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ESTIMATION OF SALT TOLERANCE AND PRODCUTIVITY
OF SOME BARLEY VARIETIES UNDER TWO IRRIGATION
WATER SALINITY LEVELS AT RAS SUDR
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ABSTRACT

Four field experiments were carried out in Ras Sudr Research Station, DRC
during 1999/2000 and 2000/2001 winter growing seasons to evaluate eight barley
varieties under two salinity levels of irrigation water (8000 and 11000 ppm) in
calcareous soil. Data of growth recorded at 80 days after sowing cleared that, raising
level of irrigation water salinity greatly decreased each of plant height, number of
tillers/plant, number of leaves /plant and leaf area/plant but, increased leaves dry
weight/plant. Also, at harvest, yield and yield components were decreased due to
raising level of irrigation water salinity.

Generally, results pointed to the relative growth vigor for ICARDA-1 and Beecher
barley CVS compared with the other barley varieties were tested under the two levels
of irrigation water salinity and followed by Giza 123 and Rihane 0.3. Results showed
the superiority of ICARDA-1 and.Beecher in yeild components except grain
numbers/spik, where Giza 123 was at par with ICARDA-1 and Beecher under both
levels of irrigation water salinity.

ICARDA(1) and Beecher were higher and more than the other barley varieties in
leaves chemical contents i.e. proline, Mg and SO4 except chlorid. And these varieties
were more tolerance for salinity where K/Na ratio was more than one compared with
the other barley varieties were tested under the same conditions.

INTRODUCTION

Under arid conditions, irrigation crops with poor quality water must
induce a certain amount of salinization of the plants. The strategy in Egypt
seeks this expansion in Sinai where an area of about 0.6 million faddans is
proposed to be cuitivated with relatively low quality irrigation water through
El-Salam canal (Gomaa, 1992). Many of the reclaimed areas have poor
productivity due to its irrigation with underground saline water. The total
production of barley for these areas can be improved by introducing high
yielding varieties that show high adaptability to such stress conditions.

Salinity is one of the biotic stress factors that reduce the value and
productivity of considerable area in many arid and semi-arid regions of the
world, as well as is considered as the major limition on growth and yield of
many crop plants, in these regions (Cheesman, 1988). Crop plants differ in
salt tolerance exist not only among different genus and species but even
within a species which may be considered salt sensitive (Epstein et al. 1980).
However, salinity has an inhibitory effect on growth, chemical contents in
leaves and yield as we!l as yield attributes of many crops in differentially
responses (Perez — Alfocea et al,, 1993). Also, adverse effects on yield and
its components of barley were observed in different barley cultivars grown
under saline conditions. The reduction in growth and yield characters in
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barley with increasing salinity levels has been reported by many investigators
(Schaller et al., 1981), Ahmed, 1986 and Ahmed et al., 1998).

The main objective of the present investigation aimed to estimate
growth, leaves chemical, content measured at 80 days after sowing, yield and
yield attributes of eight barley varieties under two irrigation water salinity
levels at Ras Sudr, South of Sinai.

MATERIALS AND METHODS

Four field experiments were carried out in Ras Sudr Research station,
D.R.C. at South Sinai Governorate, Egypt, during the two winter growing
seasons of 1999/2000 and 2000/2001. The study aimed to define the most
productive bread barley cultivars among the tested eight varieties ICARDA-1.
Giza 121, Giza 123, Giza 126, Giza 125, Rihane-03, California Mariout and
Beecher (USA), when grown in calcareous soil under two irrigation water
salinity levels average i.e. 8000 and 11000 ppm of under ground water used.
The tested barley varieties were estimated under each level of water salinity
in separate experiment every season. Complete block design with three
replicates was used. In both seasons, the soil was follow during the summer
season. The sowing date was 30 November in both seasons. Where, seeds
at rate 80 kg / fed were drilled in rows distanced at 15 cm a part with 5 m
length. Each plot included 20 rows i.e. the plot area was 15 m”. Triple super
phosphate (37.5% P,0s) and potassium sulphate (50% K,SO,) at rate of 100
kg/fed. for each were added before sowing. Also, nitrogen as ammonium
sulfate (21.6% N) was added at rate of 80 kg N/fed. in three equal doses at
sowing, tillering, and booting stages. Harvest was made on April 5 in both
seasons. Other cultural practices were applied as usual in barley field under
calcareous soil conditions.

To study the effect of irrigation water salinity level on growth traits for the
tested varieties, vegetative sample of 10 competxtlve tagged plants were
taken at 80 days after sowing from the 2™ pair rows for each plot. The
individual plants were used to measure the growth characters i.e. piant
height, number of tillers / grant number of leaves / plant, leaves dry weight
gm/plant and leaf area {cm®) /plant. Some chemical contents of leaves were
determined in dry samples after 80 days i.e. K/Na ratio, Mg**, CI' and SO, at
ppm according to Bates et al 1973 in fresh leaves. These ieaves chemical
contents were related to salt tolerance of cerial crops and with other chemical
as glycine betine, allcholic suger .... Etc. and it uses of some characters to
the selection cratirea for the salt tolsrance.

Also, at harvest, 10 competitive tagged plant were taken from the fourth
inner row of each plot to count nurrber of spikes/plant, and number of grains/
spike. Meantime, an area of 3 m? was r‘arvested from the middle 10 rows of
each plot to determine number of spikes/m® 1000-grain weight, grain and
straw yields/fad.

Soil chemical analysis of the experimental field in both seasons 1999/2000
and 2000/2001are shown in Table (1).
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Table (1) : Soil chemical analysis of the experimental fields in 1999/2000
and 2000/2001 seasons.

EC Available N, P, K, Ca and Organic
Seasons |mmhos| PH Caﬂ?Os Mg (ppm) matter S:} R
cm s N/ p | KJ]cCalm % ?

1999/2000 7.8 713 | 220 |3.01[/181(6.09[185 1.0 0.5 13.9
2000/2001 8.4 741) 227 |3.04]/1.847.00|19.0/1.1 0.6 14.0 |
EC" = Electric conductivity measured as ds/im decisiemens/mi.em mhos/25C?,

Average chemical analysis of under ground water irrigation water at Ras
Suder over two growing seasons for two levels are shown in Table (2).

Table (2): Average chemical analysis of underground irrigation water at
Ras Sudr averaged over the two growing seasons for two
levels of salinity.

Salinity H T.D.S Cations (mgl/L) Anions (mg/L)

levels | P™ | (ppm) [Ca™ Mg~ [ Na” | K* | HCOs; | G | SO+
Low 7.7 | 8100 8.9 9.4 21.0 | 0.91 41.0 29 3.0
High 7.8 | 11050 | 13.8 145 | 39.0 | 1.04 57.0 ‘ 4.0 l 4.6
Table (3): A list of barley varieties which used in the experiments.

No. Name and Pedigree Origin
1 ICARDA-1 Harmal-03 / Beecher ICARDA
2 Giza 121 EGYPT
3 Giza 123 EGYPT
4 Giza 126 EGYPT
5 Giza 125 EGYPT
6 Rihane-03 AS 46 // AVT / A/ hs ICARDA
7 California Mariout EGYPT
B Beecher Introduced to Eqypt and named Giza 118 USA

The obtained data were subjected to standard analysis of variance for
randomized complete block design. Snedecor and Cochran 1967. Duncan
multiple range test was used to compare means as described by Steel and
Torrie, (1960).

RESULTS AND DISCUSSION

Data in Table (4) show the effect of irrigation water salinity levels on
some growth traits for the tested barley cultivars recorded at 80 days after
sowing.

The data show growth parameters went on decreasing due to increasing
salinity levels of irrigation water from 8000 to 11000 ppm except that of the
dry weight of lzaves. The magnitudes of reduction differed from trait to
another. The highest reduction was observed with number of tillers/plant,
which accounted 29.4 and 21.1% to in the first and second season,
respectively. The last reduction was occurred with plant height.
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There was significant reduction in leaf area/plant, but increasing the level
of irrigation water salinity increased leaves dry weight of plant. This means
the subjecting the barley plant to more stress by increasing irrigation water
salinity level, the plant produced more thicked leaves. The reductions in these
growth characters were resulted from the decreased in net photosynthesis,
stomatal conductance and transpiration rate when barley plants were
subjected to water stress condition. This was explained by Naire and Khuble
(1990) and Cheesman (1988).

Under the low level of irrigation water salinity, results of two seasons
indicated that ICARDA-1 and Beecher c.v. had the tallest plants followed by
Giza 123 one then Giza 126, 125 and California cv. This was also the same
under high level of irrigation water salinity but with one exception in each
season. Where, there were no significant differences in plant height among
Giza 125 and Rihane-03 cvs in the first season, as well as, between the
ICARDA-1 and Beecher cvs in the two seasons.

Similar to plant height when plants were irrigated by water of alow
salinity level, data of the two seasons also cleared that ICARDA-1 and
Beecher cvs could produced the highest number of tillers/plant followed by
Giza 123 cv too.

Whereas, the two cultivars of Giza 121 and 126 produced the lowest
number of tillers / plant. While, under high level of irrigation water salinity,
there were light significant differences in number of tillers/plant among the
group of Giza cvs and Rihane-03 in the first season as well as among Giza
125 and Rihane-03, there were no significant differences between them.
ICARDA-1 and Beecher had much tillers/plant than the rest tested cvs in both
season.

Recorded data in both seasons and under both water irrigation salinity
levels indicted that ICARDA-1 and Beecher cvs had the highest number of
leaves/plant followed by Giza-123. While, in regard to leaves dry weight/plant,
also, ICARDA-1 and Beecher had heavier leaves dry weight/plant compared
with the rest cvs, and followed by Giza 123 and Rihane-03 and this was true
in both seasons and under both two levels of irrigation water salinity.

Also, the obtained data clearly show that ICARDA-1 and Beecher cvs
had the larger leaf area/plant followed by Giza 123. This was true during both
seasons and under irrigation water salinity levels, compared with the other
barley varieties under the same conditions.

Regardless leaves dry weight/plant, results showed a diversity among
the tested barley cultivars in the relative decrease of the other growth traits
recorded here due to raising levels of irrigation water salinity. This finding
indicating to the importance of certain cultivar to be stock to improve specific
growth trait for sat tolerance. For instance, the two barley cultivars i.e.
ICARDA-1 and Beecher recorded the lowest relative reduction followed by
Giza 123 in all traits studied in both seasons when increased the level of
irrigation water salinity from 8C00 to 11000 ppm. Under the same condition of
this work, most of the obtained results were in harmony with those of Naire
and Khuble (1990) and Perez-Alfocea et al (1993) as well as Afiah and Abdel
Hakim (1999).
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B. Leaves chemcial contents :

Data which pertaining the effect of irrigation water salinity level on leaves
chemical contents measured at 80 days after sowing for the tested barley
varieties are presented in Table (5).

So, potassium (K)*, Magenisium (Mg)**, Chlorid (CI)" and sulfate (SO.)"
were determined in dry leaves. But, the proline content was determined in
fresh leaves.

The results showed clearly that, increasing stress from 8000 ppm to
11000 ppm increased significantly proline, Magnisum, Chiorid and Sulfate in
both seasons in the same age. 80 days after sowing. The data indicated that,
increasing irrigation water salinity level from 8000 to 11000 ppm gave the
differences in K/Na ratio under every level of salinity in water due to the
variance between barley varieties.

The studied barley genotypes were significantly differed regarding the
leaves chemicals contents i.e. proline, K/Na ratio, Mg, SO, and Cl which of
fresh and dry leaves weight in the same sample (80 days after sowing).
Some varieties such as ICARDA-1 and Beecher followed by Giza 123 cvs
were more tolerant to salinity stress in both seasons and under both two
salinity levels of irrigation water. Since, they accumilated significantly more
proline, Mg™ and SO~ and less accumulated significantly CI" chloride, also
K/Na ratio more than one unit compared with the other barley varieties
followed by Giza 122 and Rihan-03.

In both seasons and under the two salinity levels i.e. 8000 and 11000
ppm, barley genotypes differed significantly in their leaves contents of proline,
chlorid and sulfate as well as Magnisium and K/Na ratio which could be used
as selection criteria for salinity tolerance.

The salt tolerant genotypes i.e. ICARDA-1 Beecher and Giza 123
accumulated more proline, Mg, sulfate and highest K/Na ratio more than one
unit but lower chioride and Na contents in leaves by increasing irrigation
water salinity from 8000 to 11000 ppm under Ras Sudr conditions.

C. Yield and its components
Data in Table (6) show the effect of irrigation water salinity level on yield
and yield components for the tested barley varieties.

C.1. Effect of increasing leve! of irrigation water salinity

Like as in the most growth traits and leaves chemical contents (Table 3
and 4), results in Table (5) showed great decreases in yield and yield
components due to raising level of irrigation water salinity. This was true in
the two seasons. Increasing the level of water salinity from 8000 to 11000
ppm decreased the grain yield by 37.1 and 46.1% in the first and second
seasons, respectively. Most of these reductions resulted from the reductions
in spike numbers /m’ and number of grains per spike rather than the
reduction in 1000-grain weight which seems to be more statle to the
environmental changes. Siraw yield showed also reductions amounied to
more than one third in both seascons. This was also a function of the reduction
in plant height in a minor magnitude due to tillering capacity of relatively
major magnitude.
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C.2. Varieties effect

It is evident from recorded data that ICARDA-1 and Beecher cvs
produced much number of spikes/m? than the rest tested varieties except
Giza 123 in the two seasons and under both salinity levels, low and high
irrigation water where, differences between them in this trait did not reach to
the significance level. Meantime, the two cvs of Giza 121 and 126 recorded
lower number of spikes as compared with the rest varieties in most cases.

Meantime, results showed no differences between the ICARDA-1 and
Beecher cvs and other barley cultivars in number of grains/spike under the
two levels of irrigation water salinity over the two seasons. This was also the
same comparison among ICARDA-1 and Beecher compared with Rihane-03
in two seasons and under levels of salinity used However, the three Giza
varieties i.e. Giza 121, 126 and Giza 125 weie similar in having the lowest
number of grains/spike over the two seasons under the low level of irrigation
water salinity. Also, under high level of irrigation water salinity ICARDA-1 and
Beecher had many grain numbers/spikes than the other barley varieties over
both seasons. Here, it can be conclude that the competition between spikes
and grains of the spike on assimilate was not severe. Since, the cultivars that
produced much spike numbers/m? attained also higher grain numbers/spike
even with the rais in irrizgation water salinity ievel. This may be due to the
lower number of spikes/m* under both conditions.

As in number of grains/spike, results indicated that ICARDA(1) and
Beecher cvs had heavier grain than the other tested barley cvs followed by
Giza 123 and Rihane-03 under high levels of irrigation water salinity during
both seasons. Where, there was no difference between both these cvs in this
respect. Also, the differences among Giza 123 and the cvs of Giza 121, 126
and 125 under both seasons and under both the levels of irrigation water
salinity did not reach the significance different between of them.

Under, the conditions of the present study, the ICARDA-1 and Beecher
barley cvs superiority of cvs having higher number of spikes m? and higher
number of grains/spike in grain weight too, point to the low competition
among these components on assimilates during maturity.

Accordingly, under low level or irrigation water salinity, results cleared
that iICARDA-1 and Beecher barley cvs could produce the highest grain and
straw yields/fed. followed by Giza 123 and Rihane-03, cvs then Giza 125 and
California Mariout cultivars, the two Giza 125 and Giza 121 were similar in
giving the lowest values of both yields. This was true in the two seasons.
While, under high level of irrigation water salinity, the tested two cvs of
ICARDA-1 and Beecher procduced comparabie grain and straw yields/fed.
over the two seasons. However, ICARDA-1 cv out yielded the rest cvs in both
seasons. Meantime, the Giza 123 cvs surpassed the other Giza cvs in this
respect over the two seasons. Thesz results could be ascribed to the
superiority of the other barley cultivars tested in yield and its components.
Similar results were previously obtained under saline conditions by Epstein et
al (1980), Schaller et al (1981), Rawson et al (1988), Richards et al (1997
Ahmed et al (1998).

Finally, it is worthy to note that the relative decreases in different yield
components due to raising the level of irrigation water salinity reflected a
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great diversity among the tested cultivars in salt tolerance over the two
seasons, it is worth mentioning that all yield components were reduced due to
increasing salinity level from 8000 to 11000 ppm. The grain yield was
reduced by more than 40% reaching 50% in Giza 126 in the second season.
Yield of Giza 125 went down by >49% in both seasons. Also, using 8000 ppm
salinity level of irrigation water. Back to Table (4), under this condition
ICARDA-1 and Beecher cvs produce higher yield followed by Rihane-03 and
Giza group and the lowest yield was of Giza 126 and California Mariout.
These indicate that this order of tolerance can be read as ICARDA-1 and
Beecher followed by Giza 123 more tolerant than the other barley varieties
tested in this study. When the salinity level increased to be very saline water,
all the eight barley cultivars produced reduced yields and rate of reduction
was 40% and more. Also, yield components went on reducing due to
increasing the level of irrigation water salinity. Both Spike numbers/m? and
grain numbers/ spike caused most of the reduction in grain yield rather than
1000 grain weight (gm).
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