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4- RESULTS AND DISCUSSION 

 

 Excessive salinity showed in general a retarding effect on 

plant growth, thus reflecting the adverse effect of high salinity 

on plant metabolism, osmotic adjustment, ion uptake, protein 

and nucleic acids synthesis, photosynthesis, enzyme activities 

and hormonal balance in plants (Abou El-Soud, 1987).  

 

4.1 Effect of P application on germination, growth, yield and 

yield components of barley plants  

4.1.1 Effect on grains germination: 

Data in Tables 3 and 4 and Figs. 1, to 6 show the effect 

of P application at increasing rates on the germination of barley 

grains sown on the sandy and clayey soils under increasing 

levels of salinity. 

 

4.1.1.1. Germination rate (GR): 

Data in Table 3 and Figs. 1 to 3 show the effect of P 

application at increasing rates on germination rate (GR) of barley 

grains; results show that, on average of the two studied soils, 

barley grains respond negatively to P fertilization at germination 

stage under all of the studied salinity levels stress, where 

germination rate of barley grains increased progressively with 

increasing the rate of applied P (Fig. 1) ; however, the increase 

was significant only at R2 (15 mg P2O5 kg
-1

 soil) and R3 (30 mg 

P2O5 kg
-1

 soil). The increase in germination rate with increasing 
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P application rate could be attributed to that the high rate of the 

applied P increases the osmotic pressure of the soil solution and 

thereby decreases the availability and the absorbance of water, 

by the sown grains, needed for the empibition of grains and the 

emergence of seedlings and hence increased the number of days 

needed for germination. 

Also, results show that although (GR) increased with the 

rate, it tended to decrease with increasing P application rate from 

R2 to R3 which indicate that the high rate of P decrease the 

germination rate of barley grains under increased salinity levels 

stress. These results are in agreement with those obtained by 

Abdala (2004) and Noufal (2006) who found that application of 

P fertilizer at increasing rate decreased barley grains germination 

rate under salinity and sodicity conditions. The main effect of P 

rate showed increases in germination rate of 0.09, 4.88 and 

3.17% at R1 , R2 and R3 , respectively. Based on the results of 

the main effect of P application rate, it could be reported that 

application of P–fertilizer at a low rate, to barley grains sown 

under increased salinity levels stress, no or slightly increased 

their germination rate.  

Concerning the effect of the increased salinity levels 

stress on germination rate of barley grains results of Table 3 and 

Fig. 1 show that germination rate progressively and significantly 

increased with increasing salinity levels stress. On the other 

hand, significant differences occurred only between salinity 

levels S2 and each of S1 and S5; increasing salinity level stress 

beyond S2 and up to S4 was associated with non significant 

increase in germination rate. This indicates that the effect of 
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increased salinity levels stress on the response of barley grains to 

P fertilization at germination was more pronounced at the 

moderate and the excessively high levels of salinity. 

This pattern of response occurred in the clayey soil in 

particular (Fig. 3). In the sandy soil, germination rate increased 

progressively with increasing the rate of the applied P (Fig. 2), 

and the only rate which gave significant increase was R3.  

Comparison between the two soils show that germination 

rate of barley grains sown in the clayey soil under application of 

P–fertilizer at increased rate and under increased salinity levels 

stress was 1.06 times compared with that obtained in the sandy 

one. 
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Fig. (1): Effect of P-fertilization rate (R) on germination rate of 

barley grains sown on the sandy and clayey soils 

(average of the 2 soils) under irrigation with diluted sea 

water of different salinity level stress 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (2): Effect of P-fertilization rate (R) on germination rate of 

barley grains sown on the sandy soil under irrigation 

with diluted sea water of different salinity levels stress. 
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Fig. (3): Effect of P-fertilization rate (R) on germination rate of 

barley grains sown on the clayey soil under irrigation 

with diluted sea water of different salinity level stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.1.1.2. Germination percentage: 

 Concerning the effect of P application rate on germination 

percentage (GP) of barley grains, results in Table 4 and Fig. 4 

show that, on the average of the two soils under study, P 

application to barley plants grown under irrigation with saline 

waters of different salinity levels stress did not show a clear 

significant effect on germination percentage. The main effect of 

P application showed decreases of 0.92 and 3.8% due to 

application of P at R1 and R2, respect to R0, respectively, 

whereas no had any effect on GP when added at R3 application. 

However, the effect differed in the two studied soils.  

In the sandy soil (Table 4 and Fig. 5) show that 

application of P at increasing rate decreased GP of barley grains, 

and the decrease was more pronounced at R2 application ( 8.5%). 

 As for the clayey soil (Table 4 and Fig. 6) show that 

application of P slightly decreased GP at R1 application, whereas 

no affected it when applied at R2, but increased it by 1.8% at the 

highest rate (R3 application). 

 Concerning the effect of salinity on the response of barley 

plants to P application, results of Table 4 show that increasing 

salinity levels stress of the irrigation water from S0 (Tap water, 

EC= 0.9 dS m
-1

) to S1 (diluted sea water at 1:10 ratio, and of EC 

= 7.35 dS m
-1

) increased germination percentage of barley grains. 

Further increase in water salinity stress decreased germination 

percentage. This pattern of response occurred with the three rates 

of P application to the studied soils. 
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Fig. (4): Effect of P-fertilization rate (R) on germination 

percentage of barley grains sown on the sandy and 

clayey soils(average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water 

of 0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg 

soil, R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (5): Effect of P-fertilization rate (R) on germination 

percentage of barley grains sown on the sandy soil under 

irrigation with diluted sea water of different salinity levels 

stress. 
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Fig. (6): Effect of P-fertilization rate (R) on germination 

percebtage of barley grains sown on the clayey soil under 

irrigation with diluted sea water of different salinity levels 

stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.2. Soil salinity and plant growth: 

Results presented in Tables 5, 6, 7, 8 and 9 and 

illustrated by Plates 1, 2, 3 and 4 show measurement of different 

in parameters as affected by applying different salinity and P 

treatments to two soils. In general, increased salinity sheared 

increased adverse consequences. P-application caused increased 

in plant growth on the average of the two soils. The increase in 

plant growth owing to application P fertilizer at increasing rate is 

reflected in increasing plant yield (Tables 8 & 9) due to its effect 

on increasing plant tillering, number of spikes and plant height. 

As for the response of barley plants, grown on the sandy 

soil, to P-fertilization under increased salinity levels stress Plates 

1 & 2 show that barley plants responded positively to P-

fertilization especially when applied at a high rate (Plate 1) 

under increased salinity levels stress up to salinity level stress S4 

(EC = 18.10 dS m
-1

); the increase in salinity levels stress beyond 

this levels caused death of plants at the stage of spikes 

emergence (60 days after sowing) most certainly as a 

consequence of considerable increase in soil salinity upon 

irrigation with water of increased salinity. Table 5 shows soil 

salinity in terms of EC of the soil paste extract 60 days after 

irrigation with the diluted sea water. Plate 2 shows the response 

of barley plants to salinity levels and to P-fertilization at 

increasing rate soil salinity increased progressively increased 

with the increase the salinity level of irrigate water. The values 

of EC of soil for the S1, S2, S3, S4, and S5 treatments averaged 

about 15, 24, 27, 33, and 37 folds those of the S0 treatment.  
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The highest plant growth under these levels of salinity 

stress was obtained under S0.  

Concerning the sandy soil, growth of plants under salinity 

stress S2 increased salinity with applications of P with the 

increase up to R3 This indicate that application of P particularly 

in plants grown under S2 conditions of sandy soil increased their 

tolerance to the high salinity.  

Concerning the clayey soil, Plates 3 & 4 show that barley 

negatively to increased salinity. There was a positis response to 

P particularly under S0 conditions. Increased soil salinity (Table 

5) would exert a retarding effect on plant growth and thus 

retarded the emergence of spikes and decreased plant height and 

the number of tillers compared with the low salinity levels stress 

as shown in Plate 3. Plate 4 shows the response of barley plants 

to P-fertilization at increasing rate under a considered salinity 

level stress. It could be observed that plant growth due to 

application of P at increasing rate under highly salinity level was 

not clanged  

The comparison between the effect of different rates of 

applied P to barley plant grown on the two soils under study, 

Plates (1, 2, 3 and 4) show that application of P at increasing 

rates induced a higher growth of barley plants growing on clay 

soil than that of plants growing on sandy one.  
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Plate (1): Response of barley plants, growing on the sandy soil, to 

P-fertilization at increasing rate under increased salinity 

levels stress. 

R0 

(0 mg P2O5/kg soil) 

R1 

(7.5 mg P2O5/kg soil) 

R2 

(15 mg P2O5/kg soil) 

R3 

(30 mg P2O5/kg soil) 
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Plate (2): Effect of salinity level stress on the response of barley 

plants growing on the sandy soil, to P-fertilization at 

increasing rate. 

S0 

0.9 dS m
-1 

S1 

7.4 dS m
-1 

S2 

12.8 dS m
-1 

S4 

18.1 dS m
-1 

S3 

14.8 dS m
-1 

S5 

23.5 dS m
-1 
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Plate (3): Response of barley plants, growing on the clayey soil, to 

P-fertilization at increasing rate under increased salinity 

levels stress. 

R0 

(0 mg P2O5/kg soil) 

R1 

(7.5 mg P2O5/kg soil) 

R2 

(15 mg P2O5/kg soil) 

R3 

(30 mg P2O5/kg soil) 
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Plate (4): Effect of salinity level stress on the response of 

barley plants growing on the clayey soil, to P-

fertilization at increasing rate. 

S0 

0.9 dS m
-1 

S1 

7.4 dS m
-1 

S2 

12.8 dS m
-1 

S4 

18.1 dS m
-1 

S3 

14.8 dS m
-1 

S5 

23.5 dS m
-1 
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4.2.1- Effect on the number of tillers:  

Data in Table 6 and illustrated in Figs. 7, 8 and 9 show 

the effect of P application and salinity stress on tillering of 

barley plants grown on the sandy and clay soils. Results show 

that, on the average of the two soils under study, application of P 

increased the number of tillers especially at the highest rate when 

the increase was significant of application. Highest increase 

occurred at the low rate of application (R1) floured by the 

moderate rate R2. The main effect of application of P on the 

number of tillers showed increases of 5.2, 4.0 and 11.0% at R1, 

R2 and R3, respectively. The increase occurred under low as well 

as high salinity stress. These results indicate that plant response 

to P fertilizer under salinity stress increased when P applied at a 

high rate. However, under the highest salinity in the sandy soil, 

there was no plant growth These results are in agreements with 

those obtained by Abu-Hussein (2002), Abdala (2004) and 

Noufal (2006), who found that applying P at a high rate 

increased barley plant tolerance to salinity.  

Concerning the effect of increasing salinity stress on the 

response of barley plants to the applied P, results in Table 6 

show increased response to the applied P under all salinity levels 

stress. The rate of increase was greater under conditions of 

increasing salinity stress. The increase by R3 averaged 6 to 10% 

at salinity of S0 to S1; increased to become 12 to 20% under 

conditions of S2 and S3. The decrease in the number of tillers 

due to increased salinity averaged 33.7, 45.5, 55.8, 66.8 and 

83.6% under salinity levels stress S1, S2 S3, S4 and S5, 

respectively. Thus, it could be concluded that barley plants 
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responded to P application under salinity stress of the irrigation 

water of, since the number of tillers of the growing plants under 

S2 level (EC = 12.8 dS) was almost half that under irrigation with 

water of S0. Thus, the increase in plant tillering will be 

associated with increased number of tillers and spikes which will 

be reflected on increasing straw and grains yields of plants. 

As for the response of plants, growing on the sandy soil, 

to P application at increasing salinity stress, results in Table 6 

also, show that increasing P application rate was associated with 

insignificant increase in the number of tillers. The main effect of 

P application to the sandy soil shows increases in the number of 

tillers by 12.1, 5.5 and 17.0 at R1, R2 and R3 application rate, 

respectively. Also, increasing salinity stress of the irrigation 

water up to S1 (7.35 dS m
-1

)
 
significantly decreased the number 

of tillers of barley plants; further increase in salinity levels stress 

up to S2 was associated with insignificant decrease in the 

number of tillers. On the other hand, increasing salinity level 

stress S4 was associated with a significant decrease in the 

number tillers, and at S5 salinity level plants died completely. 

The dead of plants at the highest level of salinity of the irrigation 

water (23.5 dS m
-1

) which corresponding to soil salinity of 29.21 

dS m
-1 

in the soil paste extract (See Table 5), could is caused by 

the considerably highs salinity of water and soil. As for the 

interaction effect between P rate, levels of salinity and the type 

of soil data in Table 6 indicate that a significant interaction 

occurred, since with the sandy soil under low salinity stress S0 P 

application significantly increased tillering while under S1 to S4 

increases were salinity and under S5 no plants survived with the 
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clay soil the significant response to P occurred under S2 and S3.  

Concerning the clayey soil, results in Table 6 show that 

increasing the rate of applied P was associated with increased 

number of tillers. Increasing P rate showed increases in the 

number of tillers by 1.1, 3.1 and 7.2% at R1, R2 and R3, 

respectively. It could be concluded that barley plants positively 

responded to P fertilization under increased salinity levels stress 

and the response increased with increasing the rate of applied P. 

This indicate that application of P fertilizer at a high rate 

increased barley plant tolerance to the adverse effect of salinity. 

These results are in agreement with those obtained by Abdala 

(2004), Abdel-Aziz (2004) and Noufal (2006). Regarding the 

effect of increasing salinity levels stress, results of Table 6 show 

that increasing salinity levels stress significantly decreased the 

number of tillers of barley plants and the decrease was 

progressive and significant. Salinity stress showed decrease in 

the number of tillers by 10.7, 32.5, 45.8, 54.9 and 66.2% due to 

S1, S2, S3, S4 and S5 levels respectively. It could be concluded 

that irrigation water of a high salinity level of 14. 80 dS m
-1

 (S3) 

could be done for to barley plants grown on the clayey soil with 

a satisfactory growth if P was applied at a high rate. The 

decrease of 45% caused by high salinity could be reduced to be 

26% if high P was applied.  

  Highest number of tillers was obtained in the clayey soil 

than in the sandy one. The number of tillers obtained in the clayey 

soil was 1.52 times compared with that obtained in the sandy one. 
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Fig (7):  Effect of P-fertilization rate (R) on the number of tillers of 

barley plants grown on the sandy and clayey soils(average 

of the 2 soils) under irrigation with diluted sea water of 

different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig (8): Effect of P-fertilization rate (R) on the number of tillers of 

barley plants grown on the sandy soil under irrigation 

with diluted sea water of different salinity levels stress. 
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Fig (9): Effect of P-fertilization rate (R) on the number of tillers of 

barley plants grown on the clayey soil under irrigation 

with diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.2.2- Effect on number of spikes:  

Data in Table 7 and Figs. 10, 11 & 12 show that 

application of P at increased rate, under irrigation with diluted 

sea water of different salinity level stress, increased the number 

of spikes, the increase was progressive with increasing P rate. 

Although the main effect of P application showed that the 

average increases of 3.7, 5.5 and 6.96% at R1 , R2 and R3, 

respectively were not significant, these were interaction effects 

caused by salinity and by soil as well as by their combination. 

Under salinity level S0 (EC = 0.90 dS m
-1

) significantly higher 

number of spikes was obtained with under R1 or R3 of P-

application, although the number of spikes under R1 was slightly 

higher than that under R3. Under S2, the increase was significant 

by R3. With S2 to S5 the increase (or decrease in some cases) 

was not significant. Under salinity levels S1, S2, S3, and S4 the 

highest number of spikes was obtained at R2, R3, R1, and R2 

respectively. From the abovementioned results, it could be 

concluded that barley plants give a significant response to P 

application may reduce the adverse effect of high salinity: the 

77% decrease caused by the S2 salinity was reduced to become 

55% when P was applied at its highest rate. 

Concerning the effect of increasing salinity levels stress 

on plant, results in Table 7 show that increasing salinity level 

significantly decreased the number of spikes and the rate of 

decrease progressed with increasing the salinity level. Also 

results show that increasing salinity level up to S1 (EC = 7.35 dS 

m
-1

) gave satisfactory response to P application, where the 

number of spikes obtained under this level of salinity was 57.1% 
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of that obtained under salinity level S0 (EC = 0.90 dS m
-1

). The 

main effect of salinity level showed decreases in the number of 

spikes by 42.9, 69.1, 79.5, 80.5 and 95.7 at salinity levels S1, S2 

S3, S4 and S5, respectively.  

Regarding the response of barley to P application in the 

sandy soil, under different salinity levels stress results of Table 7 

show that application of P at increased rate was associated with 

increased number of spikes and the increase was significant only 

at the highest rate of P. Under salinity level S1 the highest 

number of spikes was obtained with R2 , whereas under salinity 

level S2 the highest number of spikes was obtained with R3. P 

application rate had effect on the number of spikes when salinity 

levels stress was beyond S2 since on spikes were formed. 

Although application of P at increased rate increased the number 

of tillers of barley plants under conditions of salinity stress from 

S2 till S4 (EC = 18.10 dS m
-1

), it had no effect on the number of 

spikes at these levels of salinity because of absence of spikes. 

Barley plants responded to the application of P fertilizer 

positively, at the tillering stage under medium salinity, but under 

high salinity it did not respond because of abscnce of spikes.  

As for the clayey soil, results of Table 7 show that 

increasing P rate progressively increased the number of spikes 

till R2 after that, the number of spikes tended to decrease. 

Application of P showed increases of 5.1 and 4.6% due to R1 and 

R2 application, respectively, whereas, showed a decrease by 

4.0% due to R3 application. There was an interaction effect 

between the rate of the applied P and the level of salinity; under 

salinity level S1 the highest number of spikes was obtained under 
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R2 application; at salinity levels S2, S3, S4 and S5 the highest 

number of spikes was obtained at R1, R1, R2 and R0, respectively. 

It could be deduced that in this clayey soil, barley plants respond 

positively to the moderate R2 (R2 = 15 mg P2O5 kg
-1

) under 

conditions of S1 low (7.35 dS m
-1

) and high and S4 (EC = 18.10 

dS m
-1

) and to R1 rate (R1 = 7.5 mg P2O5 kg
-1

) under S2 level 

(EC = 12.80 and 14.80 dS m
-1

). Under the high S5 (EC = 23.50 

dS m-1) no response occurred. Also, results of Table 7 show that 

increasing salinity levels stress significantly decreased the 

number of spikes under all of P rates; the lowest decrease 

occurred under salinity level S1 (EC = 7.35 dS m
-1

). Thus, in the 

clayey soil barley plants responded satisfactory to P fertilizer 

when added at a moderate rate (R2 = 15 mg P2O5 kg
-1

) under low 

salinity S1 stress ( EC = 7.35 dS m
-1

). Under such salinity a 21% 

decrease occurred to the number of spikes, such a decrease was 

reduced to 15% by R2 application of P.  

Highest number of spikes was obtained by the clayey soil 

than obtained by the sandy one. The number of spikes obtained 

by the clayey soil was 2.32 times compared with that obtained by 

the sandy one. 
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Fig (10): Effect of P-fertilization rate (R) on the number of spkies 

of barley plants grown on the sandy and clayey soils 

(average of the 2 soils)under irrigation with diluted sea 

water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig (11): Effect of P-fertilization rate (R) on the number of spikes 

of barley plants grown on the sandy soil under irrigation 

with diluted sea water of different salinity levels stress. 
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Fig (12): Effect of P-fertilization rate (R) on the number of spikes 

of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.2.3- Effect on plant height: 

Data presented in Table 8 and Figs. 13, 14 & 15 show 

the effect of application of P at increasing rates on shoots height 

of barley plants grown on the sandy and the clayey soils under 

increased salinity levels stress of the irrigation water. Results 

reveal that on average of the two soils under study (Fig 13) P 

application increased (though not significantly) the height of 

barley shoots only when applied at a moderate and a high rate 

i.e. at a R2 and R3 rates (15 and 30 mg P2O5/ kg soil). At the low 

R1 rate of P (7.5 mg P2O5 kg
-1

), a slight non-significant decrease 

in shoots height occurred. According to the main effect of P 

application the decrease at R1 was 0.8% and the increases R2 

and R3 were 5.3 and 5.7% respectively, as compared with R0 P 

application. This indicates that barley plants respond rather 

positively to P fertilizer application particularly at high rates 

since reflecting an increased tolerance to the increased salinity of 

the irrigation water. These results are in agreement with those 

reported by Awad et al. (1990) and Al-Karaki (1997) who 

concluded that increasing solution P level above a sufficient 

level for non-saline conditions increased salt tolerance of barley 

plants. Abdala (2004) and Noufal (2006) reported that 

application of P fertilizer at increasing rates to barley plants 

increased their tolerance to salinity Abdel- Aziz (2004) reported 

that application of P at a high rate enhanced the growth of barley 

plants grown on a loamy soil irrigated with saline water. 

 Concerning the effect of increasing salinity level stress on 

the response of plant height to P fertilizer, results in Table 8 

show that increasing salinity levels stress was associated with a 
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significant decrease in height as compared with irrigation with 

non-saline water. An average decrease of 32% occurred when 

salinity level increased from S0 (0.90 dS m
-1

 ) to S1 (7.35 dS m
-1

 

), after that increasing salinity level up to S4 (18.1 dS m
-1

 ) was 

associated with a continued decrease in the plant height to reach 

to as much as 58% at S4 and 86% at S5 (18.1 dS m
-1

 to 23.50 dS 

m
-1

). Decreases in the shoots at S2 and S3 were 43.9, 55.1. The 

decrease in plant height would be reflected on straw yield. It 

could be reported that increasing salinity level stress up to 12 .80 

dS m
-1

 has a less hazardous effect on the response of barley 

plants to P fertilization; or in other words, the low salinity stress 

enhance barley plant response to the applied P fertilizer. 

 Regarding the sandy soil, results in Table 8 and 

illustrated by Fig 14 reveal that application of P to barley plants 

grown on the under irrigation with water of different salinity 

levels slightly increased the height of barley plant shoots 

particularly when applied at a high rate. This indicate that in the 

sandy soil, the response was rather more pronounced at the high 

rate than at the low or the moderate ones.  

Increasing salinity level was associated with a significant 

decrease in the shoots height; the greatest decrease occurred 

when salinity level was increased from S0 to S1 dS m
-1

. After 

this level of salinity, the decrease in shoots height was as less 

magnitude thenafter, increasing salinity levels to and plants were 

completely dead after 60 days from sowing (See plate 1 & 2) 

this probably due to the considerable increase in soil salinity (see 

Table 5 ). In the sandy soil there were decreases in plant height 

averaged 43.7, 51.5, 62.9,72.3 and 100% at S1 S2, S3, S4 and S5 
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respectively as compared with S0 salinity level. Plants respond 

rather positively to applied P fertilizer. The 48% decrease caused 

by S2 in absence of P was only 37% by applying P at R2 along 

with S2.  

 As for the clayey soil, results in Table 8 and illustrated by 

Fig 15 also show that application of P fertilizer at increasing rate 

was associated with a slight increase in height of plants. The 

height of barley shoots increased particularly with R2 and R3. 

Positive response was most at R2 in the clay soil as opposed to 

R3 in the sandy soil. This indicates the necessity of a moderate 

rate of P under the conditions of the clayey soil and a high rate 

conditions of the sandy soil to oppose the hazardous effect of the 

high salinity level stress. This finding could be attributed to the 

poverty of the sandy soil in nutrient elements including P. 

Results also show that increasing salinity level stress was 

associated with a significant decrease in plant height; the 

decrease was gradually till salinity level S4 (EC = 18.10 dS m
-1

). 

After this level of salinity the decrease became more pronounced 

at salinity level S5 (EC = 23.50 dS m
-1

). Decreases in shoots 

height in the clay soil averaged 22.2, 38.2, 48.3, 46.2 and 73.8% 

at salinity levels of S1, S2, S3, S4 and S5, respectively compared 

with S0 salinity level stress,. It could be concluded that barley 

plants growing on the clayey soil under irrigation with diluted 

sea water respond positively to P fertilization. With no added P, 

S1 salinity reduced yield by 44%, but when R3 of P was 

combined the decrease was 30% only.  

Comparing the two soils, results in Table 8 show that barley 

plants grown on the sandy and the clayey soil positively respond 
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to P fertilization under increased salinity level stress up to S1 for 

the sandy soil, and S4 for the clayey soil. The height of the 

shoots of barley plants grown on the clayey soil was 1.6 times 

the shoots height of those grown on sandy soil. 
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Fig (13): Effect of P-fertilization rate (R) on the height (cm) of 

barley plants grown on the sandy and clayey 

soils(average of the 2 soils) under irrigation with diluted 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig (14):  Effect of P-fertilization rate (R) on the height (cm) of 

barley plants grown on the sandy soil under irrigation 

with diluted sea water of different salinity levels stress. 
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Fig (15):  Effect of P-fertilization rate (R) on the height (cm) of 

barley plants grown on the clayey soil under irrigation 

with diluted sea water of different salinity stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.3.- Effect on barley yield.  

Dry matter production is affected by levels of salinity. 

Addition of nutrients in from of fertilizer may increase plant 

tolerance to such conditions and increase its yield.  

 

4.3.1.- Effect on straw yield. 

Data in Table 9 and Figs. 16, 17 & 18 show the effect of 

P application under increasing salinity levels. Results indicate 

that increasing the rate of the applied P was associated with a 

progressive decrease in the straw yield of barley plants and the 

decrease was significant only at the highest rate of P application. 

The main effect of P rate showed decreases by (averages of the 2 

soils and the 6 salinity levels) 5.4, 7.2 and 13.1% at R1, R2 and 

R3, respectively companied with R0,. No significant differences 

occurred among R1, R2 and R3 application. Thus according to the 

main effect of P rate, barley respond to P fertilization and the 

response to the R1 and R2 rates was greater than the response to 

R3. Yield decreased with increased salinity. The decreases 

averaged 52, 71, 78, 87, and 96% due to S1, S2, S3, S4, and S5.  

Regarding the main effect of the increased salinity level 

on the straw yield of barley plants growing (as average of the 

two soils) results in Table 9 and Fig. 16 indicate that increasing 

salinity level significantly decreased barley straw yield. 

Increasing the salinity from S0 (EC = 0.90 dS m
-1

) to S1 (EC = 

7.35 dS m
-1

) greatly decreased barley straw yield by as much as 

52.8% after this level of salinity stress and up to salinity level S5 

(EC = 23.50 dS m
-1

) a gradual decreases of less magnitude in the 
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straw yield occurred. The main effect of salinity stress showed 

decreases by 52.8, 71.1, 78.4, 86.8 and 96.1 due to S1, S2, S3, S4 

and S5, respectively as compared with S0 salinity level stress,. 

Based on such main effect, it could be concluded that barley 

plants suffered a considerable decrease due to salinity. As for the 

sandy soil, results in Table 9 and Fig. 17 show that application 

of P at increasing rates under different salinity levels stress was 

associated with a progressive decrease in the straw yield of 

barley plants, and the decrease was significant at R3. The average 

decreases in straw yield were 9.3, 13.9, and 16.4% due to R1, R2 

and R3, respectively. The lowest decrease occurred at R1 

application and there was no significant difference between R1 

and R2 whereas significant difference occurred between R1 and 

R3. Increasing salinity levels stress was associated with a 

significant decrease in the straw yield, and the greatest decrease 

occurred when salinity level stress increased from S0 to S1 dS m
-

1
 , after this level the decreases in straw yield were of lower 

magnitudes, and at S5 plants died. The average effect in this soil 

show decreases in the straw yield by 46.0, 55.9, 67.1, 87.5 and 

100% due salinity levels S1, S2, S3, S4 and S5, respectively. It 

could be reported that straw of barley plants growing on the 

sandy soil responded negatively to P application.  

Concerning the clayey soil, results in Table 9 and Fig. 18 

show that increasing P application rate to barley plants was 

associated with a progressive decrease in the straw yield and the 

decrease was significant at the highest R3 rate of application (R3, 

15 mg P2O5 kg soil 
-1

). In this soil average decreases of 3.2, 3.4 

and 11.2% occurred at R1, R2 and R3, respectively. It could be 
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reported that barley plants growing on the clayey soil under did 

not give more straw by P fertilizer. Average effect of salinity 

shows a progressive and decreases in the straw yield. The 

greatest decrease occurred when the salinity level stress 

increased from S0 (EC = 0.90 dS m
-1

) to S1 (EC = 7.35 dS m
-1

); 

after this level the decrease was less in magnitude. Decreases in 

straw yield, were 55.4, 78.0, 83.4, 86.2 and 94.30 at salinity 

levels S1, S2, S3, S4 and S5, respectively. increased rate of P 

fertilizer and increased salinity level stress reached 66.3% of that 

obtained under salinity level S0 (EC = 0.90 dS m
-1

). 

Comparing the two soil under study, results show that 

straw yield obtained by the clayey soil was 1.9 times compared 

with that obtained by the sandy one. 
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Fig (16):  Effect of P-fertilization rate (R) on straw yield (g/pot) of 

barley plants grown on the sandy and clayey 

soils(average of the 2 soils) under irrigation with diluted 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (17): Effect of P-fertilization rate (R) on straw yield (g/pot) of 

barley plants grown on the sandy soil under irrigation 

with diluted sea water of differet salinity levels stress. 
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Fig. (18): Effect of P-fertilization rate (R) on the straw yield 

(g/pot) of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 

4.3.2.- Effect on grain yield. 
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Results in Table 10 and illustrated by Figs. 19, 20, & 21 

show the effect of increasing salinity level stress and the 

response of barley plants growing on the sandy and clayey soils 

to P fertilizer, applied at increased rates. 

Results in Table 10 and Fig 19 show that, on the average 

of the two soils under investigation, barley grain yield 

significantly increased at R1 of P application rate but was not 

significantly affected by R2 and R3 P application rates. The main 

effect of P application shows an increase of 13.5% at R1, and 

very slight non-significant decreases of 2.0 and 3.3% at R2 and 

R3, respectively. This indicate that P fertilization at R1 enhanced 

plant growth and hence its yield. This result is in agreement with 

that obtained by Al-Karaki (1997), El-Shafie (1994), Shama 

(1996) and Abou Hussien et al. (2002), Abdalla (2004), Abdel-

Aziz (2004) and Noufal (2006), who reported that P application 

to plants grown on saline soils increased plant growth. There was 

an interaction effect caused by salinity affecting response to P. 

Although the response was positively significant by the R1 under 

no salinity stress, it was significantly positive by R1, R2, and R3 

under salinity stress of S1, and S2 and with non-significant 

positive effect by all P rates under S4, and with no response at 

all under S5 (which killed plants in the sandy soil and gave straw 

only in the clay soil) because of no grain formation under S1 the 

highest grain yield was obtained at R2 followed by R1 and R2. 

Under salinity level S2 (EC= 12,80 dS m
-1

) the highest grain 

yield was obtained at R2 followed by R3 and R1; under salinity 

level S3 (EC = 14,80 dS m
-1

) the highest grain yield was obtained 

at R1 followed by R3 and R2. On the other hand, under salinity 
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level stress S5 no grain yield was obtained. 

From the abovementioned discussion it could be concluded 

that salinity levels stress seemed to be depended on the rate of 

the applied P the response of barley plants to P fertilization 

under the increased under the concerned salinity level stress. 

Applying P may reduce the negative effect of salinity; the S1 

level caused an average 81% decrease, when P was applied to 

plants having the S1 level the decrease was 77%.  

Results in Table 10 Also, show that increasing salinity 

level significantly decreased barley grains yield the greatest 

decrease occurred when the salinity level stress increased from 

S0 (EC = 0.90 dS m
-1

) to salinity level stress S1 (EC = 7.35 dS m
-

1
), thenafter, the grains yield decreased by a less considerable 

magnitude. Average grain yield decrease due to salinity are 79, 

93, 96, and 98% due to S1, S2, S3, and S4; with S5 giving no 

grains.  

Concerning the sandy soil results in Table 10 and Fig. 20 

show that application of P fertilizer gave on average of positive 

and significant increases at R1 and R3 but a nonsignificant 

positive and at R2. The highest increase occurred at R3. This 

indicate that barley plants growing on the sandy soil under 

increased salinity levels stress positively gave more grains by P 

fertilization particularly when added a high rate. Also, results 

show that increasing salinity level was associated with a 

significant decrease in the grain yield; the greatest decrease 

occurred when salinity level stress increased from S0 (EC = 0.90 

dS m
-1

) to S1 (EC = 7.35 dS m
-1

); then at S2, the decrease was of 

less magnitude no grains were obtained. Under salinity level 
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stress S1 (EC = 7.35 dS m
-1

) the decrease was 80% in absence of 

P and 73% in presence of R2. This indicate that decreased barley 

grain yield on the sandy soil caused by increased salinity may be 

alleviated by P fertilization.  

Concerning the clayey soil, results in Table 10 and Fig 

21 show that barley plants respond positively to P fertilization 

particularly when P applied at the low R1 (7.5 mg P2O5 kg soil
-1

), 

and negatively at R2 (15 mg P2O5 kg soil
-1

) and R3 (30 mg P2O5 

kg soil
-1

) rates. The highest grains yield was obtained under R1 of 

P fertilization. Also, results show that increasing salinity level 

was associated with a significant decrease in barley grain yield. 

The greatest decrease occurred with increasing salinity 

level from S0 (EC = 0.90 dS m
-1

) to S1(EC = 7.35 dS m
-1

), then 

the decrease was of lower magnitude up to salinity level stress S4 

(EC = 18.10 dS m
-1

). Increasing salinity levels stress beyond S4 

depressed completely the yield, where the grains yield was zero 

g/pot. 

 Comparison between the two soils shows that grain yield 

of barley, was greater with the clayey soil than the sandy soil. 

Average yield obtained by the clayey soil was 3 times as 

compared with that obtained by the sandy soil.  

The retarding effect of salinity exerted on plant growth 

decreasing tillering and grain yield may be alleviated by P 

fertilization.  
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Fig. (19): Effect of P-fertilization rate (R) on grains yield (g/pot) of 

barley plants grown on the sandy and clayey 

soils(average of the 2 soils) under irrigation with dilited 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (20):Effect of P-fertilization rate (R) on grains yield 

(g/pot) of barley plants grown on the sandy soil 

under irrigation with diluted sea water different 

salinity levels stress. 
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Fig. (21): Effect of P-fertilization rate (R) on grains yield 

(g/pot) of barley plants grown on the clayey soil 

under irrigation with diluted sea water of different 

salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation 

water of 0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS 

m
-1

 respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg 

P2O5/kg soil, R2 = 15 mg P2O5/kg soil; R3 = 30 mg 

P2O5/kg soil. 
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4.4.-Effect on nutrients uptake in barley plants: 

4.4.1.-Nutrients uptake in barley straw: 

4.4.1.1. - Nitrogen uptake in barley straw: 

Results in Table 11 and Figs. 22, 23 & 24 show the effect 

of treatments on N-uptake (mg/pot ) in the straw of barley plants 

grown on the sandy and the clayey soils.  

Results in Table 11 and Fig. 22 show that, on the average 

of the two soils, a non-significant decrease in N-uptake occurred 

with P application with no response as the rate increased rate. 

The main effect of P rate showed decreases of 3.3, 6.8 and 9.5% 

at R1, R2 and R3, respectively. This pattern of response occurred 

in the sandy soil in particular. In the clayey soil where each 

increase in P application rate was associated with non-significant 

increase in N-uptake in straw. 

Increasing salinity levels was associated with a significant 

decrease in N-uptake by straw under all the applied rate of P; the 

greatest decrease occurred when salinity level stress increased 

from S0 (EC = 0.90 dS m
-1

) to S1 (EC = 7.35 dS m
-1

). After this 

level of salinity the decrease in N-uptake became of less 

magnitude. Decreases averaged 25.7, 43.0, 61.0, 77.8 and 94.2% 

due to S1, S2, S3, S4, and S5 respectively. The decrease in N- 

uptake with increasing salinity reflects the low yield of straw 

obtained under salinity. 

Concerning N-uptake in the straw of barley plants grown 

on the sandy and the clayey soils, results of Table 11 and Figs. 

23 & 24 indicate that the effect of increasing salinity levels 

stress on N uptake in barley straw under increased rate of P 

showed similar trends in both soils. However, the effect was 
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more pronounced in the sandy soil than in the clayey one. 
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Fig. (22): Effect of P-fertilization rate (R) on N-uptake (mg/pot) by 

straw of barley plants grown on the sandy and clayey 

soils (average of the 2 soils)under irrigation with diluted 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (23): Effect of Pfertilization rate (R) on N-uptake (mg/pot) by 

straw of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (24): Effect of P-fertilization rate (R) on N-uptake (mg/pot) by 

straw of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.1.2 - Phosphorus uptake by barley straw: 

The values of P uptake (mg/pot) as affected by P 

fertilization under increased salinity levels stress are show in 

Table 12 and illustrated by Figs. 25, 26, & 27. 

Results show that, on the average of the two studied soils, 

application of P fertilizer at increased rate shows effect which 

showed no statistical significance at the level of main effect up 

take slightly increased at R1 application then decreased at R2 and 

R3 of P (Fig. 25). The main effect of P rate shows an increase of 

5.1% at R1, and a decreases of 12.1 and 17.6% at R2 and R3, 

respectively; in the sandy soil in particular.  

Concerning the effect of salinity level on P-uptake in 

straw, results in Table 12 and Fig. 25 show that the increased 

salinity levels has a depressive effect on phosphorus uptake by 

barley straw P, and the effect was more pronounced at the 

highest levels of salinity stress. No significant difference 

occurred, in P uptake, between salinity levels S0 (EC = 0.90 dS 

m
-1

) and S1 (EC = 7.35 dS m
-1

), whereas, significant differences 

occurred, in P uptake, between S0 and each of S2, S3, S4 and S5. 

The highest P uptake occurred at R2 of P fertilizer application 

under salinity level stress S1 (EC = 7.35 dS m
-1

), whereas the 

lowest P uptake occurred at the same rate of P under the highest 

level of salinity stress.  

Results in Table 12 and Figs 26 & 27 show that the 

effect was almost similar in the two soils with some exceptions. 

In the case of the sandy soil, P uptake was the highest at R1 of P. 

Increasing salinity level was associated with an increase in P 
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uptake up to salinity level S3, after this level of salinity P uptake 

tended to decrease gradually. The highest P uptake occurred 

under S2. In the case of the clayey soil, P uptake tended to 

decrease gradually with increasing P rate from R0 to R3. 

Increasing salinity level up to salinity level S1 decreased P 

uptake, then it decreased with increasing salinity. The highest P 

uptake occurred at S1. 

  Comparison between the two soils shows that uptake with 

the sandy soil was lower than with the clayey one. The P-uptake 

in straw of barley plants grown on the sandy soil was 1.02 times 

those in plants grown on the clayey one. The increase in P-

uptake in the straw of the barley plants with increasing P 

application under increasing salinity levels stress may be 

attributed to plant increasing needs to P for several biological 

and physiological activities (Mass et al., 1979).  
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Fig. (25): Effect of P-fertilization rate(R) on P-uptake (mg/pot) by 

straw of barley plabts grown on the sandy and clayey 

soils(average of the 2 soils) under irrigation with diluted 

sea water of different salinity stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (26): Effect of P-fertilization rate (R) on P-uptake (mg/pot) by 

barley plants grown on the sandy soil under irrigation 

with diluted sea water of different salinity levels stress. 
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Fig. (27): Effect of P-fertilization rate (R) on P-uptake (mg/pot) by 

straw of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.1.3 - Potassium uptake in barley straw: 

Results in Table 13 and Figs. 28, 29 & 30 show no 

definite pattern of res parse to P application in some eases, an 

increase in K-uptake occurred by P application as the case with 

the sandy soil under conditions of S1 when P gave 15.9 to 20,6% 

increase in other cases there was a decrease of 21.2, 20.7, and 

40.2% respectively by R1, R2, and R3 under conditions of S0, 

decreased with increasing P application rate under the increased 

salinity levels stress. The decrease in K- uptake reflects. 

Increasing salinity level greatly decreased K-uptake and the 

highest decrease occurred with increasing salinity levels stress 

from S0 (EC = 0.90 dS m
-1

) up to S2 (EC = 12.80 dS m
-1

); after 

this level of salinity stress, the rate of decrease in K uptake 

decreased.  
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Fig. (28): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by straw of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation 

with diluted sea water of different levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water 

of 0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg 

soil, R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (29): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by straw of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (30): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by straw of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 



Results & Discussion 141 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 

4.4.1.4 - Sodium uptake in barley straw: 

  Sodium uptake in barley straw as affected by applying P under 

different levels of salinity is presented in Table 14 and 

illustrated by Figs. 31, 32 and 33. There was no definite pattern 

(the some as occurred with K-uptake). The main effect show no 

significant response due to P application. There were cases of an 

increase in Na uptake due to P application such as occurred in 

the clay soil under S0, S1, and S2; and then it decreased with 

increasing the rate of the applied P in the sandy soil under S4; 

the highest decrease in Na uptake occurred at R2 of P. Under the 

increased salinity level stress. Increasing salinity levels from S0 

up to S3 was associated with an increase in Na-uptake under all 

rates of the applied P particularly with the sandy soil; the highest 

increase of 36.5% occurred under conditions of the sandy soil 

and due to S1. After this level of salinity level and up to salinity 

level S3, Na-uptake tended to decrease but staged higher than 

that of S0. The highest decrease in Na-uptake occurred under 

salinity level stress S5 . This pattern of response may be 

attributed to the antagonistic effect between Na and K, since 

decreased K uptake was associated with increased (See Tables 

13 and 14).  

Concerning the sandy soil, although the response to P 

showed no statistical significance data in Table 14 and Fig. 32 

show that application of fertilizer-P resulted in a decrease in Na-

uptake in barley straw. On the other hand response to increasing 

salinity showed significance. Salinity was associated with a 



Results & Discussion 142 

progressive increase in Na-uptake. The highest increase occurred 

with increasing salinity level stress from S0 to S1, then an the 

increase occurred gradually with the rate of increase in Na-uptake 

decreasing with increasing salinity levels. 

 As for the clayey soil, results in Table 14 and Fig. 33 show 

that Na-uptake by barley straw took a pattern different from that 

obtained in the sandy soil and that obtained on the average of the 

two soils. Na-uptake increased with increasing P application rate 

from R0 to R1 then tended to decrease with increasing the rate of 

applied P. The highest decrease occurred under R2 application. 

Also, results show that increasing salinity level stress from S0 up to 

S1 significantly increased Na-uptake. After this level of salinity, Na-

uptake tended to decrease, and the highest decrease was obtained at 

the highest salinity level stress. 

Comparison between the two soils shows that higher Na-

uptake was obtained by the sandy soil. Na-uptake in the straw of 

barley plants grown on the sandy soil was 1.05 times that in plants 

grown on the clayey one. The increase in Na-uptake by plants 

grown on the sandy soil as compared with that uptake by those 

grown on the clayey one could be attributed to that Na in the sandy 

soil occurred mainly in soluble form which is readily available for 

plant uptake and hence plants absorb high amount of it whereas in 

the clayey soil a considerable Na may be adsorbed on the surface of 

clay particles and other colloids. 
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 Fig. (31): Effect of P-fertilization rate (R) on Na-uptake 

(mg/pot) by straw of barley plant grown on the sandy 

and clayey soils (average of the 2 soils) under irrigation 

with diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (32): Effect of P-fertilization rate (R) on Na-uptake (mg/pot) 

by straw of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (33): Effect of P-fertilization rate (R) on Na-uptake (mg/pot) 

by straw of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.1.5 - Calcium uptake in barley straw: 

Results in Table 15 and Fig. 34, 35 & 36 show the effect 

of P application rate on Ca-uptake by barley straw under 

different levels of salinity stress in sandy and clayey soils. 

Results show that P application up to R1 slightly increased Ca-

uptake then it decreased with increasing the rate of applied P, the 

highest decrease occurred at R3 of P application. This pattern of 

response occurred in the clayey soil in particular. On the other 

hand, in the sandy soil, increasing P application rate was 

associated with a progressive decrease in Ca-uptake in barley 

straw; the highest decrease occurred at R2 of P. Also, results 

show that increasing salinity level stress was associated with 

significant decreases in Ca-uptake under all rate of the applied P. 

This pattern occurred in the two studied soils.  

Comparison between the two soils shows that higher Ca-

uptake was obtained by the clayey soil, this may be due to the 

high growth of plants obtained under condition of such soil 

compared with that obtained on the sandy one. 
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Fig. (34): Effect of P-fertilization rate (R) on Ca-uptake (mg/pot) 

by straw of barley plants grown on the sandy and clayey 

soils (average of the 2 soils) under irrigation with diluted 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (35): Effect of P-fertilization rate (R) on Ca-uptake  (mg/pot) 

by straw of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (36): Effect of P-fertilization rate (R) on Ca-uptake (mg/pot) 

by straw of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.1.6 - Magnesium uptake in barley straw: 

The values representing Mg-uptake (mg/pot) as affected 

by the individual and combined effect of phosphorus fertilization 

at increasing rate under increased salinity levels stress are 

recorded in Table 16 and illustrated graphically by Figs. 37, 38 

& 39. 

Data show that Mg-uptake in straw of barley plants, on 

the average of the two studied soils, took a trend almost similar 

to that occurred with calcium uptake in straw (Fig. 37). 

However, under conditions of the sandy soil Mg-uptake 

increased with increasing P application rate and the highest 

increase occurred at R2 of phosphorus fertilization (Fig. 38). 

Under conditions of the clayey soil the pattern of response was 

the same as that of the average of the two soils under study (Fig. 

39). Also, results of Table 16 show that, on the average of plants 

in the two soils under investigation, increasing salinity level 

stress from S0 up to S1 was associated with an increase in Mg-

uptake in barley straw. On the other hand, increasing salinity 

level stress from S1 up to S5 was associated with a significant 

decrease in Mg-uptake. This pattern of response occurred plants 

grown in the two soils although the effect was more pronounced 

in the sandy soil than in the clayey one.  
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Fig. (37): Effect of P-fertilization rate (R) on Mg-uptake (mg/pot) 

by straw of barley plants grown on the sandy and clayey 

soils (average of the 2 soils) under irrigation with diluted 

sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil,  

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (38): Effect of P_fertilization rate (R) on Mg-uptake (mg/pot) 

by straw of barley plants grown on the sandy soil under 

irigation with diluted sea water of different salinity 

levels stress. 
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Fig. (39):  Effect of P-fertilization rate (R) on Mg-uptake 

(mg/pot) by straw of barley plants grown on the clayey 

soil under irrigation with diluted sea water of different 

salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.2.-Nutrients uptake in barley grains: 

4.4.2.1. Nitrogen -uptake in grains: 

Concerning the effect of applied P at increasing rate on N-

uptake in barley grains under increased salinity levels stress data 

in Table 17 and Fig. 40 show that, on average of the two soils 

under study, there was a progressive increase in N-uptake with 

increasing P application rate up to R2 with the highest increase at 

R1 of P application, then it slightly decreased at R3. Also, results 

show that increasing salinity level stress significantly decreased 

N-uptake in barley grains. A considerable decrease occurred with 

increasing salinity level from S0 to S1, then the successive 

decreases were of less magnitude. This pattern of response 

occurred in the two soil under study and in the clayey soil in 

particular (Fig. 42). In the sandy soil N-uptake in grains 

increased at R1 and decreased at R2 then tended to increase other 

once at R3 of P application (Fig. 31). 

Comparison between the two soils shows that higher 

uptake was obtained by the clayey soil. N uptake by barley 

plants growing on of the clayey soil was 2.9 times of those 

growing on the sandy one. 
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Fig. (40): Effect of P-fertilization rate (R) on N-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (41): Effect of P-fertilization ate (R) on N-uptake (mg/pot) by 

grains of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (42): Effect of P-fertilization rate (R) on N-uptake (mg/pot) by 

grains of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.2.2. Phosphorous-uptake in grains: 

Concerning the effect of applied P at increasing rate on P- 

uptake in barley grains data in Table 18 and Fig. 43 show that, 

on the average of the two soils under study, there was an 

increase in P- uptake with increasing P application rate up to R1 

then decreased at R2 and slightly increased at R3 application. 

However, such a pattern of response occurred in the clayey in 

particular whereas, in the sandy soil P-uptake decreased with 

increasing the rate of applied P up to R2 then decreased at R3 of 

the applied P. Also, results show that increasing salinity levels 

was associated with a significant decrease in P-uptake under all 

of the applied P rates. 

Comparison between the two soil show that higher P-

uptake was obtained by the clayey soil. Values of P- uptake by 

plants of grown on the clay soil was 3.09 times of those in the 

plant growing on the sandy one. 
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Fig. (43): Effect of P-fertilization rate (R) on P-uptake (mg/pot) by 

grains of barley plants grown on the sandy and clayey 

soils (average of the 2 soils) under irrigation with diluted 

sea water of different salinity level stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (44): Effect of P-fertilization rate (R) on P-uptake (mg/pot) by 

grains of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (45): Effect of P-fertilization rate(R) on P-uptake 

(mg/pot) by grains of barley plants grown on the clayey 

soil under irrigation with diluted sea water of different 

salinity level stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.2.3. Potassium-uptake in grains: 

Results presented in Table 19 and illustrated by Figs. 46 , 

47 & 48 show the effect of the applied P at increasing rate on K-

uptake in barley grains under increased salinity levels stress in 

the investigated sandy and clayey soils. 

Results in Table 19 and Fig. 46 show that, on average of 

the sandy and the clayey soils, there was a progressive and non 

significant increase in K-uptake in barley grains with increasing P 

application rate up to R2 (15 mg P2O5 kg
-1

 soil) followed by a 

slight decrease with increasing P rate up to R3 (30 mg P2O5 kg
-1

 

soil). The main effect of P application showed increases of 1.37, 

4.48% at R1 and R2, respectively and a decrease of 1.30 at R3 of 

P application. However, there was an interaction caused by 

salinity level stress affecting effected of the rate of the applied P; 

under conditions of S2, a considerable significant.  

Regarding the effect of increased salinity on K-uptake in 

barley grains, results in Table 19 and Fig. 46 show that K-

uptake progressively and significantly decreased with increasing 

salinity levels stress up to salinity level S4 as compared with S0, 

and no significant differences occurred between S3 and S4; at S5 

K-uptake was 0.00 because no grains were obtained under this 

level of salinity.  

From the abovementioned discussion it could be deduced 

that K-uptake by grains depended on the rate of the applied P 

under the concerned salinity level stress. 

Concerning the sandy soil, results in Table 19 and Fig. 47 

show that K-uptake markedly decreased with increasing P rate up 
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to R1 then tended to increase with increasing P rate up to R3, the 

highest K-uptake occurred at R3. Also, results show that 

increasing salinity level up to S2 significantly decreased K-

uptake; beyond this level of salinity stress K-uptake was 0.00 

because of the no formation of grains at the high salinity levels 

stress. These was au interaetion caused by salinity when under 

conditions of S2, application of P resulted in formation of grains 

which is fern resulted in uptake of K which increased 

progressively with increased P rate. 

As for the clayey soil, results in Table 19 and Fig. 48 

show that the effect differed from that which occurred in the 

sandy soil, where K-uptake gradually increased with increasing P 

rate up to R2 then tended to decrease with increasing the rate of 

the applied P. The highest uptake occurred at R2 of P. Also, 

results show that the effect of the increase salinity level varied 

from that occurred in the sandy soil. In the clay soil K-uptake 

continued decreasing with increased salinity. In the sandy soil the 

decrease intoned until S2, beyond that plants died. This shows 

that the severity of increased salinity was excessive in the sandy 

soil.  

The depressive effect of salinity on barley was more 

pronounced in the sandy soil than in the clayey one. The clayey 

due to its high content of mineral and organic colloids which in 

turn adsorb on its surface and hence decrease the osmotic 

pressure of the soil solution and thereby plants could grow.  
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Fig. (46): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (46): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 
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Fig. (48): Effect of P-fertilization rate (R) on K-uptake (mg/pot) 

by grains of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 



Results & Discussion 167 

4.4.2.4. Sodium-uptake in grains: 

Results presented in Table 20 and illustrated by Figs. 49 , 

50 & 51 show the effect of the applied P at increasing rate on Na-

uptake (mg/pot) in barley grains under increased salinity levels 

stress in the investigated sandy and clayey soils. 

Results in Table 20 and Fig. 49 show that, on the average 

of the sandy and the clayey soils, there was a progressive and non 

significant decrease in Na-uptake in barley grains with increasing 

P application rate up to R3 (30 mg P2O5 kg
-1

 soil); the highest 

decrease occurred at R1 (7.5 mg P2O5 kg
-1

 soil) and the lowest 

one occurred at R2 (15 mg P2O5 kg
-1

 soil) of the applied P rate. 

The main effect of the applied P rate showed decreases of 19.32, 

5.60 and 8.49% at R1, R2, and R3, respectively. According to the 

main effect of the rate, it could be reported that application of P-

fertilizer at a low rate greatly decreased Na- uptake by barley 

grains; this may be due to the high content of K in grains and to 

the antagonistic effect between the two ions (i.e Na
+
 and K

+
). 

Also, form the results presented in Table 14 & 20 it could be 

noticed that the Na
+
 content in grains is lower than that in straw; 

this indicate that Na
+
 ions tend to accumulate in straw rather than 

grains. This pattern of response occurred in the two studied soils 

particularly in the sandy one. 

Regarding the effect of the increased salinity levels stress 

on Na-uptake in barley grains, results in Table 20 show that Na-

uptake significantly increased with increasing salinity levels 

stress up to salinity level S1 as compared with S0, then tended to 

decrease with increasing salinity level stress up to S2. After this 
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level of salinity, Na-uptake decreased gradually till it reached 

zero at S5 and there was no difference in Na-uptake at S3 and S4. 

The decrease in Na-uptake in barley grains with increasing 

salinity level stress could be attributed to the low grains yield 

which was obtained at the high levels of salinity. This pattern 

occurred in the two studied soils ( Table 20 and Figs. 50 & 51) 
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Fig. (49): Effect of P-fertilization rate (R) on Na-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (50): Effect of P-fertilization rate (R) on Na-uptake (mg/pot) 

by grains of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (51): Effect of P-fertilization rate (R) on Na-uptake (mg/pot) 

by grains of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.2.5. Calcium-uptake in grains: 

Results presented in Table 21 and illustrated by Figs. 52, 

53 & 54 show the effect of the applied P at increasing rate on 

Ca-uptake (mg/pot) by barley grains under increased salinity 

levels stress in the investigated sandy and clayey soils. 

Results in Table 21 and Fig. 52 show that, on the average 

of the sandy and the clayey soils, Ca-uptake (mg/pot) markedly 

increased with increasing P application rate up to R1 (7.5 mg 

P2O5 kg
-1

 soil) and slightly increased with the rate up to R2 (15 

mg P2O5 kg
-1

 soil) then tended to be markedly decreased at R3 

(30 mg P2O5 kg
-1

 soil) of P rate ; the highest Ca-uptake occurred 

at R1 (7.5 mg P2O5 kg
-1

 soil) and the lowest one occurred at R3 

(30 mg P2O5 kg
-1

 soil) of the applied P rate. The main effect of 

the applied P rate showed increases of 13.86 and 2.44% , and a 

decrease of 15.38% at R1, R2, and R3, respectively. According to 

the main effect of the rate , it could be reported that application 

of P-fertilizer at a low rate increased Ca- uptake by barley grains 

and decreased it when applied at a high rate. The decrease in Ca-

uptake by increasing the rate of applied P may be due to the 

precipitation of Ca as Ca3(PO4) out of the rahizosphere zone by 

adding high amount of P-fertilizer and also to the low grains 

yield obtained at the high rate of applied P. This pattern of 

response occurred particularly in the clayey soil, however, in the 

sandy soil Ca- uptake in barley grains increased with the rate and 

the highest increase occurred at R1 of P.  

Regarding the effect of the increased salinity levels stress 

on Ca-uptake in barley grains, results in Table 21 show that Ca-

uptake greatly and significantly decreased with increasing 
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salinity levels stress up to S2 as compared with S0, then tended 

to decrease gradually with increasing salinity level stress up to 

S4. After this level of salinity, Ca-uptake reached zero at S5 

owing to no grain yield was obtained at this level of salinity. 

The decrease in Ca-uptake in barley grains with increasing 

salinity level stress could be attributed to the low grains yield 

obtained with increasing salinity level stress. This pattern 

occurred in the two studied soils (Figs. 53 & 54). 

Comparison between the two soils shows that the highest 

uptake was obtained by the clayey soil whereas the lowest one was 

obtained by the sandy soil. 
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Fig. (52): Effect of P-fertilization rate (R) on Ca-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig. (53): Effect of P-fertilization rate (R) on Ca-uptake (mg/pot) 

by grains of barley plants grown on the sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (54): Effect of P-fertilization rate (R) on Ca-uptake (mg/pot) 

by grains of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 
R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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4.4.2.6. Magnesium-uptake in grains: 

Concerning the effect of applied P at increasing rate on 

Mg-uptake (mg/pot) in barley grains data in Table 22 and Figs. 

55, 56 & 57 show that there was a decrease in Mg-uptake with 

increasing P application rate except with R2, where Mg-uptake 

slightly increased as compared with R0 (Fig. 55). 

The main effect of the applied P rate under increased 

salinity levels stress showed decreases of 21.67 and 30.75% at 

R1 and R3, respectively; and an increase of 0.30% at R2 of the 

applied P. However, such a pattern of response occurred in the 

clayey soil in particular, whereas, in the sandy soil each 

increase in P application was accompanied with an associated 

decrease in Mg uptake. The highest Mg-uptake occurred under 

conditions of the clayey soil at R2 of the applied P whereas the 

lowest Mg-uptake occurred conditions of the sandy soil at R2 of 

applied P (Figs. 56 & 57). 

As for the effect of salinity levels stress on Mg-uptake 

under application of P-fertilizer at increased rate results of Table 

22 and Figs. 55, 56 & 57 show that increasing salinity level 

stress from S0 (EC = 0.90 dS m
-1

) to S2 (EC = 12.80 dS m
-1

) 

drastically decreased Mg-uptake in barley grains. On the other 

hand, increasing salinity levels stress from S2 up to S5 was 

associated with a gradual decrease in Mg-uptake; this holds true 

in the two studied soils. The decreased in Mg-uptake in barley 

grains by increasing salinity level stress could be attributed to the 

low grains yield obtained under the increased salinity levels 
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stress which would be reflected on decreased nutrients uptake 

including Mg.  

Comparison between the two soils show that the highest 

Mg-uptake was obtained by the clayey soil whereas the lowest 

one was obtained by the sandy soil. 

From these results it could be deduced that P- fertilizer 

increased the tolerance of barley plants to the hazards of the 

increased salinity levels stress and the increase being depended 

upon the applied P rate under the considered salinity level. The 

response of barley plants to P-fertilization under the increased 

salinity levels stress was more pronounced in the clayey soil than 

in the sandy one; this probably may be due to its high buffering 

capacity compared with that of the sandy soil which would affect 

the osmosis of the soil solution by decreasing it through the 

adsorption of ions on the surface of soil colloids and thereby 

reducing the harmful effect of salinity and sodicity on the 

growing plants. Al-Karaki (1997) reported that high 

concentration of soluble P around barley root decreased Na
+
 and 

increased K
+
 concentrations in shoots, and that accumulation of 

mineral ions for osmotic adjustment and restriction of Na
+
 

accumulation in shoots was involved in P enhancement of 

tolerance of plant. 
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Fig. (55): Effect of P-fertilization rate (R) on Mg-uptake (mg/pot) 

by grains of barley plants grown on the sandy and 

clayey soils (average of the 2 soils) under irrigation with 

diluted sea water of different salinity levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35, 12.80, 14.80, 18.10 and 23.50 dS m
-1

, 

respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 
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Fig (56) Effect of P-fertilization rate (R) on Mg-uptake (mg/pot) 

by grains of barley plants grown on sandy soil under 

irrigation with diluted sea water of different salinity 

levels stress. 
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Fig. (57): Effect of P-fertilization rate (R) on Mg-uptake (mg/pot) 

by grains of barley plants grown on the clayey soil under 

irrigation with diluted sea water of different salinity 

levels stress. 

S0, S1, S2, S3, S4 and S5 the salinity of irrigation water of 

0.90, 7.35,  

12.80, 14.80, 18.10 and 23.50 dS m
-1

, respectively. 

R0 = no addition of P-fertilizer; R1 = 7.5 mg P2O5/kg soil, 

R2 = 15 mg P2O5/kg soil; R3 = 30 mg P2O5/kg soil. 


