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ABSTRACT

Field experiments were undertaken to evaluate the effect of crop residuals
filled moles on some physical and hydrophysical soil properties as well as to get rid of
these residuals causative the black cloud covered the sky of Egypt . Cotton stalks,
rice straw and com stalks as a complete structure {without grinding) were placed in
meles 30 and 60 cm deep, arranged in parallel orientation with respect to one another
and spaced at 3, 5 and 7 m apart. Furthermore economical analysis was done by
calculating the net revenue for every treatment to determine the economical
treatment. The moles were constructed by a special ditcher. The experiments were
conducted at EGemmeiza Agricultural Research Station, El-Gharbia Govemorate,
during three consecutive growing seasons from 2002 to 2004, Cultivated crops
comprised wheat, rice, and onion of bulb seeds in a consecutive sequence. El-
Gemmeiza sofl is silty ciay loam in texture with less than 4% of CaCCa. The organic
matter ranges between 2.41 and 1.86 %, the soil pH between 7.85 and 7.91 and the
EC between 5.26 and 5.83 dSm™ .

The obtained results can be summarized as follows :-

1- The rate of fuel consumption increased 19.51 % by increasing mole depth, and the
power consumption increased from 43.28 to 51.54 KW, as the mole depth
increased from 30 to 60 cm. The slip ratio also increased reaching maximum values
of 6.22 and 11.53 % at operating forward speed of 3.05 Km/hr for the two mole
depths of 30 and 60 cm, respectively.

2- Soil penetration resistance decreased by increasing mole depth and by decreasing
mole space and decreased also with all added residuals.

3- The soil bulk density decreased in all treatments, while total soil porosity and void
ratio took the opposite trend.

4- A decrease in the settling percentage was observed in all treatments, indicating a
higher degree of structural stability.

5-The soll hydraulic conductivity and the water holding capacity besides available
water increased in all treatments.

6- Water consumption was decreased and water use efficiency was increased with all
treatments.

7- According to the economic evaluation, the 60 cm mole depth with com stalks at3 m
spacing was the most valuable compared to other treatments since it gave the
highest net revenue.

8- From the above results, it is more useful to use these treatments with the three
crop residuals at different rates to get a markedly improve in soil physical and
hydrophysical properties which reflect on higher yield incorporated with high net
income.

Keywords: Crop residuals, cotton stalks, rice straw, com stalks, mole depth and

space, fuel and power consumption.
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INTRODUCTION

The strategy of present and future is to keep the natural resources for
soil and water of the state away from pollution and to improve the properties
of agricultural products for the public health and to protect the environment.

For many centuries, it has been noticed that the capacity of soils to
produce crops is affected by the amount of soll content of organic matter
{Abdel-Gaffar, 1982). The organic matter of soil is a key attribute of its fertility.

in Egypt, Hamdi and Alaa E!-Din (1982) stated that about 11 MT of
agricultural residues per year are produced by different crops. Most of these
residues are rice and wheat straws and cotton, maize and sorghum stalks.
The utilization of these residues at present is largely for buming, industry or
as animal feed, Little is composted as organic manure. Also, it is beneficial to
use organic materials on a large scale in agriculture especially with the recent
rises in prices of the chemical fertilizers which have affected the agricultural
production throughout the world and had a violent impact on Egypt.

The organic matler can increase soil productivity by improving soil
physical and chemical properties and release nutrients to the soil mostly
through plant residues decomposition (Goh ef al. 2001). However, the
organic matter content in Egyptian scil gradually decreased and in order to
increase it, the use of different sources of organic residues became
necessary (El-Maddah, 2000}). Recently, the world trend goes toward using
the agricultural nature materiais ¢ minimize the pollution which affect the
environment and public health and improve soil physical, chemicai and
biological properties.

Aibinet (1971) found that the structural stability and porosity of aliuvial
soils were improved by application of straw. Miller and Aursted (1971) found
that straw incorporation of the furrow bottom increased furrow infiltration into
a sandy loam soil during 3 years study period. Straw incorporation became
less effective as the season progressed. The annual addition of 13.4 tons of
straw/ha increased infiltration over the control about 90 % during the first
season, 65 % during the second and 35 % during the third season. Talha et
al. (1879a) found that the values of hydraulic conductivity, infiltration rate and
total porosity of alluvial soil were increased as a result of added clover and
wheat straw, while the values of bulk density were decreased.

Rate of decay of plant residues appiied to the soil is, in turn, affected by
several factors. The most important among these is the chemical composition
of the residues. In this respect, Michael et al. (1984) pointed out that soybean
leaves decayed most rapidly loosing 44.3 % of its original organic carbon as
CO; over 78 days, while soybean stems lost 41.4 % and wheat straw lost 35
% over the same period. Heal ef al (1997) stated that the decomposition of
crop residues in soil and their carbon and nitrogen mineralization are largely
influenced by the quality of plant materials, i.e., by their origin and
composition,

Im (1982) concluded that the addition of organic materials improved the
soil permeability {o water even if the soil was severely compacted. The
improvement of permeability was entirely due o the increase in total porosity.
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Since organic matter has high water holding capacity, its addition to soil
should increase the amount of available water.

The aim of this work is to get rid of crop residuals especially rice straw
causative the black cloud covered the sky of Egypt and to assess the effect
and residual effect of these residuals {cotton stalks, rice straw and comn
stalks) as a complete structure {without grinding) placed in moles at 30 and
60 cm depths arranged in parallel orientations with respect to one anothers at
3, 5 and 7 m spacing on improving some soil physical and hydrophysical
properties.

MATERIALS AND METHODS

Field experiments were carried out on silty clay loam soil at El-
Gemmeiza Agricultural Research Station, El-Gharbia Govemnorate, during
three consecutive growing seasons. The factors involved in this study were
two mole depths (30 and 60 cm) at three spacings (3, 5 and 7 m) with three
organic plant residuals (cotton stalks, rice straw and corn stalks) as a
complete structure (without grinding) placed in moles arranged in parallel
orientations with respect to one anothers as weli as the control (untreated
soil) to get rid from the burning of crop residuals causative the black cloud
covered the sky of Egypt and to evaluate the effect and residual effects of
these treatments on some soil physical and hydrophysical properties. Some
soil properties of the experimental soil are presented in Table (1a) and
analysis results of the used organic residuals are shown in Table (1b). The
studied soil has a shallow water table (80cm from the soil surface} which
caused lower hydraulic conductivity and permeability and higher EC ranged
between 5.26 and 5.83 dSm™ in saturated paste extract with pH between
7.85and 7.91 in 1:2.5 soil water suspension.

The plot area of the experiment was 300 m? (15 m in width and 20 m in
length) with three replicates where the area of the experiment was divided
into 54 plots using a randomized complete block design. The used organic
plant residuals are : cotton stalks, rice straw and corn stalks. The rates of
plant residuals were 140, 84 and 60 mffed. at 30 cm depth, while at 60 cm
mole depth were 350, 210 and 150 mffed. at 3, 5 and 7 m spacings,
raespectively. These residuals were added into the moles before sowing, and
covered with 10 cm of soil.

The moles were constructed at 30 and 60 cm depths by ditcher. To
carry out this moles, the following equipments were used, a 90 Kw tractor
{120.0 hp) model Ford-Tw10 was used to perform mole treatments. The
technical specifications of the used ditcher are shown in Fig. (1).

Slippage percentage (S%) was calculated by using the following
formula :-

Li-L>
L2
where : L, = the advance per 10 wheel revolutions under no load, m.

L. = the advance per 10 wheel revolutions under load, m.

S % = x 100
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Fuel consumption was determined by measuring the volume of fuel
required refilling the tank after operation time per each treatment. The rate of
fuel consumption was calculated using the following formula:

Amount of fuel consumption, L

Fuel consumption= L/ hr
Time , hr
Tabie ( 1a) : Some physical and chemical properties of the used soil.
Properties Values
iSoil depth, cm 0-30 30-60
H, 1:2.5 (susp.) 7.85 7.91
EC, dSm™ 5.26 5.83
ISolubie cations, meq ™
Ca™ 12.69 13.78
Mg® 13.71 14.85
Na® 25.89 29.39
K’ 0.39 0.36
Soluble anions, meq i’
CO,” 0.65 0.69
HCO™ _ 4.78 5.61
Cr 34.14 36.65
SO,~ 13.11 1543
Particle size distribution
Sand, % 11.35 13.11
Silt, % 52.55 48.27
Clay, % 36.10 38.62
[Texture class *S.C.L *S.C.L
Bulk density (Db, gcm™ ) 1.29 1.34
Total porosity ( E ), % 51.32 49.43
Void ratio (e) 1.056 0.98
Hydrautic conductivity (Kh, cm hr™ 0.56 0.52
CaCOs: % 3.35 3.21
p_rganic matter {0.M, %) 2.41 1.86
Organic carbon (O.C, %) 1.40 1.08
otal nitrogen (T N, %) 0.136 0.114
/N ratio 10.29 9.47

*5.C.L = Silty clay loam

Table (1b) : Some characteristics of the different used organic

residuals.
g’s‘fgg'a‘; ew,% | Ash, % |O.M, % D.C, % TotalN,% | CIN ratio
Cotton stalks| 8.84 | 13.29 | 75.87 |44.01]  0.478 92
Rice straw | 9.00 | 17.79 | 73.21 |42.46]  0.482 88
Com stalks | 7.08 | 14.42 | 77.51 |44.96] _ 1.096 41
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The power requirement (Er) was calculated using the following
equation (Embaby, 1985)
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1 1
Er=(Fcx XprXxLev.x4827xnax) mX —x ——
( 3 et T 5 136
where: Fc = Fual consumpt:on rate, Lihr
pr = Density of the fuel Kg/l (for solar fuel= 0.85 Kg/l)
L.¢c.v.= Lower calorific value of fuel K cal/kg; (average
L.c.v. of solar fuel is 10000 K cal/kg).
427 = Therme-Mechanical equivalent, Kg m/K cal.

n w = Themal efficiency of the engine (considered to be about 40 %

for diesel engine).
n m = The mechanical efficiency of the engine {considered to be

about 80 % for diese! engine).

The experimental field was treated after adding the residuals and prior
to planting and the recommended agricultural processes ware practiced.
Also, an activated dose of nitrogen fertilizer was added before sowing by
about one month to correct C/N ratio of the added residuais.

Wheat seeds (Sakha €2 variety) were planted in the first season (winter
2002/2003} at the rate of 60 Kg/fed. during the third week of November, rice
seeds {Sakha 101 variety) were planted in the second season (summer
2003) at the rate of €0 Kgffed. where sown in a nursery, after 30 days
seedlings were transplanted in June 2003, and onion of bulb seeds (Behairy
red) were planted in the third season (winter 2003/2004), at the rate of 1.5
tonffed, at December 2003.

During the three seasons, the basal doses of N, P and K were applied
according to the recommendations for each crop, the other usual agricultural
practices were carried out as usual for each crop according to the
recommendations of Ei-Gemmeiza Research Station.

Japanese cone penetrometer, modle SR-2Dik 5500 was used to measure
the penefration resistance of scil. This measurement was done 4 times. The
first 3 times, each was done 10 days after the primary three irrigation, while
the latest was done direct before harvesting in the first and third seasons.
While, in the second season was done only just before harvesting.

After harvesting of each crop, soil sampies (G-30 and 30-80 cm depths)
were collected from each piot to determine some soil physical and
hydrophysical properties.

Soil bulk density (Db, g/lem®) was determined using the core methods
(Vomaocil, 1386). Total porosity (E,%) and veid ratio (e) were calculated using
the following equations:-

E,%z(i—%é)XIOO

and =— -1
Db
where :- Db: is the bulk density, glcm
Dr : is the real density, taken as 2.65 g/cm®
Hydraulic conductlvity (cm/hr) was determined using undisturbed soil
cores using a constant water head according to Richards (1954), settling
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percentage of the soil aggregates was determined in soil aggregates of 2-5
mm size, as the method described by Williams and Cooke (1961) and soil
moisture characteristics were determined using the method outlined by
Stakman (1968).

Water consumption {Cu) was determined by collecting soil samples from
each plot before and after 48 hours of every irrigation and computed
according to the equation of Israelsen and Hansen (1962).

Water consumption (cm) = % XDbXD

where : ©; = Soil moisture percentage on weight basis after 48 hours from
irrigation.

2, = Soil moisture percentage before irrigation.

Db = Bulk density, g/cm®.

D = Soil depth, cm.

Water use efficiency (WUE) was calculated by dividing the marketable

seed yield of wheat, rice and onion (Kg/fed.} by water consumptive use
according 1o the equation of Jensen (1983).

Seed yield, Kg fed™
Water consumption , cm

Total yield (wheat rice and onion seed) for each plot was weighed and
related to Kg fed™.

The collected data were statisticaily analyzed according to procedure
out lined by Snedecor and Cochran (1981). The mean values were compared
at 0.05 leve! using L.S.D.

Economic evaluation was done to compare between different
treatments to state which one is more valuable. The test was executed
according to the price of the yield (1100 L.E./ton grain of wheat and 200
L.E./ton straw of wheat in the first season and 1000 L.E.fton seeds of rice in
the second one and 40 L.E./kg of onion seeds in the third season) as well as
the cost of different treatments including the price of moles construction and
the price of labor they added residuals, which was calculated considering
conventional method of estimating both fixed and variable costs.

Total per fed. cost was calculated by multiplying the hourly cost by the
actual time required by the machine to cover one feddan.

RESULTS AND DISCUSSION

I- Evaluation of power requirements and slip performances:
1-The power requirements
Data presented in Table (2) show that, the rate of fuel consumption
increased by increasing the moling depth with all mole spacing because of
increased soil draft. The results also indicate that, by increasing ,moling
depth from 30 to 60 cm the fuel consumption increased by about 19.51%.
From the obtained data presented in Table (2), it is also clear that the
power requirements were varying with the moling depth. As the moling depth
increased from 30 to 60 cm, the power consumption increased from 43.28 to
51.54 KW.

WUE, Kg fed ' cm™ =
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2- Siip ratio

From the obtained data in Table (2) it is clear that, for afl mole spaces
(3. 5 and 7 m) and increasing the mole depth, the slip ratio tended to
increase. The maximum values of slip ratio were found to be 6.22 and 11.53
% at operating forward speed of about 3.05 Km/h for mole depth of about 30
and 80 cm respectively.

Table (2): Effect of different treatments on fuel consumption, power
requirement and slip percent.

Mole Mole !Actual field Fuel Fuel Power slip
depth, | space, | capacity [consumptionconsumptionjrequirement o ’
cm m fed/hr Lfhr Lifed Kw ’

3 1.31 12.95 9.89 41.28 5,65
30 5 2.13 13.60 6.52 44.52 6.22
7 3.27 13.89 4.16 44.05 6.14
3 1.25 15.35 13.08 52.32 11.05
60 5 2.12 15.92 7.51 50.94 11.25
7 3.05 16.05 5.26 51.36 11.53

3- Soil penetration resistance:

Data presented in Table (3) show that, the effect of mole depth, moles
spacing and kind of residuals on pernietration resistance at sequence
measuring timed. The results indicate that the penetration values decreased
by increasing mole depth since increasing moling depth decreased the soil
compagction, in the three growing seasons.

Table (3): Effect of different treatments on penetration resistancs
(Mpa) at sequence measuring time.,

Mole Mole First season (wheat) e f:::?:“, Third season (onion)
IResidual 10 d: 10 da 10 d; | 10 days | 10 da; 10 days
d:":;h kind T al‘tara{: afterzy""’ after‘g"' ‘::::E::?»: Just befors [ after f" after?“ after g" '::L;b::‘:r;
irvi. irri. irri. harvesting irrk, brrh, Trvi.
Cotton 3 1.70 1.76 1.85 2.60 1.79 1.60 1.62 1.68 1.78
statks 5 1.80 1.84 1.92 2.1 1.90 1.66 171 1.79 1.92
7 1.96 208 218 2.20 2.23 1.69 1.78 1.87 2.04
Rice 3 1.66 1.72 1.84 1.98 1.75 1.64 1.69 172 1.80
30 straw = 1.76 1.82 1.89 2.09 1.81 1.67 1.76 1.82 1.95
7 1.95 1.98 2.05 213 1.95 1.70 1.83 1.91 2.20
Com 3 1.63 1.71 1.78 1.88 1.78 1.65 1.70 1.73 1.90
sialks g .73 1.79 1.88 2.06 1.33 1.68 1.77 1.84 1.69
7 1.85 1.89 1.86 212 219 1.81 1.89 1.82 2.28
Cotton 3 1.55 1.680 1.79 1.90 1.90 1.50 1.54 1.60 1.69
stalks 5 1.65 1.71 1.85 1.98 1.98 1.59 1.85 1.73 1.74
7 1.80 1.82 1.96 2.03 2.03 1865 1.71 1.80 1.82
. 3 1,58 162 1.78 1.84 1,72 1.54 162 1.65 1.81
&0 :f;ga 5 | 163 § 172 | 182 | 197 105 160 | 166 | 175 [ 184
7 1.70 1.80 1.92 2.00 1.99 1.70 1.72 182 1.87
Comn 3 1.55 1.68 1.69 1.72 1.84 1.58 1.64 1.68 1.90
statks 5 1.62 1.74 1.81 1.95 1.97 1.63 1.69 1.78 1.93
7 1.67 1.90 1.92 1.89 2.00 1.80 1.82 1.88 2.06
Control 2.66 3.00 3.04 3.05 3.10 2.78 3.00 3.08 3.12

On the other hand, it is obvious that mole space also affect soil
penetration resistances. The effect of different spaces on decreasing the
values of penetration resistance during the three growing seasons can be
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arranged in the following descending order : 3m > 5m > 7m > the control. The
results indicate also that the application of 7m mole space causes higher soil
penetration values especially at 30 cm mole space depth. This may be due to
the rapid movement of the drain water from the mid zone of the narrow mole
space than the wider zone.

Also, it can be seen that soil penetratlon resistance just before
harvesting have the highest values. This may be because of natural dries of
soil during the growing period. These results are in line with El-Maddah et al.
(2003).

As for residual kind on penetration resistances values, it could be -
observed that all added residual kinds decreased soil penetration resistance
values compared with the control during the three growing seasons. The best
treatment was corn stalks in the first season, while it was rice straw in the
second season, and cotton stalks in the third season in both 30 and 60 cm
mole depth. The decrease of soil penetration resistance with organic residual
treatments may be related to the products of organic materials decomposition
during growth seasons, microbial gums and promoting root growth enhanced
soil aggregation processes, subsequently soil penetrability resistance
decreases (Khalil et al. 1997).

Concemning the combined effect of different treatments on soil
penetration resistance, it could be observed that all mole depths and mole
spaces besides all residual kinds decreased soil penetration resistance
values comparing to the control. The best treatment was found to be 60 cm
mole depth at 3 m spacing with corn stalks residual in the first season since it
recorded the lowest values which were 1.55, 1.68, 1.69 and 1.72 MPa, while
it was 60 cm mole depth at 3 m spacing with rice straw in the second seascn
which recorded 1.72 MPa and was the same treatment with cotton stalks in
the third season which recorded 1.50, 1.54, 1.60 and 1.69 MPa respectively,
for the primary three irrigation and just before harvesting except the second
season where the value was just before harvesting only. While the control
detected the highest values which were 2.66, 3.00, 3.04 and 3.05 MPa
respectively in the first season and was 3.10 MPa in the second one while
they were 2.75, 3.00, 3.08 and 3.12 MPa respectively in the third season for
the same time.

- Effect of different treatments on some soil physical properties:
1- Soil bulk density, total porosity and void ratio

Data in Tables (4 to 6) and Fig. (2) show that all mole treatments and
kinds of residual led to significant decreases in soil bulk density and
significant increases in total soil porosity and void ratio of the two sequence
soil depths (0-30 and 30-60 cm) at the end pf the three seasons comparing to
the control (untreated soil).

Mole depth tended to lower soil bulk density and increase totai porosity
and void ratio. The 60 cm mole depth decreases bulk density (Db) by 13.95
and 9.70 % respectively over the control for the two depths in the first
season, while (Db) was decreased by 16.53 and 12.21 % respectively at the
same depths in the second one and by 19.20 and 17.19 %, respectively at
the same depths in the third season. The 30 cm mole depth decreases (Db)
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by 5.43 and 4.48 % respectively for the two depths in the first season and it
was decreased by 6.30 and 3.82 % respectively for the same depths in the
second one. The decrease in {Db} was 7.20 and 5.47 % respectively at the
same depths in the third season.

Table {4): Effect of different treatments on some soil physical properties
in the first season ( winter 2002/2003)

Bulk dens Total porosity Void ratio

d'ﬁ;'t;' Llesidua{ ,';;'_;' (Db, glcml’t)y ] (€, %) P Settling, %
cm kind m 2.-.3“0 130-60 cm (:;'!nﬂ 32;:5 1-'::'0 (30-80 cm 0;‘0 nO-8D em,
cotion |3 | 124 | 1.8 15321 | 51.70 | 1.14 | 1.07 | 19.54 | 19.74
<taike |5 [ 127 | 1.30 | 52.08 | 5054 | 1.09 | 1.04 | 2024 { 20.56

7 1 1.28 | 1.31 | 51.70 | 50.57 | 1.07 | 1.02 | 21.43 | 21.69

oo |3 | 1:21 | .27 | 5434 | 5208 | 1.9 | 1.09 | 17.74 | i7.95

30 | oo |5 | 422 [ 1.20 [ 6396 [ 51.32 | 117 | 1.06 | 18.56 | 18,63
7 | 1.24 | 1.30 | 53.21 | 50.04 | 1.14 | 1.04 | 19.21 | 19.43

Com 13 | 147 | 1.6 | 8585 [ 5245 | 1.7 | 1.10 | 1041 | 1057

s 5 171.18 | 1.27 | 5547 | 52.08 | 1.25 | 1.09 | 11.63 [ 11.72

71 1.19 | 128 | 5500 | 51.70 | 1.23 | 1.07 [ 1247 | 12.61

Cotton | —3 | 1.14 | 1.23 | 5608 | 5350 | 1.33 | 1.16 | 1587 | 16.44

taie |5 | 1.15 | 1.25 | 56,60 | 5283 | 1.31 | 1.12 | 16.04 | 17.13

7 ) 1.46 | 1.28 | 56.23 | 51.70 | 1.28 | 1.07 | 17.35 | 17.92

Rice |—2_[ 110 | 1.21 | 5649 | 5434 | 1.41 | 1.19 | 1375 | 1304

60 | qyon 5 | 112 | 192 [ 5774 | 53.96 | 1.37 |{ 1.47 | 14,37 | 14.88
7 1 1.13 | 1.24 | 57.36 | 53.21 | 1.35 | 1.14 | 1561 | 15.84

Com {3 1 1.06 1 1.14 |60.00 | 56.98 | 1.50 | 1.33 | 524 | 583

sps 5 [1.08 | 116 | 5025 | 56.23 | 145 | 1.29 | 655 | 7.11

7 | 1.08 | 1.17 | 58.87 | 55.86 | 143 | 1.27 | 967 | 9.0

Control 1.29 | 1.34 | 51.32 | 4943 | 1.05 | 0.08 | 22.65 | 23.92

A 30 1.22 | 1.28 1 53.88 | 51.53 | 1.:7 | 1.06 | 16.80 | 16.99
Mole 60 141 | 1.21 | 57.95 | 54.30 | 1.38 | 1.19 | 12.82 | 13.92
depth, F 802672 |120.697| 51.60" | 2.20™ [19.65° | 1.46™ | 159.01" |260.36°
cm ™ 0.003 ] 0.03 | 244 | 802 | 0.20 | 0.46 | 1.36 | 0.65
Cotton stalks | 1.21 | 198 | 5447 | 51.80 | 1.20 | 1.08 | 18.56 | 18,91

8 Rice straw | 1.17 | 1.26 | 55.85 | 52.64 | 1.27 | 1.12 | 16.54 | 16.78
Residu| Com stalks | 1.13 | 1.21 | 57.42 | 54.22 | 1.36 | 1.1 | 9.33 | 9.63
al kind F 36.60° | 21.82° | 52.28" | 2.48 |43.17° | 1.46° [436.21" |363.04°
L300 0.02 | 002 | 067 | 246 | 0.04 | 0.16 | 0.76 | 0.83

3 115 | 1.23 | 56.48 | 53.52 | 1.31 | 1.16 | 13.76 | 14.08

Mgie 5 117 | 125 | 5585 | 5280 [ 127 | 1.13 | 14.92 | 1501
space 7 118 | 1.26 | 5541 [ 52.33 | 1.25 | 110 | 15.96 | 16.23
e F 2.81° | 4.32° [ 2105 | 2.87 |1.68% | 1.65 | 10.28" | 12.64°
L300 002 1002 | 1.08 | 1.03 | 0.07 [ 0.06 | 073 | 0.88

Total porosity (E) and void ratio (e) take the opposite direction, where
they were increased in case of 60 cm mole depth by 12.92, 9.85 % and
31.43, 21.43 % for the two soil depths respectively in the first season. While
in the second one the increases were 14.98, 12.18 % and 37.62, 2941 %
respectively at the same depths for total porosity and void ratio. in the third
season the increases were 16.83, 16.13 % and 44 .64, 41.12 % for the same
depths. The 30 cm mole depth increased {E) and (e) by 4.89, 4.25 % and
11.42, 8.16 % respectively at the two depths in the first season and by 6.01,
4.01 % and 13.76, 8.82 % respectively for the same depths in the second
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one, while they were 6.10, 5.18 % and 14.29, 12.15 % respectively at the two
depths in the third season.

Conceming the effect of organic residual kinds, data in Tables (4 to 6)
and Fig. (2) indicate that all added piant residuals significantly decreased
{Db) and significantly increased total porosity and void ratio of the two
sequence soll depths {(0-30 and 30-60 cm) at the end of the three seasons.
The com stalks treatment was the best one in both first and second seasons
where it decreased (Db) by 12.40, .70 % and 14.96, 12.98 % respectively
for the two soil depths over the control and increased total porosity and void
ratio by 11.89, 9.69 % and 29.52, 21.43 % respectively at the same depths in
the first season and by 13.59, 12.44 % and 33.95, 31.37 % at the same
depths in the second one. Cotton stalks treatment was the best treatment in
the third season since it recorded the high decreases in soil bulk density and
high increases in soil total porosity and void ratio where the decreases in {Db)
were 16.80 and 15.63 % respectively for the same depths and the increases
in total porosity and void ratio were 14.97, 14.60 % and 39.29, 37.38 %
respectively for the same depths.

With regard to mole space, data clear that the superiority was with
closer mole spacing on decreasing soil bulk density and increasing total soil
porosity and void ratio. Bulk density was obviously decreased by descending
the mole spacing from 7 to 3 m in the three seasons. It was decreased by
10.85 and 8.21 % respectively for the two depths in the first season while it
was decreased by 12.60 and 9.16 % respectively at the same depths in the
second one and by 14.40 and 12.50 % respectively for the same depths in
the third season, for 3 m spacing. As for 5 m spacing it was decreased by
9.30 and 6.72 % respectively for the two depths in the first season while it
was 11.81 and 8.40 % respectively at the same depths in the second one and
by 12.80 and 10.94 % for the same depths in the third season. Also, it was
decreased by 8.59 and 5.97 % respectively for the two depths in the first
season while it was 10.24 and 6.87 % for the same depths in the second one
and by 11.20 and 10.16 % respectively for the same depths in the third
season for 7 m mole spacing.

Total porosity and void ratio tended to take the opposite trend where
they were increased by 10.06, 8.27 % and 24.76, 18.37 % respectively over
the control for the two depths in the first season and by 11.46, 9.31 % and
28.44, 22.55 % respectively in the second one and by 12.74, 11.80 % and
33.04, 29.91 % respectively at the same depths in the third season for 3 m
moele spacing. In case of 5 and 7 m spacing the increases of total porosity
and void ratio take the same trend.

Regarding the combined effect of the results revealed that the 60 cm
mole depth with corn stalks at 3 m spacing was the best treatment since it
induced the lowest value of bulk density 1.06 and 1.14 g cm™ respectwely for
the two soil depths in the first season while it was 1.01 and 1.03 g cm’ ? at the
same depths in the second one. As for the third season, the best treatment
was 60 cm mole depth with cotton stalks at 3 m spacing and the values of
{Db) were 0.95 and 0.98 gcm’ 3 at the same depths.
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Table (5): Effect of different treatments on some soil physical properties
in the second season { summer 2063 )

Mole ResidulMore| Buk "‘,?"3'})” Total porosity’ yo.4 ratio (e) | Settling, %
epth, cil kind pace| (Db, g/cm (E. %)
m  b.30 cn}0-60 crD-30 cnB0-60 cnD-30 cnj0-60 cn0-30 cnj0-60 cr
Cottor 3 122 | 1.27 153.96] 52.084 1.17 | 1.09 | 19.83 | 18.87
stalks 5 1 123{ 128 1535815170} 116 | 1.07 | 20.62 | 20.73
7 1125] 1.29 [ 52.83]51.321 1.12 | 1.05 | 21.71 | 21.82
Rice 3 147 | 1.25 | 55.85| 52.83 § 1.27 | 1.12 | 18.64 | 18.71
30 straw 5 11191 1.26 1 55.09) 52.45] 1.23 ) 1.10 | 18.79 | 18.92
7 120 ] 1.27 | 54,72 52.08( 1.21 | 1.09 | 1949 19.57
Comn 3 113 | 1.21 [ 57361 5434 | 1.35 | 1.19 | 587 | 597
stalks 5 1114 ] 1.24 156.98]53.21 | 132 | 114 | 7.32 | 7.47
7 | 115 1.26 | 56.48| 52451 1.29 | 1.10 | 9.93 | 9.97
Cotto 3 109 | 1.20 | 58.87 | 54.72 | 144 | 1.21 | 13.88 | 14.35
stalks 5 110 ] 1.22 1 58.49] 53.96 | 1.41 | 1.17 | 14.84 | 1543
7 112 | 124 | 57.741563.21 | 1.37 ) 1.14 | 15.27 | 15.74
Rice 3 1.05] 1.15 [ 60.38| 56.60 | 1.52 | 1.31 | 16.74 ! 16,92
60 straw 5 ] 1.06| 117 | 60.00]| 55.85] 1.50 | 1.27 | 17.27 {17.64
7 108 | 1.19 [ 59.25({ 55.091 1.45 | 1.23 | 17.41 | 17.83
Com 3 [ 1.01] 103 [61.89]!61.13 (1 163 ¢ 158 | 10.85|10.98
stalks 5 1102 1.05]61.51/60.38 | 160 | 1.53 | 11.83 ] 11.97
7 1.04 | 1.07 160.751 59.62 | 1.55 | 1.48 | 12.84 { 12.95
Control .27 | 1.31 15208 50571 1.09 | 1.02 | 2284 123.96
A 30 1.19 | 1.26 1 55.21| 52.50 | 1.24 | 1.11 | 15.80 { 15.89
Mole 60 1.06 | 1.15 | 5988 ] 56.73 | 1.50 | 1.32 | 14.55 | 14.87
depth, F 5280.36112.93°3502.67112.35°1490.54167.77112.20% 20.82*
cm LSDgs 0.01 | 0.05 | 0.22 172 | 0.02 | 0.07 1.54 1 0.97
Cotton stalkg 1.17 | 1.25 ;5591 ] 5283 | 1.28 | 1.12 | 1769 | 17.99
B Rice straw | 113 | 1.22 1 57.55] 54.15 ) 1.36 | 1.19 | 18.06 | 18.27
hesidua Comstalks| 108 | 1.14 [ 59.16 | 56.86 | 1.46 { 1.34 | 9.77 | 9.89
kind F 77.01*| 85.53*|74.58* 85.81* [ 48.82*| 88.02"|500.76*[268.511
LSDos 0.02 | 0.02 | 0.61 0.72 | 0.04 | 0.04 0.68 | 0.95
c 3 1.11 1.19 | 58.05155.28 | 1.40 | 1.25 j 14.30 | 14.47
Mole S 112 | 1.20 | 5761 54.59 [ 1.37 | 1.21 | 15.41 | 15.36
space 7 1.14 | 1.22 | 56.96 ] 53.96 1.3%5 1.18 | 16.11 [ 16.31
m ' F 2.08 426" {2.18 4.26* 12.18 3.46* | 27.25"161.15"
L.SDgs 0031002108 093 [ 007} 005] 051 {034

Total porosity and void ratio take the opposite, where the highest
values were 60.00, 56.98 % and 1.50, 1.33 respectively for the two soil
depths in the first season and were 61.88, 61.13 % and 1.63, 1.58
respectively for the same depths in the second one while in the third season
the values were 64.15, 63.02 % and 1.79, 1.71 respectively for the same

depths,
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Table {6): Effect of different treatments on some soil physical properties
in the third season { winter 2003/2004 )

Bulk densi Totai porosi Void ratio Settling,
dMole Resid-|Mote| "% g,cm.‘)y (E":‘lf. " ty o) e
epth, | ual [spac
cm kKind | ,m { 030 | 3060 | 0-30 { 30-60 | 0-30 | 3060 | 0-30 } 30-60
cm om cm cm cm cm cm cm
Cotton 3 110 | 1.15 | 58.49 | 56.60 | 1.41 ! 1.31 | 10.23 | 10.98
stalks 5 111 ] 147 | 57.99! 5585 | 1.38 | 1.27 | 11.15 { 11.97
i 1.13 | 1.18 | 57.36 | 5547 | 1.35 1 1.25 | 1217 | 12.95
Rice 3 t14 | 1.19 1 56.98] 55.09 ] 1.33 | 1.23 | 16.83 | 16.98
30 straw 5 116 | 1.21 | 56.23154.34 | 1.29 { 1.19 | 1743 | 17.82
7 118 | 1.22 | 5547 | 53.96 1 1.25 | 1.17 | 17.65 | 17.87
Com 3 120 | 124 |54.72|53.21 | 1.21 | 1.14 | 19.35 [ 19.99
stalks 5 122 | 1.25 | 5396|5283 | 117 | 1.12 | 20.41 | 20.94
7 1.24 | 1.27 153.21] 52087 1.14 | 1.09 [ 21.78 [ 21,95
Cotton 3 0951 098 {64.15]163.02 | 1.79 | 1.71 | 5985 | 598
stalks 5 1097 | 099 163406264 { 1.73 1 168 | 7.39 | 7.49
7 0.98 § 1.01 |63.02]|6189} 171 | 162 | 9.99 | 10.05
Rice 3 [ 099 | 1.04 | 6264 6075] 1.68 | 1.55 | 12.93 { 13.11
60 straw 5 1.00 | 1.06 162.26]| 60.00; 165 | 1.50 § 13.89 | 13.96
7 1.03 | 1.07 | 61.13159.62 | 1.57 | 1.48 | 14.92 | 14.97
Corn 3 1.05 ] 1.11 |60.38{ 5811 | 1.52 1 1.39 | 17.72 | 17.93
stalks S 1.07 { 1,13 | 59.62] 57.36 | 1.48 | 1.35 | 18.40 | 18.63
7 100 | 114 | 5887 | 5698 | 1.43 | 1.33 | 18.95 | 19.05
Control 125 | 1.28 | 5283{ 51.70 ] 112 | 1.07 | 23.17 | 23.98
A 30 1.16 | 1.21 {56.05) 54.38 1 1.28 | 1.20 | 16.33 | 16.83
Mole 60 1.01 ! 1.06 [ 61.72]| 60.04 | 1.62 | 1.51 | 13.35 | 13.46
depth, F £02.09729.00*784.68"724.96"481.67'100.61* 94.86" | 32.10"
cm LSDos 002 ] 002 | 0.87 | 1.11 1 007 | 007 | 1.32 | 256
Cotton stalks 1.04 | 1.08 [ 60.74 | 59.25 | 1.56 | 1.47 | 948 | 9.90
B Ricestraw | 1.08 | 1.13 {59.12| 57291 146 | 1.35 | 1561 | 15.79
Residual Cornstaltks | 1.15 | 1.19 {5679 55.10 | 1.33 | 1.24 | 19.44 [ 19.75
kind F 112.067 75.20" [116.32% 75.12* (108.00167.04" 1816.86* 068,177
LSOus 002 | 002 | 060 | 0.48 | 0.04 | 0.05 | 0.57 | 0.52
c 3 1.07 | 1.12 | 59561 57.80 | 1.49 | 1.39 | 13.84 | 14.16
Mole 5 109 { 114 58.91 57.17 | 1.45 1.35 | 14.78 | 15.14
space 7 111 | 1.15 | 5818 | 56.67 | 141 | 1.32 | 15.91 | 16.14
m ! F 11.38%] 6.84* [11.25"] 6.82* | 9.93* | 7.85" |47.53" |23.71*
LSDgs 002} 002 | 060 | 063 {004 | 0.03 | 0.44 | 0.59

These decreases of soil bulk density may be attributed to the high
content of organic matter in these residuals which refers to formation of soil
aggregates and may be indicated by the improvement in soil structure. These
results agree with that obtained by El-Maddah {2000) and El-Maddah and El-
Sodany (2003). In general also increasing total soil porosity and void ratio
may be related to seasonal variation of bulk density, but this usually requires
addition of these residuals for longer periods.
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2- Structural stability (Settling percentage)

The percentage of settiing of the soil aggregated were determined as
an aspect of structural stability. The low values of settling percentage
indicated high degree of structure stability and vice versa. Results in Tables
(4 to 6) indicate that the effect of all different treatments on soil structure
stability was obvious. The lowest value of settiing % (i.e. higher degree of soit
structure stability) was resulted under deep mole where the 60 cm mole
depth treatments gave the lowest average values which were 12.82 and
13.22 % respectively for the two sequence layer depths (0-30 and 30-60 cm)
in the first season, while it was 14.55 and 14.87 % respectively at the same
depths in the second one. In the third season it was 13.35 and 13.46 %
respectively at the same depths.

Conceming the kind of residuals, data reveal that all added residual
plants significantly increased the structure stability, in the three seasons at
the two layer depths, where the corn stalks treatment was the best one in
both first and second seasons. The mean values were 9.33 and 9.63 %,
9.77 and 9.89 % respectively at the two depths in the two seasons, while the
cotton stalks treatment was the best one in the third season since it recorded
the highest degree of structure stability, where the mean values were 9.48
and 9.90 % respeotively at the same depths. These results agree with those
of Albinet {1971).

With regard to mole space, data show that by decreasing the mole
space from 7 to 3 m the values of settling were decreased at the two layer
depths in the three seasons. The mean values were 13.76 and 14.08 %
respectively for the two soil depths in the first season, while they were 14.30
and 14.47 % for the same depths in the second one, and were 13.84 and
14.16 % at the same depths in the third season.

Regarding to the combined effects, data show that the 60 cm mole
depth with comn stalks at 3 m spacing was the best treatment in the first
season since it gave lowest value of settling percent where the mean values
were 5.24 and 5.83 % at the two depths, while it was 30 cm mole depth with
also corn stalks at 3 m spacing where the values wered4 5.87 and 5.97 %
respectively at the same depths in the second one. While in the third season
the best treatment was 60 ¢cm mole depth with cotton stalks at 3 m spacing
and the values were 5.95 and 5.98 % respectively at the same depths.

The improvement effect of these treatments may be attributed to the
formation of water stable aggregates as a result of root exudates, root growth
and decay besides the decomposition of the added residual plants. The
results agree with that obtained by El-Maddah and Ei-Sodany (2003).

1i- Effect of different treatments on some soil hydrophysical properties:
1- Soil hydraulic conductivity :

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 affect the soil
porosity such as mole depth and addition of organic residuals. Results in
Tables (7 to 9) and Fig. (3) show that all mole treatments and residual kinds
indicated progressive increase in soil hydraulic conductivity (Kh) of the two
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sequence depths (0-30 and 30-60 cm) at the end of the three seasons
comparing to the control (untreated soil). It can be noticed that Kh values
increased with increasing soil depths. Mole depth caused a gradual increase
in Kh where 60 cm mole depth increased it by 53.57 and 53.85 %
respectively for the two depths in the first season, while it was 61.40 and
54.72 % respectively at the same depths in the second one and were 58.62
and 61.11 % respectively at the same depths in the third season. The 30 cm
mole depth increased it by 35.71 and 36.54 % respectively for the two depths
in the first season and by 47.37 and 52.83 % respectively at the same depths
in the second one. While in the third season it was 48.28 and 48.15 %
respectively for the same depths.

Concerning the residual kinds, data in Tables (7 to 8} and Fig. {3)
indicate that aill added residual of plants significantly increased hydraulic
conductivity in the three seasons at the two layer depths.

Table (7): Effect of different treatments on some soil hydrophysical
properties in the first season { winter 2002/2003 )

Moie Mole | Kn, cmme SPS""""""“";;““““-" v | o "‘,’é’;- "W“"?’:'
o [Resiau| P30 555 13680 | 630 | 3060 | 0-30 | 30-60) 030 G30[ 00| om | fed | yeld
al em | om | em [ em lem | em L em jem] em | om om | Kgited
c‘gft\gn 3 [ 060 ) 064 7962|7711 142,73 4033 | 2208106812065 1065 | B7.63 | 29.41 | 25/7.00]
etalks |5 | 066 | 082 |BD.11 | 7765 [42.91 | 40.74 [ 22.14[20.092|20.77{ 1982 | 8395 |26,54|2539.00
7| 064 | 061 | 81.67 | 79.92 | 4335 | 40.97 | 32,54 121.11|20.86] 20.11 | 90.32 | 27,39 | 2474.00
fuca L3 | 074 | 665 18569 (8537 1453714318 | 24.86|2363)20.77] 19.56 | 86524 | 31.71 | 2735.00
30 | o |5 | 012 | 057 18672 |85.60 {4574 {4360 | 24.77 |23.76)20.07| 10.53 | B6.69 | 30.77 | 2667.00
7_ | 070 | 065 | 87.84 | 86,77 | 45.98 | 43.96 | 24.82 [23.78]21.16] 20.18 | B7.41_} 30.01 | 2623.00
Com 1 092 | 0.85 | 8821 | B3.81 | 46.23 [ 44.15 | 25.30 [24.31{ 20851 19.84 | 84.75 | 35.40 | 3000.00
calky | 056 | 083 | 8863 184.15 | 465.74 | 44.74 | 26.72 |24.67]21.62] 20.07 | 85.11 | 34,02 { 2869500
7 | 0.89 | 082 | 8974 L8471 |46.85 | 44.97 | 25.76 ]24.77]24.33] 2020 | 85.82 | 33.19 | 2825.00
Cotton|_3__| 081 | 076 | 76,64 74.67 4186 {3915 | 21.36119.72]20.50] 19.43 | B3.84 [ 32.15 | 2695.00|
stalke |5 | 078 [ 074 [77.14 | 7560 |42.12 | 39,67 [21.45]|19.68|20 67| 19.60 | B415 | 31,04 | 2612.00
7_ V075 ) 0.7 | 78.35 | 7647 [4265] 3554 | 21.61120.40/ 20,65t 19.64 | 84,95 | 30.03{2551.00
Rice |3 | OA7 | 080 |82.15 | 78.72 |43.5441.27 | 23.57 |22.55]10.67| 18.71 | 8043 | 3568 | 2870 00
60 | oo [ 5 [0B41 078 8289 {8021 [43.80|41.82}23.60|23.03]20.25] 18.79 | 81.55 | 33.08 [278500
7 | 082 | 0.77 | 63.53 {80.74 [44.25 | 42.13 | 23.65 |23.21|20.60] 16.92 | B2.47 | 32.66 | 2710.00
Com |—3_ 1.0.97 | 081 163,91 | 8132 [d4.23 |42 5124.5723,03]19.96] 1948 | 77169 } 40.72 | 312500
stalks |5 095 | 089 | 8447 | 51,531 44.87 [42.67 | 24.40[23.27| 26.52] 1960 | 78.82 (3781 | 2980.00
7 1063 | 088 |B5.13]8267 [4511|42.96]24.57 [23.33(20.54] 19.63 | 79.65 | 36.10 | 287500
Control 0.56 | 0.52 | 76.15 | 74.17 | 41.10 | 36.32 1 2130 [19.67]19.80) 18.65 | 9445 | 23.51 | 2220.00
A 30 0.76 | 071 | 85.36 | B2.75 | 45.10 | 42.07 | 24,25 123.07,20,90] 19.93 | 86.99 | 31.16 | 2703.89
Mola 60 0.65 | 0.80 [81.58 | 7931 [ 43.62 [41.37 | 33.19|22.03{3043] 19.34 | B1.55 | 3443 | 2800.33
depth, F 71574 | 226.74% } 62 12° | 121.45° 12 80°¥ | 160 367 [ 24 20+ [4.347% | 1.84" | 16,50 | 1322 30" t48228° | 0.95NS
cm T80 [ 002 | 003 | 206 { 138 | 1.73 | 0.50 | 0.93 [2.16] 1.50 | 0.62 | 0.64 [ 064 | 043
Cotton stalks | 0.72 | 0.68 | 70.92 | 76 82 |42.50 | 40.13 | 21.96 |20.42]20.72| 19.76 | 6664 | 29.76 | 2574.67
Rufm Rice siraw [ 0.78 | 073 184,80 | 83.12 (44,80 142,65 1 24.18153.3330,62) 19.38 | 84.20 |32.50 [273167
| Comstalks | 093 | 086 | 865.68 8302 | 45.69 | 42.70 [ 25.02[23.50[20,67| 1980 | 81.97 | 3612 | 295000
Kkind F 195607 | 242 41" | 384 08 | 209 96* | 31.33* [ 162.99* [ 28.14" {34.74" 0.0?“ 1. 3115 85 58* 15.58
LS50 D.02 | 602 | 056 | 0.68 ) 0.92 | 047 | 0.97 [1.03[ 138 660 | 1.98 § 1.068 | 0.18
3 0.83 | 0.78 | 82.70 | 80.32 | 43.59 [ 4177 | 93.55 }22.32:20 44| 19.45 | B3.43 | 34.10 | 2833.67
,foie 5 0.81 ] 0.76 | 83,33 | B0.85 [44.35 | 42.35 | 2368 [2261120.71] 19,65 | 84.28 | 32.60 [2746.33
space 7 0.7 | 0.74 [ B64.38 61,78 [4a.71 | 42.40 | 33.63|22.72(20.66| 19.81 | 85.10 | 31.50 | 2676.33
m F 1810 | 724 | 612 | 570° ) 1.72% | ase [0 [1.03"{o2 0357 | 174" {3206" | 1.72NS
[S0g; 0021002 81001091 {079} 057 | 1.01 |059]1.19] 081 | 1.85 | 0:65 |_0.8
Kh = Hydraulic conductivity SP = Saturation percentage
FC = Field capacity WP = Wiiting point
AW = Available water Cu = water consumption

WUE = water use efficiency
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The superiority was to corn stalks in the first season where the
increases were 29.17 and 26.47 % respectively for the two depths than
cotton stalks and were 19.23 and 17.81 % respectively at the same depths
than rice straw, while in the second season the increases were 19.50 and
20.78 % respectively for the two depths than cotton stalks and were 18.07
and 22.37 % respectively at the same depths than rice straw. In the third
season the best residual was cotton stalks which caused increases in Kh by
36.00 and 38.57 % respectively for the two depths than corn stalks and were
14.61 and 15.48 % respectively for the same depths than rice straw. These
results are in line with Tatha et al. (1979a).

Regarding the mole spacing, it ¢an be noticed that decreasing the
distance between the moles lead to an increase in soil hydraulic conductivily
where the 3 m spacing increased it by 48.21 and 50.00 %, respectively at the
two layer depths in the first season and by 57.89 and 60.38 %, respectively at
the same depths in the second one and by 56.90 and 59.26 %, respectively
at the same depths in the third season.

With regard o the combined effects, data show that the 60 cm mole
depth with corn stalks at 3 m spacing was the best treatment in the fi rst
season since it gave the highest value of Kh 0.97 and 0.91 cm hr’
respectively at the two depths, while it was 30 cm mole depth wuth corn stalks
also at 3 m spacing where the values were 1.02 and 0.98 cm hr? respectively
at the same depths in the second one. In the third season the best treatment
was 60 cm mole depth with cotton stalks at 3 m spacing and the values were
1.08 and 1.03 cm hr”' respectively at the same depths.

Table (8): Effect of different treatments on some soil hydrophysical
propertles in the second season ( summer 2003 )

Mole y Sod moistre coment, % VWE, |Rice grain
degth, nemu m' Kh, cmvhe [t ] AWR oy em] kg et
om m [T en {060 cm | &3 em [ 30-60cm | 030 ow | W80 cm | 00 om o | 030 on | 0-80 em fed'om” | Mgfed |
—— 3 76 | 0.5 ] 73.87 ] 71.60 | 40.68 | 3068 [ 2151 | 20.34 | 10.17 | 18.32 | 106.85 [ 35.06 | 384200
c"“"‘“m' 5 0.77 71 _| 7456 | 7257 | 4006 | 39.04 | 2150 | 2082 | 19.97 | 184z | 10792 | 3420 | 3700.00
0.60 87 [ 7567 | 7342 | 41.10 | 39.38 | 21.06 | 2008 | 19.41 | 1850 [ 108,65 | 33.32 | 3820.00 |
Rice 3 0.83 .80 | #2237 { B1.17 | 4389 | 42.00 | 2327 | 2288 [ 2062 | 1921 | 10322 | 3550 | 3974.00
30 strow 5 B0_| 076 | 8291 [ 8180 | 44.12 | 4235 | 2342 | 23071 | 2070 | 19.34 | 104 85| 3660 | 333000
7 .78 [Xil 3. L 8237 | 4453 | 4275 1237 2323 | 2082 | 18.52 {10582 A5.53 3760.00
p 3 02 | 008 | 84NT [ 8279 | 44.87 | 43.05 | 2402 | 2327 | 2085 | 16.78 | 9085 | 41.01 | 400500 |
staiks 5 00 | 095 | B4.63 | 8315 | 4511 | 43.32 | 24.13 | 2342 | 2088 | 19.00 [ 100.67 | 30.71 | 400
T 95 | 063 [ 8581 ) 8374 | 4562 | 4380 | 2420 2371 | 2142 | 2015 | 10165 | 38.05 | 386400
conon 3 04 | 088 | 7883 | 7397 [ 41.21 | 3941 | 2174 | 2087 | 1547 | 18.54 | 8584 | 4470 | 428400 |
arasks s .92 | 083 A7 | 7483 | 41,45 | 3087 96 | 2120 | 1940 | 18.87 | oT. 43 413100
90 | 0B2 | 7785 | 7548 | 41.685 | 40.13 | 2212 | 2197 | 1953} 18.78 | 68, 4 4100.00
Rica .89 () 30.15 T8.7 4283 | 1.2 {2288 | 22.18 | 19.95 | $9.03 23, 47.8 4439 .00
80 straw .88 T4 30.96 | Th4 43.25 | 41.83 12301 | 2242 | 2024 | 18 94.35 45.88 4326.00
X kil 75| BO.7T4 ] 4354 | 41.89 | 2323 | 2356 {2091 | 18 9515 | 44.02 | 4188.00
pus 3 .98 92 _| 7817 | 7650 | 4201 | 4D.65 | 2252 | 21.90 | 10.50 [ 1875 | D042 | 5143 | 465000
staiks 5 0.96 I 0.90 78.69 | 77.64 | 4241 40.80 | 2265 | 2202 | 19.76 | 18.88 | 9167 47.88 4389.00
T 0% B7 {7974 | 7823 (4267 | 4100 [ 2260 | 2208 | 1087 | 1888 | 9282 | 4627 | 426500
Control 057 | 053 | 73.65 | 71.49 | 40.55 § 2828 | 2145 20.18 | t9.10 ] 16.10 | 111.88 | 20.21_{ 337000
A 36 84 | 082 {5085 [ 7900 | 4349 | 41681 | 23.06 | 2237 | 2037 | 1924 | 10440 | 37.00 ! 385544
Mole §0 0.7 | 0082 § 7007 | 77.30 | 42.95 | #0.74 | 22.55 | 21.85 ) 10.80 | 18.09 | 0448 | 4578 | 431722
depth, F 113.17° | 3I70 [310.89°| 013 | 6.707 | 1202 [ 0.24° | 099 | 1227 | 0.47° | 208.65°| 435.92° | 44.53
om [ 03| 002 ) 048 | 270 | 178 | 0% | 073 | 327 f 223 | 230 | 208 | 18t 0.30
Cofton statks. 82 | 077 | 7804 | 7366 | at.18 ) 3641 1 2937 | 2088 § 10,41 | 16.54 | 10269 | 38.68 | 304817
B Rica straw 083 | 076 | 6187 | 80.79 | 4389 | 41.97 {2325 | 2272 [ 2044 | 1025 | 90.50 | 4140 _| 4085.00 ]
Rasi | Com stalks D.58 083 | BIAT | 80.36 | 4380 { 4214 [ 2330 ] 273 | 2047 | 19.40 | 9623 | 4408 | 421783
Kind F 12512 | V8146 | 186.73°) 190,96 | 19.73° {267 B3 | 26.34" | @26 | 140~ | 160" | 5872 | 113750 | 855
LS00 003 0.02 a8 I.TL 1M 0.30 Q.57 1.21 %.g_ 1.18 1.38 0.28 0.15
3 0.90 85 [ To.2¢ | 77.50 | 4260 | 085 | 72.06 | 21.91 | 1004 | 18.04 | 08.33 | 4325 | 422233
u:- 3 .88 ;: ::,g: ;:,gg .3_“ [ ::;; 2279 | 2213 | 20.00 | 10.05 | 9953 | 41.11_| s06483
.88 .80 | 80.78 | 7000 | 43.19 | 4130 | 2206 { 2231 | 2023 { 1920 {10047 | 3970 | 307183
3pacs. B.A7- | 918 | 406" | 1560° [ 1827 | 392|060~ | 188 | 070 [ 038 [ 471 | 11515 | &%°
LSD.; .03 0.02 1.11 0.55 .63 0.48 0.57 0.42 1.00 .64 1.4 0.48 018 -
Kh = Hydraulic conductivity SP = Saturation percentage FC = Fiald capacity WP = Wilting point
AW = Available water Cu = water consumption WUE = water use efficiency
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Generally, these increase in Kh may be due to modification in pore size
distribution, i.e., the increase in drainable pores. (Abdel-Aziz ef al., 1996).

These results are in general agreement with those reported by El-
Sabry et al. (1992) and Ei-Maddah and El-Sodany (2003).

Table (9): Effect of different treatments on some soil hydrophysical
properties in the third season ( winter 2003/2004 )

Soll meisture contant, % WUE, | Onton

;xg'nzf Mole | Kn, ety [ gy SEROSIROIEN Dg— AW.% | oy | kg | svea
cm | kind | m || 0-30 | 30-80 | 030 [30-60 | " T'30-60 | 0-30 {30601 0-30 [3080| cm | fed’ | yleld
em | em | em | em cm [ em|cm | em | em em” |Kgiad
Cotton ) 101§ 095 ) TS.E"JB.H 44.10 41.9i+£.: 21.69]20.89]20.26] 54,14 | 6.83 |370.00
statks L—5.| 0.99 1093 | 8515 179.16 1 44.32 {4295 | 23.33] 91.72]20:99}20.53| 5597 | 649 1363.00
7_1097 | 001 | 8063 | 79.85 | 44.73 | 42,67 [23.54{21.89{21.19]20.78]56.62] 6.32 ]356.00
Rice b— 059 ) 083 17812 | 7584 | 4189 | 40,38 [22.10/2110]15.79]19.28/ 56.24 | 6.1 [356.00
0 | eaw L 086 V080 17855 {76111 42.23 | 40.57 [22.12]21,23]20,11[19.34[ 59,16 | 5.55 [352.00
084 1 079 | 78.96 | 76.64 | 42.47 | 4088 (2233121 31120.14119.57160.45) §73 {347.00
Corm |—23— | 074 17060 [ 7435 [72.13 [40.93 | 3864 |27.12/19.85{19 11[1669] 61.17 | 552 134400
siatks |5 {072 | 066 175.87 | 72.57 | 40.51 | 38,91 [21.30]20,15]19.21]18.76] 62.25 | 5.45 [340.00
7 0.70 { 0.64 | 78.49 [ 73.17 | 40.79 { 36.25 [21.45]20.44119.34]18.81]| 63.87 | 529 [333.00
Cotton|—2~ 108 1 103 [79.06 [77.13 | 4274 1 41.13 [2745127 34 {2025 [19.79] 47 72| 8.40 1201.00
stalks b5 | 105 | 10T 175.33 177,74 [ 4315 | 41,37 |22 56 21.38/20.56/10.94{ 4844 | 8.5 395 .00
7 1.03 | 099 ] 7965 | 78.35 | 43.32 | 41.65 [22.67121.55/20.65|20.10] 49.21 | 7.7 [352.00
Rica 3 035 | 090 | 7633 | 72.87 | 41.04 | 3963 [21.63]20.75)19.471118.84) 49.68 7.87 J331.00
60 ) aw) o 1092087 [77.08 {7474 |41.21 ] 3082 [2160{2084[79.52T1a 98] S0.11] 7.72 1387 .00
7 {000 | 085 | 77.74 | 75.23 | 41.6% | 40,10 |21.98/21.0019.65]15.10] 50.66 | 7.56 1363.00
com | —3 1 080 1078 17246717038 | 36.33 | 3429 | 20,561 16,68 |18.77[18.61] 51.81 | 7.37 [382.00
stams |5 | @77 | 072 | 7372|7141 | 3558 | 3844 120.77(1981 11881 63{ 52,16 ) 7.23 137700
7 | 075 ) 070 | 74.27 | 72.02 | 3997 | 38,56 |21.10[ 19.94 18,87 |18.65{ 53.85 | 6.91 |372.00
Control 0.58 54 17232 170.28 | 39.30 | 38.25 120.23/20.20/19.07[18.05| 64,65 ] 5.21 [3I37.00
A 30 0.86 .80 | 78. 76.03 | 42.36 | 4061 |22.28121.05]2009]19.56] 59.10 | 5.98 ]352.00
Mole 80 0.92 1 0.87 ] 76.63 | 74.53 j 41.33 | 39.89 |21.72{20.70[19.61]19.15! 5040 | 7.69 |386.67
dapth. F 5327 | 88.67 1 287.33° | 72.06° | 113.06" | 1031 | 29.51° [ 273° [ 4717 072 950.58" | 112147 143.08°
cm 50 0031004 {037 {076 | 042 | 097 1 0.52] 0952 | 094 [188] 121 | 0.69 { 1247
Coflon stalks | 1.02 | 0.97 | 79.79 | 76.50 | 43.73 | 41.83 |22.97{2160(20.76|20.23] 52.02) 7.36 ]379.83
B Ricestraw | 0.80 | 084 | 77.79 | 7540 | 41.75 | 4023 {21.98121.04 [19.77]19.19[ 54.72 | 6.82 {36933
[Resi Comstalks | 075 | 0.70 | 74.53 | 71.95 | 40.07 | 38.69 |21.05]20.00119.02[18.69| 57.52 | 6.31 (358.83
kind F T0.00° | 253.00°] 3271° | 1748 | 212.77° | 149.36° | 16.95° | TT4% | 8.13° | 66" | S0.67 | 26809 | 5743
LSDgs 002 {003 [ 151 |08t 041 | 042 076083 (10010827116} 0.10 | 452
c 3 o 86 | 76,71 | 74.67 ] 41.56 | 40.00 [21.85/20.75119.70[19.25} 53.79 | 7.03 {37400
Male El 089 { 083 17745 [ 752914183 | 40.22 121.96) 208619871936/ 5468 ] 6.83 [369.00
7 087 | 0. 77.96 | 75.88 | 42.15 | 40.52 (22.18]21.02119.97119.50] 5576 ] 6.63 |365.00
spaca. F 8.05° |13.867] 563~ | 4.61° | 4.98° [ 224 [0.71 1,00 [0.37 )25 " 1685~ | 79.54°1 12.40"
LSDy [ 0021002] 0677 | 0821039 | 051 [056] 035 [065[073] 071 ] 041 | 374

Kh = Hydraulic conductivity SP = Saturation percentage FC = Field capacity WP = Wilting point

AW = Available water Cu = water consumption WUE = water use efficiency

2- Soil moisture characteristics:

Soil moisture content is one of the limiting factor on agriculture
development, particularly in arid and semi-arid areas where the amount of
water is very limited. The capacity of soils to receive or store water which is
available to growing plants is a great importance to agriculture production.
Soil moisture content distribution data provided sfrong evidence for both
lateral and deeply movement of drain water in each tilled sector.

The recorded data in Tables (7 to 9) show that as the mole depth
inrrease all moisture characteristics decrease, where the 60 cm mole depth
treatment gave the lowest values of saturation percent (S.P), field capacity
{F.C) and wilting point (W.P) which were 81.58, 79.21 % & 43.62, 41.37 %
and 23.19, 22.03 % respectively for S.P, F.C and W.P at the two sequence
layer depths {0-30 and 30-60 cm) in the first season, while they were 79.07,
77.30 % & 42.35, 40.74 % and 22.55, 21.85 % respectively for the same
parameters at the same depths in the second one.
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Fig. (3): Effect of different treatments on soil hydraulic conductivity (Kh,
cm/hr} in the three seasons
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As for the third season, the values were 76.63, 74.53 % & 41.33, 39.89 %
and 21.72, 20.70 % respectively for the same parameters at the same
depths. In case of 30 cm mole depth the mean values take the same trend for
the two soil depths in the three growing seasons, but with high values.

With respect to the kind of organic residuals, data in Tables (7 to 9)
indicate that all added plant residuals significantly increased all moisture
characteristics at the two soil depths at the end of the three sequences
seasons. The corn stalks treatment was the best treatment in both first and
second seasons since it recorded the highest values of all moisture
characteristics where the values were 86.68, 83.02 % & 45.69, 43.70 % and
25.02, 23.90 %, respectively for S.P, F.C and W.P at the two soil depths in
the first season, while they were 81.87, 80.36 % & 43.80, 42.14 % and
23.39, 22.73 % respectively for the same parameters at the same depths in
the second season. Thus the residual kinds can be arranged in their effects in
the order : corn stalks > rice straw > cotton stalks > control in the first and
second seasons. The cotton stalks treatment was the best one in the third
season where it has the highest values of all moisture characteristics. The
values were 79.79, 78.50 % and 43.73, 4183 % and 2297, 21.60 %
respectively for the same parameters at the same depths, and the residual
kinds can be arranged in the following order : cotton stalks > rice straw > com
stalks > control .

Wwith regard to the mole spacings, data show that the lowest moisture
content values are in favor with narrow mole space, where the 3 m mole
space gave the lowest values. The mean values were 82.70, 80.32 % &
43.99, 41.77 % and 23.55, 22.32 % respectively for S.P, F.C and W.P % at
the two layers of soil in the first season and were 79.24, 77.50 % & 42.60,
40.85 % and 22.66, 21.91 % respectively for the same parameters at the
same depths in the second one. While in the third season, the values
were 76.71, 74.67 % & 41.56, 40.00% and 21.85, 20.75 %, respectively for
the same parameters at the same depths. With increasing mole spacings
from 3 to 7 m the values were increased where it reached to 84.38, 8B1.78% &
44.71, 42.49 % and 23.93, 22.72 % respectively for S.P, F.C and W.P at the
two layer depths in the first season and to 80.76, 79.00 % and 43.19, 41.50
% and 22.96, 22.31 %, respectively for the same parameters at the same
depths in the second one. While they reached to 77.96, 75.88 % & 42.15,
40.52 % and 22.18, 21.02 %, respectively for the same parameters at the
same depths in the third season.

Wwith respect to the combined effect, data cleared that the best
treatment was 30 cm mole depth with com stalks at 7 m spacing in the first
and second seasons since it gave the highest values of moisture content
where the mean values were 89.74, 84.71 % & 46.89, 44.97 % and 25.76,
24.77 % respectively for S.P, F.C and W.P % for the two soil layers and
85.81, 83.74 % & 45.62, 43.86 % and 24.20, 23.71 % respectively for the
same characters and same depths in the second one, while it was 30 cm
mole depth with cotton stalks at 7 m space treatment in the third season
where the mean values were 80.63, 79.85 % & 44.73, 42.67 % and 23.54,
21.89 % respectively for the same parameters at the same depths. These
results may be due to sub-soiling has substantially improved water and root
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penetration (Michael and Ojha 1981) besides the decomposition of plant
residuals may be led to formation of water stable aggregates. Also, these
results are confirmed with Shetawy (2001) and El-Maddah and El-Sodany
(2003).

3- Available water:

Results presented in Tables (7 to 9) reveal that soil available water
(A.W, %) were increased with all mole treatments and residual kinds of the
two sequences layer depths {0-30 and 30-60 cm} at the end of the three
seasons comparing to the control (untreated sqil). Also, it can be noticed that
AW,% values were decreased with increasing soil depths where the 60 cm
mole depth recorded the values 20.43 and 19.34 % respectively for the two
soil depths in the first season, while it was 19.80 and 18.89 % respectively at
the same depths in the second one and were 19.61 and 19.19 % respectively
at the same depths in the third season. In case of 30 cm mole depth the
mean values take the same trend for the two soll depths in the three growing
seasons but with high values.

Regarding the kind of plant residuals, data in Tables (7 to 9) indicate
that all added plant residuals slightly increased AW, % at the two soil depths
at the end of the first and second season where their effect on increasing the
values can be arranged in the following order : corn stalks > rice straw >
cotton stalks. While in the third season the increase was significant, and the
residual kinds can be arranged in the following order : cotton stalks > rice
straw > corn stalks. This may be due to the rapid decomposition of the corn
stalks than both rice straw and cotton stalks due to its narrow C/N ratio {Table
1b).

Regarding to the mole spacing, it can be noticed that decreasing the
distance between the moles also, decrease the values of AW, % where the
3m spacing recorded the lowest values of AW % which were 20.44 and
19.45 % respectively at the two layer depths in the first season and 19.94 and
18.94 % respectively at the same depths in the second one and 19.70 and
19.25 % at the same depths in the third season. By increasing mole spacings
from 3 to 7 m the values were slightly increased. This may be due to improve
infiltration rate of the soil by installation moles at 3m spacing.

4- Water consumption {Cu) and water use efficiency (WUE):

Data in Tables (7 t0 9) and Figs. (4 and 5) show that all mole
treatments and residual kinds led to decrease in water consumption {Cu) at
the three seasons compared with the control (untreated soil). While water use
efficiency (WUE) take the opposite trend where the different mole treatments
and residual kinds significantly increased it for wheat, rice and onion during
the three growing seasons of study. Also, it is clear from data presented in
Tables (7 to 9) that Cu values for wheat, rice and onion were increased by
decreasing mole depth. The 30cm mole depth significantly increased Cu
values over the 60cm mole depth. The increase percentages due to mole
depth comprised 6.67, 10.48 and 17.26% for wheat, rice and onion
respectively. These increases in Cu values may be due to that the moisture
of soil under 30cm mole depth is more subjected to crop transpiration and
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evaporation from the soil. On the other hand, increasing mole depth tended to
increase WUE in the three growing seasons where the 60cm mole depth
increased it by 39.38, 23.71 and 28.60% over 30cm mole depth in the first,
second and third seasons, respectively. Thus it is clear that WUE tended to
decrease with the increase in water retained in root zone. These resuits are

in line with those reported by El-Maddah and El-Sodany (2003).

E. I. El-Maddah and S. E. Badr

| MATEe A
AR AN TAANIRARRAR

AT A a AT A A A A

RTINS

WA A A e A

r e s

R -
E R ey Xy

AEALS N RIAEIAREE TRERRRRANKUR RN

EZZzza Second season  SAX) Third season

C==—"71First season

First season

-=-----Second 3eason ———— Third 3eason

Effect of different treatments on water consumption {Cu, cm}

in the three seasons

Fig. (4)

&S K
Ff

&
&

fferent treatments on water use e

&,

E S S,
@ﬁ@%@fﬁi@

& o o 4 o A0 R o A A A4S A G 4R L (e
S &,
o
: Effect of d

&

&
ng_.}?

(WUE, Kg

iciency

fed'cm™) in the three seasons

Fig. (5)

Regarding to residual kinds, data in Tables (7 to 9) and Figs. (4 and 5)
indicate that all added residual plants significantly decrease the Cu and
significantly increase the WUE in the three growing seasons. The superiority
was to corn stalks in the first and second seasons where the decreases in Cu
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were 13.21 and 13.73%. respectively over the control {untreated soil) for the
first and second seasons, while WUE increases were 53.64 and 45.86%,
respectively over the control {untreated soil) for the same seasons. In the
third season the best residual was cotton stalks which caused decrease in Cu
by 19.53% and increase in WUE by 41.27% over the control.

Conceming to the effect of mole spacings on Cu for wheat, rice and
onion, it noticed that increasing the mole spacings from 3 to 7m caused a
significant increase in Cu values in second and third seasons only while in
the first one the increase was insignificant where the values were 83.43,
84.28 and 85.10cm respectively for 3, § and 7m spacings in the first season
and were 98.33, 99.53 and 100.47c¢m, respectively for the same spacings in
the second cne while they were 53.79, 54.68 and 55.78cm, respectively for
the same spacings in the third seascn. This increase may be attributed to the
increases of sof moisture content with increasing mole spacings as
mentioned before,

Regarding to the effect of mole spacings on WUE, it seems that WUE
was significantly mcreased by decreaslng mole spacings, where the values
was 31 60 kg fed™ cm™* for 7m spacings increased to be 32.69 and 34.10 kg
fed”' cm’ respectwely for 5 and 3m spacings in the first seasons, and was
39. 79 kg fed”’ cm™ for 7m spacings increased to be 41.11 and 43.25 kg fed™*
cm” respectively for the same spacmgs in the second one, while in the third
season it was 6 63 kg fed’ ecm™ for 7m spacings increased to reach 6.83 and
7.03 kg fed ™’ cm™ respectively for 5 and 3m spacings. This increases may be
attributed to the significantly increases in the yield caused by installation of
moles at 3, 5 and 7m spacings which obviously increased the relative yield
(El-Abaseri et al 1996).

With regard to the combined effect, data show that 60cm mole depth
with corn stalks at 3m spacings was the best treatment in the first and second
seasons since it gave the lowest values of Cu 77.69 and 90. 42cm
respectively, and gave the highest values of WUE 40.22 and 51.43 kg fed™
cm” respectively for the first and second seasons. In the third season the
best treatrent was 60cm mote depth with cotton stalks at 3m spacing and
the values were 47.72cm and 8.40 kg fed” em™, respectively for Cu and
WAUE as shown in Tables (7 to 9).

VI- Estimation of the net treatments cost :

Cost evaluation was performed for fractor and ditcher considering
conventional method of estimating both fixed and variable costs. The ditcher
cost was 1.25 LE/h, tractor cost was 34.45 LE/h and total costs were 35.70
LE/h.

The average of total moling costs and net profit as affected by different
treatments are shown in Table (10). it can be concluded that, although, the
total costs of moling for 3 m mole space recorded higher values than of the
other mole spacings (5 and 7m) the net profit of this mole space was in
general higher than that of the other spaces. Thus, it can be concluded that it
is better economy to decrease mole space down to 3m to increase the net
profit.

7201



E. I. E-Maddah and S. E. Badr

Table (10): The net revenue* (LEffed) due to different treatments
through the three growing seasons under study.

Total yield price, LEfed
Mole | o osidual | Mole Moin et Net
depth, kind space, c ostg Wheat| Wheat | Rice | Onion | = onue
cm m LEfed grain| straw | grain seed
Cotton 3 177.25 [392.70] 98.20 | 472.00 11320.00] 2105.65
<talke 5 121.78_[350.00] 79.80 | 330.00_{1040.00| 1678.92
7 70.97 279.40| 60.40 | 250.00 | 840.00 | 1376.83
3 177.25 566.50| 144.40; 604.00 | 760.00 | 1897.65
30 Rice straw 5 121.78 491.70] 137.00 | 460.00 | 600.00 | 1568.92
7 70.97 443.30] 109.00{ 390.00 | 400.00 | 1271.33
3 177.25 858.00({ 206.00 | 725.00 | 280,00 | 185175
Corn stalks 5 121.78 742.50; 186.00 | 640.00 | 120.00 | 1566.72
7 70.97 665.50| 180.00 | 498.00 | 40.00 | 1312.53
Cotton 3 208.56 522.50] 126.40 | 914.00 {2560.00] 3705.78
stalks 5 151.84 1431.20] 114.40| 761.00 |2320.00] 3474.76
7 101.70 364.10 103.20 | 730.00 |2200.00] 3295.60
3 208.56 715.00! 173.40 | 1119.00 [2160.00]| 3958.84
60 Rice straw 5 151.84 |621.50| 154.40 | 959.00 |2000.00| 3583.06
7 101.70 539.00! 142.80 | 818.00 {1840.00] 3238.10
3 208.56 1995.50| 258.00 { 1280.00 11800.00} 4124.94
Com stalks 5 151.84 836.001 233.40 | 1019.00 | 1600.00| 3536.56
7 101.7¢ 720.50] 216.60 | 925.00 }[1400.00; 3160.40

* = {yieid of the treatment - control) - cost of the treatment.
The price of the yield and the costs of different treatments were caicutated as
subsidized price of 2003 and 2004

The resuits indicated also that the net profit of corn stalks treatments
were in general higher than those of rice straw and cotion stalks. Thus the
added pltant residuals can be arranged according to high their net revenue as
follows : comn stalks > rice straw > cotton stalks.

Also, it can e seen that, it is better economically to increase the mole
depth up to 60 cm to increase the net profit.

Thus according to the economic evaluation in Table {10) it could be
concluded that the combined treatment of 60 cm mole depth with corn stalks
at 3m spacings was the best treatment and should be recommended due to a
relative high net income comparing to the other treatments. This may be due
to this treatment recorded the highest values of yield in the first and second
seasons, consequentiy high net profit.
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