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ABSTRACT

A field experiment was carried out at the Experimental Farm of Sakha Agricultural Research Station during the winter season of
2014/2015 and 2015/2016 to study the impact of foliar application with potassium on growth, yield, its components and the economic
yield as well as on irrigation water productivity of barley Giza 126 cultivar under water deficit conditions. The experiment was laid out in
spilt plot design with four replications. The main plots were designated to irrigation treatments i.e. I, = full irrigation (control), I; = two
irrigations at 35 and 70 days after sowing (DAS), and I, = one irrigation at 35 days after sowing (DAS), while the sub plots were devoted
to four treatments of foliar application with potassium (Kq = without spray, K; = 1% K,0O, Ky=2 % K,O and Ks= 3% K,0) in the form of
potassium sulfate (48%). Results showed that, increasing water stress significantly retard photosynthetic pigments, flag leaf area, relative
water content (RWC %), yield and its components and carbohydrate content. On the other hand, plants under water stress showed marked
increase in grain protein content. Foliar spraying with potassium markedly increased most growth and yield parameters and quality of
barley grains. The results showed that high irrigation water productivity (IWP) is attainable without significant yield penalty (utilizing a
two irrigations at 35 and 70 days after sowing (DAS), or one irrigation after 35 DAS and foliar spraying with potassium (1% KyO, or 2 %

K50, or 3 % K,0) offering chance for improving land level water use and enhancing the crop economic return.

INTRODUCTION

Barley (Hordeum vulgare, L.) is a major cereal grain
grown in temperate climates globally. It is the fourth most
important cereals of the world after wheat, rice and maize.
Barley is one of the most tolerant crops under the adverse
environmental conditions Lakshmi ef al., (2016).

Agriculture in Egypt depends mainly on irrigated
agriculture. We are suffering from a big problem, which is
the widening gap between the water needs and the increase
of the population, especially as we are under the water
poverty limit, so the researchers resorted to new techniques
in agriculture to provide irrigation water in this regard (Kheir
etal., 2013) found that, one of the most important means to
provide water is to know when water should be used to
obtain the highest water efficiency. Also, El-Seidy et al.,
(2013) mentioned that the cultivation of barley crop in
coastal areas and reclaimed land is beneficial for its ability to
withstand adverse environmental conditions.

Abiotic stress factors such as drought, extreme
temperatures, chemical toxicity, salinity, and oxidative stress
leads towards biochemical, morphological, physiological, and
molecular changes which negatively affect the plant growth
and productivity Lali¢ et al., (2017). Drought stress is one of
the most important environmental stresses affecting
agricultural productivity worldwide. Soliman ez al., (2011)
reported that tolerance of barley plants to water stress
conditions is of advantageous under deficit of irrigation water.

Potassium is a major plant nutrient and plays an
important role in several physiological processes, i.e.
photosynthesis, protein synthesis and maintenance of water
status in plant tissues (Marschner, 2012). Also, Shekhawat et

al., (2013) reported that significant increase was observed in
plant height, plant dry weight, yield and yield components of
barley due to application of potassium. Cakmak (2005)
reported that, potassium has an effective role to survive
drought stress in plants by increase translocation to maintain
the water balance within the plant.

Even though many studies have previously carried
out to investigate the relation of barley to water deficit,
nonetheless, a little information is available concerning role
of potassium spraying on economic yield of barley under
water deficit. So, the problem is the lack of research on the
effect of potassium on yield under deficit irrigation.
Accordingly, the objective is to investigate and assess
whether potassium may ameliorate the passive impacts of
water deficit stress on barley through monitoring yield
components and physiological activities through the
following parameters:

e Irrigation water productivity of barley crop under the
studied conditions.
o Evaluation the production of barley crop economically

MATERIALS AND METHODS

An experiment was conducted at the Experimental
Farm of Sakha Agricultural Research Station, Kafr El-
Sheikh, Egypt during the two successive seasons 2014/2015
and 2015/2016 to studied the effect of different irrigation
treatments and foliar spray with potassium on growth, yield
and its components of Giza 126 barley cultivar.
Meteorological data pertaining to the two winter growing
seasons at Sakha Meteorological Station, Egypt are given in
Table (1).

Table 1. Means of some meteorological data for Kafr El-Sheikh area during the two growing seasons

(2014/2015 and 2015/2016).

Temperature(°C) R.H.(%) Rain (mm/day)
Months. 1™ 2 1™ 2 1™ 2"
Max. Min. Max. Min. Max. Min. Max. Min. Aver. Aver
November 24.3 13.79 24.4 14.42 87.8 60.5 87.0 64.2 5.9 7.3
December 22.27 9.72 19.7 8.36 88.6 63.5 88.6 67.2 5.7 4.3
January 18.79 6.46 18.4 6.35 88.1 61.1 85.6 62.5 7.03 5.11
February 19.01 7.69 22.58 9.35 86.8 62.7 85.0 53.1 5.42 --
March 22.69 11.69 24.5 11.6 82.36 58.82 81.5 58.3 1.7 4.4
April 25.64 13.7 30.03 18.62 78.3 48.5 81.6 41.8 1.1 --
May 30.19 18.79 30.4 22.8 77.3 46.1 71.0 45.8

Source: Meteorological station at Sakha Agricultural Research Station (31 07'N Latitude and 30° 57°E longitude) with an elevation of

about 6 meters above sea level.
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Soil Physico-Chemical characteristics of the
selected experimental site at depth of 0 to 30 cm from
soil surface according to Klute (1986) and Page et al.
(1982) are presented in Table (2).

Table 2. Physico-chemical characteristics of the
selected experimental site.
Soil characteristics
Chemical analysis
Soil reaction pH (1:2.5 soil-water suspension)
Electrical conductivity, EC dSm™ (Soil 224
past extract) at 25 C° '
Saturation percentage (S.P) % 8.81
Total soluble ions gl:S Soil-water extractions)
Solgble cations (meq L")

Obtained values

Ca 5.2
Mg* 2.23
Na' 9.37
K’ 0.63
Soluble anions
Co; 0
HCO;y 7.65
CL 4.65
S0,” 5
Sodium adsorption ratio (SAR) 4.86
Particle size distribution %
Sand fraction 25.85
Silt fraction 24.65
Clay fraction 49.5
Soil textural class clayey
Soil moisture constants
Soil field capacity (F.C %) 37.57
Soil permanent wilting point (P.W.P %) 20.42
Soil available water capacity (A.W. %) 17.15
Soil bulk density (gm cm™) 1.21
macro-nutrients

N (mg/l) 18.78
P (mg/1) 6.82
K (mg/1) 280.80
Organic matter (O.M) % 1.82

The grains were sown on 26™ of November in the
two seasons. The experiment was laid out in split plot design
with four replication. The main plots were designated to (I =
full irrigation (control), I; = two irrigations at 35 and 70 days
after sowing (DAS), and I, = one irrigation at 35 days after
sowing (DAS), while the sub plots were devoted to four
treatments of potassium spraying (K, = without spray, K; =
1% Kzo, K2: 2% Kzo and K3: 3% Kzo) in the form of
potassium sulfate (48%), which were sprayed twice after 35
and 50 days after sowing.

The plants were sprayed at early morning using
hand-sprayer, while the control plants were sprayed
with fresh water. The plot area was 50 m* (5 m width
and 10 m length), with 15 cm apart rows. Each
experiment was surrounded by a wide border (4m) to
minimize the underground water permeability.

Nitrogen fertilizer was added at the rate of 70 kg fad™
in the form of ammonium nitrate (33.5%N) in two equal
doses, i.e. before the first and second irrigations in the case
of full irrigations, while plots irrigated twice 1/3rd of
nitrogen was applied at sowing time and subsequent nitrogen
was applied at Ist irrigation and at 2™ irrigation in two splits
and in the case of plots irrigated once half N were applied as
basal dose, and remaining half of N was applied at 1%
irrigation, respectively. The phosphorus fertilizer was

incorporated in the soil during land preparation in the form
of calcium super phosphate at the rate of 15.5 P,Os fad .
Calculation of growing degree days (GDD):

Growing degree days (GDD), is used as an
indicator to the growth and development of plants
during the growing seasons as presented in Fig.(1 & 2).
GDD was calculated according to the following
formulae of Bauer et al.,(1992)

GDD=TY ('-Tmix‘“:mm-) .......... Eq. (1)
I-Ty

‘Where, GDD is Growing degree days, Tb is the base temperature (5°c)
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Fig. 1. Growing degree days during the first season
(2014/2015).
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Fig. 2. Growing degree days during the second
season (2015/2016).

Data collection and measurement
A.Plant Growth Characters:

Representative plant samples were taken
randomly from the second and third row of each plot at
heading stage to estimate the following traits:

1. Photosynthetic pigment content in leaves:

The total chlorophyll pigments were determined

according to the equation mentioned by Moran (1982).
Chl.a = (12.7x(0.D)664) — (2.79x(0.D)647)....Eq. (2)
Chlb = (20.7x(0.D)647) — (4.62x(0.D)664)....Eq. (3)

Total chlorophyll = (7.04x(0.D)664) + (20.27x(0.D)647)----Eq. (4)

2. Relative water content (RWC %):

In measuring relative water content, the method
of Weatherly (1950) and its modification by Barrs and
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Weatherly (1962) was adopted, following the
considerations given by El-Sharkawy and Salama
(1973). Relative water content was calculated according
to the following equation:

Fue—DWW
i —
RWC % (m__aw),

‘Where, ry is fresh weight, DI is dry weight, 71y is turgid weight.

3. Flag leaf area (cm?):

Determined by the methods described by Quarrie
and Jones (1979).

Leaf Area = Maximum lengthxMaximum widthx0.75.++-Eq.(6)
B. Yield and its components:

At harvest, one square meter of barley plants was
harvested randomly from each plot to determine the
following characteristics: Plant height, number of spikes
m’, number of tillers m™, number of grains spike'1 and
1000-kernel weight, grain yield (tons fad™), straw yield
(tons fad™) and biological yield (tons fad™).
C.Determination of technological trait:

1. Grain protein content:

The total nitrogen in grains of barley was
determined using Micro-Kjeldahl method and
multiplied by 5.75 to obtain the percentage of grain
protein according to A.O.A.C.(1990).

2. Grain carbohydrates (%)content: was determined
according to Dubois et al., (1956).

D.Water relations :

1. Determination of seasonal water applied:

Seasonal water applied was calculated according
to Giriappa (1983)

W, =IW+ER+S5.viirieeirienen Eq.(7)
Where:
o [I¥/ is the irrigation water applied.

e ER is the effective rainfall water.

o 5 is the contribution of the ground water table to crop water
use (neglected) because it wasn't high (about 120 cm).
2. Assessment of irrigation water productivity:
The irrigation water productivity (IWP, kg m )
was determined according to the following equation:
TP — Yareeee Eq.(8)

Where,

e ¥ is the actual yield obtained by the different treatments (Kg
fed™).

e I is the amount of applied irrigation water (m® fed.”).

E.Economic evaluation
F. Economic evaluation

Economic assessment requires some items
through which the evaluation process can be conducted.
The suggested items of the economic evaluation for
each treatment (separately) in order to Trade — offs
between them, economically are:
1-Total seasonal cost.
2-Total seasonal return,
3-Netreturn (NR) (NR = Total rerurn — Total cost)

4-Return per unit of water: This can be taken as index to
the relationship between water applied and the value
of crop production (Division of Agricultural sciences
irrigation cost, 1978).
Statistical Analysis
The obtained data of the different treated groups
were statistically analyzed and comparison among
means was performed by computer programming
methods (statgraphic- vers-4-2- Display ANOVA),as
described by Snedecor and Cochran (1982). Treatment
means were compared by Duncans multiple range test
(Duncan's, 1955).

RESULTS AND DISCUSSION

Change in flag leaf chlorophyll:

Chlorophyll content is one of the major factors
affecting photosynthetic process. It is clear from Table (3)
that, water stress led to decrease in chlorophyll content in
barley plants. This decrease in chlorophylls pigments could
be due to the closure of stomatal pores to limit water loss
through evapotranspiration and at the same time increase
proline production in the leaves (Bousba et al., 2012).
Also, (Smirnoff 1993; Foyer et al., 1994) found that,
reduction in chlorophyll content under water stress is the
production of reactive oxygen species (ROS) such as O~

and H,0,, which caused lipid peroxidation and
consequently, chlorophyll degradation. Also, stress
reduced the chlorophylls content and important

photosynthetic pigments (Chéour ef al., 2014).

Table 3. Photosynthetic pigments as affected by foliar spraying of potassium under various irrigation levels

during 2014/2015 and 2015/2016 seasons.

Treatment Chl.a (mg dm™) ChLb (mg dm™) Total ChL (mg dm™)
2014/015 2015/016 2014/015 2015/016 2014/015 2015/016
Irrigation treatment (I)
I 2415a 2.380a 1.769 a 1.740 a 4.185a 4.120 a
I 2.301b 2.270b 1.612b 1.568 b 3.913b 3.838b
I; 2213 ¢ 2.190 ¢ 1.474 ¢ 1.468 c 3.687 ¢ 3.658 ¢
F_test sk * sk sk sk sk
K treatment (K)
Ko 2.177d 2.150d 1.425¢ 1.409 c 3.603d 3.560d
K, 2.256 ¢ 2.236 ¢ 1.576 b 1.537b 3.832¢ 3.774 ¢
K, 2.354b 2.334b 1.734 a 1.710 a 4.094b 4.044b
Ks 2451 a 2423 a 1.739 a 1.713 a 4.186 a 4.137 a
F_test * * * * * *

*, ** significant at 0.05 and 0.01 level of probability, respectively. Mean values designed by the same letter in each column are not

significant according to Duncan's Multiple Range Test.

Chlorophyll content increased gradually with
increase in potassium level application. The highest values

were recorded with plants sprayed by 3 % K,O in
compassion to the control values. These results may be due
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to potassium, which has the important role in
photosynthesis, transpiration, stomatal opening and
closing, and synthesis of proteins (Milford et al., 2007). In
the same line, Osman et al., (2017) found that application
of potassium humate had a major role in regulating the
biochemical and physiological processes of wheat plant.
Change in Relative Water Content (RWC %)

In our results, RWC % was significantly
decreased by water stress and more reduced RWC%
were recorded when plants irrigated one time (Table 4).
Decrease in RWC% in plants under drought stress may
depend on plant vigor reduction (Liu et al., 2002).
Under water stress conditions, cell membrane subjects
to many changes such as penetrability and decrease in
sustainability (Blokhina et al., 2003).

Concerning the effect of spraying with potassium
on RWC%, its clearly that potassium spray showed
marked increase in RWC%. This may be due to potassium
is one of the most important element in plants as it have the
ability to survive under adverse conditions . In addition,
(Serraj and Sinclair 2002) found that, accumulation of K
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irrigation. Our findings are supported by the results of
Thalooth et al., (2012) who found that water stress at
different growth stages significantly reduced number of
tillers and spike plant’ of barley. Also, Alderfasi and
Refay (2010) reported that drought stress badly affected
wheat grains spike™'. Also, the heaviest 1000-grain weight
were recorded with full irrigation (51.76 & 50.27 g),
while the lowest values were recorded under one
irrigation(45.18 & 44.01 g) during the first and second
season, respectively. These results coincide with the
findings of Bayoumi et al., (2008), Farshadfar et al.,
(2013) and Aowan et al., (2012) .

The effect of potassium application on number of
tillers and spikes m” , grains spike’ and 1000-grain
weight were presented in Table (5). Potassium at the rate
of 3 % K,0 produced maximum number of tillers, spikes
m™, grains spikes " and 1000-grain weight. These results
are in agreement with those obtained by Shekhawat ef al.,
(2013) who reported that application of potassium at 40
kg ha- caused significant increase in total tillers, spikes
and number of grains spikes "of barley. The results are
also in line with Anjum et al., (2011) who reported that
drought reduced grain weight of maize.

Change in grain and straw yields

The grain and straw yields decreased when crop
was irrigated once at 35 DAS. The highest values of
grain and straw yields were recorded with full irrigation.
These results are in agreement with Mirzaei et al.,
(2011) who reported that drought stress at all growth
stages caused reducing in grain yield and yield

components. Previous studies also emphasize that a
significant decrease in grain yield occurs by inducing
drought stress. These results are in the same trend with
Kandhro ef al., (2016) who reported that potassium can
compensate drought stress and its application at 50 kg
ha™' coupled with one irrigation (35 DAS) and/or two
irrigations (35 and 70 DAS) can be suitable for
obtaining optimum yield of barley.

As seen from the table in comparison to full
irrigation, the reduction in the yield irrigated two
irrigation was (-10.00 and -10.67%) and when plants
irrigated twice the reduction was (-21.57 and -21.34%)
in the first and second seasons respectively. On the
other hand, marked increase in yield were observed with
increasing the level of potassium percentage ( 5.80 &
8.39%) with K; and (12.90 & 14.68 %) with K, and
(20.64 &21.67%) with K.

Regarding the effect of potassium spray on grain
and straw yields were presented in Tables (6). The data
showed that K application cause marked increase in
both grain and straw yields. These results may be due to
potassium has important role in increasing the plant
tolerance to water deficit conditions (Mesbah, 2009; and
Aowan et al., 2012). Similarly, Shekhawat et al., (2013)
revealed that application of 40 kg K,O ha” markedly
imporved the grain yield of barley. The results are
coincide with the findings of Zareian et al., (2014) who
found that, Drought affected negatively grain yield and
physiological traits .

Table 6. Yield and yield reduction as affected by foliar spraying of potassium under various irrigation levels

during 2014/2015 and 2015/2016 seasons.

Straw yield(t fad.”)

Grain yield (tons fad.”) Biological yield(t fad.”)

YR (%)

Treatment

2014/015  2015/016  2014/015  2015/016  2015/016  2015/016 2015/016 2015/016
Irrigation treatment (I)
I 4.10 a 391a 1.90a 1.78 a 6.00a 570a - e
I 3.68b 3.47b 1.71b 1.59b 540b 5.07b  -10.00 -10.67
I; 3.36¢ 3.12¢ 1.49¢ 1.40 c 4.86 ¢ 452c¢  -21.57 -21.34
F_test sk kk ksk sk ksk ksk S e
K treatment (K)
Ko 3.19¢ 3.07d 1.55d 1.43d 4.72d 4.50d - e
K, 3.48b 333¢ l.64c 1.55¢ 513¢ 4.88¢c 5.80 8.39
K, 390a 3.62b 1.75b 1.64b 5.65b 5.26b 12.90 14.68
K; 429 a 399a 1.87a 1.74 a 6.16a 5.74a 20.64 21.67
F_test sksk ksk sksk * sk sk e e

*, ** significant at 0.05 and 0.01 level of probability, respectively. Mean values designed by the same letter in each column are not

significant according to Duncan's Multiple Range Test.

Determination of technological trait:

The effect of water deficit and potassium
application was presented in Table (7). Its obvious from
the data that protein % increased significantly under
water stress conditions. Similar results were also given
by Thalooth et al., (2012) who showed that drought
cause increase in protein content of barley grains.

In the case of potassium spray , it was clearly
that, our results indicated that the application of K as a
foliar spray caused increases in the contents of total
carbohydrates of stressed and non -stressed plants. The
highest values were obtained by foliar spraying of
potassium at the rate of 3% K,O. These results are also
in agreement with those obtained by John and Lester
(2011) reported that potassium foliar spray increased

protein content in barley grains but at the same time,
grain protein contents decreased under the water stress
but potassium fertilizers survive the water stress and
improving the grain quality as well as yield parameters
(Minjian et al., 2007).
Water characteristics:
Seasonal irrigation water applied and irrigation
water productivity

Data in Table (8) and Figures (3 & 4) showed that,
for both growing seasons IWP increased with decreasing
irrigation amount and with increasing potassium
concentration. In 2014/2015 season, the IWP was within
range of 0.81 and 2.21 kg m >, while in the 2015/2016
season the range was between 0.80 and 2.04 kg m .
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Table 7. Grain protein and grain carbohydrates
content as affected by foliar spraying of
potassium under various irrigation levels
during 2014/2015 and 2015/2016 seasons.

Protein (%) Carbohydrates (%)
Treatment  2014/2015 2015/2016 2014/2015  2015/2016
Irrigation treatment (I)
Full irigation  9.34c¢  9.37c¢ 6332 a 62.25a
Twoirtigation 9.61b  9.68b 60.20b  58.96b
Oneirrigation  9.82a  9.88a 56.08c 55.54c
F_test ksk sk sk sk
K treatment (K)

Control 9.24d 9.27d 54.74d  54.02d
1 % K,0 9.53¢ 9.63¢ 58.86¢c 5830c
2% K,0 9.70b 9.76b 61.44b 60.10b
3 % K,0 9.89a 992a 64.43a 63.24a
F_test ksk ksk ksk sk

*%*% significant at 0.05 and 0.01 level of probability, respectively .
Mean values designed by the same letter in each column are
not significant according to Duncan s Multiple Range Test.

2014/2015
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Fig. 3. Effect of foliar spraying with potassium on barley
irrigation water productivity under different
irrigation events during 2014/2015 season

The values estimated for IWP have very important
implications. Under a limited water supply situation where
the goal may be to achieve the highest possible TWP,
utilizing a two irrigations at 35 and 70 days after sowing
(DAS), or one irrigation after 35 DAS and spraying with
potassium (1% KO, or 2 % KyO, or 3 % K,0) offers
opportunities for water savings. In other words, utilizing this

water application offers water savings of 38.1 % and 61.83
% in case of utilizing two irrigations and one irrigation,
respectively (Table 8) compared to the fully irrigated
treatment without any significant yield penalty (-1.26 & 9.81
%) with two irrigations and one irrigation respectively.

21052016
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—
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Fig. 4. Effect of foliar spraying with potassium on barley
irrigation water productivity under different
irrigation events during 2015/2016 season.

Economic evaluation:

Results in Table (9) showed that there was a
positive relationship between total seasonal return and
irrigation events or amounts of irrigation water applied
and with increasing the rate of potassium application.
From the data in Table 10 , it was clear that the mean
values of the total seasonal return for irrigation
treatments were ranged in descending order from full
irrigation (10337.1 L.E fed™) to the treatment of one
irrigation (8158.79 L.E fed™") passing by the treatment
of two irrigations (9205.59 L.E fed™) for the two
seasons, Concerning potassium spraying, data showed
that within each irrigation treatment, increasing the rate
of application resulting in increasing the total seasonal
returns. Addition of 3% potassium achieved the highest
values of total seasonal return while, the lowest values
were obtained with the control .This trend may be due
to increasing grain and straw yields by using potassium

spraying.

Table 8. Total irrigation water applied (Wa), Irrigation Water Productivity (IWP), Water Savings (WS%)
for the different treatments during 2014/2015 and 2015/2016 seasons.

Wa (m’ fed.")d

IWP (kg m” WS (%

Treatment T 2 Mean T 20 Mean T 2 Mean
Ky 2020.79 2054.5 2037.64 0.81 0.80 0.81
K, 2015.00 2022.00 2018.50 0.90 0.88 0.89 0.29 1.58 0.93
I K, 2008.12 2018.08 2013.10 0.96 0.94 0.95 0.63 1.77 1.20
! K; 2005.82 2008.64 2007.23 1.06 1.01 1.04 0.74 2.23 1.49
Mean 2012.43 2025.81 2019.11 0.93 0.91 0.92 0.55 1.86 1.21
Ko 1270.5 1242.23 1256.11 1.16 1.15 1.16 37.15 39.54 38.34
K, 1262.52 1285.0 1273.76 1.31 1.25 1.28 37.52 37.45 37.49
I K, 1258.83 1261.24 1260.03 1.41 1.33 1.37 37.71 38.61 38.16
2 K; 1256.62 1253.92 1255.27 1.53 1.43 1.48 37.82 38.97 38.39
Mean 1261.99 1260.60 1261.29 1.35 1.29 1.32 37.55 38.64 38.10
Ky 773.56 800.02 786.79 1.76 1.52 1.64 61.72 61.06 61.39
K, 770.00 778.65 774.32 1.94 1.76 1.85 61.9 62.1 62.00
I K, 761.17 791.23 776.20 2.13 1.89 2.01 62.33 61.49 61.91
3 K; 758.32 789.83 774.07 2.21 2.04 2.13 62.47 61.56 62.02
Mean 765.76 789.93 777.84 2.01 1.80 1.91 62.11 61.55 61.83
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Data in Table 9 and Fig. 5 revealed that the net
seasonal return showed the same trend as in the above
mentioned indicator, (i.e. the seasonal total return). This
trend may be due to that the production cost for each
system separately, seem to be semi — fixed , or that the
differences between them are relatively very small
compared to the corresponding value of the differences
between the return for each system which are relatively
larger. The highest value (5411.05 LE fed™) was

return (1471.285 L.E fed™) was recorded by without
adding any potassium under one irrigation (after 35
DAS) in the two growing seasons. This may be
attributed to increasing initial cost of full irrigation and
K; treatment (6074 L.E fed™) as compared to other
treatments. It is clear from the data exhibited in Table
10 and Fig. 6 that water return for different treatments
showed a reversal tendency to those of previous
indicators, in which, Water return decreased as the

obtained by adding 3 % K,O under full irrigation in the  irrigation water amount increased. While, adding
two growing seasons, while, the lowest value of net potassium oxide increased such values.
Table 9. Economic criteria for the first and second barley experiment seasons.
Productivity (kg fed.™) water Total seasonal Variable Total Net return  Water
Treatments . tra applied return Costs costs (NR) return
grain SUaW (m’Fed.")  (LEFed.” (LEFed.') (LEFed.") (LEFed.” (LEmY)
Ko 1643.00 3618.33 2037.64 9212.03 2162 5762 3450.03 1.69
K, 1800.00 3781.67 2018.50 10003.07 2266 5866 4137.07 2.05
I K, 1911.50 4131.67 2013.10 10648.25 2370 5970 4678.24 2.32
! K; 2071.50 4500.00 2007.23 11485.05 2474 6074 5411.05 2.70
Mean 1856.50  4007.92 2019.12 10337.10 2318 5918 4419.10 2.19
Ko 1448.00 3015.00 1256.11 8015.86 2062 5662 2353.86 1.87
K, 1626.50 3501.67 1273.76 9030.14 2166 5766 3264.14 2.56
I K, 1723.00 3758.33 1260.03 9526.70 2270 5870 3656.70 2.90
: K; 1857.00 4055.00 1255.27 10249.64 2374 5974 4275.63 3.41
Mean 1663.63  3582.50 1261.30 9205.59 2218 5818 3387.59 2.69
Ko 1288.50 2760.00 786.79 7033.28 1962 5562 1471.28 1.87
K, 1435.00 2948.33 774.32 7842.50 2066 5666 2176.50 2.81
I K, 1558.50 3398.33 776.20 8559.71 2270 5870 2689.71 3.47
’ K; 1645.00 3873.33 774.07 9199.66 2374 5974 3225.66 4.17
Mean 1481.75  3245.00 777.85 8158.79 2168 5768 2390.79 3.08
Price of barley grains (5 L.E per 1 Kg), straw (280 L.E price of 1 ton straw); Fixed Cost =3600 L.E
Net Return water Return
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3 5000 A - ’ -
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Fig. 5. Mean values of net return of barley yield as
affected by different potassium levels under
various irrigation levels .

CONCLUSION

In conclusion, the results of this study showed the
role of K" in regulating the water stress of barley and
suggest that K acts as growth enhancer to improve plant
growth and photosynthetic pigment content. High TWP
is attainable without significant yield penalty (utilizing a
two irrigations at 35 and 70 days after sowing (DAS), or
one irrigation after 35 DAS and spraying with
potassium oxide (3 % K,O) offering opportunities for

Fig. 6. Mean values of water return of barley yield as
affected by different potassium levels under
various irrigation levels .

improving farm level of water use and sustainable water
development and enhancing the crop economic return.
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