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ABSTRACT

Field experiments were conducted in 2015 — 2016 winter season, at wadi
El- Raml area. Wadi EI — Raml is located southwest, Mersa Matruh city,
Egypt. Slope of the experimental site is about 5 percent in south — north
direction. The treatments were as follows: Bare soil, traditional cultivation
without soil conditioners, cultivation with Ceramic conditioner at rate of 20,
40, and 80 t.fed-1, cultivation with bokashi conditioner at rate of 20, 40, and
80 t.fed-1 and coal ash conditioner at rate of 20, 40, and 80 t.fed-1. The total
number of treatments was 11. Each treatment was replicated 3 times. The soil
conditioners was added on the soil surface after carrying out tillage operation
and then mixed with the soil surface layer. Thirty-three bounded plots having
edges of soil with approximately 20 cm height were used to determine soil
loss associated with runoff. Each plot was 21 m length and 2 m width. At the
down slope end, Gerlash trough were placed, 0.5 m long and 0.2 m wide,
closed at the sides and covered with movable lid. An outlet pipe extended
from the base of the gutter to the collection containers present below the soil
surface. Rainfall amounts, duration, and intensity were measured for every
rainstorm with an automatic rain gauge at the site of experiment. The amount
of soil loss and runoff water for every rainstorm was determined by
maintaining the containers undisturbed for a sufficient time, so that, the solid
constituents in the runoff water could precipitate. The precipitated solids were
collected and measured gravimetrically after drying at 105°C overnight.

Soils of wadi EI Raml are mainly sandy loam in texture with deep soil
profile. The climatic conditions of the area is defined as arid Mediterranean
type, it is characterized by short rainy seasons during October to March.
About 75 percent of the total annual rainfall as recorded from November to

February. The remaining period of the year is characterized by long dry
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season (6-7months), except for few rainy storms in April, May and
September. The average annual rainfall is 175.4mm. the effective storms
were sex storms the runoff coefficient of 3% seams reassemble. However, the
lowest runoff yield was obtained when adding Bokashi conditioner with rate
of 80 t.fed-1 under all storms,). It is clear that runoff values associated with
bare soil were higher than those for the soil treated by non-traditional soil
conditioners. From another point, Ceramic conditioner added on the soil
surface with the rate of 20, 40 and 80t.fed-1 led to reduce runoff by 37, 49
and 56.5%, respectively, as compared with cultivated soil . With respect to
adding bokashi as soil conditioner on the soil surface with the rate 20, 40 and
80 t.fed-1, runoff values under all storms was reduced to 45.2, 59.6 and
67.7%, respectively, The influence of the applied traditional cultivation and
applied some soil conditioners on the amount of soil loss under natural
rainfall. The highest rates of soil losses resulted from bare soil treatment 1.23
ton/fed. Year this rate lies within the permissible limits of soil loss by erosion,
which range from 1 to 5 tams per acre per yeas, With respect to planting
without soil conditioners, it is clear that such practice reduced the amount of
soil loss by 24.2% relative to that for bare soil treatment, This behavior could
be attributed to the fact that plants protect a portion of the soil surface from
the energy of rainfall impact, thereby, soil detachment decreased. Growing
plants also create obstructions to eater flow over land, slowing down runoff
velocity and consequently its carrying capacity and thus, reducing soil loss.
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INTRODUCTION
The semi-arid areas surrounding the Mediterranean Sea is seriously
affected by soil degradation and desertification. Water erosion is the main
degradation process, while human pressure, the reduction of plant cover and
the nature of the parent material are the main causes of soil erosion, United
Nation (1992). Bay Ram et al. (2003) and Rousseva et al. (2010) stated that
soil erosion is one of the biggest global environmental problems resulting in

both on-site and off-site effects. Soil erosion leads to decrease of rooting
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depth, amount of nutrients and available soil water; decline in organic matter;
loss of biodiversity; and degradation of soil structure and soil crusting. Soil
erosion has accelerated ino most parts of worlds especially in developing
courtries.

Water erosion occurs on bare, sloping land when intense rainfall rates
exceed a soil’s infiltration capacity and runoff begins. The water concentrates
into tiny streamlets, which detach the saturated soil and transport the particles
downhill. Runoff water gains more energy as it moves down the slope,
scouring away more soil and also carrying more agricultural chemicals and
nutrients, which end up in streams, lakes, and estuaries Reduced soil health in
many of our agricultural and urban watersheds has resulted in increased
runoff during intense rainfall and increased problems with flooding. In
addition, the lower infiltration capacity of degraded soils reduces the amount
of water that is available to plants, as well as the amount that percolates
through the soil into underground aquifers. This reduction in underground
water recharge results in streams drying up during drought periods.
Watersheds with degraded soils thus experience lower stream flow during dry

seasons and increased flooding during times of high rainfall. Vegetation types

widely differ in their efficiency to counteract soil erosion. Characteristics of
vegetation affecting soil erosion include canopy characteristics such as leaf
size, leaf area, leaf orientation, canopy cover, root characteristics such as soil
binding capacity and plant density. Some cropping system effectively reduces
erosion, but some others may enhance it. For example, erosion on plots 22.6
m long with an 8% slope had about 1,000 times more erosion when in

continuous corn as compared with continuous bluegrass (Foth 1990).
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Soil erosion by water accounts for 75% of strongly degraded soils in the
world (Jie et al., 2002) Both wind and water erosion are the dominant types of
soil degradation worldwide accounting for over 50% of the world’s land (Bot
et al., 2000, Jie et al., 2002. Soil conditioner is a product that is added to soil
led to improve the soil quality. Soil conditioners can be used to rebuild soils,
which have been damaged by improper management, to make poor soils more
usable, and to maintain soils in peak condition. Major problems encountered
in the present day agriculture are low soil fertility and inadequate water
retention. Wind erosion, water erosion, drought and loss of irrigation water
and plant nutrients are also other probable reasons. Adding soil polymers to
the soil surface can serve as an option to prevent soil erosion. Small amounts
of negative polymers (< 20 kg/ha) with very high molecular weight (10
million g/mol—20 million g/mol), added to the soil surface, either in solution
or dry, are effective in preventing particles detachment and hydraulic shear
stress. The use of polymers to prevent furrow erosion is already practiced on
> 1 million ha. Applying dissolved PAM to the soil surface was effective in
preventing runoff and erosion. However, this practice is difficult to apply
under rain-fed conditions. The efficiency of spreading dry PAM, mixed with
gypsum or soil material, in preventing erosion under rain-fed conditions is in
its early stages of research. Further research is needed to fully understand and
establish whether their use for agricultural and environmental purposes is

economically feasible.
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MATERIALS AND METHODS

Field experiments were carried out at Wadi EI-Raml, which located in
Northwestern Coast Zone, Matrouh, Egypt. The slope of soil surface is 5% in
south- north direction, which determined by Abney Level instrument through
taking the soil surface elevation every 5m from the middle of each site.
Surface soil samples (0 - 30cm) were randomly taken. Particle size
distribution using the pipette method, Soil reaction (PH), electrical
conductivity (EC), organic matter (OM), cation exchange capacity (CEC) ,
calcium carbonates (CaCOs3), total nitrogen (TN), available phosphors (AV.P)
and exchangeable potassium (Ex.K) were determined according to Page et al.
(1982) and Klute (1986). Soil bulk density and soil moisture were measured
by a core sample according to Klute (1986) method. Location map of the
study area was shown in Fig. (1). The amount of rainfall during the winter
season 2015/2016, at the experimental site at wadi EI-Raml, NWCZ of Egypt
was measured with an automatic rain gauge (digital instrument). Rainfall
amounts, duration, and intensity were measured for every rainstorm with an
automatic rain gauge at the site of experiment. The field experiments were
conducted during winter season 2015 / 2016. Chisel plow was used to
operate soil tillage before adding non-traditional soil conditioners. The
experimental area was about 1500m? approximately. The experimental field
was divided into plots (2 X 21m) with slope of 5%, according to Hudson
(1993).
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Fig. (1): Location map of the experimental site at Wadi EI-Raml, NWCZ of
Egypt.

The total number of treatments was 11. Each treatment was replicated 3
times. Thirty-three equal plots (42m?) having edges of soil with
approximately 20 cm height were used to determine soil loss associated with
runoff. The distance between treatments was kept at 2m, which created a
buffer zone area. Each treatment was surrounded by the earth hurdles height
of 20cm. Non-traditional soil conditioners; i.e. Ceramic, Bokashi and Coal
ash conditioners with rate of 20, 40, and 80t.fed™, was added on the soil
surface after carry out tillage operation and then mixed with the soil surface
layer. The treatments were as follows: Bare soil, traditional cultivation
without soil conditioners, cultivation with Ceramic conditioner at rate of 20,
40, and 80t.fed™, cultivation with Bokashi conditioner at rate of 20, 40, and
80t.fed™ and Coal ash conditioner at rate of 20, 40, and 80t.fed™. Figur (6,)
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illustrate the experimental field design and treatments used for rainwater
harvesting at wadi EI-Raml, NWCZ of Egypt. At the down slope end, Gerlash
trough, Morgan (2005), were placed, 0.5 m long and 0.2 m wide, closed at the
sides and covered with movable lid to collect the surface runoff and
suspended eroded materials after each effective rainfall event, as shown in
Fig. (12). An outlet pipe extended from the base of the gutter to the collection
containers present below the soil surface. The amount of soil loss and runoff
water for every rainstorm were determined by maintaining the containers
undisturbed for a sufficient time, so that, the solid constituents in the runoff
water could precipitate. The precipitated solids were collected and measured

gravimetrically after drying at the 105°C overnight.

RESULTS AND DISCUSSION

The results of the soil analysis for some physical and chemical properties

of the experimental site at Wadi-EI-Raml are given in Tables (1A, 1b). It is
clear that the soil of Wadi EI-Raml is sandy loam in texture and calcareous,
where CaCO; content vary between 9.72 to 11.78% for different soil layers.
The average bulk density is 1.4g.cm™, approximately, for all soil layers. In
addition, the data indicate that the soil is non-saline, where its electrical
conductivity ranged between 0.85 and 1.14 ds.m™ for different soil layers.
The dominant cations, are sodium followed by calcium, while the dominant
anions are chloride followed by sulphate. The CEC values vary from 13.0 to
15.1meq.100g™ (cmol.kg™) for different soil layers. The soil is poor in
organic matter, where its values varied from 0.15 to 0.22% for different soil
layers. The values of total nitrogen, available phosphorous and exchangeable
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potassium are very low, where it their values varied from 0.02 to 0.05, 0.7 to
0.81 and from 0.4 to 0.55, respectively. From the abovementioned data, it can
beconcluded that the soil of the experimental site at Wadi EI-Raml is shallow,
sandy clay loam in texture, calcareous, non-saline, poor in organic matter and
low in fertility. Therefore, conserving these soils from water erosion hazards
is very important challenge to combat the desertification, especially under
North Western Coast Zone environment.

Precipitation Events Characterizes:

The depth and daily rainfall distribution during the study periods for the
experimental site are given in Table (2). The rainy day is defined when the
rainfall was < 1 mm, Climatological Normals for the Arab Republic of Egypt
(1979), thus, the total annual rainfall during the study period for winter
season of 2015 — 2016 was 186.1 mm. Eleven storms occurred in the winter
season of 2015 — 2016. Six storms were effective as they caused runoff and
consequently soil loss, where the depth of rain was greater than 10mm. The
total depth of rainfall for the six storms was 87.3%, and represented about
47% of the total rain that fall on the winter season 2015 / 2016. Rainfall
intensities for the effective storms varied between 3.7 to 9.7 mm/hr.
Therefore, it is anticipated that there was relation between the depth of
rainfall and water erosion. Hence, as the amount of rainfall increased runoff
increased and vice versa. On the contrary, there was no relation between the
number of rainy days and water erosion under the prevailing conditions
during the present study. It is clear that runoff occurred when the depth of
rainfall of the individual storm at any intensity exceeded 10mm. Similar
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results are confirmed with that reported by Hudson (1981). It is also evident
that rainfall intensity gave no indication to the amount of runoff caused by the
effective storm. From abovementioned data, there are relationship between
rainfall intensity for the effective storms and both runoff and soils loss. To
delineate such relationships under the various conditions, the discussion will
be presented as follows:

Table (1): Some physical and chemical properties of the studied soil at Wadi

El- Raml area, NWCZ of Egypt.

(A): Physical properties.

Particle size distribution (2o)

Soil Bulk
depth density CaCO3 Texture
ep X (%) - sitt Fine | Coarse class
(cmy) (gm.cm™) ay Sand Sand
Sandy
0-20 1.32 .05 16.85 11.80 67.90 3.45
loam
Sandy
20 - 40 1.37 10.53 17.01 11.23 67.15 4.61
loam
Sandy
40 - 60 1.49 11.47 17.85 12.05 65.10 5.00
loam

(B): Chemical properties.

MNutrient content

Soil CEC
depth PH EC OM | (cmotl

°P @s.mh | ©o | TN | Avp | Av.K
(em ) kg™) (2%) (ppm) |(com.kg)
0 - 20 7.85 1.14 022 | 15.10 | 0.05 0.70 0.55
20 -40| 7.42 0.85 0.20 | 14.80 | 0.03 0.81 0.40
40-60| 7.66 1.12 0.15 | 13.70 | 0.02 0.79 0.48
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Table (2): Daily distribution of rainfall during the winter seaso (2015/2016).

Rainfall season (2015-2016 Rainfall (mm)
Data storm Depth Duration _Ralnfgll Bare Traditional
(mm) (hr) Intensity | “soi | cultivation
(mm/hr)

5-11-2015 2.4 11.2 0.2 - -
18-11-2015 22.4 6 3.7 0.84 0.76
21-11-2015 3.1 10 0.3 - -

2-12-2015 1.8 14 0.1 - -

9-12-2015 26.8 6.3 4.3 0.94 0,86
31-12-2015 28.4 4.7 6 1.2 0.94

5-1-2016 36.9 3.8 9.7 1.6 1.22

17-1-2016 20.2 5 4 0.92 0.72

23-1-2016 27.5 3.7 7.4 14 0.92

16-1-2016 8.7 6 1.4 - -

18-3-2016 7.9 8.2 0.9 - -

total 186.1 6.9 5.42

Runoff Yield: Table (3) shows the influence of some non-traditional soil
conditioners on the surface water runoff. Data reveal that the total depth of
surface runoff or runoff yield from the bare soil treatment, i.e. control
treatment, reached 6.90mm during winter season 2015/2016. This indicates
that the average runoff coefficient approaches 3.75%, i.e. how much of the
rainfall run over the soil surface. Data in Table (3) illustrate that under all
treatments increase of effective rainfall led to increase the rate of runoff. Data
in Table (3) indicate that runoff was reduced to 22.3% with traditional
cultivation without conditioners as compared to bare soil .These findings are
in agreement with Viertman (1989), who mentioned that under the conditions

of North Western Coast region of Egypt, the runoff coefficient of 3% seems
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reassemble. However, the lowest runoff yield was obtained when adding
Bokashi conditioner with rate of 80 t.fed™ under all storms. It is clear that
runoff values associated with bare soil was higher than that for the soil treated
by non-traditional soil conditioners. From another point, ceramic conditioner
added on the soil surface with the rate of 20, 40 and 80 t.fed™ led to reduce
runoff by 37, 49 and 56%, respectively, as compared with cultivated soil .
With respect to adding bokashi as soil conditioner on the soil surface with the
rate 20, 40 and 80 t.fed™, runoff values under all storms reduced to 45, 60 and
67.7%, respectively, as compared with cultivated soil. Similar results were
showed by Morgan (2005) and Playford et al. (1993); they reported that
canopy and adding coal ash as soil conditioners reduced runoff.

Table (3): Effect of non- traditional soil conditioners on surface water runoff

(mm) during winter season 2015/2016 at Wadi EI-Raml area.

Cultivation with Cultivation with Bokashi| Cultivation with Coal

Traditional | ceramic conditioner conditioner ashconditioner

Rainfall | Bare | Cultivation

Date storm (mm) soil without
20 40 80 20 40 80 20 40 30

conditioners . . N ! ! . . . !
(t.fed ™) [(t.fed H|(t.fed ) | (t.fed )| (t.fed ™) [ (t.fed ) [ (t.fed ™) |(t.fed ) | (t.fed™)

18-11-15 | 22.40 | 0.84 0.76 046 | 040 | 037 | 040 | 0.30 | 0.16 | 0.74 | 0.60 | 0.52

09-12-15 | 26.80 | 0.94 0.86 054 1042|033 | 048 | 034 | 0.26 [ 0.85 | 0.71 | 0.66

20-12-15 | 28.40 | 1.20 0.94 058 | 046 | 039 | 051 | 047 | 0.36 [ 091 | 0.84 | 0.74

17-01-16 | 36.90 | 1.60 1.22 076 | 062 | 054 | 066 | 0.36 | 0.43 [ 1.20 | 0.99 | 0.90

16-02-16 | 20.20 | 0.92 0.72 042 1 034|028 | 036 ] 028 | 0.16 | 0.65 | 0.51 | 0.47

18-03-16 | 27.50 | 1.40 0.92 0.66 | 052045 | 056 | 0.44 | 0.38 [ 0.94 | 0.80 | 0.72

Total 162.20 | 6.90 5.42 342 1 276 | 236 | 297 | 219 | 1.75 | 5.29 | 4.45 | 4.01
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With regard to coal ash as soil conditioner under all storms, it is clear that
runoff values reduced by 2.4, 17.9 and 26.0%, respectively, by adding it by
rate of 20, 40 and 80 t.fed as compared to cultivated soil treatment. Similar
findings were obtained by Edwards et al. (1994); they stated that soil
erodibility means the susceptibility of soil to erosive forces of raindrops
impact and overland flow. Because soil erodibility is closely related to
dynamic soil properties, so they suggest that soil erodibility exhibits temporal
variations during storm event and can reduce it with adding soil conditioners.
Soil loss: The most important hazards results from water erosion is the
removed of soil from eroding surface. It is known that detachment and
transport process of water erosion occur by raindrops and runoff. In this part,
the amount of soil loss affected by cultivation and some soil conditioners has
been discussed as fallows:

The influence of the applied traditional cultivation and applied some soil
conditioners on the amount of soil loss under natural rainfall is given in Table
(4). The highest rates of soil losses resulted from bare soil treatment 1.23
ton/fed. Year this rate lies within the permissible limits of soil loss by erosion,
which range from 1 to 5 tams per acre per years, Hudson (1981) and Morgan
(2005). With respect to planting without soil conditioners, it is clear that such
method reduced the amount of soil loss by 24.2% relative to that for bare soil
treatment, Table (4). This behavior could be attributed to the fact that plants
protect a portion of the soil surface from the energy of rainfall impact,
thereby, soil detachment decreased. Growing plants also create obstructions

to eater flow over land, slowing down runoff velocity and consequently its
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carrying capacity and thus, reducing soil loss. Similar results were obtained
by Gumbs and Lindsay (1982).

Table (4) also reveals that applied coal ash soil conditioner on soil
surface with the rate of 20,40 and 80 ton/fed reduced soil loss by 17.9 28.9
and 36.9% as compared with that for cultivated soil treatment, receptivity.
The bokashi conditioner applied with the rates of 20, 40 and 80 ton/fed
reduced soil loss by 55.8, 66.9 and 77.6% relative to cultivated soil treatment.
Table (4) also revealed that applying Ceramic conditioner with the rate of 20,
40 and 80 ton/fed led to reduce soil loss by 48.3, 56.3 and 59.1% as compared
with that for cultivated soil treatment. In this respect, Meyer et al. (1970) and
Morgan (2005) mentioned that the application of 20 and 40 metric ton/ha as
soil conditioner decreased soil loss to one — third of that from in traditional
treatment. The data presented in Table (4) reveal that the relative
effectiveness of soil conditioners on reducing the rate of soil erosion under
the conditions of wadi EI-Raml soil could be arranged in the flowing
descending order bare soil - traditional cultivation without soil conditioners -
cultivation with Coal ash conditioner at rate of 20t.fed™ > cultivation with
Coal ash conditioner at rate of 40tfed® - cultivation with Coal ash
conditioner at rate of 80t.fed™ - cultivation with Ceramic conditioner at rate of
20t.fed™ - cultivation with Bokashi conditioner at rate of 20t.fed™ - cultivation
with Ceramic conditioner at rate of 40t.fed™ - cultivation with Ceramic
conditioner at rate of 80t.fed™ - cultivation with Bokashi conditioner at rate of
40tfed™ - cultivation with Bokashi conditioner at rate of 80t.fed™,
respectively. From another point, the annual rate of surface water runoff or
soil loss from the studied treatments followed the order: bokashi conditioner -
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Ceramic conditioner - Coal ash conditioner - cultivation without conditioners

- bare soil. Therefore, the role of soil conditioner in controlling water erosion

hazards under environment of North Western Coast Zone of Egypt at any rate

followed the order: bokashi conditioner - Ceramic conditioner - Coal ash

conditioner, approximately.

Table (4): Effect of Non- traditional soil conditioners on soil loss rate
(kg.fed™) under during winter season 2015/2016 at Wadi El-Ra

Cultivation with Cultivation with Cultivation with Coal
_ Ceramic conditioner Bokashi conditioner ashconditioner
Date storm Réunfal)ll Bar.T Traditional
mm SOt | ~uttivation| 20 40 80 20 40 80 20 40 80

(tfed™M)|(t.fed ™| (t.fed ™| (t.fed )| (tfed )| (t.fed ™) (t.fed )| t.fed D) |(t.fed ™)

18-11-15 | 22.40 | 160 125 522 55 | 513 | 525 [ 412 | 286 | 924 | 844 | 726

09-12-15 | 26.80 | 180 132 624 | 8.1 | 541 | 564 | 444 | 308 [ 996 | 872 | 739

20-12-15 | 28.40 | 220 145 68.7 | 624 59 62.1 | 47.5 | 31.7 [ 1095 | 98.6 | 82.8

17-01-16 | 36.90 [ 330 280 1424 | 1249 | 1164 | 128.8 [ 93.7 | 62.5 [ 2669 | 2182 | 204.3

16-02-16 | 20.20 | 140 105 517 | 428 | 349 | 472 | 337 | 224 | 823 | 714 | 582

18-03-16 | 27.50 | 200 145 72.8 | 642 | 568 | 649 [ 482 [ 321 | 1142 | 1029 | 96.5

Total |162.20| 1230 932 450.2 [ 407.4 | 372.5 | 411.9 | 308.7 | 208.1 | 764.9 | 662.7 | 588.3

Therefore, it can be concluded that using non- traditional conditioners,
such as bokashi, ceramic or coal ash, with cultivation under environment of
North Western Coast Zone of Egypt will combat the hazards of water erosion.
The bokashi conditioner at rate of 80t.fed™ is considered the best conditioner
for controlling water erosion hazards, where the annual reduction in surface
water runoff and soil loss reached 75 and 88%, respectively, as compared to
that for bare soil.
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