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ABSTRACT

A field experiment was conducted in the Soil Salinity Lab,
Alexandria, ARC in two consecutive seasons; 1995/96 and 1996/97
to study the effects of natural soil salinity and potassium application
under salinity stress on the performance of some Egyptian barley
cultivars. The treatments included three levels of soil salinity ( 5,
9.6, and 20.1 ECe, dsm']}, in the first season and two levels; 7.5 and
15.5 dsm™! in the second season, three levels of potassium (0, 57,
and 114 kg K9O/ha), and four barley cultivars (Giza 123, Giza 124,
Giza 125, and Giza 126) with three replications. Split-split plot
design was used where soil salinity was assigned to the main plots,
potassium fertilizer to the sub-plots, and barley cultivars to the sub-
sub-plots. Results of the 1995/96 season showed significant
differences in plant height, number of spikes/m~, and biological and
grain yields among the three salinity levels. Significant reduction
resulting from the high level of salinity (20.1 dsm'ljmached about
55.2, 64.3, 79.5, and 76.4%, respectively, for the four characters. On
the average, overall salinity levels, the application of 57 kg K2O/ha
increased biological and grain yields by about 20 and 14%,
respectively, over the check treatment. It seems that the higher level
of K (114 kg K2O/ha) caused some counter effects on the plants,
where it caused some reduction, compared to the check, in both
biological and grain yields reached 5.5 and 3.7%, respectively. No
significant differences were observed among cultivars over all
treatments, except for plant height, where Giza 125, the newly
released drought-tolerant cultivar was, significantly (P < 0.05),
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shorter than the other three cultivars. Results of the 1996/97 season
showed significant differences in number of spikes/m2, biological,
straw, and grain yields between the two salinity levels. The reduction
of these characters for the higher salinity level reached 41.3, 61.6,
69.1, and 57.3%, respectively. Potassium treatments were
insignificant for all characters but were significant for the first order
interaction with variety and salinity. On the average over salinity
levels, Giza 126 at 114 kg KpO/ha was the highest, while Giza 125
without potassium fertilizer was the lowest. The reduction was about
30.4 and 43.1% for biological and grain yields, respectively. The
cultivar Giza 125 with 114 kg K92O/ha at the lower salinity level
showed the highest biological yield, while at the higher salinity lcvel

it showed the lowest biological yield with a reduction of about
78.7%.

Key words: Hordeum vulgare, Potassium, Salinity, Sodium
Chloride.

INTRODUCTION

The inhibitory effect of salinity on plants as a consequence of
high sodium chloride level has been attributed to water deficit, salt
toxicity, or nutritional imbalance (Bernstein and Hayward, 1958).
Under such conditions, sodium adversely affects potassium supply to
the plants (Pearson and Bemnstein, 1958; Mustafa et al., 1966).
Potassium has a significant role in plant physiology as a cofactor or

activator for many enzymes of carbohydrate and protein metabolism
and as a stomatal osmotic regulator.

On the other hand, sodium was found to replace potassium
partially in sugar beet (El-Sheikh et al., 1967). Results of Storey and
Wyn Jones (1978) on barley showed a decrease in potassium of the
shoot and root tissues when plants were subjected to sodium chloride
stress. The response of plants to potassium differs according to plant
species and salinity levels and the ratio of K/Na. High level of K was
more harmful to sorghum and mung bean than high levels of Na
(Weimberg et al,, 1984; Salim and Pitman, 1983). Dvorak and
Noaman (1994) studied the effect of Knal locus transferred from the
Triticum aestivum to durum wheat found that under salt stress, the
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Knal™ families had higher K"/Na" ratios in the flag leaves and
higher yields of %-raiﬂ and biomass than the Knal™ families. They
concluded that K'/Na™ ratio is one of the factors responsible for the
higher salt tolerance in wheat.

The addition of K to the root medium of barley and rye grass
was found to reduce the harmful effects of high Na (Helal et al.,
1975; Hylton et al., 1967). Fresh and dry weights as well as leaf
water potential of sorghum decreased with increased salinity
regardless of K/Na ratio. The increase of proline content was noticed

at higher salinity levels and was significantly higher at the higher
ratio of K/Na (El-Haddad and O'Leary, 1994).

The objective of this study was, therefore, to study the effects

of natural soil salinity and potassium application on the performance
of four Egyptian barley cultivars.

MATERIALS AND METHODS

A field experiment was conducted in the Soil Salinity Lab,
Alexandria, ARC in two consecutive seasons; 1995/96 and 1996/97
to study the effects of natural soil salinity and potassium application
under salinity stress on the performance of some Egyptian barley
cultivars. The soil represents the newly reclaimed area of Abees,
which is characterized by a high water table at a depth of about 80-90
cm and subjected to secondary salinization source from the uprising
stream from saline groundwater. The upper layer of the soil is sandy
clay or clay loam texture with good permeability. The average soil
salinity in the 1995/96 as expressed by electrical conductivity (ECe)
of the soil paste extract was distinguished into three levels (high,
medium, and medium-low). The experiment started on 25 November
with the first shower. No irrigation was applied. The amount of
precipitation did not exceed 130 mm, but its distribution was suitable
to obtain quite good stand. Potassium was broadcasted prior to
sowing on the soil surface. The recommended doses of nitrogen (140
kg N/ha) as ammonium nitrate and phosphorus (35 kg P20Os/ha) as
super-phosphate were used.  Split-split plot design was used where
soil salinity was assigned to the main plots, potassium fertilizer to the
sub-plots, and barley cultivars to the sub-sub-plots. The treatments



included three levels of soil salinity (5.0, 9.6, and 20.1 ECe (lsm'l) in
the first season, and two levels; 7.5 and 15.5 dsm™" in the second
season, three levels of potassium (0, 57, and 114 kg K20O/ha), and
four barley cultivars (Giza 123, Giza 124, Giza 125, and Giza 1206)
with three replications.  Soil salinity showed no change throughout
the growing season because of the low rainfall without any irrigation.

In the 1996/97 season, the experiment was repeated in the
same field at two sites; one with relatively medium soil salinity of
ECe 7.4 dsm™! and the other with higher soil salinity of ECe 15.5
dsm™ . The first shower on December 5th was not sufficient for
germination, thus, the two field sites were supplemented by one
irrigation and the rest of the plant life depended completely on the
rainfall. The treatment of potassium fertilizer and barley cultivars
were the same as the first season,

RESULTS AND DISCUSSION

In the 1995/96 season, significant differences (ranging from P
< 0.05 to 0.01) in plant height, number nfspikesfmz, and biological
and grain yields were detected among the three salinity levels (Table
1).However, no significant differences were found between S1 (5.0
dsm"l} and S2 (9.6 dsm'l}, except in the case of number of
spikes/m’. Significant reduction resulting from the high level of
salinity (20.1 dsm'l} reached about 55.2, 65.3, 79.6, and 76.4%,
respectively, for the four characters. These results were in agreement
with those obtained by Bernstein and Hayward (1958) who found
that the inhibitory effect of salinity on plants as a consequence of
high sodium chloride level was attributed to water deficit, salt
toxicity, or nutritional imbalance, which caused reduction in yield.
Under such conditions, sodium adversely affects potassium supply to
the plants as was reported by Pearson and Bernstein (1958) and
Mustafa et al. (1966).

Potassium application resulted in significant differences in
biological and grain yields, where K2 level (57 kg K20/ha) gave the
highest values for both characters, significantly (P < 0.05) than both
the check treatment and the higher level of K3 (114 kg K20O/ha). On
the average, over all salinity and cultivars, K2 treatment increased
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biological and grain yields by about 20 and 14%, respectively, over
the check treatment. It seems that the higher level of K (114 kg
K20/ha) had some counter effects on the plants, where it caused
some reduction, compared to the check, in both biological and grain
yields reached 5.5 and 3.7%, respectively (Table 1). In this respect,
El-Sayed et al. (1996) reported that biological yield of barley
increased with applying 57 kg K2O/ha, while 114 kg K20 caused
reduction at Ismailia sandy soils. This result was also in agreement
with that obtained by (Weimberg et al.,, 1984; Salim and Pitman,
1983) who found that high level of K was more harmful to sorghum
and mung bean than high levels of Na.

No significant differences were observed among cultivars
over all treatments, except for plant height, where Giza 125, the
newly released drought-tolerant cultivar was, significantly (P <0.05),
shorter than the other three cultivars.

In the 1996/97 season, significant differences were observed
in number of spikeshnz, biological, and grain yields between the two
salinity levels. The reduction in these three characters at the higher
salinity level reached 41.3, 61.6, and 57.3%, respectively.

Potassium levels were insignificant for all characters. On the
average over salinity levels, Giza 126 at the rate of 114 kg K7O/ha
was the highest while Giza 125 without potassium was the lowest.
The reduction was about 30.4 and 43.1% for biological and grain
yields, respectively. The cultivar Giza 125 with 114 kg K9O/ha at
the lower salinity level showed the highest biological yield, while at
the higher salinity level it showed the lowest biological yield with a
reduction of about 78.7%. No significant differences were observed
among cultivars over all treatments for all traits.

It seems that the change in watering regime was responsible
for the change in response to potassium application for the two
seasons, but it could be concluded that potassium had some positive
effect on barley grain and biological yields under moderate rate of
K»0, after which the higher rate of potassium causes harmful effects
on the plants. The experiment will be repeated for at least two more
seasons for confirmation and practical application.
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Table 1, Mean plant height, number of spikes, and biological and
grain yields of four barley cultivars under salinity and

otassium appli-::nﬁ_q_n. 1995/96.

Salinity Potassium | Cultivar MNa. of | Biological | Grain
{dsm‘l} 3pikeﬁm1 vield vield
(kg/ha) (ke/ha)
3.0 319 b 13,957 a 3,970 a
9.6 354 a 14,177a | 4,338 4
| 20.1 114 ¢ 2,854 b 936 b
a Sien. i e -
o 507 271 19,838 b [ 2979 b
57 50.6 262 11,852 a 3,395a
114 47.2 253 92,298 b | 2.870 b
Sign, ] i NS NS W *
Giza 123 | 49.5a 261 10,538 3,066
Giza 124 | 49.9a 244 10,068 3,023
Giza 125 | 479 b 271 10,210 3,211
Giza 126§ 50.7 a 272 10,501 3.025
w NS NS NS
61.6 a 320 ab 12,705 b | 3,501 b
64.8 a 304 b 15987a | 4ddda
62.5 a 335 ab 13,180 ab | 3,964 ab
60.7 b 365 a 14,070 a | 4,487 a
59.2 b 376 a 16377a | 4,632a
323 ¢ 319 ab 12,084b | 3,896 ab
30.1d 127 ¢ 2,741 ¢ 949 ed
21.8d 107 ¢ 3,191 ¢ 1,110 ¢
26.7 d 106 ¢ 2,629 ¢ 750 d
L # ln_ w
8.14 20.48 1 14.16 13.47

# #*#% = Sjonificant at 0,05 and 0.01 levels, respectively.

NS = Not significant,

i Values in a column followed by the same letter are not

significantly different at the
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Table 2. Mean number of spikes, and biological and grain
yields of four barley cultivars under salinity and
pumﬂsaium npplicntiuu._l??ﬁﬂ?.

Salinity Potassium | Cultivar No, of | Biological | Grain yield
ECe (dsm™ | (kg spikes/m? | yield (kg/ha)
1y 1 K20/ha) (ke/ha) _
7.4 574 a1 22,496 a | 81452
15.5 337 b 8649 b 2520 b
Sigll.. 1= #* * %
0 {424 15,125 5212
57 168 15,163 4981
114 {473 16,429 5803
Sign. { NS NS NS
Giza 123 497 16,003 5,474
Giza 124 | 440 14,807 5,088
I Giza 125 | 457 15,451 5,223
Giza 126 | 425 16,028 5,542
Sign. I [ ns NS NS
51 | K1 553 b 22,036b | 8,210 a
Sl K2 563 b 21,481 | 7,407 b
Sl K3 605 a 23971a | 8,815a
52 K1 295 d 8,214 d 2213¢ |
S2 K2 373 ¢ 8,844 ¢ 2,555 ¢
82 K3 342 ¢ 8,888 ¢ 2,789 ¢
Sig. * * W
LCV% 20.6 17.2 21.5

*, ** = Significant at 0.05 and 0.01 levels, respectively.
= Not significant,
Values in a column followed by the same letter are not
significantly different at the 0.05 level,

NS
1.
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