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ABSTRACT.: Two successive cultivation seasons were conducted in a fleld
experiment at El-Gemmeiza Agricultural Research Station (El-Gharbia
Governorate) to evaluate the suitability of deep plowing at 30 and 60 cm
depth, in two mole patterns (parallel or cross moles) at three spacings (2, 4
and 6 m) for improving soil physical, hydro physical and chemical properties
of compacted clayey soils.

The results indicated that almost all mole treatments led to a significant
decrease in soil bulk density, settling percentage, soil moisture content and
water consumption, and significant increase in total soil porosity, hydraulic
conductivity and water use efficiency comparing with the control (without
moling), where deep tillage either 30 or 60 cm plow depth lower soil bulk
density, settling percentage, soil moisture content and water consumption
and increase total soil poros:ty, hydraulic conductlwty and water use
efficiency.

The mean values of the data obtamed in all seasons under study showed that
the moles at 2, 4 and 6 m spacing clearly decrease bulk density, settling
percentage, soil moisture content and water consumption, and magnified
total porosity, hydraulic conductivity and water use efficiency. Furthermore
all treatments increased leaching the soluble salts and decrease EC and SAR
values.

The crossed moles were better during the two seasons since they decreased
bulk density, settling percentage, soil moisture content, water consumption,
EC, SAR and total soluble salts and increased total porosity, hydraulic
conductivity and water use efficiency as compared with the achieved by
parallel ones.

The superiority of treatment was 60 cm plow depth with crossed moles at 2 m
spacing since it gave the lowest values of bulk density, settling percentage,
soil moisture content, water consumption, EC, SAR and total soluble salts *
and it gave the highest values of total porosity, hydraulic conductivity and
water use efficiency.

Key Words: Deep plow, mole pattern, compacted clayey, physical
properties. )
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INTRODUCTION

" In Egypt, there are about 2 million feddans of heavy textured soils in Nile
Delta which suffer from the presence of a dense layers and clay pan (El-
Mowelhi et al. 1982 and Hamdi et a/. 1968).

In the Middle Delta, at EI-Gemmeiza Agricultural Research Station, soil
leveling operations as well as the agromechanical practices starting from
seeding until harvesting the crops are in progress. Yet a poor and stunted
. plants are observed in the area. The reduction in crop yields could possibly
be ascribed to the soil compaction that can be induced by adapting the
heavier vehicles and agro mechanical operations for long periods.

The improvement of heavy clay soils can be achieved by drainage and
sub-soiling technique (Bailey, 1978 and Takahashi et al. 1978 ). It is important
to detect the optimum drainage spacing, depth and distance between sub-
soiling channels.

On the other hand, drainage installation for leaching purpose will only be
fully successful if they permit the uniform leaching of soluble salts from the
whole soil profile. )

Cassel (1980) reported that deep ploughing improved the physical
properties of compacted alluvial soils at 39-70 cm depth such as bulk
density, maximum water capacity and the distribution of water reserves in
the soil profile.

Burghardt and-Hugenbusch (1982) showed that deep ploughing of the soil
up to 70-100 cm, results in the formation of soil cracks which greatly improve
aeration of the soil facilitating shrinkage of the clods and therefore
settlement of the bog. They added that with increasing shrinkage, the both
soil shear resistance and hydraulic conductivity of the soil increased.

Kaoud (1994) compared two tillage practices namely conventional (up to
30 cm) and deep plough (up to 60 cm). He showed that the changes in soil
property especially bulk density within the surface soii layer (30 cm) were
prominent in response to the two tillage practices. He added that the overall
decrease in bulk density of that layer was 7.8 and 3.4% as a result of deep
and conventional tillage when compared to the initlal bulk density value. He
concluded that changes in bulk density within the soil layer (30-60cm)
showed a pronounced effect as a result of both tested tillage treatments.
Since the reduction in bulk density in comparison with the initial value was
estimated by 12.5 and 11.8% for deep and conventional tiliage respectively.

Abou-El-Soud et al. (1996) reported that in the majority of cases,
decreasing the mole spacing to 2 m doubled basic infiltration rate and
obviously promoted salt leaching from soil profile under different crops. The
mean values of the data obtained in all seasons under this study showed that
installation of moles at 2, 4, and 6 m spacing clearly magnified basic
infiltration rate in soil by 167.5, 135.0 and 52.5%, respectively comparing to
the control. They added that the crossed moles were better during all
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seasons since they increased water infiltration rate of soil by 33% as
compared with that achieved by the parallel ones.

Shetawy (2001) evaluated the effect of the machine design feature, the
drain depth and the drain space parameters on moisture distribution, the soil
strength, the crop yields and the coast of the deep plowing operations. He
reported that following the moisture content distribution showed that the soil
between 150 cm drain space which tilled by (S;) subsoilr at 60 cm depth
exhibited the higher drain factor values, as well as exhlblted more
homogeneously moisture distribution through the soil profile.

. Hamdi et al. (1963) showed that deep ploughing generally increased the

infiltration rate more than shallow ploughing. They cleared that, this may be
due to the higher soil porosity and less soil compactness obtained by deep
ploughing.

Nitant et al. (1995) reported that tillage operations (under 40 cm depth)
reduced water and nutrient losses through weed uptake, enhanced profile
water storage improved soil properties and suppressed weed growth. They
compared some deep tillage operations (under 40 depth) with other shallow
tillage operations (up to 20 cm depth). They found that deep tillage
operations were superior to shallow tillage treatments, and deep tillage with
sub-soiling Chisel also induced deeper root penetration by 34 and 39 cm
more than the shallow tillage treatment.

Richard (1990) reported that salt balance in irrigated areas is maintained
by applying enough water in excess of crop needs to leach soluble salts.
Hence subsurface drainage (0.6 m depth in mineral soils) may be adequate to
permit the necessary leaching and to hold the water table to a sufficient
depth, preventing the upward movement of saity capillary water from
reaching the crop root zone.

El-Sabry et al. (1992) found that the superiority of treatment was 3m
spacing comparing with the other treatments (6, 8 and 12 m spacing).
Furthermore all treatments increased leaching of soluble salts and decreased
SAR values comparing with the control (without moling).

Abou-El-Soud et al.(1996) reported that the data obtained in all seasons
under this study that installation of moles at 2, 4 and 6 m spacing decreased
ECe values by 40.5, 41.1 and 33%, respectively comparing to the control. The
crossed moles were better during all seasons since they decreased ECe by
about 8% as compared with that achieved by the parallel ones. .

The objective of this investigation is to find out the best effective practice
for management of compacted clayey soil. This practice is to use deep
plowing at 30 and 60 cm depth in two paiterns (parallel and crossed moles)
with different spacing apart (2, 4 and 6 m) along with the control (without
moling), in relation to there effects on improving soil physical, hydro
physical and chemical properties.
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MATERIALS AND METHODS

Two successive field experiments were carried out at an area of 3 feddans
of compacted clayey soils at EI-Gemmeiza Agricultural Research Station (El-
Gharbia Governorate) for two seasons, summer season 2001 using maize
plants (Zea mays) and winter season 2001/2002 using barley plants (Hordum
vulgare) to study the effect of deep tillage at 30 and 60 ¢cm depth, in two mole
patterns (parallel and cross) at three spacings (2, 4 and 6 m) as well as the
. control (untreated soil) on improving soil physical, hydro physical and
chemical properties of the soil. Soil properties of the experimental soil are
presented in Table (1).

The studied soil is very slowly permeable mainly because of a dense
clayey layer at 30- 60 cm depth, whu:h contains more than 40% clay and has
a hlgher bulk density of 1.57 g cm™ and a lower hydraulic conductlwty of 0.25
cm hr'. The soil have ECe between 6.62 and 6.89 dSm™ saturated paste
extract with pH between 7.86 and 7.92 in 1: 2.5 soil : water suspension.

The area of the experiment was divided into 39 plots using a randomized
cozmplete block design with three replicates. The area of each plot was 323
m*.

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

Properties ’ Values
Soil depth, cm . 0-20 20-40 40-60
PH, 1:2.5 ( suspension ) .. 1.86 : 7.89 7.92
EC,, dSm™* 6.62 6.75 6.89
Soluble cations, meq I )
ca® 12.91 "~ 13.79 13.35
mg* 20.83 21.54 21.13
Na® 40.67 1 43.27 44.61
K 0.15 ' 0.13 0.10.
Soluble anions, meq I
- (e Xy 0.75 0.75 0.79
HCO; . 4.01 . 5.26 6.76
cr 48.00 49.13 50.19
SO~ 21.80 23.59 21.45
Particle size distribution ) )
Sand, % 26.55 26.29 30.74
Silt, % 30.13 29.56 28.83
Clay, % 43.32 44.15 40.43
Texture class clayey clayey clayey
Bulk density (Db) g/cm® 1.45 1.57 1.52
Total porosity 45.28 40.75 42.64
Kh, cm hr* 0.27 0.25 0.23
CaC0;, % 3.35 3.21 2.97
oM., % 217 1.76 1.66
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In summer season 2001 seeds of maize (Zea mays L.) single cross 10
maize hybrid were planted at the rate of 12 kg fed™ during the first week of
June 2001, while in winter season 2001/2002 seeds of barley (Hordum vulgare
L) cultlvar Giza 126 were planted at the rate of 50 kg fed.” during the third
week of December 2001. The basel doses of N, P and K were applied
according to the recommendations. All normal agricultural practices as
irrigation, fertilization, weeds and pest control ... etc. were carried out as
usual for each crop in the zone. ‘

Undisturbed soil samples at (0 - 20 cm), (20 - 40 cm) and (40 - 60 cm)
depths were collected from each plot at the end of each growing season to
determine some physical and hydrophysical properties of soil. Soil hulk
density (Db) was determined using the core method (Vomocil, 1986). Total
porosity (E, %) was calculated for the different treatments accordmg to the
equation:

b .
E= (1 “Dr )x1 00, where Dr is the real density, taken as 2.65 glem®.

Three replicates of hydraulic conductivity (Kh, cm hr') were determined
using a constant water head (Black, 1965). Soil moisture content (8w, %) was -
determined according to Richards (1954). Settling percentage of the soil
aggregates was determined In soil aggregates of 2-5 mm size at the same
depths by the method described by Willams and Cook (1961) and Harteg
(1969).

Soil samples for determining the’ water consumptive use were taken just
before and 2 days after of each irrigation and at the harvesting time from
three replicates of each treatment at 0-20, 20-40 and 40-60 cm depths for soil
moisture determination (Garcia, 1978). \Water consumption (CU) and water
use efficiency (WUE) for a given irrigation cycle for every layer of the soil
profile were calculated for the different treatments using the following
formula:

-6b

100
where: 8a = Soil moisture percentage on weight basis after irrigation.
8b = Soil moisture percentage on weight basis before irrigation.
Db = Buik density (g cm™)
D = Soildepth (cm)

Water consumption (cm)= ——— 8a x Db x D (Israelson and Hansen 1962)

Seed yield (kg!fed) (Jensen
Water consumption (cm) ’

Water use efficiency(kg fed'cm’) =

1983)

Soil samples (0-30cm) and (30-60cm) were collected from each field
treatment plot in each season after crop harvesting. The collected soil
samples were air-dried, ground and passed through 2 mm sieve and stored
for chemical analysis.
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8ol electrical conductivity (EC) in soil paste extract and soll pH in soil
water suspension (1: 2.5) were measured. Soluble cations and anions were
determined in soll paste extract using the methods described by Page et al.

(1982).
Sodium Adsorption Ratio (SAR) was calcuiated as:
SAR = Na meq/|
J Ca+Mg meq/i
2

Total soluble salts, % were calculated according to the following equation:
ECdSm™ x 0.064 x SP

100
where: SP = Saturation percentage
The collected data were statistically analyzed based on the method of
Snedecor and Cochran (1981).

RESULTS AND DISCUSSION

|- Effects on some physical and hydrophysical pfoperties of soil.

1- Soil bulk density (Db) and total soil porosity (E) -

Data in Tables (2 and 3) and Figs. (1 and 2) show that almost all mole
treatments led to_a significant decrease in soil bulk density and significant
increase in total soil porosity of the three sequence soil depths (0-20, 20-40
and 40-60 cm) at the end of the two seasons comparing to the control
(untreated soil).

Deep tillage tended to lower socil bulk density and increase total soil
porosity. The 60 cm plow depth decreases (Db) by 11.72, 13.38 and 7.89%,
respectively over the control (untreated soil) for the three depths in the first
season while it was decreased by 10.35, 12.74 and 7.84%, respectively at the
same depths in the second one, while the 30cm plow depth decreases (Db)
by 10.34, 11.46 and 1.32%, respectively for the three depths in the first
season and It was decreased by 9.66, 10.83 and 1.31%, respectively for the
same depths in the second one.

Total porosity take the opposite direction, where it was increased by
14.57, 19.61 and 10.34%, respectively over the control for the three depths in -
the first season and by 12.90, 18.85 and 10.44%, respectively at the same
depths at the second one for 60 cm plow depth. The 30cm plow depth
increased it by 10.35, 11.47 and 1.32 %, respectively for the three depths in
the first season and by 11.37, 15.46 and 1.94 %, respectively for the same
depths in the second one.

Concerning the mole pattern, data show that the crossed moles were
significantly better than parallel ones in the two seasons on decreasing soil
bulk density and increasing total soil porosity. The decrease in bulk density
was 13.10, 14.01 and 5.26%, respectively over the control for the three depths

18S8.,%=
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Table (2) : Effect of different mole treatments on some soil physical and hydrophysical properties in the
’ first season (summer season 2001)

Plow | o | Mole Db, gmiem? E,% Settling , % Kh cavhr i‘;@'{’?‘,‘"}.‘f:.i‘;’f‘éfé" Water :‘:r"g;::e
degt"h, pattern spa"t‘:e " 5 harvesting © consu;:mon, kql’ed"y‘

T |0-20em) o [40-60em|0-20cm| o - |40-60cm) 0-20cm | 20-40cm | 40-60cm | 0-20cm | 20-40cm |40-60cm| 0-20cm {20-40cm | oo em’

2 [ 126 | 136 | 150 | 5245] 4868 | 4339 | 18.92 17.84 18.35 0.45 0.44 042 | 2087 | 23.04 | 2547 105.64 28.37

P 4 | 131 | 143 | 151 | 5057 | 46.04 | 4302 | 19.86 20.90 21.94 0.39 0.38 0.36 | 21.15 | 24.88 | 28.23 103.90 21.41

20 6 | 135 | 145 | 151 | 47.55 | 4529 | 4302 | 2197 22.55 23.13 0.27 0.26 025 | 2138 | 2505 | 28.74 105.88 26.22

2 | 124 | 1.34 | 140 | 53.21 | 4943 | 4377 | 14.85 15.80 16.74 0.47 0.46 045 | 2012 | 22.82 | 24.06 102,32 29.81

c 4 | 127 | 137 | 1.50 | 52.07 | 48.30 | 4340 | 1542 16.75 18.37 0.46 045 043 | 2074 | 22.91 | 24.45 104.32 28.27

6 | 130 | 139 | 1.50 | 50.94 | 47.55 | 4340 | 18.88 19.77 20.65 0.36 0.35 033 | 2097 | 24.82 | 2815 102.79 27.94

2 1125 | 133 | 137 | 6283|4981 | 48.30 8.36 8.83 9.28 0.68 0.66 0.64 | 1287 | 19.24 | 23.34 88.10 38.12

P 4 | 130 | 139 | 144 | 5094 | 47.54 | 4566 | 11.04 12.14 13.24 0.58 0.56 054 | 1308 | 19.99 | 24.11 93.67 34.46

60 6 | 1.33 | 142 | 1.47 | 49.81 | 4642 | 4453 | 1285 14.42 15,89 0.49 0.47 0.45 | 16.75 | 20.23 | 2443 103.11 30.56

2 | 122 | 120 | 134 | 5396 51.32 | 49.44 418 5.07 5.94 0.94 '0.82 080 | 1271 | 1892 | 22.97 82.81 4315

c* 4 | 126 | 136 | 1.39 | 52.45 | 48.68 | 47.55 6.31 6.79 7.27 0.69 0.67 0.65 | 1275 | 19.23 | 2311 88,91 38.31

6 | 120 | 1.36 | 1.41 | 51.32 | 4668 | 46.79 | 10.25 10.69 11.13 0.56 0.54 652 | 1284 | 19.58 | 21.87 86.95 38.27

Control 145 | 1.87 | 1.52 | 45.29 | 40.75 | 4264 | 2347 2364 | .24.11 0.27 0.25 0.22 | 23.03 | 1956 | 31.77 114.84 21.86

30cm 1.30 | 1.39 | 1.50 |51.13 | 47.55 | 43.33 | 17.83 18.90 19.86 0.40 0.39 0.37 | 20.87 | 2392 | 26.52 104.14 28.00

Dl L__ 60CM 128 | 1.38 | 1.40 | 51.89 | 48.74 | 47.05 8.85 " 9.66 1048 066.| o0.64 062 | 1352 1 1953 | 2388 80 50 3734
depth F - test 451" 111.56" 112,66 | 4.50° [11.56> {112.74™ [ 1138.75" | 2405.34™ | 1389.72"* | 691.27"* | 1464.98™ | 877.85" | 581.18"" | 160,65~ |88.18™| 232.88™ 191.50*

LSDoss | 002 | 002 | 002 | 073 | 071 | 073 0.56 0,39 0.52 0.02 0.0 0.02 0.63 0.71 | 064 1.83 1.38

[ 131 | 140 | 1.47 | 5069 | 47.30 | 4465 | 1518 16.08 16.97 0.48 0.46 044 | 1769 | 2207 | 2567 | - 100.05 31.02

MEI‘B c 1.26 | 1.35 | 144 [5233 4899 4573 | 11.60 12.48 13.35 0.58 0.57 055 | 1671 | 21.38 | 24.44 94.68 3429
pattern] F-test  121.16*{23.34| 9.35 [21.17*|23.35"| 8.39" | 177.22 | 365.53*" | 207.82** (112,04 | 252.53* |158.31* | 10.32" | 3.99" |15.69**| 36.53" 23.57"

LSDoss | 002 | 002 | 002 | 03 | 071 ] or3 0.56 0.39 0.52 0.02 0.01 0.02 0.63 071 | 0.4 1.83 1.39

2 1.24 | 133 | 143 | 53114981 ] 4623 | 11.08 11.84 12.58 0.64 0.62 060 | 1664 | 21.01 | 23.96 94.72 35.11

c. 4 1.20 [°1.39 | 146 | 5151 | 4784 | 4491 | 1308 1415 15.21 0.53 0.52 050 | 1893 | 21.75 | 24.98 97.70 32.1%

Mole 6 133 | 141 | 1.47 | 4991 | 4699 | 4444 | 1601 16.86 17.70 0.42 0.41 039 | 1801 | 2242 | 26.22 99.68 30.75
space F-test  127.14~[23.66™| .42 [27.14[23.67~| 9.42"* | 113.25" | 237.61** | 138,35" |161.71" | 361.63" |228.44 | 7.44" | 557 [1761~| 10.56= 14.69

L.S.D o 002 | 002 | 002 | 090 ! 0.87 | 080 0.68 0.48 0.64 0.02 0.02 0.02 077 088 | 079 2.24 1.70

P* = Paraliel mole pattern
C** = Cross mole pattern
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Table (3) :

second season (winter season 2001/2002)

Effect of different mole treatments on some soil physical and hydrophysmal properties in the

s ) Soll moisture contem W"‘::’:f
Plow Mole Db, gm/cm® | E.% Settling , % Kh crthe {Ow), %, just before ‘Water s
depth, pr::':" spaceL ’ hagvesting ption , e:l::’eer;:‘y.
=m "™ l0-200m| 2% 140.60cm j0-200m| 20 |40-60cm| 0.200m 20-40cm| 40-60cm | 0-20cm | 20-40cm | 40-60cm | 0-20cm | 20-40cem [40-60cm em em?
2 | 1.28 | 139 | 150 | 5170 | 47.55| 4340 | 1754 | 1821 | 1867 | 041 | o040 039 | 2647 | 2837 | 3212 1643 134,69
P[4 [ 134 | 142 | 152 | 49.43 | 46.41 | 4264 | 2006 | 1812 | 2217 | 034 | 033 031 | 28.55 | 28.00 | 33.44 17.43 117.61
i 6§ [ 141 [ 146 | 155 | 4679 | 4491 | 4226 | 2230 | 2288 | 2346 | 024 | on 022 | 2801 | 31.56 | 3382 23.08 8124 |
2 | 126 | 1.36 | 1.49 | 5245 | 4868 | 4377 | 1520 | 16.28 | 17.35 | 045 | 043 0.41 | 2586 | 28.49 | 2942 13.84 161.41
e [ 4 | 128 | 139 | 156 | 51.70 | 4755 | 43.40 | 1547 | 1743 | 1678 | o4z | 0.4 040 | 2615 | 2823 | 30.86 16.36 134.78
8 | 101 | 140 | 151 | 5057 | 4747 | 4302 | 1923 | 2027 | 2131 | 031 | 030 025 | 2654 | 2007 | 3273 16.83 124.90
2 | 127 | 1.34 | 1.38 | 5208 | 49.43 | 4782 | 862 | 909 | 855 | 063 | 0862 061 | 1873 | 2245 | 27.19 12.64 227.03
P [T 4 | 133 | 140 | 145 | 4981 | 4747 | 45.28 | 1114 | 1240 | 1385 | 052 | 0.5 050 | 2275 | 27.45 | 2875 13.27 181.01
" 6 | 135 | 144 | 1.48 | 49.06 | 4666 | 4415 | 1326 | 1484 | 1641 | 044 | 043 042 | 2370 | 28.18 | 29.07 1334 172.19
2 | 123 | 1.30 | 136 | 53.58 | 50.94 | 4668 | 451 | 532 | €42 | 083 | o088 087 | 1698 | 2162 | 2215 8.58 260,71
c* [ 4 | 127 [ 135 | 139 | 5208 | 4906 | 4755 | 653 | 688 | 742 | 064 | 083 062 | 1798 | 21.98 | 19.23 11.25 255.38
6 | 132 | 1.97 | 142 | 5019 | 4830 | 4642 | 1086 | 1116 | 1146 | 0.50 | 049 047 | 2074 | 27.28 | 2872 1324 201.44
Contral 145 | 157 | 183 | 4529 | 4075 | 4226 | 2369 | 2426 | 2462 | 027 | 025 023 | 2858 | 21.97 | 3386 2440 a7.68
[ 30em | 131 | 140 | 151 | 5044 [avas | 4308 | ss30 | 786z | us2 | 036 | 035 034 | 2652 |.29.09 | 3198 17.35 125.77
2 | eoem 130 | 137 | 141 | 5143 | 4843 | 4667 | 815 | 897 | 1077 | oo | 0.5 058 | 2015 | 2478 | 25.85 1208 232.96
depth | Fotest | 427 |11.84~ 10507+ | 426" [11867] 10497 | 143373 | 303,73 | 1976.93~ | 602.67 | 1367 45~ | 1223.15~ | 403.20° | 181.80" | 547.37~ | 123.38~ | 160.88"
LSDom | 002 | 002 | 002 | 069 | 082 | 072 | 048 | 105 | ©54 | 002 | om 002 | 065 | 066 | 054 0.98 1744
P 133 | 141 | 148 | 4981 | 4586 | 4428 | 1543 | 1582 | 17.35 | 043 | o042 041 | 2433 | 27.80 | 30.70 16.07 152.30
le woe T 128 | 136 | 145 | 5176 | 4862 | 4547 | 1187 | 1286 | 137a | 058 | o052 051 | 2234 | 26.06 | 2714 1337 206.44
Pattern | F_teat (3389~ ]19.18" | 11.67 |33.81]1919%] 11.66™ | 221.22 | 36.44~ | 282.35" | 149.28" | 249.72" | 210.62 | 39.14~ | 2956~ |184.96 | 3249~ 41.05
L_ LSDsw | 002 | 002 | 002 | 069 | 082 | 072 | ©049 | 405 | o044 | 002 | o001 002 | 065 | 066 | 054 0.98 17.44
2 126 | 135 | 143 | 5245 | 4915 | 4584 | 1147 | 1223 | 1287 | 060 | 0.8 057 | 2189 | 2508 | 27.65 1295 220,96
“ 131 | 138 | 147 | 5076 | 47.55 | 4472 | 13.30 | 4356 | 1551 | 048 | 047 046 | 2337 | 2669 | 28,07 14.58 172.20
c,b'::f\f 6 135 | 142 | 148 | 4815 | 4651 | 4396 | 1641 | 1728 | 1816 | 057 | 036 035 | 2475 | 2902 | 31.0a 1662 14494
Fotest  |3241= 1461 | 1080~ |32.417 1456 | 10.89~ | 148.78 | 35.26™ | 194,32 |224.20~ | 377.36™ | 326.81~ | 27.19~ | 51.18~ | 66.24~ | _ 20.16™ 2769~
LSDow | 002 [ 003 | 002 | 085 | 101 | 069 | 060 | 128 | o084 | 002 | 002 002 | 080 | 081 | 066 1.20 21.36

P* = Paraliel mole pattern
C** = Cross mole pattemn
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in the first season, while it was 11.72, 13.38 and 5.23%, respectively at the
same depths in the second one. The parallel moles decreased bulk density
by 9.66, 10.83 and 3.29%, respectively for the three depths in the first season
while it was 8.28, 10.19 and 3.27%, respectively at the same depths in the .
second one.

Total porosity take the opposite trend, where it was increased by 15.54,
20.22 and 7.25%, respectively over the control for the three depths in the first
season and by 14.29, 19.31 and 7.60%, respectively at the same depths in the
second one, for crossed moles. while the parallel ones increased it by 11.92,
16.07 and 4.71%, respectively for the three depths in the first season and by
9.98, 14.99 and 4.78 %, respectively for the same depths in the second one. )

In regard to mole spacings, data clear that the superiority was with closer
mole spacing on decreasing soil bulk density and increasing total soil
porosity. Bulk density were obviously decreased by decreasing the mole
spacing from 6 to 2 m in the two seasons. It was decreased by 13.10, 15.29
and 5.92%, respectively for the three depths in the first season while it was
decreased by 13.10, 14.01 and 6.54%, respectively at the same depths in the
second one for 2 m spacing. Also, it.was decreased by 11.03, 11.47 and
3.95%, respectively for the three depths in the first season while it was 9.66,
11.46 and 3.92%, respectively at the same depths in the second one for 4 m
spacing. In case of 6 m spacing the decrease was 8.28, 10.19 and 3.29%,
respectively for the three depths in the first season and it was 3.45, 9 55 and
2.61%, respectively at the same depths in the second one.

Total porosity tended to take the opposite trend where it was increased by
17.27, 22.23 and 8.42 %, respectively over the control for the three depths in
the first season and by 15.81, 20.61 and 8.71%, respectively at the same
depths in the second one for 2 m spacing. In case of 4 and 6 m spacings the
increases of total porosity take the same trend.

Regarding the combined effect the results revealed that the 60 cm plow
depth with crossed moles at 2 m spacing was the best treatments since |t
induced the lowest value of bulk density 1.22, 1.29 and 1.34 g cm®
respectively for the three depths in the first season while it was 1.23, 1. 30
and1.36 g cm>, respectively at the same depths in the second one.

Total porosity take the opposite, where the highest value was 53.96, 51.32'
and 49.44%, respectively for the three depths in the first season whiie it was
53.58, 50.94 and 48.68%, respectively at the same depths in the second one.

These results agree with that obtained by Cassel (1980), Kaoud (1994),
Laddha and Totawat (1997) and Meharban et a/.(1998). They reported that
deep tillage decreased soil bulk density and penetration resistance up to the
tilled depth of 40 cm and encourage water extraction more from deeper soil
layers.
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2- Structural stability ( Settling percentage )

As an aspect of structural stability, the percentage of settling of the soil
aggregates were determined. The low value of settling % indicates high
degree of structure stability and vice versa. Results in Tables (2 and 3)
indicate that the effect of all mole treatments on soil structure stability was
obvious. The lowest value of settling % (i.e. higher degree of soil structure
stability) was resulted under deep tillage, where the 60 cm plow depth
treatments gave the lowest value which were 8.85, 9.66 and 10.46%,
respectively for the three sequence layer depths (0-20, 20-40 and 40-60 cm) in
the first season, while it was 9.15, 9.97 and 10.77%, respectively at the same
depths in the second one. Using the 30 cm plow depth gave the mean values
17.93, 18.90 and 19.86%, respectively for the three depths in the first season,
while it was 18.30, 18.82 and 20.32%, respectively at the same depths in the
second one. The highest value of settling % (i.e. lower degree of soil
structure stability) was obtained from the control (untreated soil) where the
mean value was 23.17, 23.64 and 24.11%, respectively for the three depths in
the first season, while it was 23.69, 24.26 and 28.58%, respectively at the
same depths in the second one.

With regard to the mole pattern, data reveal that the crossed moles were
significantly better than parallel ones.in the two seasons. The mean values
were 11.60, 12.48 and 13.35%, respectively for the three depths in the first
season, while it was 11.97, 12.86 and 13.74%, respectively at the same depths
in the second one. The parallel moles mean values were 15.18, 16.08 and
16.97%, respectively for the three depths In the first season while it was
15.49, 15.92 and 17.35%, respectively at the same depths in the second one.

Concerning the mole spacings, data show that by decreasing the mole
spacing from 6 to 2 m the values of settling were decreased in the two
seasons at all layer depths. The mean values were 11.08, 12.58 and 12.58 %,
respectively for the three depths in tha first season while it was 11.47, 12.23
and 12.97 %, respectively at the same depths in the second one, for.2 m
spacing. In case of 4 m spacing the mean values was 13.08, 14.15 and
16.93%, respectively for the three depths in the first season and it was 13.30,
13.66 and 15.51 %, respectively at the same depths in the second one. Also it
was 16.01, 16.86 and 17.70 %, respectively in the first season and it was
16.41, 17.29 and 18.16%, respectively in the second one at the three depths -
for 6 m spacing.

With regard to the combined effect data indicate that the best treatment
was 60 cm plow depth with crossed moles at 2 m spacing since it gave the
lowest value of settling percentage where the mean values were 4.19, 5.07
and 5.94 %, respectively in the first season and it was 4.51, 5.32 and 6.12%,
respectively in the second one at the three layer depths. The improvement
effect of these treatments on soil structure as judged from decreasing
settling percentage may be attributed to the formation of water stable
aggregates as a result of root exudates, root growth and decay.
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3- Soil hydraulic conductivity:

Water movement in soils is a sensitive soil property to the measure of
subsoil compactness. That is because soil saturated hydraulic conductivity
and soil Infiltration characteristics are supposed to be increased with the
presence of wide and continuous pores. Thus their values are affected by
any factors that affected the soll porosity such as deep tillage operations.
Results in Tables (2 and 3) and Figs. (3 and 4) show that ail mole treatments
indicated progressive increase in soil hydraulic conductivity (Kh) of the three
sequence depths (0-20, 20-40 and 40-60 cm) at the end of the two seasons

- comparing._ to the control (untreated soil). Deep tillage caused a gradual
increase in hydraulic conductivity where the 60 cm plow depth increase It by
144.44, 156.00 and 181.82%, respectively for the three depths ‘in the first
season while it was 122.22, 136.00 and 152.17%, respectively at the same
depths in the second one. The 30 cm plow depth increased it by 48.15, 56.00
and 68.18%, respectively for the three depths in the first season and by 33.33,
40.00 and 47.83%, respectively at the same depths in the second one.

Regarding mole pattern, data presented in Tables (2 and 3) and Figs. (3
and 4) indicate that the crossed moles significantly increased hydraulic
conductivity more than the parallel ones in the two seasons at the three iayer
depths. The Increases were 114.81, 128.00 and 150.00%, respectively for the
three depths in the first season and were 100.00, 108.00 and 121.74%,
respectively at the same depths in the second one. The parallel moles
increased hydraulic conductivity by 77.78, 84.00 and 100.00%, respectively in
the first season and by 59.26, 68.00 and 78.26%, respectively in the second
one for the three layer depths.

Concerning the moie spacings, it can be noticed that decreasing the
distance between the moles lead to ari increase in soil hydraulic conductivity
where the 2 m spacing increased it by 137.04, 148.00 and 172.73 %,
respectively at the three layer depths in the first season and by 122.22,
132.00 and 147.83%, respectively at the same depths in the second one. Also
it was increased by 96.30, 108.00 and 127.27%, respectively in the first
season, while it was 77.78, 88.00 and 100.00%, respectively in the second one

" in the three layer depths for 4 m spacing. in case of 6 m spacing the increase
was 55.56, 64.00 and 77.27%, respectively at the three depths in the first
season and by 37.04, 44.00 and 52.17%, respectively at the same depths in
the second one.

With regard to the combined effect, data showed that the 60 cm plow
depth with crossed moles at 2 m spacing was the best treatment since |$
gave the highest value of hydraulic conductivity 0.94, 0.92 and 0.90 cm hr’
respectively at the three depths in the first season while it was 0.89, 0.88 and
~ 0.87 cm hr’’ respectively at the same depths in the second one.

These results show that the adequate moling and/ or effective drainage
system enhances removing the excess free water and saits from the soil
profile and also in a such a way to-led the swelling and shrinkage processes,
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the cracks were formed and consequently the hydraulic conductivity of soll
increased (El-Sabry et al., 1992).

These results are in general agreement with those reported by Burghadt
and Hugenbuch (1982) and Mielk et al. (1984) who pointed out that hydraulic
conductivity for sub-tillage at 229 - 305 mm depth was almost from 2 to 4
times greater than no sub-tillage treatment. Also, similar results had been
obtained by EI-Sabry ef al. (1992) who stated that the superiority of treatment
was 3 m spacing comparing with the other treatments (6, 8 and 12 m) on
increasing hydraulic conductivity comparing with the control (without

- moling). :

4- Soil moisture content (6w, %):
The moisture content distribution-data provided strong evidence for both ‘
lateral and deeply movement of drain water in each tilled sector. o
Moreover the recorded data in Tables (2 and 3) were compared wlth
respect to the effect of mole depth parameter. It can be seen that, as the mole
depth increase, the moisture content decrease, where the 60 cm piow depth
treatment gave the lowest value which were 13.52, 19.53 and 23.59%,
respectively for the three sequence layer depths (0-20, 20-40 and 40-60 cm) in.
the first season, while it was 20.15, 24.78 and 25.85%, respectively at the
same depths in the second one. In case of 30 cm plow depth, the mean
values were 20.87, 23.92 and 26.52%, respectively for the three depthssin the
first season, while it was 26.52, 29 09-and 31.98%, respectively at the same
depths in the second one.
~ With respect to mole pattern, It can be seen that the crossed moles were
better than the parallel ones in decreasing soil moisture content in the: ;twoz.v
seasons, where the mean values were 16.71, 21.38 and 22.44%, respectively
in the first season and 22.34, 26.06 and 27.14%, respectively in the second
one at the three depths. The parallel moles mean values were 17.69, 22.07
and 25.67%, respectively In the first season and were 24.33, 27.80 and
30.70%, respectively in the second one at the three depths. : - .
With regard to the mole spacings data show that the lowest moisture
content values are in favor with the narrow mole spaces, where the 2 m -
spacing show the lowest values. The mean values were 16.64, 21.01 and
22.96%, respectively at the three depths in the first season, while it was
21.89, 25.08 and 27.65%, respectively at the same depths in the second one.

By increasing mole spacings from 2 to € m, the values were increased where. N

. it reached to 18.01, 22.42 and 26.22%, respectively in the first season and
24.75, 29.02 and 31.04 %, respectively in the second one at the three depths.
Concerning the combined effect, data cleared that the best treatment was"
60 cm plow depth with crossed moles at 2 m spacing since it gave the lowest
value of moisture content where the mean values were 12.71, 18.92 and
82.81%, respectively in the first season and were 16.98, 21.62 and 22.15%, -
respectively in the second one at the thres Iayer depths These resuits may

S
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be due to sub-solling has substantlally lmproved water and root penetratlon
(Michael and Ojha 1981). Also these results are confirmed with Setawy
(2001).

5- Consumptive use of water (CU) and water use efficiency

(WUE):

It is clear from data presented In Tables (2 and 3) that CU values for zea
. mays and barley were increased by decreasing plow depth. The 30 cm plow
depth significantly increased CU values over the other plow depths (60 cm
plow depth). The increase percentages due to plow depth comprised 14.96
and 43.51% for maize and barley respectively. These increases in CU values
- may be attributed to that the soil moisture under 30 cm plow depth is more
~ subjected to crop transpiration and evaporation from the soil.

Water use efficiency is defined in the present work, as Kilograms of maize
or barley seeds produced by one cm of the consumed water by maize or
barley plants per feddan. Data in Tables (2 and 3) reveal that the different
mole treatments significantly affected WUE for maize and barley during the
two ,g,rowing seasons of study, Deep tillage tended to increase WUE in the
two growing seasons where the 60 cm plow depth increased it by 33.25 and
84.42% over the 30 cm plow depth in the first and second seasons,
respectively. These results are in line with those reported by Meharban et al.
(1998) who reported that deep tillage increased soil water use efficiency, and
resultéd in saving of 1 to 3 irrigations depending on soil texture and water
stress condition. Thus, it is obvious that water use efficiency tended to
decrease with the increase in water retained in the root zone.

‘Regarding the influence of mole pattern on CU for maize and barley, it

seems that parallel moles significantly increased CU values over the crossed
moles by 5.67 and 20.19% for maize and barley respectively. These increases
in CU values may be attributed to that soll moisture under parallel moles is
more than crossed ones as discussed hefore. :
. However, the values of WUE for maize and bariey significantly increased
- with crossed moles over the parallel ones. The increase percentages
amounted to 10.54 and 35.55% for maize and barley respectively. The most
probable explanation for these above mentioned results is that the yield in all -
seasons positively responded to the crossed moles more than the parallel
moles and the dlfferences ranged between 11 and 15 %, ( El-Abaseri et
al.1996).

With regard to the effect of mole spacings on CU for maize and bariey It
_ noticed that increasing the mole spacings from 2 to 6 m caused a significant -
increase in the values of CU in the two seasons. The increase percentages
due to mole spacings comprised 3.17 and 5.24%, respectively in the first
season and 12.59 and 28.34%, respectively in the second one. This increase
can be attributed to the increases of soil moisture content with increasing
mole spacings as mentioned before.
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Regarding to the effect of mole spacings on WUE for maize and barley, it
seems that WUE was significantly increased by decreasing mole spacings.
The increase percentages amounted to be 14.18 and 4.42 %, respectively for
maize and 52.45 and 18.81%, respectively for barley. The increase in WUE by
decreasing mole spacings may be attributed to the significantly increases in
the yield caused by installation of moles at 2, 4 and 6 m spacing which
obviously increased the relative yield, (EI-Abaseri et al. 1996).

With regard to the combined effect, the results reveal that the 60 cm plow
depth with crossed moles at 2 m spacing was the best treatment since it
indicate the lowest values of CU 82.81 and 8.58 cm for maize and barley
respectlvely and gave the highest values of WUE 43.15 and 360.71 kg fed™'
cm’ for maize and barley, respectively as shown in Tables (2 and 3)

lI- Effects on some chemical properties:

Soil reaction ( pH ) and soil salinity ( EC ):

Results in Tables (4 and 5) show that all mole treatments lead to a
favorable decrease in soil reaction (pH) of the two sequence soil depths (0-30
and 30-60 cm) at the end of the two seasons comparing to the control
(untreated soil). By increasing tilling depth the soil pH decrease, where the
60 cm plow depth decreased it more than the 30 cm one.

On the other hand, it is obvious that mole pattern also affects soil pH
where crossed moles were better than parallel ones on decreasing soil pH of
the two sequence soil depths at the end of the two Seasons.

The effect of different spacings on decreasing soil pH during the two
seasons at the two soil depths can be arranged in the following descending
order: 2m > 4m > 6m > the control.

Concerning the combined effect of different treatments on soil pH, it could
be observed that all mole treatments clecreased soil pH comparing to the
control. The best treatment was found to be 60 cm plow depth with crossed
moles at 2 m spacing during the two studied seasons, since it recorded the
lowest values of soil pH 7.64 and 7.68 respectively for the two soil layer
depths in the first season and 7.40 ancl 7.54 respectively for the two layer
depths in the second one. While the control gave the highest values 7.87 and
7.92 respectively in the first season and 7.66 and 7.71 respectively in the
second one at the two Iayer depths.

The mole treatments in this study differed quletly in their effects on
electrical conductivity of soil paste extract dSm™ (EC), sodium adsorption
ratio (SAR) and total soluble salts % (TSS, %) of the soil with different crops.
From the data in Tables (4 and 5) and Figs.(5-8), it could be concluded that a
general reduction in electrical conductivity, sodium adsorption ratio and total
soluble salts concentration by increasing plow depth, and by increasing the
number of mole drains per unite area. This reduction can be explained by the
fact that the mole drains allow water percolated and down ward moved taking
with high amount of soluble salts. It can be rioticed also that the effect of
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Table (4): Some 3cii chemical properties at surface and subsurface layers (0-
30 and 30-60cm) in the first season (summer season 2001) as
affected by different mole treatments .

|

. 0-30cmiayer
d':'p"t‘:’ Mole | Mole |pH1:28 EC Cations, megh Arions, meg/! SAR TSS\
om | PaMem |spacem) ousp. 19Sm1| ca | Mg | Na | K |cOy| Heos | i | so, *
2 | 775 | 325 | 1048 | 845 | 18.05 | 020 [0.00| 376 | 500 | 2851 | 587 |0.15
’ P 4 | 780 | 622 | 1768 | 1972 | 33.67 [ 0.20 | 0.00 | 2.26 | 37.50 | 31.78 | 7.83 | o026
1 6 | 783 | 624 | 1281 | 1538 | 3243 |04 [0.50 | 426 | 27.50 | 2087 | 864 |0.27
2 | 773 | 262 | 040 | 7.74 | 11.57 | 0.20 [ 000 | 401 | 550 | 18.49 | 395 | 0.3
o 4 | 764 | 216 | 870 | 9.08 | 15.26 | 0.36 [ 0.00 | 251 | 813 | 2176 | 542 | 015
6 | 779 | as5 | 1307 | 1507 | 2299 | 0.41 | 050 | 401 | 41.00 | 803 | 613 | 020
2 | 764 | 175 | 784 | 383 | 770 | 028 [ 000 | 426 | 400 | 1137 | 318 | 007
P 4 | 766 | 224 | 649 [ 897 | 10,03 | 008 |0.00| 1.75 | 800 | 1582 | 361 |o0.8
” 6 | 783 | 241 | 665 | 908 | 1079 | 027|075 | 376 | 225 | 2001 | 385 | 0.08
2 | 779 | 151 | 530 | 425 | 665 o056 |0.00| 526 | 325 | 825 | 3.04 |o005
o 4| 764 | 153 | 452 | 530 | 685 | 021|050 501 | 350 | 777 | 341 | 007
6 | 786 | 177 | 452 | 234 | 663 |o067]000] 226 | 575 | 775 | 322 | 008
Control 787 | 661 | 1647 | 17.58 | 066 | 045 [ 075 | 401 | 4800 | 2180 | 990 | 034

. 30 - 60 cm layer
d:::: Mole | Moia- lpH.1:25 e | Cations; meg Anions, meq/i sar | TS
cm | Pettem |spaco,m) susp. |dSm1| o | o | ‘wa | k |cos|Heo, | ¢ | so, *
2 | 776 | 478 | 17.35 [ 14.30 | 18.95 [ 0.94 | 0.00 | 591 | 443 [ 4140 | 474 |047
( 4 | 781 | 642 | 1516 | 1625 | 3450 | 0.41 | 0.50 | 1501 | 30.80 | 2031 | 871 | 028
s 6 | 7.00 | 685 | 1742 | 15.00 | 36.38 | 0.35 | 0.50 | 414 | 37.75 | 25.48 | 8.83 | 0.30
2 | 775 | 284 | 840 | sov | 13.02 {036 000 | 491 | 975 | 1692 | 441 0.5
c 4 | 779 | 403 | 1325 | 1154 | 18.27 [ 070 000 | 662 | 1083 | 2651 | 519 |07
8 | 780 | ses | 19.58 | 14.00 | 25.69 | 0.53 | 0.60 | 567 | 12.13 | 4050 | 627 o028
2 | 771 | 208 | 663 | 597 | 962 029 | 000| 658 | 813 [ 780 | 383 |0.08
P 4 | 773 | 233 | es2 | 7.31 | 1044 | 0.72 | 0.00 | 958 | 625 | 948 | 257 0.1
" 8 | 774 | 286 | 775 | 831 | 11.84 | 038 | 0.00 | 9.85 | 8.25 | 1046 | 4.18 | 0.12
2 | 768 | 174 | 595 | 482 | 7.8 o026 000 454 | 635 | 802 | 335 | 006
c 4 | 769 | 187 | 636 | 587 | 910 {026 |000| 1074 | 688 | 297 | 388|007
X 6 | 770 | 193 | 640 | 598 | 267 026000 1074 | 625 | 5232 | 3.8 |o0.10
Control 792 | 689 | 14.43 | 1536 | 4062 | 015 [ 050 | 528 | 43.00 | 21.80 | 10.52 | 0.29

P* = Parallel mole pattern
C** = Cross mole pattern
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Table(5):Some soil chemical properties at surface and subsurface layers (0-30
and 30-60cmy)in the second season (winter season 2001/2002) as affected
by different mole treatments . '

_0-30cm layer
N g P e st ot g (155
cm Ca | Mg | Na_| Kk |co,[HeO, | c | so,
2 761 | 253 | 900 | 832 | 11.50 [ 038 [ 0.00 | 832 | 843 | 1273 | 391 | 0.07
P 4 766 | 268 | 9.00 | 600 | 1252 | 269 | 0.00 | 389 | 9.25 | 17.07 | 457 |08
2 6 766 | 346 | 1175 | 875 | 1547 | 038 | 000 | 680 | 1343 | 1642 | 474 | 009
2 7.57 | 206 | 735 | 625 | n70 [0.20 | 0.00 | 680 | 5.25 | 1054 | 372 | 0.06
e 4 759 | 236 | 868 | 750 | 10.62 (037 | 000 | 704 | 875 | 1048 | 373 | 007
6 766 | 254 | 906 | 7.30 | 1255 |0.38 | 000 | 7.56 | 875 | 1298 | 439 | 008
2 753 | 139 | 443 | 485 | €70 (048 [ 0.00 [ 454 | 500 | 642 | 314 | 0.05
e 4 756 | 181 | 623 | 580 | 864 | 031|000 758 | 913 | 427 | 352 | 008
60 6 756 | 195 | 6.85 | 612 | 9.37 |0.21 000 | 520 | 688 | 1038 | 363 | 0.07
2 740 | 145 | 495 | 231 | 551 (o036 000 | 672 | 525 | 116 | 289 | 0.03
e 4 750 | 150 | 474 | 535 | 683 018 | 0.00| 520 | 475 | 7.08 | 304 | 0.04
6 756 | 176 | 625 | 595 | 785 | 031 [ 0.00| 567 | 688 | 7.81 | 318 | 0.05
Control 7.66° | 560 | 1293 | 11.52 | 34.27 | 0.26 { 0.00 | 10.67 | 2438 | 23.93 | 9.80 | 0.15
30 - 80 cm layer
dzm’ | Mol | Mole [pH128 EC Cations, meg/! Anions, megl saR |Tss %
om pattemn | space, m| susp. | dSm-1 ca Mg Na X cos | HCO, o s0.
2 7.62 | 372 | 1242 | 13.65 | 16.55 [0.18 | 0.00 | 678 | 9.88 | 26.14 | 458 | 0.10
p 4 767 | 3.98 | 14.23 | 12.26 | 18.57 | 0.36 | 0.00 | 605 | 10.00 | 29.36 | 510 | 0.1
10 6 7.73 | 438 | 1442 | 1353 | 21.63 | 094 | 0.00 | 491 | 6.25 | 3038 | 579 | 013
2 760 | 232 | 800 | 625 | 1139 |072 491 | 1074 | 688 | 383 | 427 | o007
c 4 762 | 301 | 950 | 10.75 | 14.15 | 0.36 | 0.00 | 5.67 | 10.00 | 19.09 | 445 | 0.09
6 763 | 373 | 14.89 | 1000 | 1763 | 0.46 | 000 | 832 | 15.00 | 1966 | 500 | 010
2 757 | 183 | 603 | 505 | 786 | 015 |0.00| 680 | 713 | 516 | 334 | 0.06
P 4 768 | 1.88 | 550 | 647 | 9.41 [0.26 | 000 | 1058 | 500 | 606 | 385 | 0.08
0 6 7.68. | 214 | 7.45 | 6.32 | 1080 | 0.21 | 0.00 | 567 | 6.25 | 12.86 | 412-] 008
2 750 | 148 | 555 | 450 | 650 | 053] 000 643 | 500 | 565 | 290 | 0.03
¢ 4 754 | 165 | 519 | 611 | 7.41 | 015|000 | 380 | 850 | 656 | 312 | 0.04
6 758 | 182 | 630 | 524 | 878 026 | 000| 454 | 850 | 754 | 3.66 | 0.05
Control 7711 | 582 | 1357 | 1068 | 3570 | 811 [ 0.00 | 651 | 1048 | 51.07 | 1025 | 0.45

P* = Parallel mole pattern
** = Cross mole pattern
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mole treatments on reducing EC, total soluble salts and SAR values were
more pronounced after cultivation of barley in the second season (2001-2002)
and enhancing the leaching processes. These results are in harmony with
those obtained by El-Sabrey et al. (1992) and Abou El-Soud et al. (1996).

As the superiority of crossed moles in improving the infiltration
properties, they also promoted the leaching of salts greater than the parallel
moles through the two seasons under study. This trend may be due to that
the number of moles per unite area with crossed pattern are twice of that
with parallel pattern at the same spacing. Therefore, the crossed moles
- increased the permeabllity of soil more than the parallel moles at the same
spacing. Consequently, the crossed moles enhanced the leaching of salts
from soil and decreased EC, SAR and TSS values greater than the parallel
ones at the same spacing.

The effect of mole Spacmgs on the leaching of salts during the two
seasons can be arranged in the following descending order : 2m > 4m > 6m >
the control. The previous results show that the leaching of salts was
enhanced as the mole spacing decreased and vice versa. This trend is
somewhat appropriate with the infiltration characteristic results, since the
higher the basic infiltration rate, the lower are the EC, SAR and TSS values.
These results are consistent with El-Sabry et al. (1992).

Regarding the combined effect of different treatments on EC, SAR and
TSS, it could be observed that all mole treatments decreased salt content of
soil comparing to the control in the two seasons at the two layer depths. The
best treatment was found to be 60 cm plow depth with crossed moles at 2 m
spacing during the two studied seasons, ! mce it recorded the lowest values
of EC, SAR and TSS 1.51 and 1.74 dSm™, 3.04 and 3.35, 0.06 and 0. 06%,
respectively for the two depths in the first season and 1.15 and 1.48 dSm™,
2.89 and 2.90, 0.03 and 0.03%, respectively at the same depths in the second
one. While the control detected the hlghe~ t values 6.61 and 6.89 dSm™, 9.90
and 10 52, 0.31 and 0.29 %, respectively in the first season and 5.60 and 5.82
dSm™, 9.80 and 10.25, 0.15 and 0.15 %, respectively in the second one at the
huolayerdepths

Generally, it can be concluded that usmg the deep plow of 30 and 60 cm
depth with crossed moles at 2 m spacing improved the physical, hydro
physical and chemical properties of compacted clayey soils.
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