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ABSTRACT:

This work aims to evaluate the effect of both salinity levels (normal
ECe < 4, moderate 4-8 and saline 8-16 dS/m) and soil effective depths
(shallow =~ 55 cm, medium =~ 80cm and deep = 120cm water table depths) on
sorghum productivity (Giza 15) grown during two successive seasons (2002
and 2003) on a Nile alluvial soil and calcareous one under ElI Fayoum
Governorate conditions.

The obtained results revealed that the tested soil salinity levels and
effective soil depths greatly affected some soil properties, i.e., soil bulk
density, total porosity, void ratio, air porosity, pore size distribution, water
retention and transmission in the studied two soil sites during the two
successive seasons. In addition, increasing soil salinity levels caused
significant decreases in the studied plant growth parameters, yield and its
components, i.e., plant height, panicle length, weight of 1000 grains, protein
content % and grain yield, which reached 36.98, 32.27, 20.45, 29.95 and
57.46% at the Nile alluvial soil vs 36.76, 33.31, 24.05, 33.75 and 59.14% at
the calcareous one, respectively, when soil salinity levels increased from S,
(normal soil) to Sz (saline soil).

Also, decreasing the studied effective soil depths led to deteriorate all
the aforementioned soil properties and grown plant parameters, where
reducing effective soil depths from deep to shallow water table led to
decrease plant height, panicle length, weight of 1000 grain, grain protein
content and yield by 32.48, 24.13, 11.64, 11.78, and 86.55% in the Nile
alluvial soil vs 34.2, 18.19, 11.97, 16.51 and 86.18% in the calcareous soil,
respectively. The negative interaction effect between soil salinity levels or
effective soil depth and plant parameters in the studied soils were clearly
defined. So, it should maintain soil salinity at low level and effective soil
depth at deep water table depth for producing high sorghum grain yield with
satisfactory quality.

Key words: Effective soil depth, soil salinity, water table depth, growth and
quality of sorghum.

INTRODUCTION:

Extensive area of land in the world, particularly in Egypt as an arid region,
have gone out of cultivation due to accumulation and build up of salts, ground
water table rises or its fluctuations, poor water management, inadequate drainage
and adverse soil characteristics or climatic conditions. Such factors are considered
to be effective factors causing and confirming soil salinization and consequently
accumulation of salts in soils, which lead to unfavorable soil water-air-plant
relationships, then decrease crop productivity. In Egypt, total area of salt- affected
soils reaches 2.21 million feddans, and represents 33 % of the agricultural area
(Ghassemi et al., 1995). As for ElI Fayoum area, Abd EI-Motaleb (1997) stated
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that soils were suffering from salinization (ECe > 8.0 dS/m) reaches 80812.5 fed in
1982, then increased to 115158.9 fed at 1995, and mostly are located surrounding
Qarun Lake at both districts of Sannuris and Abshway.

Ali et al. (2000) found that the values of bulk density increased, as well as,
total porosity and void ratio decreased when the ground water depth to be shallow.
Also, they added that the shallow water table depths or fluctuated water levels and
/or developed in arid or semi arid environments may have appreciable quantities of
exchangeable sodium ions that balancing the lattice of charged clay minerals and
this may impart adversely effects on some soil physical and chemical properties.
The macro pores that are better conductors of water go out of action with an
increase of suction. The water has now to move through micro pores, which offer
considerable resistance to its passage and consequently reduce its conductivity and
water table levels, (Olesen et al., 1997).

Navada et al. (1993) reported that experimental results have confirmed that
the hydraulic conductivity behaviour was more related to Na*/Ca’ ratio, where
lower hydraulic conductivity was occurred in dilute solutions of high Na*/Ca™" ratio
(EI-Samnoudi and Abou- Arab (2000a). Ibrahim at al. (2003) found that the
increases in soil salinity (ECe) and exchangeable sodium percentage (ESP) of the
soil caused significant decreases of both saturated hydraulic conductivity (Ksat) and
unsaturated hydraulic conductivity. Also, they reported that the Ksat and K6 values
were significantly increased with increasing water table depth.

Grain sorghum (sorghum bicolor L.) ranks as the worlds fourth most
important cereal crop. Three hundred million people are dependent upon it as a
cereal grain in the world, as it is generally adapted to producing high yields under
less favourable ecological conditions than required for corn. Also, it is one of the
most important cereal crops in Southern and Upper Egypt, where its area reached
150000 ha; production 800000 tons (FAO, 1991).

The current study aims to evaluate the effect of soil salinity levels and
effective soil depth on some soil properties of the Nile alluvial and calcareous soils
as well as their productivity for sorghum under EI Fayoum Governorate conditions.

MATERIALS AND METHODS:
a. Field experiments:

Two field experiments were conducted at two different soil sites. i.e.,
Menshiat Tantawy, Sannuris district (Nile alluvial soil, profiles Nos. 1-9) and
Demo, El Fayoum district (calcareous soil, profiles Nos. 10-18). Each soil site is
characterized by three effective soil depths (shallow W1 ~55 cm, medium W2~ 80
cm and deep W3~ 120 cm water table depths). Measurements of water table depths
(WTD, cm) were conducted using the observation wells by means of graduated
tape during the growth season (Morrison, 1983). Also, each area of effective soil
depths included three levels of soil salinity (ECe S1 <4.0, S2 4-8 and S3 8-16
dS/m). Thirty six pizometers were established on almost straight transects in each
site for measuring the fluctuations periodically of the ground water depth all over
the year.

The used design for the current field experiments was a complete randomized
block, with four replicates and an area of 10.5 m? (3.0 m width x 3.5m length) for
each plot. The distance between rows was 60 cm. The studied plots were planted
with sorghum (Sorghum vulgaris L., Giza 15) during the two summer seasons of
2002 and 2003, using the recommended management practices that typical as be
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used in each soil site. Sorghum seeds were planted manually in hills 20 cm apart
from each other the 20™ and 25" May for 1% and 2™ seasons, respectively. At
harvest (120 days from planting), sorghum plants were subjected to determine grain
yield and quality for each season.

Also, the grown plants in each site were received the different mineral
fertilizers, i.e., 150 kg/fed of superphosphate (15.5% P,0s) added prior to
cultivation, 250 kg/fed ammonium nitrate (33.3%N) added in two equal doses at the
first and second irrigation dates, and potassium sulfate (48 % K,0), at the rate of 50
kg/fed.

b. Methods and measurements:

* Soil analysis:

Disturbed and undisturbed soil samples were collected before planting and at
harvest of sorghum according to the effective soil depth, i.e., at 0-20 and 20-40 cm
in soil profiles 1, 4, 7, 10, 13 and 16 and at 0-20, 20-40 and 40-60 cm in other soil
profiles to determine some physical and chemical properties of the studied soils.

- Particle size distribution, soil particle density, bulk density, total porosity, void
ratio, air porosity, structure factor, pore size distribution and the hydraulic
conductivity have been conducted according to the methods described by Klute
(1986).

- Soil pH, ECe, soluble cations, soluble anions, CEC, exchangeable cations, ESP,
calcium carbonate contents and organic matter content were determined using the
techniques described by Page et al. (1982).

* Plant parameters:

- Plant height in cm was measured from the catolydonary at the head (panicle), dry
1000 grain weight in g, length of panicle in cm, dry grain yield/fed in ardab that
determined from the seed yield/plot of each treatment and grains protein content
% which was determined by estimating the total nitrogen percentage
calorimetrically by using the Orange dye method, according to method described
by Hafez and Hikkelsen (1981).

- The least significant difference (L.S.D.) was used to compare between the
averages (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSIONS:
I. Soil properties as affected by soil salinity levels and effective soil depths:

The physical and chemical characteristics of the two experimental soils are
shown in Tables (1 and 2). The data reveal that both Nile alluvial and calcareous
soils are characterized by light to medium texture grades (sandy to sandy clay
loam), as well as, different soil salinity levels. Both increase or decrease in any soil
variable as a percentage for a normal soil could be calculated from the mean values
of two successive seasons.

a) Soil bulk density:

As clearly shown in Table (3), values of soil bulk density of both the two
studied soils ranged from 1.51 to 1.68 g/cm?, and have been increased with depth
increments due to the reduction in volume occupled by a soil mass. It was also
noticed that increasing soil salinity levels resulted in increasing the values of soil
bulk density because of their pronounced hydrations and unfavourable soil
structure. Such findings fall in line with those of Jury et al. (1991) and El-
Samnoudi and Abou Arab (2000a).

b) Total porosity, void ratio and pore size distribution:
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The obtained values of total porosity (Table, 3) tended to decrease with depth
increments. Also, increasing salt content of the studied soils resulted in decreasing
the values of total porosity in the Nile alluvial soil by 2.79-13.93, 1.96-10.39 and
0.40-7.81% vs 6.38-9.66, 5.00-8.34 and 6.89-9.32 % in the calcareous soil at
shallow, medium and deep water table depths, respectively, when soil salinity
levels increased from S1 to S2 and S3 levels, respectively.

As a general trend, data in Table (3) indicate that the void ratio, which
represents the pore volumes: the soil solid volumes, showed a reduction existed in
its values for both the two studied soils with depth increments. Increasing salt
content of the studied soils resulted in decreasing the void ratio values in the Nile
alluvial soil by 1.61-6.45, 2.99-10.45 and 1.47-10.29% vs 3.03-7058, 5.88-8.82 and
2.78-8.33% in the calcareous one at shallow, medium and deep water table depths,
when soil salinity levels increased from S1 to S2 and S3 levels, respectively.

c) Air porosity and soil structure factor:

Air porosity values, as calculated by difference between soil total porosity
and the volumetric water contents, are shown in Table (3). The obtained data show
that air porosity tended to decrease with increasing soil depth as well as
considerable decreasing with increasing soil salinity in both the studied soil sites.
Increasing the soil salinity levels decreased the values of the air porosity by 5.96-
10.99, 9.86-9.95 and 6.12-10.08 % in the Nile alluvial soil vs 9.08-30.09, 14.92-
17.89 and 9.71-5.72 % in the calcareous one at shallow, medium and deep water
table depths when soil salinity levels increased from S; to S, and S, respectively.

This behavior can be attributed to false aggregates formation when soil
salinity increased in the Nile alluvial soil (profiles Nos. 1-9). Also, this behaviour
can be confirmed by increasing soil bulk density, which affects gaseous diffusion
as both reduce air porosities and diffusion. In addition, soil salinity levels affects
aggregates formation and both of aggregation index and structure factor, which
indirectly affect the gaseous and air- permeability and hence restrict air filled pores.

Also, increasing soil salinity levels resulted in decreasing the values of soil
structure factor by 3.88-15.53, 0.14-23.97 and 1.98-24.42% in the Nile alluvial soil
vs 10.30-24.63, 11.17-23.66 and 7.85 and 10.91% in the calcareous one at shallow,
medium and deep water table depths when soil salinity levels increased from S1 to
S2 and S3, respectively. These findings may be attributed to soil salinity levels,
which affect the aggregates formation and aggregation index, particularly when
increasing both soluble Na-salts and exchangeable sodium. Also the values of soil
structure factor increased with increasing water table depth due to the improvement
of soil aeration and biological activity. Such findings are in agreement with those
reported by Jury et al. (1991).

d) Water movement:

The values of Ksat in the Nile alluvial soil decreased with increasing soil
salinity by 14.95-38.79, 14.79-38.51 and 15.86-25.34% in the Nile alluvial soil vs
15.66-28.3, 16.27-22.05 and 13.60-27.68% in the calcareous one at shallow,
medium and deep water table depths when soil salinity levels increased from S1 to
S2 and S3, respectively, Tables (2 and 3). This may be due to the increase of soil
salinity prevent free swelling of colloids by reducing the quality of cation and
anion concentrations at their medial plane, as well as, the osmotic and hydrostatic
pressure differences. By the presentation of free swelling, the soil pores remain
open and the hydraulic conductivity values are improved. The values of saturated
hydraulic conductivity increased with increasing water table depth in both the Nile
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alluvial loamy sand and calcareous soils due to the improvement of soil structure in
the case of deep water table depth than those of high water table depth. In light
textured soils as the calcareous one the obtained trends fall in line with those of
Navada et al. (1993) and El-Samnoudi and Abou-Arab (2000a).

Table (1): Particle size distribution in the studied soils.

%’ . Particle size distribution %
= E | Profile | Depth
% g No. (cm) | c.sand | F.sand Silt Clay Texture class
[%2)
The Nile alluvial soil
1% 0-20 34.65 44.60 10.00 10.75 loamy sand
20-40 35.48 43.75 10.10 10.67 loamy sand
—_ 0-20 28.93 48.61 11.30 11.16 sandy loam
il 2** | 20-40 25.40 4370 | 1350 | 17.40 sandy loam
;?’ 40-60 2391 48.38 15.81 11.90 sandy loam
0-20 46.13 35.01 7.96 10.90 loamy sand
3** 20-40 35.95 35.05 18.10 10.90 sandy loam
40-60 36.75 42.10 13.21 7.94 loamy sand
4% 0-20 20.84 58.25 11.06 9.85 loamy sand
20-40 19.81 58.39 12.30 9.50 sandy loam
— 0-20 32.30 43.30 13.10 11.30 sandy loam
ﬁ Bx* 20-40 25.13 50.50 11.94 12.43 sandy loam
;)(, 40-60 29.70 45.03 12.60 12.67 sandy loam
0-20 37.42 40.11 10.10 12.37 loamy sand
6*** | 20-40 40.13 38.14 9.80 11.93 loamy sand
40-60 37.14 40.61 11.70 10.55 loamy sand
7% 0-20 29.70 48.83 9.12 12.35 loamy sand
20-40 27.48 50.31 8.39 13.82 loamy sand
= 0-20 40.31 37.83 9.21 12.65 loamy sand
- 8** 20-40 40.13 37.30 8.96 13.61 loamy sand
< 40-60 43.85 3214 9.05 14.96 loamy sand
@ 0-20 58.78 22.48 8.29 10.45 loamy sand
9*** | 20-40 41.21 32.18 13.10 13.51 | sandy loam sandy
40-60 34.22 40.15 12.10 13.53 loam
Calcareous soil
10 0-20 66.68 16.37 5.63 11.32 loamy sand
20-40 65.99 17.42 3.69 12.90 loamy sand
— 0-20 35.35 40.77 8.08 15.80 sandy loam
iy 11** | 20-40 46.66 31.50 4.37 17.47 sandy loam
;?’ 40-60 63.90 17.82 5.49 12.79 sandy loam
py 0-20 40.53 3353 9.34 16.60 sandy loam
N 20-40 51.34 19.88 11.10 17.68 sandy loam
40-60 54.00 25.06 6.27 14.67 sandy loam
13* 0-20 62.74 16.84 5.81 14.61 sandy loam
20-40 68.44 13.90 3.54 14.12 sandy loam
— 0-20 46.99 31.90 6.70 14.41 sandy loam
ﬁ 14** | 20-40 33.08 48.73 9.10 9.09 loamy sand
;(. 40-60 34.16 32.20 13.44 20.20 sandy clay loam
15% 0-20 57.91 16.49 8.54 17.06 sandy loam
* 20-40 64.03 24.43 3.53 8.01 loamy sand
40-60 81.31 5.58 5.62 7.49 loamy sand
= 16* 0-20 60.54 24.88 8.34 6.24 loamy sand
Q 20-40 69.75 14.76 9.68 5.81 loamy sand
@D 0-20 52.01 37.22 3.00 7.77 sand
& 17** | 20-40 45.98 31.93 12.04 10.05 sandy loam
40-60 50.88 31.30 7.14 10.68 sandy loam
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0-20
20-40
40-60

18**

*

41.55
55.09
40.93

26.01
23.57

50.28

7.21
7.81
1.93

25.23
13.53
6.86

sandy clay loam
loamy sand
Sand

*Profiles of shallow water table depth (W1), ** medium depth (W,) and *** deep depth (Ws5)

Table (2): Chemical characteristics of the studied soils.

Soluble cations ( meq./L)

Profile | Depth | PH | ECe Soluble anions (meq/L) | caco,| o.M
No. (cm) (125) (dS/m) ca™ Mg++ Na* K* CO;™ | HCOy cr S0,” % %
The Nile alluvial soil
1% 0-20 7.95 3.70 | 1200 | 850 |16.32 | 0.75 | 00.0 | 2.25 |20.59 |14.73 | 5.03 | 1.30

20-40 | 7.98 3.34 750 | 3.40 | 22.74|0.73 | 00.0 | 1.63 |18.69|14.05| 5.13 | 0.71
0-20 7.67 3.61 6.31 | 869 | 2152 |1.19| 00.0 | 3.85 |1750|15.36| 4.01 | 1.27
2** | 20-40 | 7.96 3.23 4,00 | 400 | 2431 |0.83 | 00.0 | 3.39 |16.90|12.85| 4.96 | 0.69
40-60 | 7.84 3.40 7.04 | 530 | 2180 |0.80| 00.0 | 3.18 |21.25|10.51 | 4.20 | 0.51
0-20 | 8.13 2.71 6.00 | 230 | 19.03 | 0.83 | 00.0 | 4.23 |16.75| 6.41 | 3.98 | 1.40
3** | 20-40 | 8.04 2.94 8.34 | 5.00 | 16.86 | 0.51 | 00.0 | 4.62 |1535|10.74| 3.58 | 0.51
40-60 | 8.01 3.18 6.00 | 5.00 | 20.13 | 0.51 | 00.0 | 5.39 |16.00|10.25| 3.20 | 0.45
4* 0-20 7.86 6.43 | 1230 | 22.16 | 29.40 | 1.20 | 00.0 | 5.78 |38.50 | 20.78 | 3.53 | 1.08
20-40 | 7.71 6.61 9.05 | 13.00 | 44.47 | 1.34 | 00.0 | 4.62 |35.00|27.24| 3.93 | 0.64
0-20 7.77 751 | 18.00 | 7.00 | 49.65| 1.06 | 00.0 | 5.39 |40.80|29.52| 4.81 | 1.10
5** | 20-40 | 7.65 6.23 4,00 | 12.00 | 4551 | 1.49 | 00.0 | 4.62 |23.75|3463| 4.71 | 0.57
40-60 | 8.02 8.12 9.00 | 20.00 | 50.92 | 1.46 | 00.0 | 3.39 |37.00|40.99 | 4.97 | 0.32
0-20 7.88 598 | 1221 | 7.40 | 40.34 | 0.88 | 00.0 | 3.93 |43.00|13.90| 3.50 | 1.23
6*** | 20-40 | 7.89 6.51 8.00 | 10.54 | 41.37 | 0.68 | 00.0 | 3.85 |43.00|18.74| 3.20 | 0.82
40-60 | 7.94 7.21 |16.00 | 12.80 | 43.44 | 1.24 | 00.0 | 3.39 |36.30|33.79| 3.30 | 0.51
7% 0-20 7.66 | 13.76 | 19.50 | 18.10 | 98.61 | 2.60 | 00.0 | 4.24 |79.03 | 54.00 | 4.17 | 1.14
20-40 | 7.90 | 15.74 | 24.00 | 11.00 |120.66| 0.98 | 00.0 | 4.62 |79.25|72.68| 3.80 | 1.01
0-20 7.88 943 | 18.00 | 11.20 | 66.20 | 1.57 | 00.0 | 3.16 |38.40 |53.41| 3.50 | 0.95
8** | 20-40 | 7.89 | 10.78 | 20.00 | 17.00 | 70.68 | 1.41 | 00.0 | 3.39 |42.00|63.70 | 3.20 | 0.52
40-60 | 794 | 14.86 | 19.00 | 12,50 [115.84| 2.53 | 00.0 | 3.39 |80.11|66.47 | 3.30 | 0.38
0-20 7.89 | 1351 | 23.00 | 1750 | 92.77 | 250 | 00.0 | 1.50 |79.16 |55.11 | 5.74 | 1.23
9*** | 20-40 | 8.01 9.81 | 10.00 | 1250 | 74.21 | 2.15 | 00.0 | 1.25 |47.16 |50.45| 5.87 | 0.84
40-60 | 7.93 | 10.20 | 10.50 | 14.50 | 7551 | 1.91 | 00.0 | 1.25 |62.72|38.45| 4.66 | 0.32
Calcareous soil
10% 0-20 7.92 211 9.00 | 7.00 | 515 | 0.43 | 00.0 | 3.51 |10.68| 7.39 | 14.40 | 1.10
20-40 | 7.83 151 9.00 | 3.00 | 3.15 | 0.39 | 00.0 | 2.22 | 8.90 | 442 | 12.34 | 1.03
0-20 7.93 3.72 | 1150 | 850 | 1742|059 | 00.0 | 250 |17.46 |18.05| 13.70 | 0.71
11** | 20-40 | 7.95 289 | 1111 | 9.10 | 840 | 1.03 | 00.0 | 3.25 |14.35|12.04| 8.64 | 0.65
40-60 | 7.89 411 16.00 | 4.00 | 21.46 | 1.08 | 00.0 3.78 | 18.35|20.41 | 13.84 | 0.45
0-20 7.91 417 | 12.00 | 14.00 | 13.63 | 0.59 | 0.00 | 3.88 |19.80 | 16.54 | 10.61 | 0.81
12%** | 20-40 | 7.91 3.28 | 9.50 | 853 | 14.78 | 0.67 | 00.0 | 3.88 |14.52|15.08 | 12.21 | 0.76
40-60 | 7.95 340 |10.80 | 6.29 | 16.35|0.83 | 00.0 | 4.63 |15.10|14.54 | 12.81 | 0.68
13 0-20 7.72 6.56 | 30.00 | 11.00 | 25.46 | 0.46 | 0.00 | 4.38 |35.81|26.73| 11.10 | 1.10
20-40 | 7.82 6.31 | 16.00 | 13.00 | 33.15 | 0.23 | 00.0 | 4.38 |28.01 | 29.99 | 16.64 | 0.78
0-20 | 8.15 7.80 | 19.00 | 22.00 | 35.66 | 1.96 | 00.0 | 3.75 |35.42|39.45| 17.69 | 1.23
14** | 20-40 | 8.09 7.63 19.00 | 21.50 | 35.66 | 1.01 | 00.0 475 |36.00 | 36.42 | 21.72 | 0.78
40-60 | 8.10 7.85 | 17.01 | 1350 | 47.24 | 0.90 | 00.0 | 4.75 | 43.23 | 30.67 | 22.03 | 0.65
0-20 7.85 6.54 | 19.00 | 18.00 | 28.35 | 0.88 | 00.0 | 4.78 |39.78 | 21.67 | 10.49 | 1.29
15%** | 20-40 | 7.95 7.60 | 1450 | 15.50 | 46.64 | 0.65 | 00.0 | 5.63 |34.35|37.31| 1851 | 1.28
40-60 | 7.96 8.55 9.00 | 16.00 | 59.33 | 0.78 | 00.0 | 4.50 |47.37|33.24| 10.61 | 0.65
16* 0-20 8.10 1478 | 21.00 | 12,50 |112.46| 1.73 | 00.0 475 |84.57 5837|1592 | 1.81
20-40 | 7.98 1475 | 26.03 | 11.50 |108.45| 1.78 | 00.0 5.63 |86.01|56.12 | 1142 | 1.03

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006




IMPACT OF SALINITY LEVELS AND EFFECTIVE SOIL DEPTH...109

0-20 | 7.89 | 1094 | 17.00 | 16.00 | 75.93 | 1.03 | 00.0 | 3.50 |64.24 | 4222 | 1436 | 1.29
17** | 20-40 | 8.02 | 1251 | 19.00 | 20.00 | 85.34 | 1.16 | 00.0 | 3.25 | 75.02 | 47.23 | 15.81 | 1.10
40-60 | 821 | 12.60 | 30.00 | 18.50 | 77.76 | 1.03 | 00.0 | 5.75 |82.93 |38.61 | 13.10 | 0.13
0-20 | 7.83 | 10.53 | 16.00 | 28.00 | 60.95 | 1.01 | 00.0 | 3.00 |61.72 | 41.24 | 9.42 | 0.65
18*** | 20-40 | 7.97 | 10.21 | 17.50 | 16.00 | 69.12 | 1.01 | 00.0 | 3.75 |40.69 | 59.19 | 10.91 | 0.52
40-60 | 8.22 9.84 | 16.00 | 16.00 | 66.03 | 0.96 | 00.0 | 4.63 |52.91|41.45] 18.10 | 0.26

*Profiles of shallow water table depth (W), ** medium depth (W,) and *** deep depth (W)

Table (3): Some soil physical properties of the studied soils.

2 Total porosity % S =
:'E = | Profile | Depth Bulk Particle Void porosity 2 S = =
ER% No. (cm) density density tio s S g & o
=2 lem) | (glemd) ra Deter- | Calcu g 5= =
%) mined | -lated z N4

The Nile alluvial soil
1% 0-20 1.62 2.63 0.62 37.53 38.4 27.89 30.89 5.33
20-40 1.63 2064 0.62 36.94 | 38.26 26.21 29.21 3.22

— 0-20 1.57 2.63 0.68 39.03 | 40.30 | 23.82 31.00 5.97

g 2% 20-40 1.59 2.64 0.66 37.28 | 39.77 22.53 30.46 4.80

;: 40-60 1.59 2.64 0.66 37.12 | 39.77 21.47 27.00 3.73

0-20 1.55 2.62 0.69 39.80 | 40.84 | 24.01 33.21 6.08
3** 20-40 1.56 2.63 0.69 38.02 | 40.68 23.29 30.31 5.49
40-60 1.58 2.63 0.66 35.48 | 39.92 22.35 29.00 3.93
4* 0-20 1.65 2.65 0.61 36.30 | 37.73 | 21.46 25.89 4.14
20-40 1.66 2.66 0.60 36.12 | 37.59 19.27 24.00 3.13

— 0-20 1.59 2.64 0.66 37.35 | 39.73 21.13 30.75 5.11

g-f ke 20-40 1.60 2.65 0.66 37.23 | 39.62 | 20.74 29.59 4.07

‘U')N’ 40-60 1.63 2.65 0.63 36.40 | 38.49 | 19.29 28.00 3.20

0-20 1.55 2.64 0.70 38.50 | 41.29 22.61 32.69 5.40
Grx* 20-40 1.60 2.66 0.66 38.70 | 39.85 | 21.86 30.01 4.11
40-60 1.61 2.67 0.66 36.30 | 39.70 | 20.94 28.00 3.55
7% 0-20 1.67 2.64 0.58 33.03 | 36.74 | 20.28 23.61 3.15
20-40 1.68 2.65 0.58 31.04 | 36.60 18.28 22.08 2.08

™= 0-20 1.65 2.64 0.59 3415 | 37.12 | 23.60 24.81 3.73

;‘3' 8** 20-40 1.65 2.66 0.61 33.96 | 37.97 20.01 22.45 2.89

- 40-60 1.66 2.66 0.60 33.31 | 37.59 17.46 20.00 2.29

» 0-20 1.62 2.62 0.62 35.17 | 38.17 21.27 26.40 4.03

grxx 20-40 1.63 2.63 0.61 35.03 | 38.02 | 20.76 22.54 3.81

40-60 1.64 2.63 0.60 34.27 | 37.64 | 20.61 21.00 3.11

Calcareous soil

10% 0-20 1.58 2.62 0.66 34.23 | 39.69 17.02 25.59 4.08

20-40 1.59 2.62 0.65 33.07 | 39.31 13.36 24.91 3.20

Fora 0-20 1.55 2.63 0.70 35.03 | 41.06 20.21 28.23 5.07
| 11** 20-40 1.58 2.64 0.67 33.61 | 40.15 20.60 26.65 3.42
% 40-60 1.58 2.64 0.67 32.77 | 40.15 19.74 24.00 2.93
» 0-20 1.51 2.63 0.74 35.73 | 42,59 21.58 31.23 5.59
12%** 20-40 1.52 2.63 0.73 3459 | 42.21 19.50 27.21 4.57

40-60 1.55 2.64 0.70 33.36 | 41.29 19.78 21.00 2.42

13% 0-20 1.59 2.62 0.64 32.62 | 39.31 14.04 24.73 3.73

20-40 1.61 2.63 0.63 31.07 | 38.78 13.58 20.56 2.40

= 0-20 1.58 2.61 0.65 32.67 | 39.46 18.95 25.88 4.26
[ 14** 20-40 1.60 2.61 0.63 31.89 | 38.70 16.11 22.31 3.17
§r: 40-60 1.61 2.62 0.63 31.79 | 38.55 16.44 21.00 2.15
w 0-20 151 2.63 0.74 33.53 | 42.59 18.38 27.50 4.83
15*** 20-40 1.57 2.63 0.68 32.90 | 40.30 18.27 23.70 3.23

40-60 1.57 2.63 0.68 31.02 | 40.30 18.32 22.00 2.81
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16+ 0-20 1.61 2.61 0.62 | 30.80 | 38.31 | 11.12 | 20.67 | 3.40

20-40 1.63 2.62 0.60 | 30.00 | 37.79 | 10.11 | 17.39 | 1.81

§ 0-20 1.60 2.61 0.63 | 3144 | 3870 | 1741 | 2254 | 3.64
o 17** | 20-40 1.62 2.61 061 | 30.75 | 37.93 | 1657 | 2021 | 3.47
- 40-60 1.62 2.62 0.62 | 30.76 | 3855 | 1573 | 19.00 | 1.81
v 0-20 1.57 2.62 0.67 | 3210 | 40.08 | 18.79 | 2521 | 3.74
18*** | 20-40 1.58 2.63 0.66 | 3122 | 39.92 | 1740 | 2456 | 3.35

40-60 1.58 2.63 0.66 | 30.70 | 39.92 | 1511 | 21.00 | 201

*Profiles of shallow water table depth (W1), ** medium depth (W,) and *** deep depth (W3)

e) Pore size distribution:

The values of pore size distribution, calculated from moisture adsorptions
curves and classified according to Deleehneer and De Boodt (1965), are presented
in Table (4). The results obtained reveal that increasing the ECe values led to
significant increases in the slowly drainable pores (30-9 ) by 44.08-55.38, 45.54-
85.54 and 43.70-82.35% in the Nile alluvial soil vs1.92-4.62, 1.26-13.52 and 9.41-
17.94% in the calcareous one at shallow, medium and deep water table depths
when soil salinity levels increased from S1 to S2 and S3 levels, respectively. The
corresponding decreases in the values of useful pores (30u-0.2 ) were 2.14-23.84,
.30-23.03 and 27-17.07% in the Nile alluvial soil vs, 15.27-28.76, 6.77-23.10 and
15.64-28.38% in the calcareous one at shallow, medium and deep water table
depths when soil salinity levels increased from S1 to S2 and S3 levels, respectively.

Also, increasing the soil salinity levels decreased the values of water holding
pores (9-0.2 p) by 9.57-36.50, 6.64-38.80 and 3.33-35.82% in the Nile alluvial soil
at shallow, medium and deep water table depths when soil salinity levels increased
from S1 to S2 and S3 levels, respectively. The corresponding values in the
calcareous soil were 9.84-37.63, 9.38-34.96 and 20.60-40.14, respectively.

As a general view, soil porosity, void ratio and pore size distribution are
reduced with both water table depth and ECe values increments for the two studied
soils. Such reduction may be due to recharging and repacking of soil particles
closer together, in addition to reorientation of soil pores. These findings are in
agreement with those of Prathapar and Mayer (1993).

Il. Effects of soil salinity levels and effective soil depths on some plant
parameters of sorghum:
a) Soil salinity:

Tables (5 and 6) show the effect of soil salinity levels (ECe) and regression
or correlations of vegetative growth, grain yield and its quality of sorghum in both
the studied Nile alluvial and calcareous soils durin? the two successive seasons.
The obtained data show that increasing soil salinity levels of the Nile alluvial soil
from S1 to S2 and S3 caused significant decreases ranged between 20.35-36.98,
16.97-32.27, 9.77-20.45, 19.70-29.95 and 29.15-57.46% for plant height, panicle
length, weight of 1000 grain, protein content and grain yield, respectively. As for
the calcareous soil, the corresponding values were 17.31-36.76, 5.72-33.31, 5.69-
24.04, 16.19-33.75 and 14.89-59.14 %, respectively. These decreases indicated a
severe deteriorating effect occurred as a result of increasing soil salinity on the
vegetative growth and yield of sorghum. Also, this may be due to that increasing
soil salinity levels may restrict root elongation, extension and development as well
as prohibited the seedlings and root emergence, which were all linked to reduction
in the plant growth.

Additionally, significant negative regressions and correlations of sorghum
growth, yield and quality have been established with soil salinity levels as
shown in Table (6). The results indicate the need to maintain low soil salinity

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006




IMPACT OF SALINITY LEVELS AND EFFECTIVE SOIL DEPTH...111
IeveII_s necessary for producing a maximum sorghum vyield of satisfactory
quality.
Simple regression analysis of the obtained data in Table (6) shows a
pronounced decrease in each of plant height, panicle length, weight of 1000
rain, protein content and grain yield vs salinity levels (ECe) of 9.088, 0.680,
.865, 0.283 and 0.913 dS/m, respectively, for the mean values of the two
successive seasons in the Nile alluvial soil.
The corresponding decreases in plant parameter grown on the calcareous
soil, as mean values of successive seasons, reached 7.213, 0.584, 0.948, 0.306
and 0.649 dS/m, respectively. These trends fall in line with those of DDC-AUC
(1999), Bernardo et al. (2000) and Radey (2002).

Table (4): Total porosity and pore size distribution in the studied soils.

S Pore size distribution (%)
% '?m % > % =] % g § Pl @
5 |Pofile | Depth | 58| Sg | E£E2| £33 ,5] 8_| 28| 85| E2
S| v jem | 5F S8 S5 Se |85 59| By |z | B8
& <] 29 | >0 5|8 2o = @ | E® | 5
= |22 |58| 588 B | &g 3 |2°
* (o4 n >
The Nile alluvial soil
1% 0-20 | 3753 | 10.11 | 1.39 | 1150 | 12.96 | 26.33 | 13.37 | 14.35 24.46
20-40 | 36.94 | 9.06 | 2.32 | 11.38 | 10.43 | 26.56 | 16.13 | 12.75 21.81
o 0-20 | 39.03 | 12.29 | 1.43 | 13.72 | 12,93 | 25.31 | 12.38 | 14.36 26.65
& 2%* 20-40 | 37.28 | 12.15 | 1.96 | 14.11 | 12.34 | 23.17 | 10.83 | 14.30 26.45
~ 40-60 | 37.12 | 10.78 | 2.99 | 13.77 | 12.24 | 23.35 | 11.11 | 15.23 26.01
@ 0-20 | 39.80 | 14.92 | 1.76 | 16.68 | 13.62 | 23.12 | 9.50 | 15.38 30.30
3** 20-40 | 38.02 | 1356 | 2.37 | 15.93 | 12.24 | 22.27 | 10.03 | 14.61 28.17
40-60 | 35.48 | 10.85 | 3.01 | 13.86 | 12.00 | 21.62 | 9.62 | 15.01 25.86
4% 0-20 | 36.30 | 9.37 | 2.03 | 11.40 | 10.74 | 24.90 | 14.16 | 12.77 22.14
20-40 | 36.12 | 7.80 | 3.32 | 11.12 | 10.42 | 25.00 | 1458 | 13.74 21.54
—~ 0-20 | 37.35 | 12.67 | 2.27 | 1494 | 12.05 | 22.41 | 10.36 | 14.32 26.99
P 5x* 20-40 | 37.23 | 10.27 | 2.95 | 13.22 | 11.87 | 24.01 | 12.14 | 14.82 25.09
5‘-;1 40-60 | 36.40 | 9.22 | 4.08 | 13.30 | 11.10 | 24.10 | 12.00 | 14.18 24.40
» 0-20 | 3850 | 13.92 | 2.39 | 16.31 | 1242 | 22119 | 9.77 | 1481 28.73
6*** | 20-40 | 38.07 | 13.18 | 2.98 | 16.16 | 12.26 | 21.91 | 9.65 | 13.24 28.42
40-60 | 36.30 | 9.94 | 490 | 1484 | 1193 | 21.46 | 9.53 | 16.83 26.77
7% 0-20 | 33.03 | 9.28 | 2.76 | 12.04 | 8.09 | 20.99 | 12.90 | 10.85 20.13
20-40 | 31.04 | 8.01 | 2,99 | 11.00 | 6.76 | 20.04 | 13.28 | 9.75 17.76
© 0-20 | 34.15 | 10.67 | 3.17 | 13.84 | 8.19 | 20.31 | 12.12 | 11.36 22.03
7 8** 20-40 | 33.96 | 9.46 | 3.73 | 13.19 | 7.99 | 20.77 | 12.78 | 10.72 21.18
< 40-60 | 33.31 | 8.03 | 495 | 1298 | 6.76 | 20.33 | 1357 | 11.71 19.74
%3 0-20 | 35.17 | 1055 | 3.97 | 1452 | 8.88 | 20.65 | 11.77 | 12.85 23.40
9*** | 20-40 | 35.03 | 9.98 | 4.16 | 14.14 | 8.26 | 20.99 | 12.63 | 12.42 22.40
40-60 | 3427 | 8.84 | 490 | 13.74 | 7.65 | 20.53 | 13.38 | 12.05 20.89
Calcareous soil
10* 0-20 | 34.23 | 10.03 | 2.34 | 12.37 | 10.00 | 21.86 | 11.86 | 12.34 22.37
20-40 | 33.07 | 8.65 | 2.86 | 1151 | 956 | 21.56 | 12.00 | 12.42 21.07
o 0-20 | 35.03 | 10.59 | 2.98 | 1357 | 10.57 | 21.46 | 10.89 | 13.55 24.14
& 11** | 20-40 | 3361 | 952 | 3.06 | 1258 | 9.99 | 21.03 | 11.04 | 13.05 22.57
~ 40-60 | 32.77 | 823 | 351 | 1154 | 888 | 21.23 | 12..35 | 12.39 20.42
» 0-20 | 35.73 | 10.30 | 2.83 | 13.13 | 12.31 | 21.60 | 9.29 | 15.14 25.44
12*%** | 20-40 | 3459 | 9.86 | 3.53 | 13.39 | 1151 | 21.20 | 9.69 | 15.04 24.90
40-60 | 33.36 | 9.40 | 3.85 | 13.25 | 10.41 | 20.11 | 9.70 | 14.26 23.66
< | 13* 0-20 | 3262 | 9.40 | 255 | 1195 | 853 | 20.67 | 12.14 | 11.08 20.48
20-40 | 31.07 | 8.83 | 2.75 | 1158 | 7.14 | 1949 | 12.35 | 9.89 18.72
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0-20 32.67 | 10.55 | 3.25 | 13.80 | 10.07 | 18.87 | 8.80 | 13.32 23.87
14** | 20-40 | 31.89 | 9.20 | 3.27 | 1247 | 8.92 | 19.42 | 1050 | 1219 | 21.39
40-60 | 31.79 | 869 | 3.15 | 1184 | 7.67 | 19.95 | 12.28 | 10.82 1951
0-20 | 3353 | 11.31 | 3.23 | 1454 | 10.65 | 19.99 | 9.34 | 13.88 | 25.19
15*** | 20-40 | 3290 | 9.38 | 3.80 | 1392 | 8.49 | 19.66 | 11.49 | 12.35 2141
40-60 | 31.02 | 9.31 | 4.06 | 1337 | 8.04 | 1765 | 9.61 | 1210 | 2141
16* 0-20 | 30.80 | 7.85 | 2.64 | 1049 | 6.29 | 20.31 | 14.02 | 8.93 16.78
20-40 | 30.00 | 7.88 | 2.80 | 9.68 591 | 20.32 | 1441 | 8.71 15.59
0-20 3144 | 936 | 3.41 | 13.77 | 7.10 | 17.67 | 1057 | 1051 20.87
17** | 20-40 | 30.75 | 859 | 3.67 | 12.26 | 6.09 | 1849 | 1240 | 9.76 18.35
40-60 | 30.76 | 7.84 | 3.74 | 1158 | 5.96 | 19.18 | 13.22 | 9.70 17.54
0-20 32.10 | 9.60 | 3.86 | 1346 | 7.14 | 18.64 | 11.50 | 11.00 20.60
18*** | 20-40 | 31.22 | 859 | 4.04 | 1263 | 7.24 | 1859 | 11.35 | 11.28 19.87
40-60 | 30.70 | 8.00 | 4.14 | 1214 | 6.12 | 1856 | 1244 | 10.26 18.26
* Profiles of shallow water table depth (W),** medium depth (W,) and*** deep depth (W5)

S, (8-16)

b) Effective soil depth as related to some plant parameters of sorghum:

Data presented in Table (7) show the effect of soil depth as expressed by
water table depth on some plant #)arameters of sorghum. In the Nile alluvial
soil, increasing water table depth from shallow (W1~=55 c¢cm) to medium (W2~
80cm) and deep water table depth (W3~ 120 cm) caused significant increases in
plant parameters reached 20.59-32.48, 13.52-24.13, 9.67-11.64, 4.10-11.78 and
70.82-86.55% for plant height, panicle length, weight of 1000 grain protein
content and grain yield, respectively, as percentages for mean values of two
successive seasons as compared to the deep ground water table. The
corresponding values for the calcareous soil were 24.38-34.52, 8.91-18.19,
8.58-11.97, 7.91-16.51 and 68.62-86.18 %, respectively. _

Concerning simple regression analysis, the obtained data in Table (8)
show that there was a pronounced decrease in each of plant height (cm), panicle
Iength (cm), weight of 1000 grain (gg, protein content % and grain vyield
(ardeb/fed) for sorghum reached 0.743, 0.497, 0.073, 0.013 and 0.059 for every
depth unit (cm) of water table depth increment, respectively, for the mean
values of two successive seasons in the Nile alluvial soil. However, these plant
parameters were 7.39, 4.25, 0.49, 0.16 and 0.35 for every 10 cm of ground
water table depth increment, respectively, for the mean values of two successive
seasons in the calcareous soil. Fluctuations in water table depths resulted in
significant changes in some soil properties, and this may reflect upon vegetative
growth, yield and grain quality of the studied sorghum crop. These findings are
In agreement with those of Jury et al. (1991) and Paratap et al. (1994).

c) Effect of both soil salinity and water table levels on some plant characters:
The interaction effects of both water table depth and soil salinity levels on
some plant characters and grain yield are shown in Tables (9 and 10). Water
tables depth (55-80 cm) reduces both vegetative growth and grain yield of
sorghum, while the depth of 120 cm gave the highest yield even in saline soils
(ECe=4-8.0 dS/m). As can be seen in those tables, the highest values of the
plant height (cm), panicle length (cm), weight of 1000 grain (g), protein content
% and grain yield (ardeb/fed.), which are presented at normal soils (S1) with
deep water table depth (Ws3), were 284.23, 22.85, 42.48, 11.36 and 18.83,
respectively, in the growing season of 2002 vs 282.76, 22.93, 43.30, 11.88 and
18.33 in season of 2003 for the Nile alluvial soil. The corresponding values in
the calcareous soil were 257.90, 20.40, 39.13, 10.95 and 16.12, respectively, in
season of 2002 vs 262.70, 19.96, 39.31, 10.33 and 15.66, respectively in season
of 2003.
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On the other hand, the lowest values of sorghum parameters, i.e., plant
height (cm), panicle length (cm), weight of 1000 grain (g), protein content %
and grain yield (ardeb/fed) were 148.05, 12.25, 30.60, 6.30 and 5.34,
respectively in 1S season (2002) vs 149.75, 12. 40 29. 63 6.89 and 4.59,
respectively in 2" season (2003) for the Nile alluvial soil. The correspondmg
values in the calcareous soil were135.20, 10.40, 25.78, 6.27 and 3. 79 in 1
season (2002) vs 129.18, 11.05, 26.63, 5.55 and 4.11, respectlvely in 2" season
of 2003. Also, the lowest values are presented in hlghly saline soils (S3, ECe=8-
16 dS/m) with shallow water table depth (W1=55 cm,). These results may be
attributed to the fact that exposure to salinity during growth induces stunted
growth and structural changes at various levels of organization. In addition,
increasing the salt osmotic potential in root rizosphere at the saline and highly
saline soils led to decrease absorption and availability of water and nutrients.

Table 5, 6
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Table 7, 8
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Table 9
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Multiple regression analysis, were applied to determine the partial
quantitative effect for each of soil salinity levels (ECe) and water table depth on
some plant parameters of sorghum, which are shown in Table (10). The
obtained relations between plant parameters (y) and soil salinity levels (x;) and
water table depths (x) during the two successive seasons of 2002 and 2003 at
the two studied soil sites show that an increase in every unit of ECe in dS/m and
water table depth in 10 cm led to decrease or increase the values of grain yield
(ardeb/fed) of sorghum by 0.809 and 0.843 at season 2002, and by 0.889 and
0.674 at season 2003, respectively, for the Nile alluvial soil vs 0.645 and 0.789
at season 2002 and 0.606 and 0.660 at season 2003, respectively, for the
calcareous one.

According to the above illustrated results and discussion, it could be
concluded that the best results of plant growth, yield and quality of grains of
sorghum crop require that all environmental factors to be favourable, i.e., water
table depth of 120 cm and low soil salinity (ECe), which are necessary for
producing a maximum grain yield of satisfactory quality.
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