Scientific J. Flowers & Ornamental Plants
www.ssfop.com/journal
ISSN: 2356-7864

IMPACT OF IRRIGATION WITH SALINE WATER ON GROWTH,
QUALITY AND CHEMICAL COMPOSITION OF TALL FESCUE
TURF (FESTUCA ARUNDINACEA
SCHREB. VAR. FESTORINA)
S.M. Shahin*; Boshra A. El-Sayed** and H.F. El-Tayeb*
* Botanical Gardens Res. Dept., Hort. Res. Inst., ARC, Giza, Egypt.
** Ornamental Plants and Landscape Gardening Res. Dept., Hort. Res. Inst., ARC, Giza, Egypt.

ABSTRACT: Two tray experiments were conducted in the open field
at Orman Botanical Garden, Giza, Egypt during 2012/2013 and
2013/2014 seasons to study the effects of saline irrigation water
prepared from NaCl and CaCl2 pure salts (1:1, by weight) at the rates
of 0, 2000, 4000, 8000 and 12000 ppm on growth, quality and
chemical composition of tall fescue (Festuca arundinacea Schreb. var.
Festorina) plants cultivated by seeds in plastic trays (51 x 36 x 10 cm)
filled with about 15 kg of loamy soil/ tray at the rate of 5 g seeds/tray.
The obtained results in both seasons indicated that salinity of
irrigation water up to 4000 ppm had no deleterious effects on plant
height, density % and fresh and dry weights of herb and roots, except
for 2000 ppm salinity treatment which significantly improved
Scientific J. Flowers & vegetative and root growth of treated plants compared to the control.
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reduced all vegetative and root growth parameters, especially 12000
ppm level that gave the least means with significant differences when
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Festorina is a dense tillering, bright
INTRODUCTION
green variety that excels under warm and dry
Tall fescue is a heat, drought and wear conditions. It shows a very good disease
tolerant grass that belongs to the Family resistance and a very good resistance to wear
Gramineae. Its sward is dense, but because and tear (Huxley et al., 1992).
of its coarse leaf texture, not very fine. It
Increasing need for salt-tolerant turf
tolerates soils with low fertility and can also
grasses is still continuous due to population
stand submersions. It is used on sports field,
growth in arid and semi-arid regions where
road sides, waterways, airfields, race courses
potable water is limited and the underground
and low maintenance areas. Because of its
or other water sources are salty. However,
deep root system, tall fescue is especially
salinity may cause some harms for grasses,
suited for slope stabilization (Plain, 1985).
as those indicated by Mansour and Hussein

S.M. Shahin et al.

(2002) who found that increasing salinity of
irrigation water up to 6000 ppm reduced
growth, coverage, height and clippings fresh
and dry weights of Tifway grass, especially
when grown in sand. Chlorophylls,
carotenoides and total carbohydrates were
also decreased, while growing this type of
turf in clay increased Na, Ca and Cl content
in the herb. Similar observations were also
recorded by Peacock et al. (2004) on Tifway,
Lee et al. (2004) on 4 bermudagrass
cultivars, Adavi et al., (2006) and AbdelFattah et al. (2008) on Tifway, as they all
reported that salinity of irrigation water
declined growth, density and root length,
beside yellowing or necrosis of the leaves.

This research aims to determine the
effect of saline water on growth behaviour
and chemical composition of tall fescue
grass under environmental conditions of the
Great Cairo Governorate.

MATERIALS AND METHODS
A set of tray experiments was performed
in the open field at Orman Botanical Garden,
Giza, Egypt during the two consecutive
seasons of 2012/2013 and 2013/2014 to find
out the effects of saline irrigation water at
various
concentrations
on
growth
performance, quality and active constituents
in herb of tall fescue plants.

So, seeds of tall fescue (Festuca
On the other hand, Shahin (1990) arundinacea
Schreb.
var.
Festorina,
noticed that top growth of bermudagrass was imported from D.J. Van Der Have Co.,
progressively increased with raising salinity P.O.B.1, 4420AA Kapelle, Netherlands
level. Also, chlorophyll a and carotenoides "500-510 seeds/g") were sown on October,
content was increased by increasing salinity 15th for the two seasons in trays (51 × 36 ×
level up to 10000 ppm, while chlorophyll b 10 cm) filled with about 15 kg of loamy soil
content was decreased. An opposite trend at the rate of 5 g seeds/tray. The physical and
was observed with ryegrass. Likewise, chemical properties of the used soil in both
Pessarakli and Touchane (2006) mentioned seasons are shown in Table (a). The seeds
that shoot and root lengths of Tifway 419 were regularly scattered on the surface of the
and seashore paspalum were stimulated at trays, then covered with a thin layer of the
the low levels of NaCl (5000 and 10000 same used soil and finally pressed with a flat
ppm), but substantially decreased at the high and smooth piece of wood for more contact
levels (20000 and 30000 ppm). As the with the soil. After sowing, the trays were
exposure time to salt stress progressed, shoot daily sprayed with fresh water (about 350
and root fresh and dry weights were severly ml/tray) to wet only the zone in which seeds
affected than shoot and root lengths. Tifway are imbedded using a watering cane with fine
419 was more affected than paspalum under pores until germination, which was
any level of NaCl application. Uptake of Na completely established within 12 days.
and Cl was increased, whereas K uptake was
decreased.
Table a. Some physical and chemical properties of the loamy soil used in 2012/13 and
2013/14 seasons.
Particle size distribution
(%)
Season
Coarse Fine
Silt Clay
sand sand

Cations (meq/L)
EC
S.P.
pH
(dS/m)

Ca++

Mg++

Na+

Anions (meq/L)
K+ HCO3--

Cl-

SO4--

2012/13 10.18 46.17 19.53 24.12 35.00

3.36

8.09 17.50

9.42 20.00 0.79

3.80

10.00 33.91

2013/14 10.30 46.54 18.88 24.28 33.10

3.51

7.90 18.00

8.95 20.50 0.85

3.65

10.20 34.45

NaCl salt was mixed well with CaCl2
salt at the ratio of 1:1, by weight. Saline
water was then prepared from the salts
mixture at the rates of 0, 2000, 4000, 8000

and 12000 ppm. Afterwards, the trays were
irrigated with 1.5 L of the previous saline
water concentrations per tray, twice a week
until the termination of each season on April,
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15th. In addition, the control plants continued
to be irrigated with fresh water.
After two months from sowing date (at
December, 15th), the first cut was handly
done with a very sharp stainless steel shear
leaving stubbles with 3 cm long. Other four
cuts were carried out monthly thereafter.
Each treatment was replicated 3 times, as
each replicate contained 3 trays, in a
complete randomized design (Mead et al.,
1993).
Before each cut, mean plant height (cm)
was recorded, while density % (Mahdi,
1953) and fresh and dry weights of clippings
(g) of the resulted clippings after mowing
each tray were determined after each cut.
In fresh leaf samples taken from the first,
third and fifth cuts, photosynthetic pigments
content (Chlorophyll a, b and carotenoides,
mg/g F.W.) was measured according to the
method of Moran (1982), whereas in dry
samples taken from the herb of the three
previously mentioned cuts, the percentages
of N (Pregl, 1945), P (Watanabe and Olsen,
1965), K (Jackson, 1973) and the content of
Na and Cl as mg/g D.W. (Jackson, 1973)
were determined. The content of free amino
acid proline (g/ml) was also evaluated by
the method described by Bates et al. (1973).
At the end of each season, root samples
from a known volume (10 × 10 × 10 cm) of
soil subjected to the different salinity
treatments applied in such work were gently
lifted and washed well with tap water to
evaluate their fresh and dry weights (g). Data
were then tabulated, and the morphological
ones were statistically analyzed according to
SAS Institute Program (1994) using
Duncan's Multiple Range Test (Duncan,
1955) for verifying the significancy level
among various treatments.

Results and Discussion
Effect of saline irrigation water on:
1- Vegetative and root growth parameters:
From data averaged in Tables (1, 2, 3
and 4), it could be concluded that salinity of
irrigation water up to 4000 ppm had no

deleterious effect on plant height (cm),
density (%) and herb fresh and dry weights
(g), as the means of these parameters were
closely near to those of control with nonsignificant differences in most cases of the
two seasons in the five cuts carried out
through the growing season, except for 2000
ppm
concentration
which
improved
vegetative growth of salinized plants with
significant
differences
over
control,
especially at the three last cuts. In addition,
the utmost high dry weight of the herb in the
five cuts in the two seasons was recorded by
2000 ppm salinity treatment. The opposite
was the right concerning 8000 and 12000
ppm levels, as they were significantly
reduced all vegetative growth traits,
especially 12000 ppm level which gave the
least means in both seasons.
The favourable effects of low salinity
levels on growth and density of tall fescue
grass are unexpected results, and deserve
further investigation. However, no-one has
offered an acceptable explanation of this
phenomenon, but it coincides with the results
attained by Shahin (1990) on bermudagrass
and Pessarakli and Touchane (2006) who
mentioned that high Na level in the outer
medium enhance cell expansion and growth
of Tifway 419 and seashore paspalum. On
the other hand, the reduction of growth due
to high salinity concentrations may be
attributed to a decrease in all volume at a
constant cell number caused by salinity
(Advai et al., 2006). Likewise, Pessarakli
and Touchane (2006) postulated that
mechanism of salt may result in cell division
inhibitory and hence, reduces the rate of
plant development. However, Jou et al.
(2006) indicated that ATpase participates in
the endoplasmic reticulum Golgi mediated
protein sorting machinery for both
housekeeping
function
and
+
compartmentalization of excess Na under
high salinity. On the same line, were those
results revealed by Shahin (1990) on
ryegrass, Lee et al. (2004) on 4
bermudagrass cultivars and Adavi et al.
(2006) and Abdel-Fattah et al. (2008) on
Tifway.

139

S.M. Shahin et al.

Table 1. Effect of saline water treatments on plant height (cm) of Festuca
arundinacea Schreb. var. Festorina clippings during 2012/13 and
2013/14 seasons.
Saline water
First season: 2012/13
Second season: 2013/14
concentration st
nd
rd
th
th
st
1 cut 2 cut 3 cut 4 cut 5 cut 1 cut 2nd cut 3rd cut 4th cut 5th cut
(ppm)
16.7a 14.0a 13.0b 11.5b
9.3a
15.9a 14.6a 13.2b 11.0b
9.5a
0
17.0a 13.3a 15.2a 13.2a 8.7ab 16.3a 13.8a 14.6a 12.4a 8.8ab
2000
16.1a 13.0ab 13.5b 12.5ab 8.3b
15.4a 13.3ab 12.9b 12.6a
8.3b
4000
15.3b 12.6b 12.4cb 10.9c 7.8cb 14.6b 13.1b 12.0c 10.3cb 7.5c
8000
12.6c 11.8c 10.7c
9.7d
7.0c
12.5c 12.3c 10.3d
9.2c
6.8d
12000
* Means within a column having the same letters are not significantly different according to
Duncan's Multiple Range Test (DMRT, 1955) at 5% level.

Table 2. Effect of saline water treatments on density (%) of Festuca arundinacea
Schreb. var. Festorina clippings during 2012/13 and 2013/14 seasons.
Saline water
First season: 2012/13
Second season: 2013/14
concentration st
nd
rd
th
th
st
1 cut 2 cut 3 cut 4 cut 5 cut 1 cut 2nd cut 3rd cut 4th cut 5th cut
(ppm)
78.0a 88.3a 90.7b 93.4a 87.3ab 84.3a 92.4a 94.5b 96.3a 89.9ab
0
76.9a 89.0a 93.5a 94.0a 89.0a 83.2a 93.0a 96.7a 95.0a 91.5a
2000
77.1a 88.7a 90.0b 86.5b 81.7b 83.0a 93.2a 93.8bc 91.1b 83.4b
4000
76.3b 85.4b 87.3c 85.8b 80.8c 82.1b 89.3b 91.7c 89.0cb 82.3c
8000
73.6c 83.3c 85.6d 81.1c 76.2d 79.5c 87.5c 89.3d 85.1c 78.3d
12000
* Means within a column having the same letters are not significantly different according to
Duncan's Multiple Range Test (DMRT, 1955) at 5% level.

Table 3. Effect of saline water treatments on fresh weight (g) of Festuca
arundinacea Schreb. var. Festorina plants during 2012/13 and 2013/14
seasons.
Saline water
First season: 2012/13
Second season: 2013/14
concentration st
nd
rd
th
th
st
1 cut 2 cut 3 cut 4 cut 5 cut 1 cut 2nd cut 3rd cut 4th cut 5th cut
(ppm)
125.3ab 124.0ab 134.3b 95.1ab 66.3ab 127.5ab 129.0a 131.5b 93.6a 67.0ab
0
130.2a 128.3a 146.4a 98.2a 68.0a 132.3a 123.3b 143.1a 95.1a 68.9a
2000
123.0ab 112.9b 136.5b 96.0ab 61.5b 125.1ab 117.5c 133.2b 93.8a 62.4b
4000
117.2b 98.6c 107.8c 83.7b 58.9c 119.3b 102.0d 106.0c 82.3b 59.6c
8000
84.7c
78.5d 88.0d 67.6c 50.7d 86.4c 81.4e 86.3d 66.4c 51.5d
12000
* Means within a column having the same letters are not significantly different according to
Duncan's Multiple Range Test (DMRT, 1955) at 5% level.

Table 4. Effect of saline water treatments on dry weight (g) of Festuca
arundinacea Schreb. var. Festorina plants during 2012/13 and 2013/14
seasons.
Saline water
First season: 2012/13
Second season: 2013/14
concentration st
nd
rd
th
th
st
1 cut 2 cut 3 cut 4 cut 5 cut 1 cut 2nd cut 3rd cut 4th cut 5th cut
(ppm)
18.5b 21.3ab 23.1b 16.3ab 11.2ab 19.1b 22.0ab 22.4b 15.8ab 11.4ab
0
20.9a 23.0a 26.3a 17.5a 12.4a 21.5a 23.7a 25.1a 17.0a 12.5a
2000
17.8bc 18.6b 23.4b 16.4ab 10.7b 18.3cb 19.2b 22.7b 15.9ab 10.9b
4000
16.7c 14.1c 15.5c 12.0b
9.5c
17.2c 14.5c 15.1c 11.7c
9.7c
8000
12.3d 11.4d 12.3d
9.5c
7.3d
12.8d 11.8d 12.0d
9.2d
7.5d
12000
* Means within a column having the same letters are not significantly different according to
Duncan's Multiple Range Test (DMRT, 1955) at 5% level.
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A similar response occurred as well
with respect to roots fresh and dry weights
(g), as 2000 and 4000 ppm levels
significantly improved these two characters,
with the prevalence of 2000 ppm level,
which recorded the heaviest roots fresh and
dry weights comparing with control and
other levels of salinity in the two seasons.
On the other side, irrigation with saline water
at 8000 and 12000 ppm greatly decreased
fresh and dry weights of the roots, especially
the highest concentration that registered the
lightest weights at all (Table, 5).
These results could be discussed and
interpretted as done before in case of
vegetative growth traits.
2- Chemical Composition:
Data in Tables (6, 7 and 8) showed that
chlorophylls a and b content (mg/g F.W.) in
the leaves and the percentages of N and P in
the herb at the first, third and fifth cuts were
gradually decreased as the concentration of
saline water was increased with few
exceptions, whereas the herb content of
carotenoides (mg/g F.W.), K (%), Na and Cl
(mg/g D.W.), as well as proline (g/ml) were
progressively increased with increasing
salinity level at the three mentioned cuts.
Increasing some constituents in the herb
of salinized plants may be ascribed to that
higher salt concentration in the soil solution
usually leads to an increase in the uptake of
some highly hydrophilic ions, e.g. Na or
borate (Doak et al., 2005). Furthermore,
Gilbert et al. (1998) suggested that
accumulation of some amino acids and
amids in the leaves of salinity-stressed plants
may be due to de novo synthesis and not to
be the result of degradation. In this regard,
Barnett and Naylor (1966) found that free
proline in the leaves of stressed
bermudagrass plants was 10 to 125 times the
value in control plants. Mengel and Kirkby
(1979) indicated that proline accumulation
(in the vacuoles and perhaps also in the
cytoplasm of the cells) seems to occur
strictly as a response to salt or water stress,
and there is presently little evidence that

species normally having high proline levels
are any more tolerant to salt or water stress.
The aforementioned results, in general
showed a similar trend to those obtained by
Mansour and Hussein (2002) and Peacock et
al. (2004) on Tifway, Pessarkli and
Touchane (2006) on Tifway 419 and
seashore paspalum and Abdel-Fattah et al.
(2008) on Tifway Bermuda hybrid.
From the previous results, it could be
concluded that Festuca arundinacea Schreb.
var. Festorina can relatively tolerate
irrigation with saline water up to 8000 ppm
with the least harmful effects.
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Table 5. Effect of saline water treatments on roots fresh and dray weights (g) of
Festuca arundinacea Schreb. var. Festorina plants during 2012/13 and
2013/14 seasons.
Saline water
Roots F.W(g)/10cm3 soil
Roots D.W(g)/ 10cm3 soil
concentration
1st season
2nd season
1st season
2nd season
(ppm)
16.8c
17.0c
7.6cb
7.8c
0
20.2a
20.5a
9.1a
9.4a
2000
18.3b
18.6b
8.3b
8.1b
4000
13.2d
13.4d
5.8c
6.0d
8000
11.9e
12.0e
5.4c
5.6d
12000
* Means within a column having the same letters are not significantly different according to
Duncan's Multiple Range Test (DMRT, 1955) at 5% level.

Table 6. Effect of saline water treatments on photosynthetic pigments content
(mg/g F.W.) of Festuca arundinacea Schreb. var. Festorina plants
during 2013/14 season.
Saline water
concentration
(ppm)
0
2000
4000
8000
12000

Chlorophyll a
1st cut
1.90
1.81
1.82
1.69
1.50

3rd cut
1.78
1.46
1.13
1.26
1.20

5th cut
1.81
1.93
1.43
1.39
1.20

Chlorophyll b
1st cut
0.41
0.44
0.42
0.38
0.38

3rd cut
0.36
0.41
0.34
0.35
0.33

5th cut
0.30
0.33
0.30
0.31
0.27

Carotenoides
1st cut
0.88
0.94
0.99
1.09
1.18

3rd cut
1.16
1.19
1.23
1.21
1.25

5th cut
1.04
1.07
1.06
1.10
1.18

Table 7. Effect of saline water treatments on N, P and K percentages in the herb
of Festuca arundinacea Schreb. var. Festorina plants during 2013/14
season.
Saline water
concentration
(ppm)
0
2000
4000
8000
12000

N%
1st cut
1.96
1.38
1.43
1.36
1.33

3rd cut
2.14
1.30
1.21
1.08
1.00

P%
5th cut
1.70
1.31
1.12
1.03
0.96

K%

1st cut

3rd cut

5th cut

1st cut

3rd cut

5th cut

0.50
0.53
0.41
0.41
0.40

0.43
0.38
0.33
0.30
0.30

0.29
0.26
0.21
0.14
0.11

1.63
1.82
1.90
1.99
2.11

1.76
2.00
2.12
2.11
2.30

1.68
2.10
2.36
2.50
2.69

Table 8. Effect of saline water treatments on Na, Cl and Proline content in the
herb of Festuca arundinacea Schreb. var. Festorina plants during
2013/14 season.
Saline water
concentration
(ppm)
0
2000
4000
8000
12000

Na (mg/g D.W.)
1st cut
1.05
1.71
1.90
2.10
2.83

3rd cut
1.36
2.08
2.47
3.10
3.23

5th cut
1.33
2.81
3.00
3.38
3.86

Cl (mg/g D.W.)
1st cut
1.10
1.49
1.63
2.18
2.67
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3rd cut
1.26
1.67
1.88
2.61
3.25

5th cut
1.34
1.97
2.58
3.50
3.85

Proline (g/ml)
1st cut
0.051
0.065
0.083
0.136
0.184

3rd cut
0.058
0.079
0.103
0.156
0.216

5th cut
0.054
0.112
0.158
0.193
0.284
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ﺗﺄﺛﻴﺮ اﻟﺮي ﺑﺎﻟﻤﻴﺎﻩ اﻟﻤﺎﻟﺤﺔ ﻋﻠﻰ اﻟﻨﻤﻮ ،اﻟﺠﻮدة واﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻲ ﻟﻤﺴﻄﺢ اﻟﻔﺴﻜﻴﻮ اﻟﻄﻮﻳﻞ (Festuca
)arundinacea Schreb var. Festorina
*

ﺳﻴﺪ ﻣﺤﻤﺪ ﺷﺎهﻴﻦ*  ،ﺑﺸﺮة ﻋﺒﺪ اﷲ اﻟﺴﻴﺪ** و هﺸﺎم ﻓﺨﺮي اﻟﻄﻴﺐ
* ﻗﺴﻢ ﺑﺤﻮث اﻟﺤﺪاﺋﻖ اﻟﻨﺒﺎﺗﻴﺔ ،ﻣﻌﻬﺪ ﺑﺤﻮث اﻟﺒﺴﺎﺗﻴﻦ ،ﻣﺮآﺰ اﻟﺒﺤﻮث اﻟﺰراﻋﻴﺔ ،اﻟﺠﻴﺰة ،ﻣﺼﺮ.
** ﻗﺴﻢ ﺑﺤﻮث اﻟﺰﻳﻨﺔ وﺗﻨﺴﻴﻖ اﻟﺤﺪاﺋﻖ ،ﻣﻌﻬﺪ ﺑﺤﻮث اﻟﺒﺴﺎﺗﻴﻦ ،ﻣﺮآﺰ اﻟﺒﺤﻮث اﻟﺰراﻋﻴﺔ ،اﻟﺠﻴﺰة ،ﻣﺼﺮ.
أﺟﺮﻳ ﺖ ﺗﺠﺮﺑﺘ ﺎ ﺻ ﻮاﻧﻲ ﻓ ﻲ اﻟﻌ ﺮاء ﺑﺤﺪﻳﻘ ﺔ اﻷورﻣ ﺎن اﻟﻨﺒﺎﺗﻴ ﺔ ،اﻟﺠﻴ ﺰة ،ﻣ ﺼﺮ ﺧ ﻼل ﻣﻮﺳ ﻤﻲ ،٢٠١٣/٢٠١٢
 ٢٠١٤/٢٠١٣وذﻟﻚ ﻟﺪراﺳﺔ ﺗﺄﺛﻴﺮ ﻣﻴﺎﻩ اﻟﺮي اﻟﻤﺎﻟﺤﺔ واﻟﺘﻲ ﺗﻢ إﻋﺪادهﺎ ﺑﺎﺳﺘﺨﺪام أﻣﻼح ﻧﻘﻴﺔ ﻣ ﻦ آﻠﻮرﻳ ﺪ اﻟ ﺼﻮدﻳﻮم وآﻠﻮرﻳ ﺪ
اﻟﻜﺎﻟﺴﻴﻮم ﺧﻠﻄﺖ ﻣﻌًﺎ ﺑﻨﺴﺒﺔ ) ١:١وزﻧًﺎ( ﺑﺘﺮآﻴﺰات :ﺻﻔﺮ ١٢٠٠٠ ،٨٠٠٠ ،٤٠٠٠ ،٢٠٠٠ ،ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن ﻋﻠﻰ اﻟﻨﻤ ﻮ،
اﻟﺠﻮدة واﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴ ﺎﺋﻲ ﻟﻨﺒﺎﺗ ﺎت اﻟﻔ ﺴﻜﻴﻮ اﻟﻄﻮﻳ ﻞ ) (Festuca arundiuacea Schreb. var. Festorinaاﻟﻤﻨﺰرﻋ ﺔ
ﺑﺎﻟﺒ ﺬور ﻓ ﻲ ﺻ ﻮاﻧﻲ ﺑﻼﺳ ﺘﻴﻚ أﺑﻌﺎده ﺎ  ١٠ × ٣٦ × ٥١ﺳ ﻢ ﻣ ﻸت ﺑﺤ ﻮاﻟﻲ  ١٥آﺠ ﻢ ﺗﺮﺑ ﺔ ﻃﻤﻴﻴ ﺔ/ﺻ ﻴﻨﻴﺔ ﺑﻤﻌ ﺪل  ٥ﺟ ﻢ
ﺑﺬرة/ﺻﻴﻨﻴﺔ.
وﻟﻘﺪ أوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻓﻲ آﻼ اﻟﻤﻮﺳﻤﻴﻦ أن ﻣﻠﻮﺣﺔ ﻣﻴﺎﻩ اﻟﺮي ﺣﺘﻰ  ٤٠٠٠ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن ﻟﻢ ﻳﻜﻦ ﻟﻬﺎ
أﻳﺔ ﺗﺄﺛﻴﺮات ﺿﺎرة ﻋﻠﻰ ارﺗﻔﺎع اﻟﻨﺒﺎت ،اﻟﻨﺴﺒﺔ اﻟﻤﺌﻮﻳﺔ ﻟﻠﻜﺜﺎﻓ ﺔ ،اﻟ ﻮزن اﻟﻄ ﺎزج واﻟﺠ ﺎف ﻟﻠﻌ ﺸﺐ واﻟﺠ ﺬور ،ﺑﺎﺳ ﺘﺜﻨﺎء اﻟﻤﻌﺎﻣﻠ ﺔ
 ٢٠٠٠ﺟﺰء ﻓﻲ اﻟﻤﻠﻴ ﻮن واﻟﺘ ﻲ أﺣ ﺪﺛﺖ ﺗﺤ ﺴﻨًﺎ ﻣﻌﻨﻮ ًﻳ ﺎ ﻓ ﻲ ﻗﻴﺎﺳ ﺎت اﻟﻨﻤ ﻮ اﻟﺨ ﻀﺮي واﻟﺠ ﺬري ﻣﻘﺎرﻧ ﺔ ﺑ ﺎﻟﻜﻨﺘﺮول .وﻟﻘ ﺪ آ ﺎن
اﻟﻌﻜﺲ ﺻﺤﻴﺤًﺎ ﻓﻴﻤﺎ ﻳﺘﻌﻠﻖ ﺑﻤﺴﺘﻮﻳﻲ اﻟﻤﻠﻮﺣﺔ  ١٢٠٠٠ ،٨٠٠٠ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن ،ﺣﻴﺚ أﺣﺪﺛﺎ ﻧﻘ ﺼًﺎ ﻓ ﻲ ﺟﻤﻴ ﻊ ﻗﻴﺎﺳ ﺎت اﻟﻨﻤ ﻮ
اﻟﺨﻀﺮي واﻟﺠﺬري ﺑﺸﻜﻞ واﺿﺢ ،ﺧﺎﺻﺔ اﻟﻤﺴﺘﻮى  ١٢٠٠٠ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن واﻟﺬي أﻋﻄﻰ أﻗﻞ اﻟﻤﺘﻮﺳﻄﺎت ﻟﻜﺎﻓﺔ اﻟﻘﻴﺎﺳ ﺎت
ﻓﻲ آﻼ اﻟﻤﻮﺳﻤﻴﻦ وﺑﻔﺮوق ﻣﻌﻨﻮﻳ ﺔ ﻋﻨ ﺪ ﻣﻘﺎرﻧﺘﻬ ﺎ ﺑ ﺎﻟﻜﻨﺘﺮول .ﻋ ﻼوة ﻋﻠ ﻰ ذﻟ ﻚ ،ﻓ ﺈن ﻣﺤﺘ ﻮى اﻷوراق ﻣ ﻦ آﻠ ﻮروﻓﻴﻠﻠﻲ أ ،ب
وﻣﺤﺘﻮى اﻟﻌﺸﺐ ﻣﻦ اﻟﻨﻴﺘﺮوﺟﻴﻦ واﻟﻔﻮﺳﻔﻮر ﻗﺪ اﻧﺨﻔﺾ ﺗﻨﺎزﻟﻴًﺎ آﻠﻤﺎ زاد ﺗﺮآﻴﺰ اﻟﻤﻠﻮﺣ ﺔ ،ﺑﻴﻨﻤ ﺎ زاد ﻣﺤﺘ ﻮى اﻟﻜﺎروﺗﻴﻨﻮﻳ ﺪات،
اﻟﺒﻮﺗﺎﺳﻴﻮم ،اﻟﺼﻮدﻳﻮم ،اﻟﻜﻠﻮرﻳﺪ واﻟﺤﻤﺾ اﻷﻣﻴﻨﻲ ﺑﺮوﻟﻴﻦ ﺑﺸﻜﻞ ﻣﺘﺼﺎﻋﺪ آﻠﻤﺎ زاد ﻣﺴﺘﻮى اﻟﻤﻠﻮﺣﺔ ﻓﻲ ﻣﻴﺎﻩ اﻟﺮي.
ﻃﺒ ًﻘ ﺎ ﻟﻬ ﺬﻩ اﻟﻨﺘ ﺎﺋﺞ ،ﻧ ﺴﺘﻄﻴﻊ اﻟﻘ ﻮل ﺑ ﺄن ﻣ ﺴﻄﺢ اﻟﻔ ﺴﻜﻴﻮ اﻟﻄﻮﻳ ﻞ )(F. arundinacea Schreb. var. Festorina
ﻳﺴﺘﻄﻴﻊ إﻟﻰ ﺣﺪ ﻣﺎ ﺗﺤﻤﻞ ﻣﻠﻮﺣﺔ ﻣﻴﺎﻩ اﻟﺮي ﺣﺘﻰ  ٨٠٠٠ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن ﺑﺄﻗﻞ ﺗﺄﺛﻴﺮات ﺿﺎرة.
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