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ABSTRACT: A field experiment was conducted at EL-Arish Agricultural Research Station,
North Sinai Governorate for two successive summer seasons 2009 and 2010 fo study the effect
of the application of by -pass, sugar lime, vinasse and the mixtures of them on some phyiso-
chemical, hydro physical soil properties and Maize productivity. The obtained dafa showed an
improvement on the phyiso-chemical, hydro physical soil properties and corn production , with
all treatments, due to increasing total porosity, fine capillary pores, available water, and water
use efficiency while, bulk density, hydraulic conductivily, quickly drainable pores ECe and pH
values have been decreased indicating an improvement on soil siructure.

Grain yield of maize was increased by using concerning amendments, particularly in the
presence of the mixture (4) followed by the mixture (1) then the mixture (3)

The application of the mixture (1) gave the highest profit followed by the mixture (2). according
fo the economic evaluation

Using mixture (4) in the light soils saved 343 m’ fed™ ' of water. Almost 2x10°fed. of the Egypt’s
fand area is comprised of the light soils, consequently led to save about 686x 10° m® of water,
at using mixture (4). This quantity can be used fo cultivate about 69x%10° fed.

Key words: industrial wastes as soil conditioners, phyiso-chemical, hydro physical soil

properties
INTRODUCTION temperatures , a process called calcinations ,
Nowadays the extension of desert alters the chemical make up of the materials
reclamation and cultivation in Egypt has to produce cement clinker (Kosmatka et al.,
Become urgent and essential due to the 2002) .CKD consists primarily of CaCO; and
tremendous increase in population. Light silicon dioxide which is similar to the cement

kiln raw feed , but the amount of alkalis,
chloride and sulfate is usually considerably
higher in the dust CKD from three different
types of operations: long—wet, long-dry, and
alkali by-pass with precalciner were
characterized for chemical and physical
habits by Todres ef al (1992). The particle

soils are widely distributed in arid and semi-
arid regions like Egypt. The scils of the
North Sinai of Egypt are light soils and have
been recently subjected of intensire
investigation, aiming to improve their
characteristics to satisfy the needs of the

increasing human population. Some of the size of (CKD) is dependent upon the type of
most important factors  affecting the kiln operation, Muller (1977) showed that the
economic management of such soils are dusts collected from dry kilns were finer that
erosion hazarads, poor physical properties those for wet and semi-wet / semi-dry kilns.
high water requirements and low soil fertility. In general, the chemical properties of

Cement kiin dust (CKD),is afine-grained cement kiln dust (by-pass) are: CaCQ; =

material generated as a by-product of 53.9%, Na;50,= 1.3%, K;S0,= 5.9%,
cement manufacturing .Raw materials are Al;0.=3.07%, Fe,0,=2.0% K,0=2.53%,
feed into @ cement kiln and heated to S0;=8.67%, Mg0=1.3%, P:0s=0.1% and

temperatures ranging between (1400 and Si0,=15.2% (Todres et al, 1992).
1550¢°). The main raw material which used Furthermore in Egypt many factories, there
to produce cement is limestone {(CaCoOs,), are tremendous arnount of industrial by
with approximately ten percent of the raw products from cement factories, which are
mix made up of a silica source (e.g., sand or increasing annually without utilization
clay}, an alumina source and an iron source. causing environmental poliution. Such by
Heating the raw materials to such high products are rich in calcium and potassium.
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it is fine powder of light gray coleur, and
could have an economical value as a soil
conditioner .Vinasse is a by product of the
sugar industrial either sugar cane or sugar
beet. Vinasse comes either from sugar cane
is called cane-vinasse or from sugar beet is
called beet-vinasse. Vinasse produces after
the removal of the fermentation products
from molasses. Vinasse is brown colour and
viscosity. Its chemical composition is
variable depending among other factors, on
water availability sugar-cane characteristics
and the fermentation as distillation
processes emplyed (Ferraz ef al, 1986) In
general, vinasses presents high turbidity,
low pH, high tevels of organic matter (mainly
glycerol, a soluble carbon source) potassium
and calcium (Gomez and Rodriguez, 2000).
Arafat and Yassen (2002) conciuded that
application of vinasse increased crop
because it is a good source of many of
nutrients which plants needed to grow. Also,
they found that the residual available N, P
and K and organic matter in soil after wheat
harvesting, increased with increasing the
rates of vinasse applied. Adel and Mohsen
(2008) found that application of vinasse to a
newly reclaimed loamy sand soil caused a
significant decrease in soil ,H.Habib et al
(2009) found that beet vinasse had a
positive effect on soils physical e,
structural stability increased and bulk density
decreased with respect to control, Awaad et
af, (2010) found that the application of
vinasse to the soil increased soil microbial
biomass mineralized organic matter, and
consequently increased N-NO,; content.
Monika (2010} found that the application of
beet vinasse to the light soils had a positive
effect on CEC, exchangeable-cations and
available P and K content. Sugar Lime is
waste product of the sugar refinery (resulting
from sugar beet factories). It is an
aggregated powder of light brown color.
Mansour (2002) showed that adding sugar
lime in saline sodic soil increased total
porosity, water holding pores, total
aggregates, available water hydraulic
conductivity, quickly drainable pores and the
grain yield of both wheat and maize plants.
On the other hand ,soil bulk density and fine
capillary pores were decreased with
increasing the application rate. Reda et al,
{(2006) found that the best treatment in
reference to improve certain soil structure

microbiological properties as well as
increasing wheat grains and straw vyields
and their nutrient contents was the
combined treatment of (4.6 ton/fed sugar
lime +1.0 tonfed elemental sulphur)
accompanied by inoculation with a mixture
of Ng-fixers, particularly in the presence of
50% of recommended dose of inorganic N-
fertilizer. .Sharma et a/ (1996} found that
sulfuric acid lowers the soil pH, reacts with
soluble carbonates and replaces the
exchangeable sodium with calcium. Hussein
et al (2003) found that sulfuric acid more
effective in decreased ECe, bulk density and
sodium adsorption ratio ({SAR) and
increased total porosity and hydraulic
conductivity of saline sodic soils.Sadiq, et al.
(2003) found that the application of sulfuric
acid at 20%G.Rfor amelicration of
moderately saline-sodic and medium
textured soil proved effective and ensured
significantly higher vields. Mansour {2007)
found that the addition of diluted sulfuric acid
reduced soil reaction, solt bulk density
penetration resistance, total CaCQO; and
active CaCQj;. While, total porosity, quickly
drainable pores, available water and
hydraulic conductivity were increased..
Mariano et af. (2009) stated that the
addition of acid or acidic forming materials
such as sulfur and Vinasse often reduced
soil reaction (pH} and enhance microbial
densities and activities.

Therefore, the aim of this work was to
find out the potentiaf use of these materials
and its effects on physical and chemical
properties, which affect the soil structure and
subsequently improve soil productivity.

MATERIALS AND METHODS

Two summer field experiments designed
at EL-Arish Agricultural Research station,
North-Sinai Governorate 2009 and 2010
seasons to study a possible amelioration for
some properties of light soils and its
productivity using the natural industrial
wastes ie, By -pass, Sugar lime, and
Vinasse separately and their mixtures
Particle size distribution of the studied scil is
recorded in Table (1) and chemical analysis
of well water is shown in Table (2).

The experimental layout was a
randomized complete biock design with 3
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replicates. The nine soil conditioners
treatments were control, By-pass, at rates of
1.0 and 3 0 ton/fed.(B1 and B2), Vlnasse 2.0
ton fed™, Sugar lime 4.0 ton fed™ and 4
mixtures of them at rate of 4.0 ton fed for
each one. The treatments were thoroughly
mixed with the top 20 cm.surface layer of
each piot. The mixtures composifion and
their chemical properties are given in Table
(3)

~ Maize grains (Zea Mays, single cross 10)
were Soaked for 2.0 hours time with
compost tea (C.T) and then planted under
drip irrigation condition. All plot received the

NPK fertilizers at recommended doses for
maize crop before cultivation where Pand K
were applled at rates of 15 kgfed™ and 24
kgfed™ .as super phosphate (15% P,0s)
and potassium sulphate (48% KyO)
respectively. Nltrogen was applied at a rate
of 120 kgNfed™. as ammonium nitrate
(33.5%N)} at three equal doses (15, 45 and
60 day after sowing)..At the end of each
season, soil samples (0-20cm.) were
collected from each plot and analyzed for
the following properties which recerded in
Table (4).

Table (1): Particle size distribution (%) of the studied area.

Particle size distribution (%) . Soil texture class GaCOs (%)
Coarse sand J Fine sand Silt Clay
60.3 | 7.2 21.1 11.4 sandy loam 16.9
Table {2): Chemical analysis of well water.
EC Cations (meq.L. ™ Anion (meq.L™") PH RSC | Ad
(dSm™} " {meq.L™)
ca® | Mg® | Na° | K | HeOy | or | sof T AR
6.74 15.45 19.45 329 0.37 2.59 437 21.88 7.63 - 224
Table (3): chemical composition of the sugar lime, By-pass and vinasse.
Composition and characteristics Sugar lime Vinasse By-pass
Density (g em™) 0.74 1,14 0.63
pH (1:2.5) 8.3 4.5 12.0
EC (dSm™) 35.3 40.0 7.5
SP 70.0 -— 209.0
CaCQ;, (%) 51.3 0.09 40.9
Total nitrogen (%) 0.24 0.2 0.02
Total Potassium (%) 0.06 0.71 1.36
Total Calcium (%) 28.5 0.65 4.51
Total Phosphorous (%) 0.28 0.21 0.09
Organic matter (%) 3.42 0.6 0.35
Total Manganese (%) 0.007 0.0006 0.011
Totai Iron {%) o1 0.0073 2.02
Total Copper (%) 0.002 0.004 0.001
Total Zing (%) 0,003 0.0024 0.003
Table {(3}:Cont. Mixtures composition used and their chemicals properties.
Mixture SugarRaw materials (% Chemicals properties
number . By-pass Sulfuric - CaCO;
Vinasse (V) lime (B.P) acid (S.A) H,O PH | EC (dSm-1) (%)
RCAN]
Mix.1 1 3 2 1 2 6.9 14.3 4.1
Mix, 2 1 - 5 1 5 7.9 14.7 4.5
Mix.3 1 — 4 2 - 5.7 17.3 2.1
Mix, 4 1 4 2 2 -~ 6.8 15.2 12.0

ase
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Table(4) . List of published methos used in the determined properties.

Soil properties

Publishers

*Particle size distribution (%)

Gee and Bauder (1986)

*Buik density (Mgm™).

Vomocil (1965)

*Pore size distribution
*Stability index = 1/instability index

*Instability index= {(mean weight diameter of air dry soil before wet
sleying) — (mean weight diameter of same soil after wet sieving)

De Leenheer and De Boodt (1965)

*Saturated hydraulic conductivity

Klute and Dirksen{1986)

*Soil reaction (pH) and EC(dS/m)

Page ot af (1982}

consumptive(m® fed!)

*water use efficiency(kg m™)=Grain yieki(kg fed”y/ seasonal

Jensen (1983)

Wet sieving

Kamper and Rosenau(1986)

*Dry sieving and Aggregation%

s0il)»x100

*Percent stable aggregates. (P.S.A) =aggregates. %x
stability index

Classification is used for the P.S.A:

P.S.A soil structure
40 acceptable
60 good
a0 excellant

Aggregation(%)=(weight of aggregates>2m.m)/(fotal weight of

Shamma D.K. and De Boodt (1982)

RESULTS AND DISCUSSION

Soil bulk density and
porosity.

it is well known that soil bulk density and
total porosity are mostly affected by soil
structure. Total
valuable information about scil structure and
is inversely correlated with bulk density.
Mean values of soil bulk density (Mgm™) and
total porosity (%) after maize harvesting are
presented in Table (5). Data revealed that
increasing the applied rate of By-pass, or
any other amendments treatments
(mixture1,2,3 and 4,sugar lime) to the light
soil led to reduce the values of soil bulk
density, and consequently caused an
increase in total porosity compared with
control (untreated soil). The efficiency of the
studied amendments on reducing the values
of bulk density could be arranged in the
following ascending order:
Mix4>Mix1>Mix3>Mix2>B2>V>B1>S.L>Con.
These results may be attributed to the
addition of any amendments treatments
which enhanced the formation of large soil
aggregates. This could be due to the
dominance of soluble Ca* on the exchange
complex. These results are in agreement
with Mansour et.al. {2011}).

total

porosity provides also-
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Pore size distribution:

Pore size distribution is responsible for

the limitation of water retention and
movement in the soif and it is strongly
affected by soil texture and structure .Mean
values of pore size distribution of soil after
maize harvesting, as affected by the
different applied amendments treatments
(Mixtures 1, 2, 3, 4, sugar lime, by-pass and
vinasse) are shown in Table (5). Data
indicated that the quickly drainable pores in
the control represented the greatest percent
of total pores by volume in the scil. On the
other hand, the fine capillary pores are
progressively increased with applied any of
previous treatments. Generally, the data
showed that applying any amendments led
to increasing the total porosity and
decreasing of quickly drainable pores. The
treatments could be arranged the following
ascending order:
M4>M1>M3>M2>B2>V>B1>S.L>Cont.
This resuit may be attributed to increase the
solubility of Ca’* that enhanced soil
aggregation and the percentage of stable
aggregates (P.S.A). These results are in
agreement with obtained by Miyamoto and
Stroehlein (1986) and Mansour {2007).
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Table (5): Bulk density (B.D), hydraulic conductivity (K), total porosity (T.P) and Pore size
distribution(%) as affected by different amendments treatments after

harvesting two seasons {combined analysis)..
Pore size distribution (%)
Amendments, | AAPpication rate 6D K{emh™ | TP @) SDP
: (Mgfed™) Mg m) | abp D. WHP 88 | Fcp<oisy
>28.8p 26.8 -8.6p 0.18y

Control - 1.56 33.7 375 757 8.8 9.6 59
By-pass {(B1) 1 152 26.2 45.8 46.4 436 19.4 206
Vinasse (V) 2 1.50 254 439 456 214 205 12.%
By-pass (B2) 3 1.49 231 50.3 455 16.3 18.5 19.7
Sugar lime (S.L) 4 $.53 2683 49.0 44.6 1.9 18.9 19.6
Mixture 1 4 1.45 2t.0 56.1 36.4 221 18.4 231
Mixture 2 4 1.47 218 52.1 39.4 200 19.0 21.7
lMixture 3 4 1.48 21.4 53.3 385 203 19.7 21.4
|M1xture 4 4 1.42 2086 58.6 35.5 191 18.3 27.1
Q.D.P=quickly drainable pores  5.D.P=slowly drainable pores, W.H.P=water holding pores F.C.P= fine capillary pores

Hydraulic conductivity (HC).

Data in Table (5} revealed that the values
of soil hydraulic conductivity decreased with
the previous amendments treatments
{Mixtures 1, 2, 3, 4, sugar lime, by-pass and
vinasse) as compared with the control. The
hydraulic conductlwty were decreased from
33.7 cm h™ in the untreated soil to 20.6 cm
h™ in a mixture(4), The treatments could be
arranged in the following ascending order :
M4<M1<M3<M2<B2<V<B1<S.L<Cont this
couid be attributed to the effect of any
treatments increasing the micro pores and
decreasing the macro pores. Similar results
were obtained by Mansour (2007) and
Marianc et al., (2009)

Available water (A.W) and water
use efficiency (WUE).

The values of available water under
different application of any amendments
treatments (Mixtures 1, 2, 3, 4, sugar lime,
by-pass and vinasse} are presented in Table
(6).

These values indicated an increase in
available water, with all soil conditioners
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treatments. The highest increase was
observed under a mixture (4) which gave an
average increase of 40.8%, while the least
increase (6.58%) was under sugar lime The
rate of increase in AW % compared to
untreated soil were 40.8, 38.2, 30.3, 22.4,
184, 11.8,9.2 and 6.58 % or 3427, 3:20.9é
254.5, 188.2, 154.6, 99.1, 77.4 and 55.3m
fed™ for M4, M1, M3, M2, B2, V, B1 and S.L
respectively. This result may be due to
improve the aggregation process
consequently increase fine capillary pores
on the expense of quickly drainable pores
(Mansour, 2002). As shown in Table (8)
water use efficiency with adding previous
amendments had the same trends. This
finding could be explained on the basis of
the effect of the mixture (4) on increasing the
fine capillary pores, it could be concluded
that, using m:xture (4) in the light soils
(about 2x10° fed.) Ied to saved about
(2x10°% 26 m®= 52 x 10° m> of water .This
water quantlty can using to cultivate about
5.2 x10° fed. as well as increased of soil
ability to keep nutrient elements, and
increased of soll resistance to wind erosion.
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Table (6): Available water (%), Relative increase (m‘ffed) and water use efficiency (WUE)
as affected by different amendments treatments after harvesting, two seasons

{combined analysis).

. . Rate of
Amendments Application rate I::’;:artf,f in ;:Lastlev?% ) incre?‘sﬁz) (m* WUE (Kgm‘“)

Control 0 1.6 - - 0.63
By —pass (B1) 1 8.3 9.21 5.88 0.74
Vinass (V) 2 8.5 11.8 7.56 0.70
By — pass (B2) 3 9.0 18.4 11.76 0.79
Sugar lime (S.L} 4 8.1 6.58 4.20 0.75
Mixt. (1) 4 10.50 38.2 24.36 1.01
Mixt .(2) 4 9.3 22.4 14.28 0.94
Mixt .{3) 4 9.9 30.3 16.80 0.99
Mixt .(4) 4 10.7 40.8 26.04 1.01

*water consumptive use for maize (2600M"° fedan™)

Stability Index (Sl), Aggregation
(%) and the percentage of stable
aggregates {P.5.A):

Data in Table (7) revealed that the
amendments treatments {Mixtures 1,234,
sugar fime, by-pass and vinasse) resulted in
an increase for stability index (Sl), that can
be arranged discerningly as foliow:
M4>M1>M3> B2> M2>B1>S.L> Cont>V.,
Regardless the S| the aggregation % was
ranged from 28.6 to 49.6% with an order:
S.L>V>M4>B1>M1>M3>M2>B2>con..  On
the other hand, the percentage of the stable
aggregates was not high enough to be
appreciated to have an acceptable or good
soil structure, except the mixture (4)
whereas soil structure classification was
good, while the other mixtures were
acceptable.

in conclusion, it can be noticed that the
application of the studied amendments
increased the percentage of stable
aggregates, (Mohamed, et al.2011).

Soil salinity (ECe) and pH.

The movement of soluble salts in the soll
depends mainly on its texture, structure,
total porosity and permeability. Data in Table
(8) showed the values of ECe and PH of the
studied soil in flounced by the amendments
(mixtures 1, 2, 3, 4, by-pass, vinass, and
sugar lime) application under irrigation with

saline water. Data indicated that the mean
values of soil ECe after harvesting for two
seasons decreased with the application
treatments as compared with control. This
may be atiributed to the improvement of soil
physical properties and enhance the
leaching process of salts. as well as to the
high adsorption of ions by the growing plant
(EL-Saadany 1994). Concerning the effect
of the amendments treatments on pH values,
data showed the similar trend with ECe.

Maize yield (grain&stalks).

Data presented in Table (9) showed that
the application of any amendment
treatments (mixture 1, 2, 3, 4, by-pass,
venass, and sugar lime ) increased the grain
and stalks yield The relative increase were
61, 59, 56, 49, 25, 18, 17 and 10% for M4,
M1, M3, M2, B2, V, B1 and S.L. respectively
as related to the control. This may be due to
increase the A W% and decrease the water
loss by percolation through soil profile as a
result improvement of soil properties.

Moreover, crop index decreased with the
increasing of crop yield, (grain and stalks).
Therefore :crop index was decreased with
the application of the investigated
amendments
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Table (7): The percentage of Stable aggregates (PSA) as affected by different
amendments treatments after harvesting, two seasons (combined analysis).).

N . Aggregatio
Amendments Rate MW.D Sit:g::y % ng (PSA) | Soil structure
per fed. Dry Wet %) % classification
sieving sieving (% (%)
Control — 2.34 0.93 0.71 296 216 —_
By —pass (B1) 1 312 1.82 0.77 401 308 —
Vinass (V) 2 2.89 1.11 0.56 48.6 27.2 —_—
By - pass (B2) 3 1.96 1.15 1.23 302 374 | e
Sugar lime (S 1) 4 212 0.74 0.72 49.6 357 —
Mixt. (1) 4 2.82 215 1.48 39.5 58.9 Acceptable
-Mixt (2) 4 1.73 0.84 1.12 36.9 41.3 Acceptable
Mixt (3) 4 1.25 0.46 1.27 382 485 Acceptable
Mixt .(4) 4 261 1.96 153 438 67.0 Good

¢ MWD= Mean weight diameter

Table (8): Soil pH and Electrical conductivity (EC) as affected by different analysis)

amendments treatments after harvesting, two seasons {(combined

Amendments Rate per fed. pH (1-2.5) EC({ dSm-1)
Control - 8.04 6.96

By —pass (B1) 1 7.9 6.86
Vinass (V) 2 7.87 6.86

By — pass (B2) 3 7.85 6.85
Sugar lime (S.L) 4 7.96 6.88
Mixt. {1) 4 7.75 8.78
Mixt ,(2) 4 7.83 6.82
-Mixt .(3) 4 7.80 6.80
Mixt .(4) 4 7.70 6.75

Table (2): Grain yield treatments and some components of malze plant as affected by
different amendments (combined analysis 2009 and 2010 growing seasons).

- . Relative
Amendments Aprzkfgft;%ql)rate Grain yteld (ttngfed.") S(ﬁg(fsegﬁ';’ Crop index* inc(l;ia)\se

Control - 1.65 051 3.24 -

By —pass (81} 1 1.93 0.87 222 17.0

Vinass (V) 2 1.82 0.60 3.03 10.3

By — pass {B2) 3 2.06 0.89 2.3 248

Sugar fime {S.L) 4 1.95 0.89 219 18.2

Mixt. (1) 4 282 0.94 2.79 58.8

Mixt ,(2) 4 2.45 0.88 278 48.5

Mixt .(3) 4 2.58 0.92 2.80 56.4

Mixt .(4) 4 2.65 0.98 271 61.2

*crop index=total grain yield/total stalks yield

Economic evaluation.

The final profit of the mean yield and the
eccnomic classes (orders) are shown in
Table (10).The data show that application
mixture (1) gave the highest profit followed

by mixture (2).The absolute profit took the

following order:

mixture{1)> mix.(2)> mix.(4)> vinass>
mix. (3)> S.1.> by-pass(2)> by-pass (1)>

cont .during the two seasons.
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Table {10): Total income (L.E.) and profit (L.E.) as affected by different amendments
{Combined analysis 2009and 2010 growing seasons).

. Total
A acatlon Total cost for Costfor | Price for Total yield . Profit
Amendments ra'tjgl Mgr™™ | amendments | one season |Mg (L.E.) (Mg fgd Y '?&";e (LE) Order
Control - - - 1500 1.65 2475 1475 7
By —pass (B1) 1 400" 100 1.93 2895 1595 B
Vinass (V) 2 500 125 1.82 2730 1358 8
By — pass {B2) 3 400 " 100 2.08 3080 1780 3
Sugar lime (5.1) 4 400 * 100 1.95 2925 1625 5
Mixt. (1) 4 888 222 262 3930 2264 1
Mixt {2 4 672 168 2.45 3675 2171 2
Mixt .(3) 4 2144 536 2.58 3870 1282 9
Mixt .(4) 4 1664 418 266 3960 1742 4

*Transpoit cost

The total net farm income resulted from
mixture (1) treatment was approximately=
2264 |..E. seasonffed. In contrast the loss in
the net farm income under without treatment
(control) was found to be=1475L.E.
season/fed. Therefore relative increase
equal 789 L.E.season/fed. Total cultivated
maize crop area in Egypt from light soils
about 50 thousand feddan, S0, the resulting
increasing in the total national income is
about 39 millions L.E. yearly.

In conclusion, the mixture (1) amendment
is recommended to apply for the light seils to
improve soil physical properties which are

strongly requested to provide good
sustainability for profitable cultivation.
CONCLUSION

Based on the aforementioned discussion,
it could be conclude that the application of
the amendments :( mixtures 1, 2, 3 and 4)
improved soil properties i.e. increased total
porosity, fine capillary pores, available water,
water use efficiency and grain vield .On the
contrary, butk density, hydraulic conductivity,
quickly drainable pores, ECe and pH values
were decreased.Furthermore,soil structure
was improvement. The application of a
mixture (1) gave the highest profit followed
by a mixture (2), according to the economic
evaluation. While usmg mlxture (4) in the
light soils saved 26 m>fed™ Almost 2x10°
fed. of the Egypt's tand area is comprised of
the light sons consequently led to save
about 52x10° m* of water, at using mixture
{4). These quantmes can use to cultivate
about 5.2 x10°fed.
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