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ABSTRACT

The aim of the present study was to assess the response of barley plants
(Hordum vulgare cv. Giza 123) to N and K fertilization under condition of saline
non-sodic, non-saline sodic and saline sodic soils.

Three soils were collected from El-Qalyoubia, Kafr El-Shikh, and El-
Sharkia Governorates, representing saline non sodic, non-saline sodic, and saline
sodic soils, respectively. Two pot experiments were conducted; one for assessing
N fertilization and the other for K fertilization. The design of each experiment
was a randomized complete block — factorial involving two factors (N or K rate
and soil) in three replicates. N and K rates were 0, 22.5, 45 and 90 kg N/fed. for
N; and, 12, 24, and 48 kg K.O/fed. for K. Pots of 6 kg capacity were used and
packed with the soils. Barley plant was used as indicator plant, At maturity, plants
were harvested and separated into grains and straw and analyzed for N, P, K, Na,
Ca, Mg and Cl. The obtained results could be summarized as follows:

Application of N increased plant growth, with progressive magnitude as
the rate increased; the increase was more pronounced in the saline non-sodic soil
than in the non-saline sodic and the saline sodic soils.

Straw yield increased with increasing N application. The main effect of
N application showed increases in straw yield amounting to 12, 25 and 31 % at
22.5, 45 and 90 kg N/fed, respectively. The rate of response differed according to
soil condition.

Grain yield significantly increased with increasing N application. The
main effect of N application showed increases by 23, 25 and 54 % at 22.5, 45 and
90 kg N/fed., respectively. The rate of response differed according to soil
condition.

N-uptake in straw and grains increased by increasing N-application, The
increase progressed with increasing N rate. Also, P, X, Na, Ca, Mg and Cl uptake
in straw and grains increased upon application of N,

Application of K increased plant growth and the increase was more
pronounced in the saline non-sodic soil than in the others. The main effect of K
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rate showed increases of 11, 31 and 33 % for straw yield and 37, 58 and 59 % for
grain yield at 12, 24 and 48 kg K,O/fed., respectively. Application of K resulted
in a progressive and significant increase in K- uptake in both straw and grains.
This pattern of response occurred in all soils indicating no significant interaction
caused by the soils. Also, N, P, Na, Ca, Mg and Cl-uptake was increased upon
application of K.

INTRODUCTION

In regions of arid and semiarid climate excess solubie salts often occur
in the upper soil layer of cultivated soils. High salt levels in the crop root zone
cause severe vield depressions and low crop quality as a function of the salinity
tolerance of cultivated crops and cultivars. As a result of increased salinity, plant
growth and potential yield are reduced. This effect is not only due to the ionic
concentration but also is dependent on the ionic ratios and ion species as well.
The presence of excess amounts of soluble salts in a nutrient medium adversely
affects the growth and development of most plant species due to water deficit, ion
toxic effect or by altering the plant mineral nutrition. Increased salinity also
reduces water availability and nutrient uptake by plants. High salt concentration
in soil solution generates a high osmotic pressure and a correspondingly, a low
water potential and some nutritive imbalance.

The growth and physiological reactions of higher plants are affected by
salinity in mamy ways. One effect is that, in salinized rithzosphere, the uptake of
mineral nutrients is inhibited, including uptake of nitrogen which plays a very
important role in plant growth. The inhibition of uptake was caused mainly by the
osmotic effects of salts,

Peuke and Jeschke, (1999) found that addition of salts to the uptake
solution led to inhibition of nitrate uptake by barley seedlings; they concluded
that the inhibition of N uptake was caused mainly by osmotic effects of salts.

Attia (2002) found that N % in wheat grains and straw was significantly
decreased with increasing nitrogen fertilizer level under irrigation with saline
water whereas nitrogen content (mg/pot) was increased.

Ali et al. (2001) reported that barley plants produced a significantly
higher dry matter yield, under saline conditions, when grown with mixed N
nutrition than with NH, or NO; alone and the interaction between salinity and N
nutrition was found to be significant with all variables.

Dry matter production is affected by both soil salinity and sodicity;
addition of nutrients in form of fertilizer may increase plant tolerance to such
condition and increase its yield. Attia (2002) reported that wheat grain and straw
yields increased with increasing nitrogen fertilization level up to 90 mg /kg soil
under high salinity level of irrigation water;, this indicates that plants have
increased resistance to the hazardous effect of salinity and sodicity when
fertilized with N fertilizer. He concluded that addition of N fertilizer maximized
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plant resistance to the hazardous effect of salinity and sodicity, and that the
response of yield to applied N varied widely according to variety as well as soil
characteristics.

Fertilization assumes an important role since sodic soils are poor in
fertility. High rates of N than utilized on non-sodic soils resulted in an increased
crop yields (Nitant ef al., 1972). Response to N-fertilization depends on soil
conditions, plant species, source and time of nitrogen fertilizer application, and
plant nutrient supply in general. Abdalla (2004) reported that application of N and
K fertitizers to barley plants grown under salinity and sodicity conditions induced
higher plant growth, yield and nutrients uptake as compared with zero fertilize
applications. :

Potassium is important in regulating transpiration in plant and dry matter
production per unit water supply in salinized soils. This may be due to potassium
shortage under such conditions. Sodic soils are dominated by Na which adversely
affects K concentration of the plants (Joshi ef al., 1979). Potassium fertilization
maintains high productivity and good quality of different crops (Zohry et al.,
2002). It is involved in several important metabolic activities associated with
photosynthesis, respiration, chlorophyll development and water content of leaves
(Roy et al,, 1981). Abd El-Hadi et af. (2002) and Zohry et al. (2002) and El-
Arqan et al, (2002) reported that grain and straw yiclds of wheat and barley were
significantly increased by the addition of potassium fertilizer. Rehan et af. (2004)
Rehan er al. (2004) reported that potassium fertilization alleviated the adverse
effect of saline irrigation water on all the studied parameters of wheat plants since
the reduction in grain and straw yields were reduced from 13 and 12 % to 9and 6
%, when K was added at 24 kg K;O/fed and to 7 and 4 % at 48 kg K,O/fed,

respectively.

The aim of the present work is to assess the response of barley plants to
N and K fertilization under conditions of soil salinity and sodicity

MATERIALS AND METHODS

Three soils were collected from El-Qalyoubia Kafr El-Shikh, and El-
Sharkia Governorates representing saline non sodic, non-saline sodic, and saline
sodic soils, respectively. Chemical and Physical properties of the soils, which
were determined according to the standard methods outtined by Klute (1986) and
Page ef ai. (1982), are shown in Table 1.

Two pot experiments were conducted to assess the response to the added
mineral fertilizer under condition of soil salinity and sodicity. Barley grains
(Hordum vulgare ¢v. Giza 123} were grown. Experiments were carried out for
fertilization with N or K, Two experiments were done, one for each of N, and K
fertilizers. The design of each experiment was a randomized complete biock —
factorial involving two factors in three replicates as follows: .
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Factor A; The concerned macronutrient: four treatments as follows:
R, = Fertilized at rate 1
R; = Fertilized at rate 2; R; = Fertilized at rate 3
Rates were 0, 22.5, 45, and 90 kg N/fed.; and 0, 12, 24 and 48 kg

Ry = Non-fertilized;

K, O/fed.
Factor B: Soil: three soils: a saline non-sodic, 2 non-saline sodic and a saline
sodic
Thus, the total number of treatments for each experiment was 4 x 3 x3 =
36. :

Table (1) Some chemical and physical properties of the used soils.

Soil properties Salix_le non- Non:salil!e Saline.sodic
sodic Soil Sodic Soil soil

pH Sat. Extr. 6.93 847 7.56
EC dS.m™ Sat. Extr. 10.51 2.85 15.11
Organic matter % 2.11 1.87 1.59
CaCQ, % 1.95 2.85 4.65
CEC cmol, /kg soil 54.95 45,96 37.98
ESP 11.82 40.4 584
Soluble cations mmol, /L (in saturation extract)
Ca™ 33.62 3.00 39.23
Mg 27.41 6.00 24.11
Na* 39.69 6.50 80.98
K 53 8.50 8.15
Soluble anions mmol,. /1. (in saturation extract)
HCO, 3.80 21.00 7.00
* CO,~ 0.00 0.00 0.00
cr’ 34.40 7.00 101.00
S0, 67.82 1.00 44.47
Particle size distribution
Coarse sand % ' 12.20 1.80 3.70
Fine sand % 18.80 4.80 23.10
Silt %% 37.80 38.40 34.20
Clay % 31.30 55.00 39.00
Textural class Clay loam Clay Clay loam
Water holding capacity 31.70 45.20 34.45
WP 16.25 23.00 17.75
Available nutrients (mg kg™ soil)
N 67.67 35.82 2.44
P 485 3.56 3.70
K 392,80 294.51 247.45
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The N- experiment:

This experiment was carried out to study the effect of salinity and or
sodicity on the response to fertilization with N, Rates of N were as follows: 0,
22.5, 45,0 and 90,0 kg N/fed. soil (as NH,NO,, 33.5 % N). All pots received 15
mg P/kg soil (as Ca-super phosphate, 15.5 % P;0s); and 24 mg K,O/kg soil {as
K;50,, 48 % K, 0).

The K- experiment

This experiment was carried out to study the effect of salinity and or
sodicity on the response to fertilization with K. Rates of K were 0, 12, 24, and 48
kg K;O/fed. soil (as K;:SO., 48 % K). All pots received 15 mg P/kg soil (as Ca-
super phosphate, 15.5 % P,O;); and 45 mg N/kg soil (as NH;NO, 33,5 % N).

The experimental work:

Polyvenyle chloride pots of six kilograms capacity were used, packed
with 6 kg soil/pot. Twenty barley grains (v. Giza 123) were sown. Basal doses of
fertilizers for cach experiment were applied for all pots. The concerned nutrient
for each experiment was given to pots which were allocated for it, and at the rate
designated for it. Afier complete germination plants were thinned to 5 plants/pot.
Irrigation was done to maintain the soil moisture content at about the water
holding capacity during the period of experiment.

200 ml of Hogland’s solution (excluding the nutrient of the concerned
experiment) per pot were added twice during the growth period. At maturity,
plants were harvested and separated into grains and straw, oven dried at 70 C° for
24 hours and the dry weight of was recorded. :

Plaat analysis:

Barley straw and grains were ground and 0.5 gram samples were
digested using a mixture of sulphuric and perchloric acids (3:1 v/v). Digests were
diluted
to a 100 ml volume and analyzed for N, P, K, Na, Ca, Mg and Cl.

Statistical analysis:-
The obtained data were subjected to the statistical analysis according to

Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

The N-experiment
Effect of application of nitrogen fertilizer on growth, yield and nutrients uptake
by barley plants grown under conditions of saline, sodic and saline sodic soils.
A- Barley growth

Plates | and 2 illustrate the effect of applied N-fertilizer on growth of
barley plants growing on saline non-sodic, non-saline sodic and saline sodic soils,
Plate 1 shows that increasing N application rate from 0 to 90 kg N/Fed. caused a
general increase in the growth of barley plants growing on all of the three soils.
The highest growth was noticed in the saline non-sodic soil followed by the non-



444 Annals Of Agric. Sc., Moshtohor, Vol. 45(1), 2007

saline sodic one, while the lowest growth was noticed with the saline sodic soil.
Comparison between different rates of applied N Plate (2) shows that application
of N at a concerned rates caused greater growth of plants grown on the saline
non-sedic soil than plants grown on the non-saline sodic or the saline sodic soils.
The increase in barfey plant growth due to N application may reflects an
enhancement effect in increasing photosynthetic activities, which would resulted
in increasing photosynthetic gains and consequently plant growth. The effect of N
rates on the growth of barley grown on the three soils under consideration could
be arranged in the descending order:
Saline non-sodic soil > non-saline sodic soil > saline sodic soil

B- Barley yield:

Results in Table 2 show that application of N- fertilizer particularly at
increasing rates resulted in a progressive and significant increase in the straw
yield. The increase in dry matter yield of straw induced an increase in N-uptake
(Table 3). These results are similar to those obtained by Attia (2002) with wheat
and Abdalla (2004) with barley. The increase in straw yield may be due to the
effect of N-fertilizer on increasing the number of tillers/plant as well as plant
height as compared with zero N-fertilizer application. The main effect of N rate
showed increases of 11.69, 25.34 and 30.55 % at application 22.5, 45 and 90 kg

N/Fed., respectively.

There was an interaction between N rate and soil type. The response to
N application differed among the three soils. In the saline non- sodic soil there
was a significant difference in straw yield between Ry, R; and R; and no
significant difference between R; and R,. In the non-saline sodic soil there were
significant differences between Ry, R; and R; and no significant difference
between R, and R;. In the saline sodic soil there were no significant differences
between the different rates of application; the only rate which gave a significant
increase in straw yield as compared with R, is R; (90 kg N/Fed). Thus, increasing
N application rate increased piant tolerance to salinity and sodicity and thus
increased its yield; under saline sodic conditions it may be necessary to apply
high rate of N to the growing plants to increase its tolerance to salinity and
sodicity. The highest increase in straw yield was obtained in the saline non-sodic
soil whereas the lowest was obtained in the saline sodic one.

Data presented in Table 2 show that barley grain yieid increased with N
application and the increase was progressive with increased N rate; the increase
was_highly significant. The current resuits are similar to resuits reported by
- Mostafa (1990), Abou Khadrah et al (1999), Elsikhry (1999), Attia (2002) and
Abdalla (2004). The increase in grain yield could be attributed to that the applied
N-fertilizer increased plant tillering and hence the number of spikes/plant which
in tum reflected on increasing grain yield. The main effect of N application
showed increases in grain yield by 2.6, 28 and 54 % at N application rates of
22.5, 45 and 90 kg N/Fed., respectively. The highest increase in grain yield thus
occurred at the highest rate (Rs, 90kg N/Fed.) of N.
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Plate (1): Effect of application of N - fertilizer at increasing rate on growth of
barley plants grown under condition of saline non-sodic, non-

saline sodic ansaline sodic so
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P]ate (2] A comparison I}etwaen the effect of different N—fertllmrr rates on
growth of barley plants grown under conditions of saline non-
sodic, non-saline sodic and saline sodic soils.
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The interaction effect between the soil type and the applied N rate shows
that under conditions of the saline non-sodic and non-saline sodic soils there was
no significant difference between R, and R; but a highly significant difference
occurred between R; and Ry. On the other hand, in the saline sodic soil there was
no significant difference between R, and R, or between R, and R; while a
significant difference occurred between R, and R;. This result shows the
necessity of plants to apply high rates of N under saline sodic conditions in order
to alleviate the hazardous effect of salinity and sodicity. Therefore, the increased
nitrogen application encouraged the tolerance of barley plants to salinity effect
and sodicity hazards especially at the highest rate of application (90 kg N
kg/Fed.). '

The lowest grain yield of barley was obtained in the saline sodic soil and
the highest one was in the saline non - sodic soil. Grain yield obtained by the
saline non-sodic and non-saline sodic soils was 3.12 and 1.31 times, respectively
as compared with that obtained under conditions of the saline sodic soil. This
reflects a combined cffect of salinity and sodicity on plants growing under such
conditions, which would exert a retarding effect on tillering, numbers of spikes
and plant height and consequently decreased its yield. The aforementioned results
indicate that the application of N fertilizer to barley plants enhances its tolerance
to salinity and sodicity. ,

Table (2): Effect of N-fertilization rate on straw and grain yields (g/pot) of
barley grown under conditions of saline non-sodic, non- saline
sodic and saline sodic soils.

R | R | R | Ry
Straw vield

1489 17.43 { 18.84 | 1948 ] 17.66

9551992 [11.84]12.67]11.00| 463

608 | 677 | 762 | 765 | 7.03 | 288

. 10.18] 11,37 1276 | 13.29
|L5Dat5% | A =0.79, B =0.68, AxB = 100
Ro= Non fertilizer (0 mg N/kg soii) R,= 22.5 mg N/kg soil
R;= 45 mg N/kg soil ' R;= 90 mg N/kg soil

C - Nitrogen and other nutrients uptake by barley plants:

Results in Table 3 show an increase in N—uptake by applying N which was
progressive with increasing N rate. The main effect of N application showed increases
of 24.86, 44.20 and 56.91 % at 22.5, 45, and 90 kg N/Fed., respectively. The current
results are similar to results reported by Mostafa (1990) Attia (2002), and Albxdalla
(2004) who reported that the higher is the level of N fertilization the higher is the N
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uptake and content in both straw and grains of barley plant. This pattern of response
occurred in both the saline non-sodic and the non-saline sodic soils. On the other
hand, in the saline sodic soil there was a significant difference between R, (45 kg
N/Fed.) and R, (22.5 kg N/Fed.) with R, surpassed R,, whereas, no significant
difference occurred between R; (22.5 kg Nffed.) and R; (90 kg N/Fed.). The highest
uptake was obtained in the saling non-sodic soil whereas the lowest was obtained in
the saline sodic one. The decrease in N uptake by barley straw under conditions of the
saline sodic soil was associated with a very low dry matter yield obtained in this soil
{Table 2).

Regarding P uptake, N application showed increased P-uptake by straw. The
highest P-uptake was obtained in the non-saline sodic soil in particular with the high
rates of nitrogen. High P—uptake in the non-saline sodic soils may be partly due to the
high pH of the soil which lead to high solubility of P.

In case of K, data of Table 3 show a synergistic effect of N on K-uptake as it
increased with increasing N rate. This may be due to application of N the form of
NO;-N which may have enhanced K-uptake, Salinity showed a less depressive effect
on K-uptake when it was the only harmful factor affecting plant growth. However,
sodicity reveals high depressive effect on K-uptake. The highest negative effect on K-
uptake was indicated when both of salinity and sodicity were combined together.
These results are similar to those shown by Abdala (2004) .

Concerning Na-uptake by straw, data of Table 3 reveal a an increase due to
N application. The highest values of Na uptake were found in the saline sodic soil
followed by the saline non-sodic soil, while the lowest values were obtained in the
non-saline sodic soil. Regarding Ca-uptake, a trend similar to that obtained with N-
uptake was noticed. Mg-uptake was not significantly affected by neither nitrogen rate
nor salinity and sodicity. Uptake of Cl was increased by N application, and it was
hlgtmstmthemhnenon-sodlcsmlfollowedbyt]msahnesodlc soil and lowest in the
non-saline sodic soil.

Comemmgﬂ:eeﬂ'ectofappliedNatinc:msingrateonNﬂptakebybaﬂey
grains data in Table 4 show that there was a progressive increase in N — uptake with
increasing N application rate. The current results are similar to the results reported by
Mostafa (1990), Abou Khadrah er o/, (1999), Hagag ef al. (1999), Attia (2002) and
Abdalla (2004). This reflects the role of N fertilizer in increasing photosynthetic area
which resulted in increased photosynthetic gains (Sarhan and Abdel — Salam, 1999).
The main effect of showed increases of 20,27, 38.29, and 34.68 % at 22.5, 45 arxd 90
kg N/Fed. application, respectively compared with Ry of N application. The increase
in N-uptake by barley grains at R; of N application was higher than that at R;. The
increase in N uptake by increasing N application rate reflects an accumulation of
proteins under saline conditions which would not be readily available for plant growth
(Lal and Singh, 1974). This pattern of response occurred in both the saline non-sodic
and the saline sodic soils whereas in the non — saline sodic soil the increase in N-
uptake in grains was higher at R; than at R,. The interaction effect caused by the soils
showed that the highest increase in N- uptake occurred with R; in the saline non-
sodic, and the saline sodic soil toc; mthcnon-salmesodlcsoll,thehlglmva!ue
occurred with Rs.



Table (3): Effect of N-fertilization rate (R} on nutrients uptake {mg/pot) by straw of barley plants grown under conditions of saline
non-sodic, non-saline sodic and saline Sodic soils

N ~fertilizer rate
Soil N _ (A)

& [ lnTalalmlnla ol nimlel s o Lo Toml 2T

e - — . e m————

1 Saline non-

inenon= | 581 | 351 | 382 | 405 [ 355 | 86 | 88 106 | 96 1689 [713] 775 | 219

Non-saline

e | 1751194 | 226 | 273 21782 | 86 154 | 117 355 | 434 | 470 70 | 99°

Salinesodic | 89 | 133 | 155 | 167 [ 136 16| 45 86 | 57 128 | 187 | 268 80_| 101 | 316

Mean 181 | 226 | 254 | 282 61|73 115 391 | 445 | 504 130 | 156 | 217
LSD at 5% A= S,B 4, AXB=8 A=ns,B=42 AxB=n.s n.s, B=116, AxB =n. A=44, B=48 AxB=77 |
Ca M - Cl

Saline non-

sodic 291 | 258277304 |282129 |43 | 50 | 51 | 43 | 554|772 | 858 | 958 | 786

Non-saline

sodie 137 | 151 | 206 | 237 18226 |36 | 45 | 70 429 1 498 1 683 | 722 | 583

Salinesodic | 85 | 120 ] 126 | 149112022 {301 31 | 76 | 23 | 241|272 1286 | 302°| 276
Mean 171 | 176 1 203 [ 230 26| 36 | 42 | 66 408 | 514 | 609 | 661
LSDat5% | A=ns, B=34, AxB=94 |A=ns B=17,AxB=n.s| A=71, B=82 AxB=143

Ro = Non fertilizer (0 mg N/kg soil) Ry=22.5mg N/kg soil  R;=45 mg N/kg soil R; = 90 mg N/kg soil

uoyp2y4a,J Y puv N of siuvld Lopwg JO osuodsay

obr



Table (4): Effect of N-fertilization rate (R) on nuirients uptake (mg/pot) by grains of barley plants grown unrder conditions of
" saline non-sodic, non-saline sodic and saline Sodic soils

N -fertilizer rate

Soil ' - (A)
(B) R, ] R, I R, I R, [Mean| R, | R, | R, | R, [Mean| R, | R, | R, [ R, [Mean| R, | R, | R, | R, [Mean
N P K Na
S";’;;;:"“‘ 413 | 486 | 495 | 582 | 494 | 261 {266 | 407 [ 400 | 334 | 98 | 143 | 122 | 113|119 18 | 36 { 37 | 40 { 33
”“;‘;;‘}i"“’ 137 1 159|170 | 254 | 180 | 70 | 88 [149 (171|120 42 | 44 | 78 | 63 | 57.| 13 | 13 [ 27 | 28 | 20
Salinesodic | 117 | 147 [ 156 | 168 | 147 | 68 {104 [203 [ 137128 33 | 44 | 141 66 | 71 | 27 | 34 | 50 | 46 | 39
Mean | 222 | 267 | 307 | 299 133 | 153 | 253 | 236 58 | 77 [ 114 81 19 | 28 | 38 | 38
LSD at 5% A=2,B=2,AxB=4 A=58 B=50 AxB=ns A=36,B=31,AxB=ns A=ns,B=9, AxB =n.s
Ca Mg Cl
Saline o™ | 110 | 148 | 161 | 185 | 151 | 31 | 41 [ 42 | 74 | 47 [ 411|519 | 603 | 721 | 563
N”;’;;’;f‘“ 53 | 67 173 184 169119 2041 | 34 20 1179|1891200)218 ) 197
Salinesodic | 30 | 47 | 59 [ 92 | 57 | 14 [ 17| 18 | 38 | 22 {118] 133 | 160 | 392 | 201
Mean 64 | 87 | 98 | 120 21 [ 27 | 34 | 49 236 | 280 | 321 | 444
LSDat5% | A =n.s, B=28, AxB=ns A=17,B=15, AxB=n.s A=97,B=112, AxB=ns
Rg = Non fertilizer (0 mg N/kg soil) Ri=22.5 mg N/kg seil R, =45 mg N/kg soil R; =90 mg N/kg soil

osy

2002 “(T)SF 104 “40YO1ysopy ‘2§ usy JO Spouuy
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The highest uptake was obtained by the saline non-sodic soil whereas
the lowest was obtained by the saline sodic one. Under conditions of R, and R,
the two soils of non-saline sodic and saline sodic soils were not significantly
different in N-uptake indicating that such rates were suitable for producing N-
uptake in these two soils. The decrease in N uptake by barley grains under
conditions of the saline sodic soil could be attributed to the low grain yield
obtained under such condition. The retarding effect of salinity and sedicity on N-
uptake by barley grains, is shown. '

Concerning P, K, Na, Ca, Mg and Cl uptake, results in Table 4 show that
application of N-fertilizer significantly increased P, K, Ca, Mg and Cl uptake in
grains whereas no significant effect occurred to Na-uptake. The highest P, K, Ca,
Mg and Cl-uptake occurred in the saline non-sodic soil whereas the lowest uptake
of these nutrients occurred in the saline sodic soil except for Cl where the lowest
uptake occurred in the sodic soil. The highest Na-uptake occurred in the saline
sodic soil whereas the lowest uptake occurred in the non-saline sodic one. The
increase in the uptake of the above-mentioned nutrients is a consequence of the
increase in dry matter yield. These resuits are in agreement with those obtained
by El -Arquan ef a/ (2002) and Abdalla (2004)

In conclusion the retarding effect of soil salinity, sodicity and salinity
and sodicity on plant response to added N - fertilizer could be arranged as follows
Saline sodic soil > non - saline sodic soil > saline non-sodic soif

The K- experiment
Effect of application of potassium fertilizer on growth, yield and putrients uptake
by barley plants growing under conditions of saline, sodic and saline sodic soils,
A - Barley growth

Plate 3 and 4 illustrate the effect of applied K-fertilizer at increasing rate
on growth of barley plants grown on the saline non-sodic, non-saline sodic and
saline sodic soils. Application of K caused a an increase in plant growth in all of
the three soils (Plate 3); the increase was more pronounced in the non-saline sodic
soi! than in the saline non-sodic and saline sodic ones. The beneficial effect of K
may be due to its role in metabolic activities associated with photosynthests,
respiration, chlorophyll development and water content of leaves (Roy et al.,
1981). Plate 4 shows a comparison between the effect of different rates of applied
K to the three soils under consideration. Application of K at increasing rates was
associated with a higher growth of barley plants particularly on non-saline sodic
soil than in the saline non-sodic and saline sodic ones especially when applied at
a medium rate (24 kg K,0O/Fed.). The highest increase in plant growth occurred in
plants grown on the non- saline sodic soil under R, of K-fertilizer and lowest one
occurred in these grown on the saline non-sodic soil under R, application,

B - Barley yield

Results in Table 5 show that application of K particularly at increasing
rates resulted in a progressive and significant increase in straw yield. The increase
in straw yield was in line with the increase in the number of tillers and shoot
height (Plate 3). The main effect of K showed increases in straw yield of 11.26,
30.77 and 32.93 % at application of 12, 24 and 48 kg K0, respectively.
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R; surpassed R, significantly, whereas each of R, and R; were rather similar.
This result is in agreement with that obtained by Abdalla (2004) and El-Arquan
(2002). There was an interaction effect caused by the soif since the increased yield
which was associated with increased K rate occurred in the saline non-sodic seil and
the non-saline sodic one, where each increase in K application was accompanied with
an asscciated increase in straw yield with the highest increase under R; and R; in the
saline non-sodic and non-saline sodic soils respectively. In the saline non-sodic soil
significant differences, in straw yield, occurred among R;, R; and R, of K-fertilizer,
whereas in the non-saline sodic soil significant differences occurred among the four
rates of K. Under conditions of the saline sodic soil the significant increase occurred
only at R;, This result indicates that application of K at a high rate has simuiative
effect on barley tolerance to salinity combined with sodicity. These result are in
agreement with those obtained by Abdalla (2004) and Rehan ef al, (2004).

The highest straw yicld was obtained in the saline non-sodic soil whereas
the lowest was obtained in the saline sodic one.

Regarding grain yield, results in Table 5 show that barley grain yield
significantly increased with application of K. The main effect of K showed increases
by 37.1, 57.7 and 5¢.0 % at application of 12, 24 and 48 kg K O/Fed, respectively; no
significant differences occurred between R; and R;. There was a significant
imteraction effect between the soil and K application: in the saline non-sodic soil as
well as the non-saline sodic one, the increase in K rate was accompanied by a
significant increase in grain yield; in the saline sodic soil, however R; and R, only
which gave a significant increase; no significant difference occurred between R; and
R;. Therefore the increase in K up to the highest level increased the tolerance of
barley to sodicity and salinity hazards when applied in the non-saline sodic soil or the
saline non-sodic, whereas under saline sodic conditions K application increased
barley tolerance to salinity combined with sodicity at the low and the moderate rates.
Also, results of Table 5 show that under conditions of the saline sodic soil when straw
yield increased grain yield decreased and visa versa; the lowest and the highest straw
yield was obtained under R; and R,, respectively whereas the lowest and the highest
grain yield was obtained under R; and R, of K, respectively. The highest grain yield
of barley was obtained under conditions of the saline non-sodic soil and the lowest
one was obtained under conditions of the saline sodic scil. The low yield of both
straw and grains of barley, obtained under condition of the saline sodic soil, as
compared with two other soils reflects the combined effect of salinity and sodicity on
plants growth as shown by the decrease in tillering, number of spikes and plant height
(Plate 3). Application of K fertilizer to barley plants increases its tolerance to adverse
conditions,

C — Potassium and other nutrients uptake by barley plants:

Results in Table 6 indicate that application of K particularly at
increasing rate resulted in a progressive increase in K-uptake; the increase was
significant up to R,. This pattern of response occurred in all of the three soils. The
main effect of K showed increases of 27, 54, and 62 % at application of 12, 24
and 48 kg K,O/Fed., respectively. The highest K uptake was obtained in the
saline non-sodic soil whereas the lowest was obtained in the saline sodic one.
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Plate (4): A comparison between the effect of different rates of K-fertilizer
on growth of barley plants grown under conditions of saline non-
sodic, non-saline sodic and saline sodic soils.
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Table (5): Effect of K-fertilization rate on straw and grain yields (g/pot) of
bariey plants grown under conditions of saline, sodic and saline

Sodic soils.
Fertilizer - K rate
Soil (A)
(B) Ro | Ry [ Ry [ Ry |Mean] Ry | Ry [ R; | Ry |Mean
Straw yvield (p/pot) Grain yield (g2/pof)

Saline wow-sodie | 16,251 16.66 | 18.57|21.01| 18.12| 10.99] 12.55} 14.13 [ 15.17| 13.35
Nomwainesodic | 9.23 | 11.77 | 16.22| 13.77 | 12.75| 4.17 | 8.22 | 9.16 | 9.53 | .77
Salimesodic | 649 | 7.14 |} 7.02 | 7.71 | 7.09 | 3.04 } 418 | 542 | 3.70 | 4.08

Mean 10.66] 11.86 { 13.94 | 14.17 6.07 | 8.32 | 9.57 | 9.65
LSD 2t 5% A=057,B=49,AxB=99 A=0.71,B=0.62,AxB=123
Ro= Non fertilizer (0 mg K/kg soil) R.= 12 mg K/ kg soil
R,= 24 mg K/ kg soil Rs;= 48 mg K/ kg soil

Concerning N, P, Ca, Mg, Na and Cl uptake in straw, results of Table 5
show that application of K- fertilizer increased their uptake except P-uptake under
condition of the saline non- sodic soil and Na-uptake under conditions of the non-
saline sodic onc where their uptake increase with increasing K application rate up
to R, then it tended to decrease with increasing the rate of K application up to R,
and R;. The decrease in P uptake under conditions of the saline non-sodic soil
may be due to the competition between Cl and phosphate ions in the root zoon,
the decrease in Na-uptake may be due to the antagonistic effect between K and
Na ions. The increase in nutrients uptake by straw upon increasing K-application
ratc may be due to the increase in straw vield and the increased needed for ion
absorption for osmotic adjustment under high salinity. The highest nutricnis
uptake was obtained by the saline soil whereas the lowest nutrient was obtained
by the saline sodic one. .

As for nutrients uptake by grains, Results in Table 7 show that there
was an increase in K-uptake due to K application; the increase was progressive
with increasing K application rate and significant. The main effect of K showed
increases of 40.7, 51.3, and 67.7 % at application of 12, 24 and 48 kg KO,
respectively. The highest K-uptake was obtained in the saline non-sodic soil
whereas the lowest was obtained in the saliné sodic one.

Concerning N, P, Na, Ca, Mg and Cl- uptake by grains, results in Table
7 show a trend rather similar to that obtained with these nutrients uptake by straw.
The highest nutrients uptake occurred by the saline non-sodic soil whereas the
lowest nutrient nptake occurred by the saline sodic one. These low nutrients
uptake by barley straw and grains under conditions of the saline sodic soil could
be attributed to the low dry matter yield obtained under such conditions.




Table (6): Effect of K-fertilization rate (R) on nutrients uptake (mg/pot) by straw of barley plants grown under conditions of saline
non-sodic, non-saline sodic and saline Sodic soils '

: K -fertilizer rate
Sail (A)
(B) Mean Mean| R, R Mean

Saline non-

P 167 | 256 | 180 70 | 53 | 98 | 812|815 |1038{1065[ 932 | 178 | 196 | 260

Non-saline 97 | 153 | 103 { 106 295 | 256 402 | 661 | 765 | 773 | 650 | 80 | 130 | 128 | 93

Saline sodic 87 [ 1162231123 80 {135 82 [ 95 [ 183|211 | 284 [ 193 [ 245276 [ 295 | 300

Mean 115 [ 145 | 194 151 | 148 436 | 553 | 671 | 707 168 | 201 | 228 | 217

LSD at 5% 2, B =36, AxB =171 43, AxB =87 A=83,B=72 AxB=un.s A=42,B=36, AxB = n.s
Ca Mg Cl

Saline non- | 31613171384 397|354 71 | 73 | 83 | 90 | 79 | 736 | 758 | 881 | 927 | 786

sodic

N““'“‘““' 201 (244|296 (279|255 | 41 | 42 | 63 | 73 | 55 | 432460 |570 | 616 | 583

sodic
 Saline sodic | 126 1148 [ 165 | 181 [ 155 | 30 | 34 | 35 [ 54 | 38 [ 2091327 {344 ] 362 | 276
| Mean 214 | 236 | 282 | 286 47 | S0 | 60 | 72 459 | 515 | 598 | 635
| LSDat5% |A=40,B=35,AxB=ns |A=20,B=ns AxB=n.s A=ns,B=78 AxB =156

Ro = Non fertilizer (0 mg K/kg soil) R, = 12 mg K/ kg soil R,= 24 mg K/ kg soil R;= 48 mg K/ kg s0il
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Table (7): Effect of K-fertilization rate (R) on nutrients uptake (mg/pot) by grains of barley plants grown under conditions of
saline non-sodic, non-saline sodic and saline Sodic soils

K -fertilizer rate
Sail (A)
(B) Mean| R

*

Safine non- | 456 | 530 | 563 | 630 | 538 | 1 253 [ 288 | 227 | 96 37
Non-;aline

e 1173 {373 | 653 | 653 | 463 147 (141 {1421 39 { 82 {87 | 89 | 74 | 17 26
Saline sodie | 133 | 170 | 246 | 396 | 237 74 | 88 | 67 | 33 | 42 | 53 | 62 | 48 | 28 37 | 49
Mean | 244 | 358 | 487 | 560 158 [ 172 56 79 | 85 | 04 27 | 32 [ 37 | 41
LSD at5% |A =119, B = 103, AxB = 207 =39,AxB=ns_ |A=055B=048 AxB=0.96|A=10,B=8 AxB=n.s

- Ca Mg- Cl
Safine non- | 1381 139 | 150 | 162 | 148 25 | 30 | 46 | 29 | 564 | 745 | 859 | 681 | 825

Non-saline

sodic 56 | 90 | 148 | 135 ] 107 35 | 36 | 36 | 31 | 210 307 | 495 | 501 | 520
Salinesodie | 37 | 43 | 53 | B0 [ 53 [ 17 | 18 F 19 | 19 | 18 | i65 | 283 | 385 | 277 | 311

Mean 77 1 94 | 113 126 17 | 29 { 26 | 33 312 | 445 | 580 | 487
LSDat5% |A=25 B=22, AxB=ns A=ns, B=ns AxB=ns A =116 B=100 AxB - n.s

Ro= Non fertilizer (0 mg K/kg soil) R, =12 mg K/ kg soil R,= 24 mg K/ kg soil R;= 48 mg K/ kg soil
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CONCLUSION

Generally, it could be concluded that barley plants responded positively
1o nitrogen fertilizer application especially at the higher rate (90 kg N kg/Fed.),
where the increase in straw and grain yields was 30, 33 and 26 % for straw yield,
and 55, 44 and 66 % for grain yield in the saline, sodic and saline sodic soils
respectively. This reflects the necessity of plant to have high rate of N under
saline sodic conditions in order to alleviate the hazardous effect of salinity and
sodicity combined together. Nitrogen application encouraged the tolerance of
barley plants to salinity effect and sodicity hazards through the accumulation of
nutrients in plant cells which needed for osmotic adjustment and hence increase
the uptake of water as well as nutrients which would reflect on increasing plant
growth and its yield. There was a significant difference between Ryand R; in the
case of grain yield only.

As for K- fertilization, there was a positive to K particularly at
increasing rates; and the highest rate (48 kg K,O/fed.) gave 29, 49 and 19 %
increase for straw yield and 38, 129 and 22 % increase for grain yield in the
saline non-sodic, non-saline sodic and saline sodic soils, respectively. Potassium
fertilization has a simulative effect on barley tolerance to salinity combined with
sodicity. Application of K-fertilizer alleviated the adverse effects of salinity and
sodicity and so increased straw and grain yields. There was no significant
differences between R, and R;. '
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