004 to
November 2005)

planted in wo sites 2 basc density of the plot
recciving Ithe moderute  salinaty  irrigation
water (S0 dS m') wes 040049 g cm’
differed from that of the plots recoiving the
highest salinity irrigation water (10 dS m')
that reconded G404 g om”  and e frenh
chanec) water (45052 g cm” ) which muy
refloct sibcapecilic effovts Salinity also dxd mo
st fiber keagih hetwern any of 1be plots over
the period of shsdy. In contrast, 1he demer wood
ol pine scodlings computing with other conilons
may caplain (hat Ihis b & sali-olotant specics
hence, Krouss and Racrhowski, [1959) mentboned
that revistance of 14 tlimber troes 1o effoctn of
salinity (3.5% scawaicr salimity) lended W increase
wilh incroesiag wood domaity

Kecommendation
kB rcommondod  (hal  cosimsally

inrlgation by saliec ground water (6,36 dS ="' ) tor
pine scodlings o well . ahiermation cycle (41
cycle) of salime wnd frioh water for Cypeom
scediings, would b oan sccoplable pracike o
oblain & good growth in Kesg-Maruil atca
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