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ABSTRACT

Large amounts of sugar industrial wastes such as sugar beet factory lime (SBFL) and vinasse (V) are producing annually causing
some problems to the environment if not exploited or recycled. Sandy soils and new reclaimed soils are suffering from lack of water
retention, low fertility and thus low productivity, requiring more attention to maximize their water and nutrients supply potentials using new
and low-cost soil conditioners. Therefore, it was though useful to use sugar factory by products in solving such problems in sandy soils. For
this purpose, a field experiment in a completely randomized experimental design with three replicates was conducted through two successive
growing seasons (2016/2017 and 2017/2018) in sandy soil, to study the effect of SBFL at a rate of 10 t/ha, V in irrigation water (5 ml/L) and
compost mixed with vinasse, CMV at 1:1 rate on some selected soil physico-chemical properties and canola productivity. Results showed
that, application of CMV followed by V and SBFL significantly increased soil organic matter, soil available macro-nutrients (N, P and K)
and water holding capacity. Meanwhile, soil bulk density and hydraulic conductivity values were decreased subjected to conditioners
application, confirming their suitability in improving sandy soil properties for sustainable agriculture. Consequently, canola seed yield, oil
and protein content increased significantly due to CMV, V and SBFL application. From view point of water, the highest values of canola
water productivity were obtained under CMV application followed by V and SBFL compared with control, favoring their suitable use to get
more crop with less drop in sandy soils. Economically, application of SBFL achieved the higher seasonal net return and benefit cost ratio
with lower specific cost followed by V and CMV respectively. The study, therefore recommends using CMV to improve the sandy soil
properties and its productivity, despite its relatively low economic return compared to other conditioners, given the high-water productivity
of CMV application and alleviating the high salinity of V application.
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INTRODUCTION

Sandy soils with low colloidal content are suffering
from lack of water and nutrient supply potentials (Glab et al,
2018), high infiltration rate, high evaporation, low organic
matter content and excessive deep percolation (Kheir ez al,
2017), reduction in its productivity as well. Appropriate soil
conditioners could be used to tackle these problems through
improving the retention capacities and allow plants to get
their water and nutrient requirements easily. Different
organic and inorganic amendments were recently used to
improve sandy soil properties and crop production such as
bentonite, polyacrylamide, and compost (Kheir et al., 2017),
Nano hydroxy apatite, biochar and sugar beet factory lime
(SBFL) (Seleiman and Kheir, 2018a), and bagasse ash
(Seleiman and Kheir, 2018b).

Sugar beet factory lime (SBFL) is generally
produced and stockpiled close to sugar factories during sugar
beet juice purification process (Sims et al., 2010, Shaheen
and Rinklebe, 2016, Seleiman and Kheir, 2018a). The
(SBFL) is one of the lowest cost sorbents, and considered an
organic amendment (Shaheen and Rinklebe, 2016), contains
high content of total Ca, Mg, N, P and K (Sims et al., 2010).

However, using SBFL in improving sandy soil
properties not studied before, favoring its importance in
current study.

Vinasse (V) is a liquid disposal generated during
ethanol production and molasses fermentation from either
sugarcane or sugar beet in sugar factories has specific
benefits to soils if it used as soil conditioner (Morgan-
Salazar et al., 2016). It is characterizes by acid pH, dark
color, high electrical conductivity (EC), higher organic
matter content, high concentrations of suspended solids
(CETESB., 2006). Also, vinasse could be used as a fertilizer
due to its high nutrient content (i.e. calcium (Ca) and
potassium (K) as well as its higher content from organic
materials (Morgan-Salazar et al, 2016). Due to the
prevailing of monovalent ions in vinasse, it can cause
dispersion of organic matter (OM) and clay particles,

destroying aggregates and soil structure in salt affected soils.
Consequently, soil pores would be blocked by fine particles,
decreasing water infiltration rate and permeability (Mavi et
al,, 2012).However, Vinasse application in sandy soil has
less attention so far, requiring an urgent study of vinasse on
sandy soil properties and crop production.

Composting process has become increasing popular
in sustainable agriculture, as compost increases soil organic
matter, and nutrients, creating a positive effect on soil
physical, chemical and biological properties (Hargreaves
et al., 2008, Glab et al, 2018). The importance of co-
composting vinasse with rice and cotton straw will
overcome problems created from vinasse such as high salt
content, low phosphorus content and higher density.

Canola (Brassica napus L.) has been identified as a
promising crop for production in Egypt to increase the
country’s edible oil supply. Over the last decades, canola has
become a crop of high global agro-economic importance,
featuring a wide range of uses for food, feed and fuel
purposes. It currently holds the third position among oil
crops after palm oil and soybean (FAO., 2018). Canola has
proved potential to be productive in Egypt even under
salinity, heat and drought stress in newly reclaimed arable
land outside the Nile valley (Abdallah et al, 2010). An
increase in Egyptian canola production may further help to
interrupt the cereal-dominated crop rotations, reduce the
pressure of soil-borne cereal pathogens and increase subsoil
macro-porosity due to its deep tap root system (Abdallah et
al.,, 2010). The expansion of canola cultivation is therefore a
major forthcoming target of the Egyptian Government
toward its 2030 agricultural strategy plan(MALR., 2014), to
tackle the shortage in edible oil production.

Based on the above view, the objective of this
investigation was to explore the effects of using new low-
cost soil conditioners (i.e. SBFL, V, and CMV) on
improving sandy soil physical and chemical properties.
Moreover, to study effect of such amendments on canola
productivity grown in sandy soil.
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MATERIALS AND METHODS

Study site and soil properties

A field experiment was carried out in a sandy soil at
Baltim district, Kafrelsheikh Governorate, Egypt (31" 33
404 Latitude and 31" 19 52.5 longitude) with 2.5 m
elevation above sea level. Soil samples before sowing were
taken for chemical and physical analysis (Tables 1).

Table 1. Chemical and physical characteristics of the
studied soil before cultivation

Item value Item Value
Soil chemical properties
EC (dS/m) 1.3 CI (meq/L) 13.3
pH 7.9 SO, (meg/L) 1.6
Na' (meqg/L) 8.8 CaCO; (%) 0.6
Ca™ (meq/L) 2.7 SAR 6.04
Mg™ (meg/L) 132 AOl\/ll g’f)) 0.4
+ vailable N

2 vailable

CO;™ (meq/L) N.D. A(mlg/lglg)K 9.10
. vailable

H¢O3 (@eq/L) . 5.5 (mg/ke) 555
Soil physical properties
Bd Mg/m’) 1.58 FC (%) 18.0
Ks (m/day) 2.70 PWP (%) 9.00
SP (%) 40.0 AWC (%) 9.00
Particle size distribution (%)
Sand 90.8 Clay 6.0
Silt 3.20 Texture Sandy

N.D.: Means not detected; EC: Soil salinity as electrical conductivity in
soil paste extract; pH: soil reaction (1:2.5 soil water suspension); Bd: Soil
bulk density; Ks: Saturated hydraulic conductivity; FC: Soil field
capacity; PWP: Soil permanent wilting point; AWC: Soil available
water content
Climatic conditions

Average monthly climatic data (maximum
temperature, minimum temperature, solar radiation and
rainfall) through the canola growing season from sowing to
maturity were obtained from the closet automated weather
station, belongs to the Central Laboratory of Agricultural
Climate (CLAC), (Table 2). The data represent an average
value of two growing seasons.

Table 2. Monthly climatic data through the canola
growing season 2016/2017 and 2017/2018
(averaged of both seasons).

SRz}D Tmax T min Rainfall

Months (MJ/m’/day) (C) _ (C) _ (mm)
October 154 28.3 19.9 0.5
November 11.6 24.5 16.8 1.3
December 9.8 21.1 133 0.3
January 114 19.0 10.6 0.7
February 13.1 19.0 10.9 1.3
March 174 23.0 133 1.3
SRAD: Solar radiation; T max: Maximum temperature;

T min: Minimum temperature

Experimental practices and design

The experimental design representing four
treatments was arranged in a randomized complete block
design with three replicates per treatment. Each individual
plot size was 5 m x 7 m= 35 m’. The experimental
treatments were: control (without soil conditioner
application); soil treated with SBFL, added to soil before
cultivation at rate of 10 t/ha; V, added to soil in irrigation
water along the period of planting growing at rate of 5 ml/L.
(The required amount of vinasse was calculated for each
irrigation event based on calculated applied water and laid in
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plastic barrels perforated from bottom and placed on the
downstream direction of cutthroat flume); and a compost of
rice and cotton straw mixed with V (CMV) at a 1:1 ratio
[(compost: Vinasse)(w/w)], based on the rate of compost
which was 0.5 % (5 ton per fed.). Analysis of soil
conditioners are listed in Table 3 for SBFL, V and compost.
The grains of canola were sown at rate of 3 kg per fed on
15" October in both growing seasons and harvested after 6
months on 10" April in both seasons. The preceding crop
was maize and sunflower in the first and second seasons,
respectively. Phosphorus fertilizer was applied with soil
tillage at the rate of 100 kg P,Os per hectare in the form of
super phosphate (15.5 % P,Os). Potassium fertilizer was
applied as one dose directly before the first irrigation at the
rate of 60 kg K,O per hectare in the form of potassium
sulphate (48% K,0). Nitrogen fertilizer was applied directly
before the first and second irrigations at two equal doses
with a rate of 110 kg N / ha in the form of urea 46.5 % N.

Canola plants were irrigated when soil moisture reached 50
% depletion from soil available water (Israclson and Hansen,
1962),by cutthroat flume (20 x 90 cm) according to (Early,
1975), using the following equations:
For the free flow:

Q=C x(Ha)" @
Where: Q=Discharge in (m*sec), C= Flow discharge coefficient (0.74),
n= constant (1.84), H,= water head at upper stream gauge.
For the submerged flow:
Q =C (H,-Hy,)"/- (Log;,S)
Where: C= 0.413; H, =Water head at downstream gauge; n=1.482; S =
Actual submergence fraction (H,/H,).

The flow is free if (Hy/H,) = <65%; and if (Hy/H,) = >65% the flow is
submergence

The main source of irrigation water is blended water
by fresh and drainage water from Tera branch canal (EC =
1.3- 1.6 dS/m).

Measurements
Soil measurements

Before sowing and after crop harvest, soil chemical
analysis had been done using the classical methods
described by (Cottenie et al, 1982, BurtR., 2004).
Meanwhile, undisturbed soil samples were used for soil
physical properties according to (Garcia, 1978, Klute, 1986).
Soil field capacity (FC) and permanent wilting point (PWP)
were measured by pressure membrane apparatus at pressures
of 0.1 and 15 bars, respectively. Soil saturated hydraulic
conductivity was determined using constant head well
permeameter method employing Guelph permeameter
apparatus (Reynolds and Elrick, 1985) using the following
equation.

Kfs = (0.0041)(X)(R2) — (0.0054)(X)(R1)........(3)
Where
Kifs: soil saturated hydraulic conductivity in the field (cm/sec);
R1: the rate of water level change in the first well with depth (H1) set at
5 cm, converted to cm/sec; R2:the rate of water level change in the
second well with depth (H2)set at 10 cm, converted to cm/sec; X: the

reservoir constant used when the combination reservoir used in sandy
soil ~35.39 em’.

Particle size distribution of soil samples was
determined by the international pipette method as described
by Tan (1996). Soil bulk density was determined using
cylindrical sharp edged core sampler method described by
(Culley, 1993). Soil organic carbon was determined
according the wet combustion of modified (Walkley and
Black, 1934). Soil available N, P and K were extracted and
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determined using methods reported by (Keeney and Nelson,
1982, Olsen and Sommers, 1982, Simard, 1993).
Plant measurements

At canola maturity, the middle row was harvested
randomly from each plot to estimate: 1- plant height (cm) by
measuring the distance between soil surface and the top of
main stem; 2- seed yield (kg/ha) through calculating the

Table 3. The soil conditioner properties

weighting of two ridges following air dried, then seeds at 15
% moisture were weighted and converted to kg/ha; 3- oil
content (%) was determined according to (AOAC., 2007); 4-
protein content (%) was calculated by multiplying the total
nitrogen in canola grains by 5.75. The total nitrogen in
canola grains determined by Kjeldahl Method (AOAC.,,
2007) .

Compost Vinasse* SBFL*

Item Value Item Value Item Value
Density (g cm™) 0.65 pH 44 Al (gkg™ 1.7
Moisture content (%) 255 EC (dS/m) 15.5 Fe(g kg"? 0.85
pH (1:10 compost: water suspension) 7.16 Density (g cm™) 12 Mn (gkg™) 0.08
EC (1:10 w/v compost/ water suspension) 423 Organic matter (%) 6.2 S(gkg™) 20.3
Saturation percentage % (g/100g) 175.0 Fluvic acid (%) 0.85 N(gkg") 32
CEC (cmole kg™") 64.34 Humic acid (%) 035 P(gkg") 5.0
Total organic — ¢ % 255 Total N (mg/L) 1205.0 K (gkg") 2.0
Total organic matter % 43.96 NH", (mg/L) 88.0 EC (dS/m) 8.5
C/N ratio 21.98 NO7; (mg/L) 180.0 CaCOs (%) 23.1
Available — N (mg kg ") 100 Total P (mg/L) 425.0 pH 8.80
Available — P (mg kg"? 50.0 Soluble P (mg/L) 184.0 OM (%) 29
Available— K (mg kg’ ? 85.0 Total K (%) 0.62 Density (g cm™) 1.1
Available — Fe (mg kg™) 450 Total Ca (%) 0.55

Available — Mn (mg kg™ 100 Total Mg (%) 0.27

Available — Zn (mg kg") 35 Total Na (%) 0.06

Available — Cu (mg kg™") 135 SO, (%) 0.65

Total N (%) 1.16 Total solids (g/L) 88.0

*Analysis of Vinasse and SBFL was provided from Sugar Factory Company; Ec: electrical conductivity (dS/m).

Water productivity (WP) RESULTS AND DISCUSSION

WP was calculated according to the following equation
according to Davis et al.,2017.

WP(EL) =L

m3 Wa

‘Where Y: is the grain yield (kg) and Wa: water applied
Economic evaluation

Cash inflows and outflows for various treatments (at
prices of the local market) were calculated, and some
economic indicators were estimated as follows (Atiea,

1986):

1- Net return: It can be calculated by deducting the total
cost from the total return, (LE/fed.)

2- Benefit-cost ratio, BCR: It can be calculated by dividing
the total seasonal return on the total seasonal cost, (Atiea,
1986).

3- Specific cost (LE/kg): It can be calculated using the
following formula:

LE
Total costs,ﬁ

Theoretical grain yield,ft—i

S.C.=

4- Theoretical grain yield: It was calculated using the
following equation (Beshara, 2012):
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Statistical analysis

The obtained data were subjected to analysis of
variance (ANOVA) procedure according to Gomez and
Gomez (1984), using the MSTAT-C statistical software
package. Means were compared using Duncan’s multiple
range test (Duncan, 1955), when the ANOVA showed
significant differences (P < 0.05).
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Soil chemical properties
Soil salinity and sodicity

Soil salinity expressed in EC values (dS/m) increased
under the effect of the studied amendment applications. The
increase percentages were 26.92, 12.31 and 21.54 % for V,
SBFL and CMYV respectively relative to control (Table 4).

This is may be attributed to the relatively high
concentrations of dissolved salts in such amendments Table
(3). The prevailing of monovalent cations, particularly
sodium in these amendments is responsible for increasing
EC values in soils treated with vinasse (Paz et al., 2009). The
same trend was noticed with soil adsorption ratio (SAR).
The SAR values increased by 9.33, 3.66 and 7.66 % due to
application of V, SBFL and CMV respectively (Table 4).

Interestingly, application of compost mixed with
vinasse decreased soil salinity and sodicity by 4.24 % and
17.89 % respectively compared to soil treated with vinasse
only, confirming the importance of compost to alleviate
higher salinity and sodicity in vinasse. This is likely due to
high organic matter inputs which occupied cation-exchange
sites and coated soil particle surfaces, limiting Na adsorption
and enhancing leaching of Na and salts by precipitation
(Wright et al., 2008). Furthermore, high concentrations of
basic cations in composts may affect the potential of
composts to alter ex- tractable Na and salinity levels.
Soil pH

Soil pH values decreased with vinasse application
and the lowest values were obtained under combination of
compost mixed with vinasse (Table 4). This is mainly due to
the acidic effect of vinasse (Table 3), oxidation of organic
matter and prevailing the free hydrogen ions (Jiang et al.,
2012). Meanwhile, SBFL slightly increased soil pH due to
its higher content of calcium carbonate (Table 3). The
treatment of CMV had a favorable effect on soil pH where,
pH values decreased compared with the control treatment.
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Table 4. Soil chemical characteristics subjected to application of vinasse, SBFL and compost mixed with vinasse

(averaged of two seasons).

Depth EC Cations (meq/L) Anions (meq/L)

Treatments ") @sim) SAR PH ——™ Mgm K CcO; HCO, CT SO;°
0-20 1.25 5.92 79 8.5 2.6 1.5 0.1 0.0 55 6.0 1.3
Control 20-40 1.29 6.01 8.0 8.8 2.7 1.5 0.1 0.0 5.0 6.1 2.0
40-60 1.35 6.15 8.1 9.2 2.8 1.6 0.1 0.0 55 6.4 1.8
Weighted mean 1.30 6.00 8.0 8.8 2.7 1.5 0.1 0.0 53 6.2 1.7
0-20 1.40 6.05 7.5 9.2 29 1.7 0.1 0.0 6.4 55 2.0
Vinasse 20-40 1.75 6.77 72 115 37 2.1 0.2 0.0 5.0 8.1 44
40-60 1.79 6.87 7.0 11.8 3.8 2.1 0.2 0.0 8.3 55 4.1
Weighted mean 1.65 6.56 72 108 35 1.9 02 0.0 6.6 6.4 35
0-20 1.30 5.87 8.2 8.6 2.7 1.6 0.1 0.0 6.0 55 1.5
SBFL 20-40 1.42 6.14 8.2 94 3.0 1.7 0.1 0.0 6.5 5.0 2.6
40-60 1.66 6.65 8.3 11.0 35 2.0 02 0.0 55 7.7 34
Weighted mean 1.46 6.22 8.2 9.6 3.0 1.8 0.1 0.0 6.0 6.0 2.5
0-20 1.40 6.05 7.0 9.2 29 1.7 0.1 0.0 6.4 55 2.0
CMV 20-40 1.65 6.61 7.1 10.9 35 2.0 02 0.0 5.0 7.6 39
40-60 1.71 6.73 6.9 11.3 3.6 2.1 0.1 0.0 79 55 3.7
Weighted mean 1.58 6.46 7.0 105 33 1.9 0.1 0.0 6.4 6.2 3.2

EC: Electrical conductivity; SAR: Sodium Adsorption Ratio

Soil organic matter (OM)

Soil organic matter increased by 25.0, 20.0, and 42.5
% due to adding V, SBFL and CMV respectively compared
with control, (Fig. 1A). This is mainly due to the relatively
high content of organic matter in such conditioners,
particularly in V and CMV (Table 3). The highest values of
OM were observed in soils treated with CMV. The low
content of organic matter in vinasse compared to compost
(Table 3), is mainly attributed to higher content of humic
substances in vinasse. These substances characterize by their
resistance to microbial attack due to its aromatic cores and
the reaction of the soil humic substances with mineral
surfaces, which reduces microbial degradability compared to
compost with higher degradability (Gerke, 2018; Biswas et
al., 2009).
Soil available macronutrients

Data in (Fig. 1B, C and D) indicated that application
of V, SBFL and CMV increased soil available N, P and K
compared to the control. The highest values of soil available
N and K were observed under application of V and CMV.

Meanwhile, soil available P was superior under
application of SBFL (Fig. 1C). This is mainly attributed to
their initial content of these elements (Tables 3), where V
and CMV are richly in N and K than P, but SBFL is richly in
P than N and K, confirming the importance of using such
amendments in providing the macronutrients to sandy soils.
Soil physical properties
Bulk density

Application of CMV, vinasse and SBFL decreased
soil bulk density compared with control (Fig. 1E). The
lowest values of soil bulk density were recorded under CMV
and V compared with SBFL and control. This could be
attributed to that vinasse includes high content of Na', which
can cause dispersion of clay particles, blocking soil macro
pores, and increasing soil volume (Morgan-Salazar et al.,
2016). Moreover, vinasse and compost have higher content
of organic matter than SBFL, forming organo-mineral
complexes and increasing the soil volume by aggregating
soil mineral particles. Also, it may be due to the
decomposition of added organic matter, forming exudates
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that are responsible for increasing soil aggregates (Six et
al.,2004).
Saturated hydraulic conductivity and Soil available
water

Soil hydraulic conductivity values decreased in
response to conditioners application compared with control
(Fig. 1F), favoring soil water conservation and increasing
soil available water capacity. Prevailing of organic matter
and monovalent cations in further amendments is the main
reason for decreasing soil hydraulic conductivity. The
highest value of soil available water (9.7 %) was recorded in
case of CMV application, achieving an increase of 8.9 %
relative to control. This is mainly due to increasing soil
organic matter content and improving soil aggregation
stability, promoting higher water retention in soils amended
with compost and vinasse (Glab ez al., 2018). The effect of
SBFL on soil available water content (AWC) was slightly
lower than vinasse and CMV due to its lower content of
organic matter and monovalent cations than V and CMV.
However, AWC in soils amended with SBFL was higher
than untreated soils (control),(Fig. 1G) ,due to its finer
texture and its higher specific surface area that promoting
soil water holding capacity in sandy soils (Seleiman and
Kheir, 2018b).
Water applied and water productivity

Due to the improving of sandy soil properties in
response to application of V, SBFL and CMV, applied water
quantities showed a reduction from 1025.3 m’/fed in the
unamended soils (control) to 947, 943.3 and 846.3 m’/fed in
soils amended with V, SBFL and CMV respectively (Fig.
2). This will save water by about 78.3, 82.0 and 179.0 n’/fed
under V, SBFL and CMV application respectively.
Consequently, canola water productivity increased
compared with control (Fig. 2). The highest value of water
productivity 34 kg/m’ was noticed in case of CMV
application followed by V and SBFL. This is mainly
attributed to the substantial role of organic matter in CMV
for improving soil chemical, physical and nutritional
properties, ensuring high crops with less drops.
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Fig. 1. Soil organic matter (A), available N (B), available P (C), available K (D), bulk density (E), hydraulic
conductivity (F) and available water content (G) subjected to different soil conditioners. Error bars

represent standard deviations among replicates.
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Canola plant growth and seed yield and quality

Data presented in Table 5 indicated that plant height
(cm), seed yield (t ha™), straw yield (t ha™) oil content (%)
and protein content (%) were significantly affected by the
tested soil conditioner treatments in both seasons.
Application of the soil amendments (V, SBFL and CMV)
significantly increased plant height in the two seasons as
compared to control (without soil amendments). The CMV
treatment gave the highest mean value of plant height
without significant differences with those obtained by the V
treatment in the two seasons. This may be due to the double
effect of vinasse and compost together in the treatment of
CMV.

The highest seed yield (t ha) was obtained from the
soil treated with (CMV), followed by (V) and SBLF, while
the lowest yield was obtained from untreated soil in both
seasons. It would be noted that the seed yield increased by
28.6, 18.71 and 47.6 % in the first season, and by 40.0, 30.0
and 49.0 % in the second season due to the addition of V,
SBFL and CMV, respectively compared with control. This
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increase in seed yield upon the addition of the tested soil
conditioners could be attributed to its significant role in
improving the available nutrient in the soil and the water
holding capacity. It worth to mention that, the increase of the
soil salinity induced from the conditioner’s application did
not affect the crop yield. This is due to the low retention
capacity of sandy soils, and to the high tolerance of canola
plants to salinity (Tahmasebpour et al., 2018). The highest
seed yield resulted from CMV treatment relative to other
amendments could be attributed to the double effect of
compost and vinasse in ameliorating soil properties. The
improvement of seed yield of canola plants treated with
CMV in this investigation could be due to the initial analysis
of CMV and its significant role in improving soil chemical,
physical, fertility and water holding capacity. These results
are in harmony with those obtained by (Seddik ef al., 2016,
Madejon et al., 1995).

Regarding oil content (%), data presented in Table 5
showed that, the application of CMV had the highest value
(42.5%) without significant differences with those obtained
by the V treatment (41.8%) in the first season. However, in
the second season the application of SBFL recorded the
highest value of oil content (42.1%) without significant
differences with those recorded by the CMV or V
treatments. Similarly, the application of V, SBFL and CMV
led to significant increase in protein content compared to the
control in both seasons. However, there were no significant
differences among V, SBFL and CMV in protein content in
both seasons. These results may be attributed to the high
content of nitrogen and potassium in these conditioners,
which are responsible for many biochemical processes such
as photosynthesis, respiration, protein and carbohydrates
metabolism (Awaad et al, 2010). These findings suggest
that the use of soil conditioners can be considered an
effective tool in increasing canola seed yield in sandy soil.

Table 5. Effect of some soil amendments on plant height, seed yield, oil and protein contents of canola in sandy soil

during 2016/2017 and 2017/2018 seasons.

Plant height Seed yield Straw yjeld Oil content Protein content

Treatments (cm) (th a-l) (th a-ll) (%) (%)

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Control 1248¢c  1265¢ Y. ve..d  2053.1c  121c  12.0d 40.0c 39.6b 22.3b 22.4b
Vinasse 12932 1335a Y.Vé.-«b 28333a 128a 12.7b 41.8a 420a 23.5ab 24.0a
SBFL 127.1b 1302b  Y.eV...¢c  2619.6b 126b 12.5¢ 41.1b 42.la 244a 24.1a
CMV 136.3a  140.5a 3.1454a  3.0904a 13.1a 1352 425a 420a 245a 24.0a
Ftest sk sk sk sk skk skek sk sksk % sk

S1: First growing season; S2: Second growing season

Economic evaluation analysis
Economic assessment requires some items through
which the evaluation process can be conducted. Tables 6 and
7 show the production cost values of the various components
involved in the evaluation process.
Table 6. Agricultural operation costs and labor wages
for canola in 2016/2017 and 2017/2018 seasons

Costs according to
Item the local market
prices, LE.
N, as Urea, 45 kg N/fed
was applied - 100 ke/fed 0000 LE/ton
Chemical P, as calcium superphosphate,
fertilizers 15.5 % P,05 (300 ke/fed) 2000 LE/ton
K, as potassium sulphate,
48 % K,0 (50 keffed) . SS00 LE/ton
Seed, (5 kg/fed) 10 LEKkg
Machi Tillage and planter 700 LE/fed
s Y Trrigation 500 LE/fed
Harvest 400 LE/fed
Conditi SBFL 300 LE/ton
onditioner \ 350 LEfton
prices CMV 850 LE/ton
E erti'lizer broadcast 200 LE/fed
Labour migationmanual weed 500 LE/fed
wages Conditioner application 200 LE/fed
Harvest 700 LE/fed
Land rent for winter season 4000 LE/fed
Grain yield (ton) 10000 LE/ton
Straw yield (ton) 2000 LE/ton

In order not to overlook one of the components of
income from the canola crop (graintstraw) during the
process of its economic evaluation, it has been converted the
cash flow of the straw yield to what equivalent in terms of
weight of grains. Then, adding this assumed weight to the
actual grain yield, to give what so-called the theoretical grain
yield Table (8). The latter is used in calculation of some
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economic indicators that contribute to the economic
evaluation. From the data tabulated in Table 9, values of the
total seasonal return ranged in descending order from CMV
application 16317.5 LE/fed to 14512.5, 14039 and 11760
LE/fed for SBFL, V and control respectively in first growing
season. The same trend was observed also in second
growing season. This is mainly attributed to increasing the
theoretical grain yield under CMV application compared
with other treatments.
Table 7. Values of production cost components for
different treatments in EGP* during two
growing seasons

Cost items Cost value, LE
Control SBFL \4 CMV

N, Urea 600 600 600 600
K, K0 425 425 425 425
P, P,0s 600 600 600 600
Seed 50 50 50 50
Land rent for winter season 4000 4000 4000 4000

Tillage and
Machinery  planter 700 700 700 700
costs Irrigation 500 500 500 500

Harvest 400 400 400 400

Fertilizer

broadcast 200 200 200 200

Irrigation +
Labor manual weed 500 500 500 500
wages control

Conditioner - 200 200 200

application

Harvest 700 700 700 700
Conditioner prices - 1290 1960 4250
Total cost 7975 9465 10135 12425

*EGP: Egyptian pound (LE).
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On the other hand, the values of net seasonal revenue
showed an opposite trend. Where SBFL showed the higher
values of seasonal net return in both seasons followed by V
and CMV respectively compared with control (Table 9).
This trend may be attributed to the higher production cost of
CMV and V than that of SBFL with low production cost
(Table 7). Consequently, the values of BCR increased with
SBFL application recording the highest values followed by
V, control and CMV respectively. Also, the specific cost
value (LE/kg) was higher subjected to CMV application and
lower under SBFL application, favoring the latter in
enhancing canola productivity from the economic view
point.

Table. 8 Canola grain yield and straw yield and

theoretical grain yield wunder different
treatments in two seasons
Mean Mean Theoretical
Treatments grain yield straw yield grain yield
(ton/fed)  (ton/ted) (ton/fed)
2016/2017
Control 091 5.26 1.176
SBFL 1.17 5.56 1451
A% 1.13 547 1.403
CMV 1.34 5.69 1.631
2017/2018
Control 1.00 4.80 1.100
SBFL 1.21 5.52 1.493
\Y% 1.13 543 1.401
CMV 1.30 5.86 1.597

Table 9. Total return, cost, net return and some
economic criteria for canola production under

different conditioners application in two
growing seasons
) © (b-)
2 a /c c/a
g Theérltical Total ~ Total Net B(elilezit S}Eeci}ic
é grain yield sea:l(lmal seaso?al Ir;;lfrr:i cost  cost
& (tonfed) (&/f?&) (Lch/:ed)( D ratio (LEMg)
First growing season
Control 1.176  11760.0 7975 3785.0 147 6781.5
SBFL 1.451 145125 9465 50475 1.53 6522.0
A% 1.403  14039.0 10135 3904.0 1.39 7219.2
CMV 1.631 16317.5 12425 3892.5 131 7614.5
Second growing season
Control 1.100 11000.0 7975 3025.0 1.38 7250.0
SBFL 1493 14930.5 9465 5465.5 1.58 63394
v 1401 14017.0 10135 3882.0 1.38 7230.5
CMV 1.597 159745 12425 3549.5 129 7778.0

CONCLUSION

The results of the current study indicated that, the
disposals of sugar beet factories which may cause problems
to the environment, could be successfully used to improve
sandy soil properties and crop productivity. This is very
important as Egypt currently willing to reclaim wide
agricultural area in low fertility and low water holding
capacity desert soils. combining vinasse with compost gave
the superiority in improving sandy soil properties and crop
water productivity followed by V and SBFL compared with
untreated soils (control). In addition, mixing vinasse with
compost, alleviated the high salinity induced with vinasse
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and maximized their benefits to soil and plant.
Economically, SBFL application achieved the superiority
recording the higher values of seasonal net return, and BCR
with lower specific cost followed by V and CMV
respectively compared with control. The study recommends
using CMV to improve the sandy soil properties and its
productivity, despite its relatively low economic return
compared to other conditioners, due to higher water
productivity under CMV application compared to other
conditioners. In addition, CMV decreased higher salinity of
vinasse and increased soil organic matter, confirming its
importance on long term application and supporting the
sustainable agriculture in sandy soils. Nevertheless, further
future research needed to be studied to explore the effect of
different rates of these conditioners on soil properties and
crop production even with other strategic crops (i.e. wheat
and maize). Moreover, potential mixing of CMV with SBFL
in different mixing rates (i.e. 1:1; 2:1; 2:2; 3:1; 3:2 and 3:3,
w/w) could be studied also to maximize the benefit of these
low-cost conditioners in improving sandy soil properties.
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