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ABSTRACT: This experiment was carried out on five calcareous soils
varied in their content of CaCO; (%) and other soil properties to study the
effect of individual and combined applications levels of phosphate fetilization
and irrigation water salinity and sodicity on some properties of these soils
and its productivity .

A pot experiment was carried out in split split plot design with three
replicates, where the main plots pluts were the used calcareous soils, the
sub plots were application rates of P fertilization and the sub sub plots were
irrigation water salinity and sodicity levels .The tested P levels were 0, 50,
100 and 200% of recommended dose (RD) for barley(300Kg superphosphate /
fed) which used as tested plant. Five irrigation water sources varied in their
salinity and sodicity levels were used in this study .

The obtained data show a clear increase of soil content of both total soluble
salts and soluble ions with irrigation by the tested saline water and also with
the increase of added P.

The obtained dry matter yield of both straw and grains of barley plant were
decreased with the increase of irrigation water salinity and sodicity . The
decrease associated with the increase of water sodicity levels were higher
than that resulted from the increase of water salinity levels . On the other
hand , increasing of added P resulted in an increase of obtained dry matter
yield . The high dry mater yield was found in the soils irrigated with tap water
at P level of 200% of RD . Also , the obtained dry matter yield was greatly
affected by the studied calcareous soils properties.

Straw and grains of barley plants content of N, P and K was greatly affected
by the studied treatments and soil properties.This content was decreased
with the increase of irrigation water salinity or sodicity, where it was varied
widely with P fertilization . The significant levels of relationships between the
content of these nutrients and soil properties were varied from nutrient to
another.

Key words: Water quality, Phosphate fertilization, Calcareous soil, Barley,
Soil properties and Nutrients content.

INTRODUCTION

Barley is major cereal crop for human and animal feeding as well as in
malt industry. There for more efforts and studies are necessary to improve
its productivity.
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Ragab et a/ (2008) showed that, soil electrical conductivity increased as a
result of increasing salinity levels of irrigation water, it is more pronounced
in calcareous soils. This may be due to the great surface area of the fine
particles, which adsorb more soluble and exchangeable cations of saline
solution. Abou Hussien and Barsoum (2002), found a significant increases in
soil EC and also the concentration of soluble Ca”, Mg* and Na’ in
calcareous soil as a result of irrigation with saline solution.

Ragab et a/ (2008) fund that, irrigation water salinity are a significantly
effect on affected weight of 100 grains and finally grain and straw yieid plant
wheat. The magnitude of this decrease depends on salinity level where it
increased with the increase of salinity level. This may be due to a possibility
that plants grown under saline condition utilize energy for osmotic
adjustment process at the expense of growth and the most important factor
which is the high soil water potential, hence the water flow from soil to plant
is very much limited under saline conditions. The responses of wheat grain
and straw yields were negatively and highly correlated with soil salinity and
in particular with the mean soil salinity in the top 50 cm .

Khalil (2000) found that, the correlation coefficient and regression
analysis showed clearly the positive correlation between available P and
each of clay, silt native P, CEC and OM while it were negative with sandy
fractions, CaCO; and EC values. The availability of P in soil decreases as
soon as the phosphorus fertilizers added to the soils. Shen et al (2004) found
that the dominant P; (inorganic phosphate) fraction in the calcareous soil at
the long-term filed trial with NPK treatments were Ca-P(69-71% of total P)),
Fe-P (11 -12%) , O-P (11-12%), and Al-P (7 -8% of total P)).

This study was carried out to study the individual and combined effect of
irrigation water salinity or/and sodicity and rate of phosphate fertilization on :
1) Some chemical properties of calcareous soils and 2)Growth of barley
plants and its chemical composition.

MATERIALS AND METHODS

Soil sampling and irrigation water.

Five surface (0-20 cm) samples of different calcareous soils varied in their
content of CaCO, were selected from different five areas i.e. EI-Bostan
{Behara Governorate); Terat Ei-Nasr (Alexandria Governorate); Kilo 52 Cairo-
Alexandria Desert way (El-Giza Governorate); El-Nobariya (Behara
Governorate); and Borg El-Arab (Alexandria Governorate). The collected soil
samples of each area air- dried, good mixed ground to pass through a 2mm
sieve and the fine soils (>2mm) were kept and analyzed for some physical
and chemical properties (Table 1) as described by ( Black 1965; Cottenie et a/
1982 and Page et af 1982).
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Table (1): Some physical and chemical properties of the studied calcareous
soils.
a-Physical properties

Soil number
Soil properties
Soil1 | soil2 Soil 3 Soil 4 Soil 5
Particle size distribution(%)

Corse sand 68.8 41.2 55.8 56.8 234

Fine sand 25.5 344 20 7.7 41.5

Silt 4.2 113 21.8 331 21.6

Clay 1.5 131 24 24 135
Texture class Sandy Loam-sandy Loamsandy Sandyloam Sandyloam

Total CaCO; (%) 3.8 11.4 194 294 42.2

Active CaCO; {%) 1 4.6 10 14 18.8

W.H.C (%) 25.7 27.4 30.7 334 40.50

a. without CaCO; removal b. with CaCO; removal

b- Chemical properties

Soil_ Unit Soil number
properties Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
o.M % 0.3 0.4 0.9 1.76 187 |
pH  (1:2.5) soil :water 7.87 7.88 7.92 8.1 8.01
EC l dsm™ 1.61 2.83 12.65 8.2 7.22
Soluble ions (meg/100g)
| co 0 0 0 0 0
HCOy 1.56 1.56 2.25 1.3 1.82
cr 6.93 11.88 82.67 60.3 43.46
So* 7.68 14.85 41.58 20.43 26.99
ca® 6.42 10.16 31.27 19.02 23
Mg” 2.85 6.83 22.9 11.46 19.54
Na' 6.5 10.4 69.62 50.42 28.43
K 0.4 0.9 2.7 1.1 1.3
| Available-P(mg/kg) { 0.21 ] 0.62 0.72 0.57 0.22
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Five irrigation water seurces (Nile or tap water and four of artificial
solutlons) varled in their salinity and sodicity and also in their content of Na’,
Ca? and Mg* were used in this study. The chemical composition of these
solution is recorded in Table (2). Also the chemical compostion of tap water
is listed in Table (3)

Table (2): Chemical composition of the used artificial irrigation solution.

Chemical composition Na’

TSS*
mg/l

Solution

mumber NaCl CaCl, MgCl. SAR

Concent.
mg/lt meq/! mg/l meq/t mg/l meq/l

A1B1 660.60 | 11.39 | 166.70 | 3.00 | 166.70 | 3.51 6.31 1000 666.60

A1B2 950.00 | 16.23 | 25.00 0.45 25.00 0.52 | 23.26 | 1000 950.00

A2B1 1660.60 | 28.48 | 416.70 | 7.50 | 416.70 | 8.77 9.97 2500 | 1666.60

A2B1 2375.00 | 40.52 | 62.50 1.12 62.5 1.36 36.75 | 2500 2375.00
*Total soluble salts mgil.

Table (3): Chemical analysis of tap water(Co).

Soluble ions (meq/L})
H EC Cati Ani
nions
PP dsm ations SAR
ca®™ | Mg” | Na* | K | co.” | HCO | CI | SO&
7.8 0.37 114 | 1.21 | 145|020 | 0.0 1.81 | 0.94 | 0.95 1.06

Greenhouse experiment

Plastic pots (300 pot) with 20 cm in diameter and 18 cm in depth were
used in this study. The pots were divided into five main groups (60 pot for
each group). Each pot of these five main groups was filled by 5 kg of one
calcareous soil. The pots of each main group were divided into equal four
sub groups. These sub groups were fertilized with superphosphate (15.5%
P,0s) at application rates of 0, 50, 100 and 200% of recommended dose (300
kg superphosphate/fed.). This rates equal 0, 0.15, 0.30 and 060 g
superphosphate/Kg soils. After that, the pots of each sub group (15pot) were
divided into five sub subgroups (3 pot for each sub subgroup) which
represent the treatments of the used irrigation solutions. The pots were
arranged in split split design with three replicates. Each piot was sowen with
eight seeds of barley and irrigated with tap water at 60% of water holding
capacity of each soil. After 15 days from sowen, the plants were thinned to
five plants for each pot. Each pot was fertilized with both ammonium nitrate
(33.5%N) 0.75 g NH;NO, /pot (equivalent to 50.25 Kg N fed™), and potassium
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sulphate (48-50% K:0) at rate 0.3g K,SO,/pot(equivalent to about 29.4 Kg K,0
fed™'). After that, the tested irrigation solutions were used for irrigation of the
five sub subgroups for each soil every three days by alteration between
artificial solutions and tap water by 2:1. The moisture content of pots must
be stiil at 60% of water holding capacity of each soil. After plants maturity,
the plants were harvested above the soil surface and separated the spike
from straw. Also, the grains were separated from the spokes. The separated
straw and grains were air-dried, oven dried at 70 -C until the weight become
content, weighted, ground and kept for chemical analysis. The obtained dry
weight for straw and grains were statistically analyzed according to
Sendecore and Cochran (1980). 0.2 g sample of the ground oven dry plant
samples was digested with 5 mi of concentrated H,SO, on hot plate.
Repeatedly small quantities of concentrated HCIO, were added until the
digest become clear and uncolored. The digest was diluted to 50 mi with
distilled water (Cottenie, 1980). The concentration of NPK were determined in
digest solution accerding to the methods of Page et al., (1982). The soils in
the pots of unfertilized treatment with P were taken from each pot
individually. The soil samples were air ~-dried , groued , good mixed, sieved
throw a 2mm sieve and analyzed for pH, EC and the content of soluble
cations and anins as prementioned with orginal soil samples .

RESULTS AND DISCUSSION

Soil pH, EC and content of soluble ions

The presented data in Table (4) show EC values of calcareous soils as
affected by salinity and sodicity levels of irrigation water. These values
indicates that, increasing irrigation water salinity and sodicity resulted in an
increase of calcareous soil EC values , The increases of EC associated with
increase of water salinity levels were higher than those resuited from the
increase of water sodicity Abou Hussien and Shaban (2008), and Abou
Hussien et al (2009) obtained similar results, where they reported that,
irrigation soils by low quality of irrigation water resulted in a clear increase of
soil content of total scluble salts.

Calcareous soils content (meq/100g soil) of soluble cations and anions
was clear affected by |rr|gat|on water salinity and sodicity (Table 4). The
content of soluble Na*, Ca*‘and Mg” and CI' were mcreased clearly with the
increase of water sahmty but K COa , HCO; and SO4 were weakly affected.
Also the content of Na®, CI' and SO,* were clearly increased with the increase
of water sodicity. In the five soils under study and also with different levels of
irrigation water salmlty and sodicity, the predominant soluble cation was Na*
followed by ca® , where the predominant soluble anions were CI” followed by
SO,”. These results are in agreement with the chemical composition of the
used water, Abou Hussien and Shaban., (2008); Abou Hussien et al., (2009),
and Fayed (2009) obtained similar resulits.
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Table (4): Some chemical properties of the studied calcarecus soils as
affected by saline irrigation water treatments.

| Studied | irrigation | PH | EC Soluble ions (meq!™)
soils water 4 Cations Anions
1-2.5 | dSm = - - . - - -
Treatment Ca Mg Na K HCO; Cl SO,
Co 787 | 231 | 6§92 | 529 | 1059 | 1.30 | 1.04 8.08 | 13.98
A1B1 786 | 234 | 570 { 530 | 11.90 | 1.40 | 1.21 | 1431 | 8.78
Soil1 A1B2 7.89 | 2.51 6.86 234 | 1448 | 1.42 1.34 16.85 | 6.91

A2B1 7.87 | 3.07 | 835 | 561 | 1523 | 1.5 160 | 1563 | 13.47
A2B2 7.80 | 3.80 | 8.81 243 | 2516 | 1.60 | 1.65 | 18.22 | 18.13

Means 2.81 743 | 419 | 1547 | 145 | 137 | 14.62 | 12.25

Co 7.88 | 3.62 9.70 | 653 | 18.23 | 1.74 | 1.66 | 23.00 | 11.54

A1B1 7.88 | 4.13 | 12.80 | 10.19 | 16.29 | 2.02 | 1.77 | 23.30 | 16.23

Soil2 A1B2 790 | 418 | 1253 | 1040 | 17.30 | 1.67 | 1.84 | 2237 | 17.59

A2Bt 7.88 | 489 | 18.23 | 1132 | 1811 | 1.24 | 186 | 13.73 | 33.31
A2B2 791 | 497 | 2116 | 11.27 | 1540 | 1.87 | 1.94 | 13.98 | 33.78

Means 436 | 1488 | 994 | 17.07 | 1.69 | 1.81 19.28 | 22.49

Co 792 | 7.78 | 16.80 | 11.18 | 4864 | 1.18 | 207 27.01 | 48.72

A1B1 7.91 | 822 | 2317 | 12.23 | 44.73 | 2.07 | 2.21 | 45.66 | 34.33

Soil3 A1B2 7.92 | 837 | 24.76 | 1311 | 43.80 | 2.03 | 233 | 41.15 | 40.22

A2B1 7.93 | 1013 | 25.20 | 19.87 | 54.02 | 2.21 2.50 | 47.60 | 51.20
A2B2 7.91 | 10.56 | 25.92 | 20.55 | §6.80 | 2.33 | 2.67 | 49.80 | 53.13

Means 9.01 } 2317 | 15.39 | 49.60 ; 1.96 | 2.36 | 42.24 | 4552

Ce 8.10 | 6.09 | 17.78 | 4.47 | 37.00 | 1.65 | 2.66 | 39.66 | 18.58

A1B1 810 | 6.61 | 2448 | 967 | 29.80 | 215 | 272 | 38.25 | 2513

Soil4 A1B2 811 | 6.70 | 2472 | 9.80 | 30.23 | 225 | 3.03 | 32.21 | 31.76

A2B1 811 | 7.83 | 2715 | 9.72 | 3888 | 255 | 3.09 | 40.21 | 35.00
A2B2 815 | 7.92 | 27.36 | 1202 { 3750 | 232 | 3.72 | 38.29 | 37.19

Means 7.03 | 2430 | 914 | 3468 218 | 3.04 | 37.72 | 29.53

Co 8.01 | 6.33 | 18.25 | 1242 | 30.71 | 1.92 | 3.64 | 30.41 | 29.25

A1B1 8.01 | 661 | 2284 | 1165 | 30.20 | 1.41 3.67 | 29.18 | 33.25

Soils A1B2 802 | 675 | 22.21 | 12.23 |"31.03 | 2.03 | 3.71 31.60 | 3219

A2B1 8.01 | 7356 | 28.25 | 1242 | 30.71 | 212 | 3.86 | 38.90 | 30.74
A2B2 805! 745 | 29.25 | 11.31 | 3211 | 1.83 | 3.92 | 40.12 | 30.46
Means 6.90 | 24.16 | 12.01 | 30.95 | 1.86 | 3.76 | 34.04 | 31.18
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Regarding to soil pH as affected by irrigation water salinity and sodicity,
the recorded data in Table (4) show, soil pH was increased with the increase
of water salinity and sodicity. The increase of soil pH associated with the
increase of water salinity was lower than that associated with the increase of
water sodicity. So the high values of soil pH were found in the treatments of
C2S2, where the lowest values were found with the treatments of tap water
(C0). Similar results were found by Abou Hussien et al. (1994); and Abou
Hussien and Shaban (2008) and Fayed (2009).

Plant growth and dry matter yield.

The presented data in Table (5) show the dry matter yield (g/pot) of straw,
and grain of barley plant grown on the studied calcareous soils, as affected
by levels of P fertilizer and irrigation water salinity and sodicity. Data show
that, the obtained dry matter yield of barley plants (straw and grains) was
significantly increased with the increase of added P with different sources of
irrigation water. These increases resulted from the important role of P on
plant growth and enzymes activity (Mengel and Krikby, 1987). Also these
findings were in agreement with those of Zhang et al (2006). So the high
obtained yield was found at application rate of 0.60 g superphosphate /Kg
soil. For example the dry matter yield of straw and grain on soil1 increased
from 11.32 to 15.06 and from 3.39, to 6.24 respectively when added P
increased from 0.00 to 0.60 g /Kg soil under the treatment of C0. These
results are in agreement with the finding of Khalil (2000) and Basak (2006).

Regard to the calculated equations intercepts, recorded in Table, (6) show
that the dry weight of, straw and grain were in agreement with the added P
level. The regression coefficients (r) for all equations were highly
significance. Reddy and Yada (1994); and Khalil (2000) obtained similar
relations, where they equation illustrated the effect of P application rates on
dry matter yield was highly positive significance.

The obtained relations which recorded in Table (7) show that the dry
matter yield of grain and straw was greater affected by the studied soil
properties. According to the obtained dry matter yield, the tested soii takes
the order: soil1> soil2> soil3> soil4> soil5. This trend was found with
different treatments of P fertilization and irrigation water. The obtained
variations of barley dry matter yield were attributed to the wide variations
among the properties of the studied calcareous soils. Table (7) shows a
negative relationships between the dry matter yield of barley plants and
cailcareous soils content (%) of CaCO,, and silt and soil pH. The negative
effect of these properties may be resuited from its reduce effect on nutrients
availability Abou Hussien and Barsoum, (2002); and Mohamad and Malakouti,
(2008) obtained similar results. Also the other hand, the negative effect of
calcareous soil content of total soluble salts may be resulted from its
negative effect on plant uptake of some nutrients and also may be resulted
from the effect of soluble salts on the uptake of water by plant {Cakmak, 2002
and Mohamad and Malakouti., 2008).
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Table (5): Dry matter yield (g/pot) of barley plants (straw,grain and total plant) grown on calcareous soils as
affected by soil properties, P-fertilization and irrigation water quality

Polevel g Straw Grain
-jeve =
glpot 2 soif1 | soil2 | soil3 | soila | sois | M@ 1 i1 | soit2 | soil3 | soila | soils | Means
e
Co 1132 1022 9.28 833 778 | 939 | 389 300 278 256 227 | 290
AB1T | 11.07 1015 8.95 774 762 | 9. 364 299 269 238 222 | 278
0.00 [A1B2 | 1096  10.08 8.86 763  7.51 9.01 333 297 266 234 215 | 269
A2B1 | 10.25  8.53 8.01 749 737 | 833 | 311 251 241 231 212 | 249
A2B2 | 9.38 8.49 7.98 747 720 | 812 | 284 249 240 230 2.1 2.43
Means 10.60 _ 9.49 8.61 773 7.59 879 | 3.36 279 259 238 247 | 266
Co 13.67 1126 1049 971 937 | 1088 | 480 401 373 344 300 | 385
AB1 | 1316  11.11 10.38 965 9.03 | 1067 | 494 395 368 341 298 | 379
075 [A1B2 | 1238  10.50 9.75 899 877 | 1008 | 473 374 346 318 2389 | 3.60
A2B1 | 11.69  10.10 9.39 867 862 | 969 | 462 361 334 307 28 | 350
A2B2 | 1129 945 8.94 843 843 | 9.31 413 336 318 299 278 | 3.29
Means 1242 1048 9.79 909 884 | 1012 | 468 373 348 322 292 | 361

Co 14.53 12.65 11.26 9.87 9.52 11.57 5.71 4.99 4.41 3.82 3.44 4.47
AiB1 14.26 12.04 10.84 9.64 9.07 11.17 5.55 4.76 4.25 3.74 3.28 4.32
1.50 A1B2 13.57 11.08 10.03 8.97 8.83 10.50 5.27 4.37 3.92 3.47 318 4.04

12 X4

A2B1 | 13.08 10.63 9.61 8.58 8.57 10.09 5.01 4.21 3.77 3.32 3.09 3.88
A2B2 12.11 9.92 9.19 8.45 8.35 9.60 4.76 3.92 3.60 3.27 3.01 3.7
Means 13.51 11.26 10.18 9.10 8.87 10.59 5.26 4.45 3.99 3.52 3.20 4.08

Co 15.06 13.03 11.70 10.37 9.28 11.89 6.24 5.28 4.64 4.00 3.53 4.74
A1B1 14.82 12.26 10.97 9.67 8.97 11.34 6.15 4.97 4.42 3.87 3.42 4,57
3.00 | A1B2 13.83 11.94 10.56 9.17 8.60 10.82 6.10 4.85 4.27 3.68 3.27 4.43

A2B1 13.65 11.64 10.30 8.95 8.39 10.59 5.76 4.71 4.15 3.568 3.20 4.28

A2B2 12.85 11.09 9.89 8.68 7.73 10.05 542 447 3.98 3.48 2.94 4.06
Means 14.04 11.99 10.68 9.37 8.59 10.94 593 4.86 4.29 3.72 3.27 4.42
G.Means 12.64 10.81 9.82 8.82 8.46 10.11 4.81 3.96 3.58 3.21 2.89 3.69
L..S.D.at.05
Straw Grains
Soils 0.37 0.14
Irrigation 0.38 0.18

P-levels 0.38 0.12
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Table (6): Relationships between straw and grain dry matter yield and added
P level.

Soil Straw Grains

number Equations r Equations r

Soil1 | DWs, = -0.5402P,%+2.7628P,+10.611 | 0.99 | DW¢,= -0.3072P,*+1.7579P,+3.4096 | 0.99

Soil2 | DWs; = -0.2275P,%+1.5175P,+9.4885 | 0.99 | DW,,=-0.2712Pa’+1.5058Pa+2.7825| 0.99

Soit3 { DWs3 = -0.2796P,*+1.5032P,+8.6686 | 0.98 | DWey= -0.2527P,’+1.3214P,+2.5965 | 0.99

Soil4 | DWs, = -0.3318P.*+1.4888P,+7.8487 | 0.94 | DW,, = -0.2343P,2+1,137P,+2.4105 | 0.99

Soil§ | DWss = -0.4344P,*+1.6197P,+7.6121 | 0.95 | DWgs= -0.2301P,2+1.0453P,+2.1984 | 0.99

P. = P added (mg/kg) , DWs =Dry weight for straw , DW= Dry weight for grain

Table (7): The relationships between some of studied soil properties (X) and
dry weight of barley straw and grain (Y)

Soil Straw Grains

properties Equations r Equations r

Sand % Y s= 0.0092x%-1.3316x +56.218 |0.5195| YG=0.0044x"-0.6329x +25.793 | 0.521§

Silt & clay [ Y s=0.0092x*-0.5123x +15.253 |0.5195|Y G = 0.0044x°-0.2374x +6.0177| 0.5215

Total CaCO; | Y s= 0.0033x*-0.2559x +13.482 [0.9958] Y G = 0.0012x’-0.103x +5.1102 | 0.9857

O.M% Y s= 9.0738x°-21.784x +18.184 |0.9496(Y G = 4.0438x°-9.6824x +7.2506] 0.9250

pH Y s= 20.81x°-343.04x +1422.1 10.9850]Y G = 7.7385x%-128.17x +533.58] 0.9740

EC y8 = 0.2279x" -3,1972x +20.01 {0.9728] yG= 0.1031x*-1.4335x +8.0928 | 0.9614

Av-P yS = 318.45x%-339.58x +98.937 [0.9877| yG=118.79x*-124.48x +35.533 | 0.9725
Ys= Straw Yg= Grains

Also the obtained relations show a positive effect of both soil content of
Av-P (mgkg‘1) on the obtained dry matter yield of barley plants. This positive
effect of the soil content of Av-P was resulted from the important role of P on
the enzymes activity and enhanced effect on some biochemical processes
within plant tissues (Basak, 2008).

The presented data in Table (5) show that , the obtained dry matter yieled
of both straw and grains of barley plants and its relative increase (Rl,%) were
grater negatively affected by irrigation water salinity and sodicity levels . This
negative effect was increased with the increase of water salinity and sodicity.
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Also this negative effect may he resulted from the negative effect of high
salinity levels of irrigation water on water uptake and absorption by plants.
Also the increase of water sodicity level resulted in a decrease of some
nutrients availability . These results are in agreement with the findings of
Nikos et al. (2003) and Fayed (2009).This negative effect of irrigation water
salinity and sodicity on barley dry matter yield was decreased with the
increase of added P . This effect was found in the five calcareous soils
understudy .

Chemical composition of barley plants:
-Nitrogen ( N)

Grains and straw of barley plants content (%or mg/kg) of N as affected by
calcareous soil properties, level of P fertilization and irrigation water salinity
and sodicity which recorded in Tables (8 and 9) show that, under the same
treatment of irrigation water, N concentration (%) of barley grains and straw
was decreased with the increase of added P. On the other hand, N uptake
{mgl/kg) of barley grain positively affected by the increase P fertilization. So
low N uptake was found with zero treatments of P fertilization. The negative
effect of P on N concentration was resulted from dilution effect of obtained
high dry matter yield associated with high level of added P. The obtained
effect of P fertilization on N concentration and its uptake of barley grains and
straw was in agreement with that found by El-Sherif (1997) ; Khalil (2000) and
El-Shennawi et al (2009).

Regarding to the effect of irrigation water salinity and sodicity on barley
grains and straw content of N, the recorded data in Tables ( 8 and 9 ) show
that, increasing the level of irrigation water salinity or sodicity resulted in a
decrease of N concentration and its uptake by barley. The found decrease
associated with the increase of irrigation water sodicity was higher than that
resulted from the increase of irrigation water salinity. This trend was
attributed to the negative effect of water salinity or sodicity on plant growth.
Thus high N concentration and its uptake of barley grains and

straw were found in the Co treatments. This trend was found with the
different soils at all application rates of P fertilizer. These resuits are in
agreement with the findings of Abou Hussien and Barsoum (2002) and
Shaban (2005) and Fayed (2009).

Nitrogen concentration and its uptake by grains and straw of barley
plants were great affected by the properties of the studied calcareous soils
(Table 8 and 9) . In most treatments under study, the arrangement of the
used soils according to N concentration and uptake of barley grains and
straw was soil number :1>2>5>4>3. This arrangement was in harmony with
the soil content of CaCO; (%). This content have wide variations among the
studied soils. These variations may be resulted from the effect of irrigation
water salinity and sodicity on soil properties and its effect on the plant
response to P fertilization. Similar results were obtained by Salam (1999) and
Adhami et al. (2006).
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Table (8): N concentration (%) and uptake (mg/pot) of barley straw as affected by soil properties,P-

fertlization and irrigation water quality.

P-level | lIrrigation N concentration % M Nuptake (mglpot)
eans Means
glpot | water | soilf | Soil2 | Soil3 | Soil4 | Soils Soit | Soil2 | Soil3 | Soil4 | Soils
Co 170 131 081 103 137 | 124 | 19244 13388 37.10 8580 11116
A1B1 159 4121 064 084 124 | 140 | 17601 12282 2848 65.02 87.36
0.00 A1B2 127 142 060 083 114 | 099 | 13919 11290 2592 63.33 8539
A2B1 122 082 050 075 106 | 087 | 12505 69.95 2035 56.18 aawa
A2B2 090 079 039 064 098 8442  67.07 13.69 47.81
Mean 134 105 059 082 116 4342 10132 2511 6363
Co 154 121 072 086 1.30 136.26 54.07 83.51 120.92
A1B1 125 112 055 079 0.98 12443 30.05 76.24 98,54
0.75 A1B2 145 091 054 075 096 9555 20.92 67.43 83.89
A2B1 102 090 038 072 093 | 90.90 19.76 62.42 0
q _A282 | 091 068 035 090 | 8426 1670
3 Mean | | " s
Co
A1B1
1.50 A1B2
A2B1
A2B2 78 |
Mean | 089 093 046 0vQ 092 | 080 | 13528 10595 2647
Co 101 103 050 082 1.09
A1B1 099 095 038 070 090
3.00 A1B2 088 091 036 068 088
A2B1 078 077 030 063 077
A2B2 065 071 021 057 070 |
"~ Mean | 085 087 035 o068 087 | 0.
- GMean | 109 095 048 074 0.99
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Table (9): N concentration (%) and uptake (mg/pot)of barley grain as affected by soil properties, P-
fertlization and irrigation water quality.
P-level | Irrigation N concentration % Means Nuptake (mgipot) Means
g/pot water | Soil1 | Soil2 | Soil3 | Soil4 | Soil5 Soit | Soil2 | Soil3 | Soil4 | Soils
Co 234 195 176 195 156 | 191 | 9103 5850 2499 49,92 3541
A1B1 195 156 117 195 156 | 164 | 7098 4664 16.03 46.41 34.63
0.00 A1B2 195 137 098 156  1.37 64.94 4069 13.03 36.50 2946
A2B1 195 147 081 156 117 60.66 2037 1013  36.04 24.80
| Az | 1se a7 oo 1 ose | 402 | 4430 2043 000 3151 206
Mean .. | 195 144 094 168 . 133 [ | 8638 4087 1284 4008 2
T co 195 176 176 1.76  1.56
A1B1 1.76 156 156 137  1.37
0.75 A1B2 156 137 137 137 137
A2B1 156 137 137 147 137 |
A2B2 137 147 117 147 098 |
" Mean 164 145 145 137 133
" Co 195 176 1.6 1.56
A1B1 176 176 137 1.37
1.50 A1B2 1.56 176  1.17 147
A2B1 137 156 147 0.98
| A2 137 147 147 0.98
T co 195 176 156 1. 12168  92. . . .
A1B1 156 156 137 147 147 95.94 77.53 38.63 4528  40.01
3.00 A1B2 156 156 122 147 098 i 9516  75.86
A2B1 137 137 115 147 098 [ 1% 78.91  64.53
A2B2 117 147 098 078 098 | 102 | 6341 5230
7 Mean 152 148 126 108 140 | 1.29 | 9102 7259 34
”ié"'u"léénf., i' 168 149 123 137 1.24 1.40 | 79.94  59.98
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The combined effect of phosphate fertilization and irrigation...............

As for the specific relationship between N concentration and uptake with
soil properties in Table (10 and 11) indicate significant and positive relation
with bulk density and hydraulic conductivity but these relations were
negative with CaCO,, with (N)% . But these relations were significant and
negative correlations with pH, and the content of soluble cations and anions .
On the other hand significant and positive relations correlation were found
with the soil content of Av-P, and N concentration (%).

Table (10). Relationship between soil properties (X)and N uptake (mg/kg) (Y).

Soil Straw Grains

properties' Equations r Equations r
Sand % | Y sn=0.0092x-1.3316x +56.218| 0.5195 | Y Gn= 0.0044x>-0.6329x +25.793 | 0.5215
Silt & clay |Y sn= 0.0092x%-0.5123x +15.253 | 0.5195 |Y Gn = 0.0044x°-0.2374x +6.0177| 0.5215
Total CaCO;|Y sn= 0.0033x>-0.2559x +13.482| 0.9958 | Y Gn = 0.0012x%-0.103x +5.1102 | 0.9857
O.M% |Y sn=9.0738x’-21.784x +18.184 | 0.9496 |Y Gn = 4.0438x°-0.6824x +7.2506] 0.9250
pH Y sn= 20.81x°-343.04x +1422.1 | 0.9850 |Y Gn = 7.7385x"-128.17x +533.58| 0.9740
EC ySn = 0.2279x* -3.1972x +20.01 | 0.9728 | yGn= 0.1031x%-1.4335x +8.0928 | 0.9614
Av-P  lySn=-142.75x*+2776.5x -13380| 0.7423 | yGn= -81.73x*+1591.1x -7667.2 | 0.6360

Ysn= Nitrogen in straw

Yen = Nitrogen in grains

Tabie (11). Relationship between soil properties and N concentration (%).

Soil Straw Grains

properties Equations r Equations r
Sand % | Y sn=0.0092x>-1.3316x +56.218 | 0.5185 | Y Gn= 0.0044x°-0.6329x +25.793 | 0.5215
Silt & clay | Y sn=0.0092x*-0.5123x +15.253 | 0.5195 | Y Gn = 0.0044x%-0.2374x +6.0177 | 0.5215
Total CaCO;| Y sn= 0.0033x’-0.2559x +13.482 | 0.9958 | Y Gn = 0.0012x-0.103x +5.1102 { 0.9857
O.M% | Y sn=0.0738x>-21.784x +18.184 | 0.9496 |Y Gn = 4.0438x’-9.6824x +7.2506 | 0.9250
pH Y sn= 20.81x-343.04x +1422.1 | 0.9850 |Y Gn = 7.7385x%-128.17x +533.58 | 0.9740
EC ySn = 0.2279x* -3.1972x +20.01 | 0.9728 | yGn= 0.1031x"-1.4335x +8.0928 | 0.9614
Av-P | ySn =108.07x"-124.82x +36.644 | 0.7655 | yGn= 38.857x’-41.894x +12.575 | 0.9883

Ysn= Nitrogen in straw

279

Yan = Nitrogen in grains




R.A. Khalil, S.A. Radwan, E.A. Abou Hussien and M.M.Hamad

Phosphorus (P).

The data of P concentration (%) and uptake (mg/kg) of barley grains and
straw affected by P fertilization, calcareous soils properties and irrigation
water salinity and sodicity which recorded in Tables (12 and 13 ) show that,
in the soils under study with different treatments of irrigation water
increasing levels of P application increased P content of barley grains and
straw. These increases were resulted from the increase P availability with the
increase of added P. Khalil (2000)., and Mehdi et al. (2002) obtained similar
results. The same data also show, increasing irrigation water salinity and
sodicity resulted in a clear decrease of barley grains and straw content of P.
This decrease which associated with the increase of irrigation water sodicity
was higher than that found with the increase of irrigation water salinity. This
negative effect of irrigation water quality on P content of barley grains and
straw decreased with the increase of added P. These results are in
agreement with that found by Mehdi ef al. (2002) and Shaban (2005).

Regarding to the effect of calcareous soils properties on P content of
barley grains and straw, the data of Tables ( 12 and 13 ) show that, there are a
wide range for the grains and straw content of P. This content was depended
on these soils properties and their effect on the nutrients availability and
plant growth. Under most treatments of P fertilization and irrigation water,
according to the grains and straw content of P the studied soils takes the
order: soil number: 1 >2> 3> 4> 5. In this respect khalil (2000) and Zhang et
al. (2006) obtained similar results. As for specific relationship between P
uptake (mg/kg) and soil properties, data in Tables (14 and 15) inclicated that,
there were significant and positive relations with the content of sand(%),
where these relations were negative with soil content of silt blus clay ,
CaCo0, ,0M, soil pH and soil porosity and the content of soluble cations and
anions .

Potassium (K)

Potassium (K) concentration (%) and uptake (mg/kg) of barley grains and
straw planted on the used calcareous soils irrigated with water varied in their
salinity and sodicity were great affected by application level of P fertilization
where the recorded data in Tables (16 and 17) show that, increasing added P
resulted in an increase of both k concentration and uptake by barley grains
and straw. These results were found in barley plants growing in the five soils
under different treatments of irrigation water. Also these results show an
increase effect of P on plant growth and K uptake by barley plants. These
results are in agreement with those found by Khalil (2000) ., Mostafa {2001)
and Rehan et al. (2002).
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Table (12): P concentration (%) and uptake (mg/pot) of barley straw as affected by soil properties, P-

fertlization and irrigation water quality.

P-evel |lrrigation P concentration % M P uptake (mgipot)
glpot | water ["Soii1 | Soil2 | Soild | Soild | Soils | .- | Soill | Soilz | Soil3 | Soild | Soils
Co 054 030 030 028 013 61.13  30.66 1374 2332  10.11
A1B1 | 049 026 021 020  0.10 54.24 2639 9.35 1548  7.62
000 | A1B2 | 045 026 019 018  0.08 49.32 2621 821 1373  6.01
A2B1 | 037 0418 045 014  0.06 3793 1535 611 1049 442
A2B2 | 034 016 043 043  0.05 31.89 1358 456 971 365
" Mean | D44 D23 020 018 008 90 2244 639 1455 636
1 cCo 076 036  0.39 4054 29.29 3010  25.30
A1B1 | 072 033 029 36.66 20.59 27.99  20.77
075 | A1B2 | 058 032 028 3360 1551 2068 17.54
A2B1 | 050 031 023 3131 1196 18.21 16.38
A2B2 | 037 o030 0.8 2835 859 16.02 10.12
.. Mean 5082 027 - 02 (3409 7fs 2260 1802 |
) 0.44 7590 29.96 31.58  28.56
AB1 | 079 058  0.38 69.83 2565 28.92 2177
150 | A1B2 | 075 037  0.30 4100 1872 2512 18.54
A2B1 | 062 028 0.26 29.76 1492 2059  9.43
A2B2 | 061 027 024 26.78 5.01
i Mean @073 042 . 032 16 48,66 ' 20,03 16,
Co 088 071 055 92.51
A1B1 | 084 042 041 51.49 22.43
300 | AB2 | 075 041 037 48.95 18.92
A2B1 | 072 036  0.31 41.90 16.78
A2B2 | 061 030 0.29 33.27 . 4.64 28,
. Mean - |-076 044  0.39 5363 2697 27.88 1840 | 4
© GMean | 063 035 0.30 39.70 1814 21.95 14.88
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Table (13): P concentration (%) of barley grain as affected by soilproperties,P-fertlization and irrigation
water quality.

P-level lirrigation P concentration % P uptake (mglpot)
- Means Means
glpot | water | soilt | Soil2 | Soil3 | Soil4 | Soil5 Soilt | Soil2 | Soil3 | Soil4 | Soils
| Co 073 062 060 048 043 2840 1860 852 1229 976 | 1551
A1B1 | 061 060 052 0.350  0.39 2220 1794 742 9.52 866 - 13.09
000 | A1B2 | 057 056 043 038  0.32 1898 1663  5.72 8.89 688 |. 11.42
A2B1 | 048 041 0.38 030 0.28 1493 1029 475 693 594 | . 857

A2B2 0.36 0.36 0.00 0.29 0.22 10.22 8.96 0.00 6.67 4.64

~ Mean | 085 051 038 037 033 1895 1a

T co 098 085 065 062 057
A1B1 | 086 083 061 056 040
075 | A1B2 | 065 062 059 048  0.36
A2B1 | 057 054 049 032 030

~48.90 17.03 1761 |
4248 3279 1543 1910  11.92

A2B2 | 048 048 048 030 028 |

r4:t4

Mean 1071 066 086 046 3514 1207 1490
Co | 154 080 073 073 .92 - 4491 1964  27.89
A1B1 | 138 085 069 069 064 | 085 | 7659 4046 1815 2581 2099
150 | A1B2 | 114 081 066 3540 16,04 2221 19.40
A2B1 | 090 076  0.61 3200 1476 1826 14.21
A2B2 | 076 065  0.51 2548 893 1570 1084 |
_ ﬂ' “Mean .. | 114 079 064 3565 1550 2187 4177 |

SRR e

Co | 1.56 1.38 095 e 7286 3145 3600 28.59
"AMB1 | 148 093 088 073 073 | 695 | 91.02 4622 2482 2825 24.97
300 | AB2 | 130 082 074 068 062 | 083 | 7930 3977 31.661 2502 20.27
A2B1 | 104 073 069 068 050 | 073 | 59.90 3438 28.635 2441 16.00
A2B2 | 098 069 062 052 049 | 066 | 5312 3084 24.645 1810 14.41

7614 - 4482 2822 2636 . 2085

Mean rm 081 076 070 66 6 | 7614
?s‘M_ean‘ -] 0.92 0.72 0.59 0.54 0.47 0.65 47.50 30.02 15.25 18.02 14.26-
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Table ( 14 ). Relationship between soil properties and(P) uptake(mg/kg).

Soil Straw Grains

properties Equations r Equations r
Sand % |Y sp=0.0092x%-1.3316x +56.218| 0.5195 | Y Gp= 0.0044x%-0.6329x +26.793 | 0.5215
Silt & clay |Y sp= 0.0092x>-0.5123x +15.253| 0.5195 | Y Gp = 0.0044x%-0.2374x +6.0177 | 0.5215
Total CaCOs! Y sp= 0.0033x%-0.2559x +13.482| 0.9958 | Y Gp = 0.0012x%-0.103x +5.1102 | 0.9857
O.M% Y sp=9.0738x>-21.784x +18.184 | 0.9496 |Y Gp = 4.0438x7-9.6824x +7.2506 | 0.9250
pH Y sp= 20.81x%-343.04x +1422.1 | 0.9850 |Y Gp = 7.7385x%-128.17x +533.58 | 0.9740
EC ySp = 0.2279x* -3.1972x +20.01 { 0.9728 | yGp= 0.1031x*-1.4335x +8.0928 | 0.9614
Av-P ySp= -142,75x*+2776.5x -13389 | 0.7423 | yGp= -81.73x*+1591.1x -7667.2 | 0.6360

Ysp= Phosphorus in straw

Ygp = Phosphorus in grains

Table (15). Relationship between soil properties and P (%)concentration .
Soil Straw Grains
properties Equations r Equations r
Sand % |Y sp=0.0092x%-1.3316x +56.218| 0.5195 | Y Gp= 0.0044x*-0.6329x +25.793 | 0.5215
Silt & clay |Y sp= 0.0092x°-0.5123x +15.253| 0.5195 | Y Gp= 0.0044x°-0.2374x +6.0177 | 0.5215
Total CaCO;|Y sp= 0.0033x-0.2559x +13.482| 0.9958 | Y Gp = 0.0012x°-0.103x +5.1102 | 0.9857
O.M% |Y sp=9.0738x"-21.784x +18.184| 0.9496 | Y Gp=4.0438x>-9.6824x +7.2506 | 0.9250
pH Y sp= 20.81x°-343.04x +1422.1 | 0.9850 |Y Gp = 7.7385x*-128.17x +533.58| 0.9740
' Ec | ySp = 0.2279x” -3.1972x +20.01 | 0.9728 | yGp= 0.1031x*-1.4335x +8.0928 | 0.9614
Av-P  |ySp=108.07x°-124.82x +36.644 | 0.7655 | yGp= 38.857x*-41.894x +12.575 | 0.9883

Ysp= Phosphorus in straw Ygp = Phosphorus in grains

Data in Table (16 and 17) show that, K content of barley grains and straw
varied widely from soil to another. This wide variation was resulted from the
presented wide variation among the studied soil properties and their content
of available K and other nutrients. The high concentration of K and its uptake
of barley grains and straw was found in the barley planted in soil1 followed
by that planted in soil 2 where the lowest content was found in the grains of
plants grown on soil 5. This trend was found with different treatments of P
.and irrigation water. Similar results were obtained by El-Sheikh (2000 and
2003) ., Mostafa (2001) and Rehan ef al (2002)
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Table (16): K concentration (%)} and uptake (mg/pot) of barley straw as affected by soil properties,P-
fertlization and irrigation water quality.

82

P-level | Irrigation K concentration % " K uptake (mglpot)
eans Means
g/pot water | Soil1 | Soil2 | Soil3 | Soil4 | Soils Soill | Soil2 | Soil3 | Soil4 | Soils
Co 130 174 106 093  0.61 143 | 14716 177.83 4855  77.47 4746 | 9968
A1B1 146 135 104 085 060 | 140 | 12841 13703 4628 6579 4572 | 84.65
0.00 A1B2 108 125 097 062 053 | 0:89 | 11837 12600 41.90 47.31 39.80 | 74.68
A2B1 101 124 088 058  0.51 0.84 | 10353 10577 3582 4344  37.59 23
A2B2 0.83 092 050 0.31 0.30 | g_s_?__ 77.85 78.11 17.55 2316  21.87
Mean .| 108 130 = 089 . 066 0.5 L 11506 12495 3802 - 5143 ,
Co 153 195 112 096 074 207.62 21957 8411  93.22  69.34 | 134.77
A1B1 140 170 106 092 065 184.24 188.87 75.26  88.78  58.70 | 11947
0.75 A1B2 105 153 103 083  0.60 120.99 160.65 57.08  74.62 5262 | 9499
A2B1 103 147 094 060 054 120.41 148.47  48.88 832y
A2B2 099 133 056 043 031 | 07 111.77 12569  26.71
" Mean: - | 120 160 @4 075 057 .01 | 150.81 168.656 5841 -
Co 176 198 141 109 095 | 25573 25047 96.02
A1B1 122 181 136 094 069 173.97 217.92  91.80 ‘ :
1.50 A1B2 118 155 110 077 055 160.13 171.74  68.64  69.07  48.57 | 10363
A2B1 112 149 090 069 0.55 146.50 15839 51.66  59.20 47.14 | 9258
A2B2 | 106 134 076 057 034 128.37 13293  34.43 74.46
[~ wean. 1427 463 141 081 062 17294 18629 6851
Co 1.80 223 141 114  1.00 271.08  290.57 120.27
A1B1 155 192 136 098 0.70 229.711 23539  114.10 5
3.00 A1B2 143 178 120 091 064 197.77 21253 7968  83.45 55.04 | 12565
A2B1 142 175 120 082 0.58 193.83 20370 61.32  73.39  48.66 | 116.18"
A2B2 093 158 0.80 061 0.45 ] 11951 17522 3624 5295 3479 | 8374
" Mean 143 185 119 089 067 | 121 | 20238 22348 8232 8465 56.82 | 130.31
G Mean 124 160 1.03 078  0.59 | 1.05 | 160.30 175.84 61.81  69.97 50.85 | 103.75
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Table (17): K concentration (%) and uptake (mg/pot) of barley grain as affected by soil properties, P-
fertlization and irrigation water quality.

P-level | lrrigation K concentration % M K uptake (mglpot)
T eans Means
g/pot water | soil1 | Soil2 | Soil3 | Soil4 | Soil5 Soilt | Soil2 | Soil3 | Soil4 | Soils
Co 094 070 067 058 058 | 069 | 3657 21.00 951 1485 1317 | 19.02
A1B1 083 058 055 054 054 | 061 | 3021 17.34 754 1285 1199 | 1599
0.00 A1B2 081 058 045 045 044 | 055 | 2697 17.23 599 1053 946 | 1403
A2B1 075 054 044 044 043 | 052 | 2333 1355 550 1046 9.2 1233
A2B2 | 070 047 000 038  0.32 )37 | 1988 1170 000 874 675 | 942 .
"~ Mean | 081 o057 042 048 046 | 056 | 27.39 1647 571 1143 1@ 14.16
Co 097 086 08 078 075 | 084 | 48.40 3449 2175 2683 2318 | 30.93
A1B1 087 075 070 070 061 | 073 | 4208 2063 1736 2387 1818 | 2640 |
0.75 A1B2 083 061 067 064 055 | 066 | 39.26 2281 1293 2035 1590 | 22.25
A2B1 061 055 052 045 | 058 | 3604 2202 990 1596 12.83 | 1935
A2B2 052 038 041 038 | o048 1747 631 1226 1056 | 15
5 " Mean | 083 067 063 061 055 "25.28  13.65 1986 16.13 | 2

Co
A1B1

091 086 081 073 | 088
083 078 070 062 | 078
1.50 A1B2 073 070 061 055
A2B1 070 067  0.58
A2B2 ©0.70 0.61 0.61 0.48

4541 2313 3094 25.11
39.51 2051 2618  20.34
31.90 17.01 2117 17.49
2047 1621 19,26  16.07
2391 1068 1570 13.24 '

~ Mean__ | o8 076 072 084 087 | « 3404 1751 2265 1845
Co 1.14 1.11 0.86 0.86 0.78 58.61 28.47 3440 27.53
A1B1 1.08 0.86 0.83 0.83 0.64 | 42,74
3.00 A1B2 0.94 0.81 0.80 0.70 0.55 Fv 39.29
A2B1 0.86 0.75 0.76 0.58 0.54 35.33 31.54 20.82
32.63 28.22 18.10

A2B2 0.83 0.73 0.71 0.52 048 |
Tos7_oms 07 o7 o |
0.71 0.64 0.61 0.55

788 4172 2915 2624 76 |
4268 2930 1650 20.04 16.11
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As for the specific relationship between K uptake (mg/kg) and
concentration (%) of barley straw and grains with some physical and
chemical soil properties which recorded in Tables (18 and 19) these data
indicate that, these relations were significant and positive with the content
of sand%, and the content of Av-P but these relations were negative
correlation with soil content of silt (%), total CaCO., and soil pH. Khalil (2000)
obtained similar relationships.

Table (18). Relationship between soil properties and(K) uptake (mg/kg).

Soil Straw Grains

properties Equations r Equations r

Sand % | ySk =-0.1363x2+25.556x-1022.1 | 0.92 | yGk =0.0004x2+0.8302x- 33.477 | 0.97

Silt&clay |ySk =-0.1363x2 + 1.705x +170.52| 0.92 |yGk = 0.0004x2 -0.9006x +53.061| 0.97

Total CaCO; | ySk =0.0547x2 - 6.0444x+205.86 | 0.98 |yGk = 0.0198x2 -1.6008x +52.277| 0.99

OM % ySk = 41.63x2 - 163.92x +219.82 | 0.99 |yGk=11.337x2-38.163x +53.379| 0.92

PH ySk = 430.84x2 - 7206.5x+30182 | 0.99 |yGk = 123.42x2 -2039.2x +8442.6| 0.98

EC ySk =5.9724x2 -86.681x +388.95 | 0.90 ! yGk = 1.5461x2 -21.47x +96.662 | 0.99

Av-P ySk = -142.75x2+2776.5x -13389 | 0.7423 | yGk= -81.73x2+1691.1x -7667.2 | 0.6360

Ysk= Potassium in straw " Yok = Potassium in grains

Table (19). Relationship between soil properties and K (%)concentration..

Soil Straw Grains

properties Equations r Equations r

Sand % | ySk=0.0004x2 - 0.028x + 0.6918 | 0.97 | yGk = 0.0004x2-0.031x +1.1237 | 0.99

Silt&clay | ySk=-0.1087x2 - 0.003x + 8.05693 | 0.87 |yGk = 0.8966x2-14.978x +63.177| 0.98

Total CaCO;| ySk =0.0004x2 - 0.028x + 0.6918 | 0.97 | yGk = 0.0004x2-0.031x +1.1237 | 0.99

OM % ySk = 0.016x2 - 0.5231x + 1.5708 | 0.92 |yCk = 0.0733x2-0.2985x +0.9473| 0.93

PH ySk = -0.1087x2 - 0.002x + 8.0593 | 0.837 |yGk = 0.8966x2-14.978x +63.177| 0.98

EC y Sk= 0.0244x2 - 0.3785x + 2.2293 | 0.65 |yGk =0.0163x2-0.2231x +1.4202! 0.97

Av-P ySk = 108.07x2-124.82x +36.644 | 0.76 |yGk= 38.857x2-41.894x +12.575! 0.98

Ysk= Potassium in straw Yex = Potassium in grains
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