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under different levels of potassium nutrition

%3, Endris; 2M. J. Mohammed

1Ethiopian Institute of Agricultural Research, Jimma Agricultural Research Center, P. O. Box 192, Jimma, Ethiopia

2Jordan University of Science and Technology, P. O. Box 3030, 22110 Irbid, Jordan

Received 24 January 2007;  revised 10 April 2007;  accepted 25 May 2007; available online 20 June 2007

ABSTRACT: A greenhouse experiment was carried out in 2002 at Jordan University of Science and Technology,
Agricultural Experiment Station to examine the effect of potassium fertilization on the response of barley (Hordeum
vullgare L.) to different soil salinity levels. Five levels of potassum (0, 0.2, 0.4, 0.6, and 0.8 g K per pot as KCI) and
two salt levels (0.75 and 13 ds/m) were investigated in a split plot design with four replications. Soil sdinity affected
growth and yield component parameters in most of the cases. However, potassium application aleviated the stress
condition and significantly (p < 0.05) improved dry matter yield and yield components in barley. The highest dry
matter yield (19.63 g/ pot) of barley grown on the very saline soil was obtained in response to the highest potassium
level (0.8 g K/ pot). Number of kernels per spike, number of tillers per plant, weight of kernels per spike and total top
(shoot) dry weight were al significantly influenced by the main effects and their interaction. The content of nitrogen
and Potassium in barley shoot was also increased due to potassium application. In general, the result of this experiment
indicated that application of potassium to barley grown on saine soil medium could bring about improvements in yield

and yield component parameters, which would otherwise suffer badly.
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INTRODUCTION

Themost prominent production constraintsin arid
and semi-arid environments are soil salinity and
drought. The soilsin such areasare usually cal careous
that contain soluble salts in quantities sufficient to
interfere with the growth of most crops. Saline soils
areformed when evapor-transpiration greatly exceeds
precipitation for at least part of the year and where
salts are present in moderate to high amounts in the
parent material of thesoil or with asalinewater tableat
shallow depth (Hale and Orcut, 1987). In other words,
inarid and semi-arid conditions, salinity mainly occurs
where the precipitation is not enough to leach the
excess soluble saltsfrom the root zone (Ehret and Ho,
1986). It is quite clear that salinity affects crop
production and agricultural sustainability in many
regionsof the world mainly by reducing thevalue and
productivity of the affected land (Mohammed, et al.,
1998). Water resources in arid areas are freguently
brackish and constitute the only availabl e alternative
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for crop production (Botella, et al., 1993). Solublesalts
accumulatein irrigated soil sbecause plants absorb only
asmall fraction of themineralsdissolved inirrigation
water and only pure water evaporates from the sail
surface, causing severe yield reduction (Dirksen,
1985). It is also known that high salt concentrations
are toxic and limit growth because nutrients are
proportionally less available or create physiological
drought asa consequence of the high osmotic pressure
of thesoil solution (Fageria, et al., 1991; Haleand Orcuitt,
1987). Excessirrigation is often used to remove the
accumul ated salts from the surface and mitigate the
effects; nonethelessit lacks practicality and feasibility
for water ismostly limited or scarce in arid and semi-
aridregions (Dirksen, 1985; Al-K haraki, 2000). In most
arid regions, soils cannot be used for normal cropping
unless salts areleached out by excessirrigation water
(Botdlg, etal., 1993; Dirksen, 1985). Unfortunately, due
tolack of salt freeirrigation water, thewater available
intheareaissimply utilized for this purpose. Hence, it
is believed that soils may have been made saline
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(induced salinization) by using poor irrigation water
(FAO, 2000; Botdlla, et al., 1993). Salinity generally
inhibitsplant growth and productivity (Al-Karaki, 2000).
Moreprecisdy, detrimental effects of salinity on plant
growth result from direct effects of ion toxicity or
indirect effects of saline ions on soil water potential,
which cause soil/ plant osmotic imbalances (Marschne,
1986; Hasegawa, et al., 1986). Several authors
summarized that salt stress significantly decreased
shoot, root and total dry matter of corn plants, and
noticed an increas ng degree of reduction in dry matter
production with increasing salinity level s (Pessarakli,
et al., 1988; Bar-Tal, et al., 1991). In a study with
different wheat genotypes, Sagib et al. (2000) reported
a significant reduction in all growth parameters
considered and an increased concentration of Na+ and
Cl-, decreased concentration K*, and decreased K*:
Na' ratio. Salt stressaffectswater absorption by plants
by changing both water relations and the dectrolyte
balance of plant tissues (Pessarakli, et al., 1989).
Therefore, theratio of water absorbed per unit of dry
matter produced might be substantially higher for some
stressed plants, which showsthe water use efficiency
of plants was markedly decreased by increasing
salinity. Thisalsoimpliesthat plants under salt stress
require more water and more frequent irrigation than
under normal (non —saline) condition (Pessaarakli, et
al., 1989). There is ampleinformation regarding the
beneficial effects of K on various plant processes
(Marschner, 1986; Beaton and Sekhon, 1985; Mengel
and Kirkiby, 1982; Hale and Orcutt, 1987; Tisdale, et
al., 1993). Adam, et al. (1998) compared different
methods of potassium applicationtoricein salt affected
soilsusing salt tolerant and salt sensitive cultivarsand
reported that tillering capacity, paddy and straw yield
and 1000-grain weight increased due to potassium
application. Potassium isubiquitousin dl higher plants
and plays a vital role in a wide range of biochemical
and biophysical processes. Potassium is the most
important inorganic cation in plant tissues and in
physiological and biochemical processes(Mengel and
Kirkiby, 1982), and an important nutrient in
photosynthesis and maintenance of turgidity in plant
cdls(Carrall, et al., 1994; Peoplesand Kock, 1978). The
maintenance of high cytoplasmic levels of K is
therefore essential for plant survival in salinehabitats
(Chow, et al., 1990). Adequate supply of K to plants
growing in saline and drought stress environmentsis
believed tohave an important rolein inducing tolerance

(Beaton and Sekhon, 1985). This experiment was
therefore carried out to investigate the response of
barley to potassium application under very saline
growing condition.

MATERIALSAND METHODS

A green house experiment was carried out at a
research facility of Jordan University of Science and
Technology in the year 2002. A split plot design with
two salt levels (0.75 and 13 dSYm) asmain plot and five
potassum levels(0, 0.2, 0.4, 0.6, and 0.8 gK per pot as
KCl) as sub-plot treatments wereinvestigated in four
replications.

The soil type used was cal careous which wastaken
from a naturally salt affected field with electrical
conductivity (EC) value of 13 dSm and from the
university agricultural research fidld with eectrical
conductivity (EC) of 0.75dS/m, representing very saline
(S2) and non- saline soil (S1) respectively (Richards,
1954). Thesoil wasair dried and sieved through 5-mm
screen beforefilled into potsof four-kilogram capacity.
Texture of the non-saline soil after passing through a
5-mm sevewas 5.5% of sand (<2.0, >0.02), 61.0% St
(<0.02, >0.002), 33.5% clay (<0.002 mm), bulk density
of 1.37 g/cm®and 0.79% organic matter. The chemical
properties(beforetreatment) were: pH =7.93, EC=0.75
dSm, P(ppm) = 6.5, K (ppm) =726, N-NH4 (ppm) =5.3,
and N-NO3 (ppm) = 16.8. Chemical propertiesof the
very sdinesoil werepH =7.2, EC=13.2dSm, P (ppm)
=17.19,K (ppm) = 1426 and Na(ppm) = 1379. Ineach
pot three plants were selected from about ten
germinated seeds and were retai ned until harvesting.
The recommended rate of N and P fertilizers was
applied uniformly at plantingin theform of Urea (46%
N) and TSP (46% P205) respectively. The rates of
potassiumwereK1 (contral, 0), K2(0.2), K3(0.4), K4
(0.6), and K5 (0.8 gK) per pot asKCl correspondingto
0,5, 10, 15, and 20mg K per 100g dry soil respectively.
Finaly, analysis of variance (ANOVA) was done to
determinetreatment differences.

RESULTS

Thedataobtained in this experiment indicated that
soil salinity generally affected growth and productivity
of barley. Most of the yield parameters recorded were
significantly (p < 0.05) affected by soil salinity (Table
1). Yield and yield component parameters such as
number of kernels per spike, number of tillersper plant,
weight of kernels per spike and total top (shoot) dry
weight were s gnificantly influenced by the main effects
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and their interaction (Tables 1 and 2). Total top dry
weight increased by about 30.9% and 27.7% in K4
and K5 plants respectively as compared with the
control plants. Likewise, weight of kernels per spike
increased by about 76.7% and 105.9% over thecontral,
at K4 and K5 plantsrespectively. The concentration of
phosphorus and potassium was significantly affected
by potassium application while that of nitrogen was
not influenced by both the main effects and their
interaction (Tablel). Total top dry weight, number of
|eaves per plant, number of tillers per plant, weight and
number of kernels per spike, and hundred kerne weight
wereall influenced by potassium application (Table2).
Thehighest dry matter yield (19.63 g/pot) was obtai ned
in responseto the highest potassium level (0.8 g K/pot
or 450 kg K, O/ha) under thehighly saline soil (Table3);
whereas on the non-saline soil increased rates of
potassium increased barley dry matter yield only up to
the second potassium rate (0.2 g K/pot) (Fig. 2).

Nitrogen and potassium uptake of barley (total above
ground) was significantly increased in response to
potassium application (Table4 & 5). On the other hand,
more appealing from the results obtained was the
observation that nutrient acquisition by barley shoot
was highly enhanced with increased potassium
application on the very saline soil than the non-saline
medium (Figs. 1, 3 and 4). Obvioudy, at the control
treatment (where no potassium wasgiven), total top dry
weight and other parametersrecorded weresignificantly
low on the very saline soil medium (Table3 and Fig. 2),
but positive changes were noticed with high rates of
potass um application. Under thevery saline soil medium,
improvementsin growth, yield and nutrient acquisition
were evident only after the application of high doses of
potassium, which apparently demonstrated the positive
contribution of potassium nutrition to plants exposed to
high soil salt levels.

Table 1: Probabilities of significance for different traits of barley grown under different salt and potassium rates

Traits Salt Potassium Salt x Potassium
Shoot DM * * *
# Tillers/plant * * *
# Kernelg/spike * * *
Welight of kernels/spike * * *
Plant height NS NS NS
N content (shoot) NS NS NS
P content (shoot) NS * *
K content (shoot) NS * NS
Na content (shoot) * NS *
NS: Not sgnificant, *: Significant
Table 2: Effect of potassium nutrition on some yield component parameters of barley
Potassium levels (g K/pot)
Plant parameters 0 02 04 06 08 LSDoss
Total top dry weight, g/plant 115 12.69 11.69 15.06 14.69 2.567
Total top fresh weight, g/plant 20.94 23.19 2294 26.13 23.69 ns
# Leaves /plant 5.23 59 6.77 7.54 7.54 0.359
# Tillers/plant 324 451 5.28 6.41 711 0.156
Plant height, cm 57.85 58.41 57.33 59.54 58.87 ns
Weight of kernels/ spike 219 2.95 355 3.87 451 0.35
100 kernel weight 11.36 14.75 19.01 18.31 19.23 253
Table 3: The interaction effect of potassium and salt levels on shoot dry weight (g/plant) of barley
Salt Potassium rates (g K/pot)

0 0.2 0.4 0. 0.8 Mean
S1 (0.75 dS/m) 11.88 12.88 11.00 13.00 9.75 11.70
S2 (13dSYm) 11.13 12.50 12.38 17.13 19.63 14.55
Mean 11.50 12.69 11.69 15.06 14.69

Factors LSD o0s

Salt (P=0.0013)

Potassium (P<0.05) 2.57

SxK (P<0.05) 3.63
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The effect of salt stress on shoot N concentration
was not significant; however, there was a marked
increasein N concentration in barley plants grown on
the very saline soil. This result agrees with previous
findingsfor other crops such assweet corn (Pessarakli,
etal., 1998), tomatoes (Pessarakli and Tucker, 1988),
and red kidney beans (Frotaand Tucker, 1978) in which
an increase in total N concentration was observed
when grown in saline substrate. In contrast to these
findings, Mer, et al. (2000) reported reduced absorption
of nitrogen by barley (Hordeum vulgare) and wheat
(Triticum aestivum) plants as a result of high salt
concentrations in the soil. Higher potassium
concentration was recorded in barley plants grown on
the very saline soil which isgenerally consistent with
. et al. (1999). Shoot Na*
concentration decreased while K* concentration
increased with increasing potassium supply, hence K*:
Na' ratioincreased significantly (Fig. 5). Thismight be
due to antagonistic interaction between Na“ and K*
(Ohnoand Grunes, 1985).

t by Toker

DISCUSSION AND CONCLUSION

Total top dry weight of barley increased by about
30.9% and 27.7% in K4 and K5 plantsrespectively as
compared with the control plants. Likewise, weight of
kernd sper spikeincreased by about 76.7% and 105.9%
over thecontrol, at K4 and K5 plantsrespectively. The
concentration of phosphorus and potassium was
significantly affected by potassium application while
that of nitrogen was not influenced by both the main
effectsand ther interaction (Tablel). Numerousreports
outlined that nutrient uptake and concentration in plant
areaffected by salinity (Howell, et al., 1984; Yau, 2001,
Memon, et al., 1988 and Pessarakli, et al., 1988). In
most of the cases, a highly pronounced improvement
in yield and yield components was evident under the
very saline (S2) than the low or non saline (S1)
treatment (Fig. 2). Thisresult contradicts somereports
that indicated significant promation of plant growth at

lower salinitiesin some halophytes, but inhibition of
growth at higher salinities (Flowers, et al., 1977; Khan,
et al., 2000). Without potassium application, growth
and productivity of barley plantswas relatively better
on the non-saline than the very saline soil; however,
the trend was reversed with potassium application
where response of barley to potassium was highly
notable on thevery saline soil treatment (Fig. 2). The
accumulation of K in highly salt stressed plants might
have allowed osmotic adjustment to occur. The
concentration of potassiumion in barley plantsgrown
on the very saline soil increased considerably with
potassium application (Tables 4 and 5), which might
have contributed to better osmotic adjustment that can
be explained by the higher shoot K*:Na* ratio (Fig. 5),
better yield and yield component parameters recorded
(Table 3 ). Shoot Na* concentration decreased while
K* concentration increased with increasing potassum
supply, hence K*: Na* ratioincreased significantly (Fig.
5). Thismight bedueto antagonistic interaction between
Na" and K* (Ohno and Grunes, 1985). It isknown that
potassium representsthe main cation in plant cellsand
is an important component of cel osmatic potential,
which is involved in almost all physiological and
biochemical processes including photosynthesis and
mai ntenanceof turgidity in plantsexposed to salt stress
condition (Al-Karaki, 1996; Carrall, etal., 1994; Chow, et
al., 1990; Beaton and Sekhon, 1985; Mengd and Kirkiby,
1982; Peoplesand Kock, 1978). A report by Mer, et al.
(2000) and several other authors (Howell, et al., 1984;
Yau, 2001; Memon, et al., 1988 and Pessarakli, et al.,
1988) underlined that high soil salt levels reduced
absorption of nitrogen and phosphorus and caused
imbalanceaf minera nutrientsthat resultedin areduction
or an inhibition of plant growth. On the other hand the
results obtained in this experiment indicated better
pattern of improvement in growth and yield component
parameters of barley under the very saline soil with
increasing levels of potassium application (Tables 2
and3, Fig. 2).

Table 4: The effect of potassium application on nutrient uptake by barley (shoot/straw)

K rates (g K/pot)

Nutrient uptake (mg/plant)

N P K Na
0 133 11.28 382 52
0.2 162 11.15 415 55
0.4 128 12.45 406 47
0.6 179 13.35 541 53
0.8 196 14.45 485 63
L SDo.os 49.82 NS 89.27 NS
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Table 5: The effect of potassium application on the nutrient uptake of barley (grain)

K rates (g K/pot)

Nutrient uptake (mg/plant)
K

N P Na
0 73 11.88 19.10 1.40
0.2 112.49 13.58 25.13 1.49
0.4 101.82 14.53 24.94 1.60
0.6 105.89 14.41 26.86 1.73
0.8 118.03 16.35 28.17 1.60
LSDo.0s 12.01 NS 5.95 NS
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In general, it can be concluded that soil salinity
negatively affected growth and productivity of barley.
Nutrient concentration and acquisition by barley shoot
werealso similarly influenced by salt stress. However,
potassium application resulted in better crop
performance that could be explained in terms of the
better nutrient acquigition, growth and yidd parameters
recorded. The increased dry matter yield, yield
components, potassium acquisition and high K*/Na*
ratio found in response to increased supply of
potassium to barley plants grown on very saline soil
confirmed the beneficial roleand mitigating potential
of potassium nutrition against salinity stress. In
addition, theaccumulation of K in highly salt stressed
barley plants might have allowed osmoti ¢ adjustment
to occur. Potassium is known to be a predominant
osmotic solutein the vacuol e, which helpstomaintain
a high tissue water level (Marschner, 1986), and
contributes more than Na*, Cl- and glycinebetainein
osmotic adjustment under saline conditions (Ashraf
and Sarwar, 2002). It is therefore believed that the
application of potassium fertilizer have helped to
mitigatethe detrimental effectsof the high soil salinity
stress condition imposed on barley plants and resulted
in better response in terms of nutrient acquisition,
growth, yield and yield component parameters.
Therefore, when barley iscultivatedin a highly saline
environment, improved potassium nutrition should be
one of the most important factorsto be considered in
devising asuccessful crop production strategy. Findly,
theresultsobtained in thisresearch not only confirmed
thewel | established fact that potassium nutrition helps
mitigatethe detrimental effectsof soil salinity on crop
productivity, but also indicated interesting resultsin
terms of the significant and positive crop response to
potassium application under highly salinesoil than on
the non-saline soil, which of course demands further
investigations on the pattern of crop response in
relation to intensity of stress conditions.
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