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ABSTRACT 
 

Two field trials were carried out at the Experimental Farm, Sakha Agricultural 
Research Station, North Delta during the two successive winter growing seasons of 
2012/2013 and 2013/2014. The research aimed to study the of effect application of 
gypsum, mixture (byproduct of sugar factory lime treated by commercial H2SO4) and 
molas and their interaction on some salt affected soils properties, yield of sugar beet 
(Beta vulgaris L.), field water use efficiency (FWUE) and their economic efficiency. 

The experiments were designed as split-split plot with three replicates. The main plots 
were occupied by gypsum, G (0, 5, 7.5, 10 Mg Fed.

-1
), sub plots were devoted to 

sugar lime mixture, SLM (0, 4, 6 MgFed
-1

) and the sub-sub plots were molas, M (0, 
30, 60 L Fed.

-1
). 

The results showed that the amendments addition clearly improved some 
chemical properties of the studied soil. The common parameters of saline sodic soil 
i.e., EC, sodium adsorption ratio (SAR) , exchangeable sodium percentage (ESP) , 
bulk density and hydraulic conductivity(H.C) were clearly improved by application of 
gypsum,. The results showed that combined treatments were more efficient than 
single one. Increase the rate of used gypsum led to a decrease in salinity as well as 
sodicity. The mean values of EC, SAR and ESP were decreased by-43.6%, -56.79% 
and -37.56%, respectively due to application of gypsum up to 10 Mg fed

-1
, as 

compared to that without application. Application of sugar lime mixture (SLM) and 
molas had insignificant  effect on soil ECe, SAR and ESP after the harvesting of sugar 
beet in both growing seasons.  Data show that soil ECe, SAR and ESP recorded 
lowest value due to the interaction between G*SLM*M  Percentage of Na-removed 
from the soils at the end of the experiment was about 51% due to the interaction 
between gypsum, sugar lime mixture and molas up to 10, 6 Mg fed.

-1
 and 60LFed.

-
1, 

respectively. On the other hand, the highest values of soil infiltration rate and 
hydraulic conductivity were found with the interaction between gypsum, SLM and 
molas as compared to the control. 

Roots , the top yields of sugar beet, sucrose (%) and extractable sugar yield 
were high significantly increased with application of gypsum up to 10 Mg fed

-1
 and/or 

with the interaction between all amendments during both growing seasons. Also, root 
N, Na and K % after harvesting, were high significantly increased due to the 
interaction between all amendments during both seasons. Sugar recovery and 
recoverable sugar yield were high significantly increased due to the interaction 
between all amendments. The highest net income values from water unit (1.93, 1.42 
and 1.28 LE/m

3
 water) were obtained with the application of 10 Mg gypsum fed

-1
 , 6 

Mg sugar lime mixture fed
-1

 and 30 L molas fed.
- 1

, respectively. The highest total and 
net income were recorded with the interaction between 10 Mg gypsum fed

-1
 , 6 Mg 

lime Fed
-1

 and  60 L Molas Fed.
-1

. The amendment can be arranged, due to its effect 
on root of  sugar beet, total income, net income, Net  efficiency  from water unit and 
economic Eff.  in the order of: G*SLM*M > G*SLM >G*M>G> SLM*M> SLM >M 

Finally, the most effective treatment was the interaction between G*SLM*M.  
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INTRODUCTION 
 

 Currently, at least 20 % of the world's irrigated land is salt-affected. 
Among those affected by salt, about 60 % are sodic, (Qadir et al., 2006). Salt 
affected soils represent 9.1 % from the total area and 30 % from the total 
cultivated area in Egypt, (FAO 2005). Therefore, improving salt affected soils 
in Egypt could be considered as an important issue in the agricultural security 
program (Abdel-Fattah 2012). Furthermore, these soils could be classified 
into three groups (saline, sodic and saline-sodic soils) depending upon the 
nature and amount of soluble salts affecting the physicochemical 
characteristic, colour, process of formation, plant response and the 
management practices (Richards 1954). Several studies have been carried 
out concerning the effectiveness of various amendments in improving the 
physical and chemical properties of saline sodic and sodic soils (Hanay et al., 
2004; Amezketa et al., 2005 and Amer and El-Ramady 2015). Salt-affected 
soils could be remediated using three amendment groups: (1) chemical 
agents, including calcium compounds (gypsum, calcium chloride or calcite), 
(2) sulfur compounds (elemental-S, sulphuric acid or pyrite) and (3) organic 
matter or amendments (farmyard manure, compost, green manure and 
municipal solid waste). These previous materials are successful approaches 
that have been implemented worldwide, being simple, low cost, and effective 
(Tejada et al., 2006 and Cha-um and Kirdmanee 2011). Avnimelech et al. 
(1992) found that the application of gypsum to a saline sodic soil led to the 
dissolution of CaCo3, and increase soluble calcium; causing an effective 
displacement and leaching of sodium from the soil. Abdurrahman et al. 
(2004) reported that the application of gypsum alone to saline alkaline soil 
has successfully reduced its EC and ESP values. EC decreased from 12.35 
to 1.98 dS m

-1
, and ESP from 14.75 to 6.69 %. Ilyas et al.(1997) indicated 

that gypsum application increased the soluble Na
+  

in the top 20 cm soil. 
However, one year after the treatment, under crop rotation and addition of 
gypsum; SAR, EC, pH and Cl

- 
in top 20 cm of soil were significantly 

decreased.   
 The relative effect of gypsum and sulphuric acid has received the 
most attention because they are widely used as reclamation amendments. 
Most recently, crops or crops residues and synthetic polymers have been 
included in efficiency studies (Hanay et al., 2004). Gypsum is mainly blamed 
for its slow reaction but much popular due to its low cost and availability. One 
of the major shortcomings in gypsum use is its application at uniform rates, 
which lower its efficiency because of the special variability under the salt 
affected soil conditions. The efficiency of gypsum can be increased if it 
applied at variable rates according to the requirements of the soil but again it 
needs extra economical analysis. One of the major reasons of low 
productivity of crops grown under saline sodic conditions is the salt toxicity. 
Being easily available and cheap source of calcium, gypsum is commonly 
used in Egypt. Because of the low solubility of gypsum, its effect in the 
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amelioration process continues for few months until the whole of gypsum 
reacts with the exchangeable sodium of the soil. 
 It is well known that sugar factory lime (SL) is a byproduct obtained 
from the beet sugar industry at the stage of purification of raw juice by milk of 
lime and CO2 gases and the main part of this byproduct consists of CaCO3 
containing up to 25.7 % of CaO, (Abd El-Hamid et al.,2011).And contain 
organic acids (acetic acid and carbonic acid), 5Mg from sugar factory lime ≡ 
1Mg gypsum reported by (EL Morsey,2014). SL usually is a fine particle size, 
and may include byproduct organic matter needed to the soil (Ag Gold 
Standard , 2008). It is also an aggregated powder of light brown colour and 
its chemical composition is variable depending among other factors. These 
lime wastes could be used to reclaim the saline-sodic soils. Dickson et al. 
(1990) found that sugar lime interest mainly due to the increase in organic 
matter concentration (about 2%) and, to a lesser extent, by increases in 
calcium carbonate (more than 30%) and P (four times more). The soil pH was 
also found to increase slightly (1.4%), while the electrical conductivity almost 
did not change. The properties associated with these pedological qualities 
therefore had a positive effect by improving nutrient availability. Although the 
Na

+
 content in sugar lime was high, the relative amount of it with respect to 

the Ca
2+

 and Mg
2+

 content will not cause a problem with regard to changes in 
the SAR. In many factories in Egypt, there are tremendous amount of 
industrial byproducts from sugar factories, which are increased annually 
without utilization causing environmental pollution. These byproduct lime 
stones contain organic matter and have relatively high CEC values. Thus, a 
great challenge exists to find a beneficial use for the large quantity of lime 
wastes generated each year (Ippolito et al., 2013). Sharma et al (1996) found 
that sulphuric acid lowers the soil pH, reacts with soluble carbonates and 
replaces the exchangeable sodium with calcium. Sulphuric acid reacts with 
sugar lime to form gypsum (CaSO4.2H2O) and increase soluble carbonates . 
Mohamedin et al.(2012) stated that the effectiveness of the soil amendments 
on soil and crop improvement could be arranged in the descending order: 
gypsum +FYM > sugar lime +FYM > gypsum > sugar lime > FYM > control. 
The treatments consisted of gypsum (G) at 50% gypsum requirement 
(GR=10.4 Mgfed.

-1
 for the 0-15 cm soil depth), sugar lime (SL) at 50% GR, 

farmyard manure (FYM) 20 m
3
 fed.

-1
 

 Consequently, the utilization of sugar factory lime from the dump is a 
very important for the environment. Therefore, the main objective of this 
investigation was to study the ameliorative effect of gypsum, sugar factory 
lime  treated with sulphuric acid as well as molas and their combinations on 
properties of salt affected soil, sugar beet yield, and water use efficiency. 
 

MATERIALS AND METHODS 
 

1. Experimental design 
 Two field experiments were conducted at Sakha Agricultural 
Research Station Farm, North Delta, during two successive winter growing 
seasons (2012/2013 and 2013/2014) to study the effect of some soil 
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amendments on the productivity of sugar beet in salt affected soils. The site 
is located at 31

o
07 N latitude and 30

o
57 E longitude with an elevation of 

about 6 meters above sea level. The experiments were designed as split-split 
plot with three replicates. The main plots were occupied by gypsum, 
CaSO4.2H2O (98 % purity) at the rate of 0, 5, 7.5 and 10 Mg fed

-1
 which 

represent 0, 27, 40 and 53 % from gypsum requirements, respectively. The 
gypsum was thoroughly mixed with the top 15 cm soil layer. Sub plots were 
devoted to mixture from sugar lime which treated by the commercial H2SO4 
(5LMg

-1
 sugar lime) at the rate of 0, 4, and 6 Mg fed.

-1
. The sub-sub plots 

were for molas (0, 30 and 60 L fed
-1

). 
2. Soil sampling and analysis: 
 Disturbed and undisturbed soil samples were taken in the initial and 
after harvesting of sugar beet. The disturbed soil samples were prepared for 
physical and chemical analysis according to the standard methods. 
Exchangeable cations Ca, Mg, K and Na, soluble cations and anions as well 
as soil pH and EC were determined in soil paste extract, organic matter and 
total calcium carbonate were determined according to Page et al. 
(1982).Sodium adsorption ratio (SAR) estimated by using the following 
equation, where ionic concentration of the saturation extracts is expressed in 
meq L

-1
 according to Abdel – Fattah (2012) 

 

SAR= 
Na 

√(ca
2+

 +Mg
2+

)/2 
 

 Gypsum requirement ( Mg fed.
-1

) were determined according to Oster 
and Frenkel     (1980). 
 At the same time, undisturbed soil samples were taken to determine 
of bulk density according to Blake and Hartge (1986), hydraulic conductivity 
was measurements by auger hole method according to Van Beers (1958) 
and infiltration rate was determined using double cylinder infiltrometer as 
described by Garcia (1978) as shown in Tables(1&2).The experimental area 
was ploughed three times, settled, ridged and divided into plots (3x 3.5m) 
during soil preparation. Sugar beet seeds were obtained from Sugar 
Research Institute, Agriculture Research Centre, Giza, Egypt.  
3. Characterization of used amendments  

The chemical composition of byproduct of sugar factory lime treated 
by commercial H2SO4was as follows: N, P, K, Mn, Cu, as well as CaCO3were 
0.94, 0.28, 0.06, 3.42, 0.21 and 23.1 %. PH, (8.01) and EC(14.3dSm

-1
)  

Whereas, the chemical composition of sugar beet molas (in %) was 
as follow : NO3, PO4, K, Ca, Mg, Na, Cl, SO4 were (0.2 – 0.6), (0.05 – 0.35), 
(2 – 6), (1 – 1.5), (0.01 – 2), (0.4 – 2.5), (0.5 – 2.5), and (0.45 – 1.5), 
respectively. Also , molas includes 48 % sucrose, 12 – 20 % water , 1 % 
starch and polysaccharides, 3 % dextrin and cellulose, 8 – 12 % total N 
content, 7 – 12 %  crude protein, 2 – 3 %  glutamic acid, and some vitamins 
(in mg kg

-1
) including pyridoxine or B6 (5), thiamine or B1 (1.3), riboflavin or 

B2 (0.4). Some non-nitrogenous organic acids (in %) also are included in 
molas such as lactic (1.0 – 1.7), citric, glycolic, malic (0.5 – 1.0), oxalic, 
succinic (0 – 0.2), acetic (0 – 0.2), propinic (0 – 0.2), and putyric (0 – 0.2). 
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Table 1: Chemical soil characterization of the experimental site before 
cultivation 

Depth(cm) Soil pH 
EC 

(dS m
-1

) 
SAR ESP (%) 

CEC 
(cmole kg

-1
) 

OM 
(g kg

-1
) 

CaCO3 
% 

0 – 20 8.26 15.40 24.5 25.84 40.0 12.1 2.81 

20 – 40 8.25 15.55 26.3 27.28 39.0 12.0 2.72 

40 – 60 8.27 15.69 26.6 27.49 37.0 9.1 1.89 

Mean 8.26 15.55 25.77 26.87 38.67 11.07 2.47 
     

 Soil pH was determined in soil water suspension (1:2.5), whereas 
soil EC was determined in saturated soil paste extract, SAR, ESP and CEC 
represents sodium adsorption ratio, exchangeable sodium percent and cation 
exchange capacity, respectively. 
 
Table 2: Physical soil characterization of the experimental site before 

cultivation 

Soil 
depth(cm) 

K, 
cm h

-1
 

IR, 
cm h

-1
 

Soil moisture characteristics Particle size distribution (%) 

Field 
Capacity 

(%) 

WP 
(%) 

AW 
(%) 

BD 
(kg m

-3
) 

Sand Silt Clay 
Soil 

texture 

0 – 20 

2.31 0.62 

41.1 22.1 18.9 1.39 16.7 31.2 52.1 Clayey 

20 – 40 40.1 22.0 18.5 1.40 15.92 30.98 53.1 Clayey 

40 – 60 38.6 21.1 18.1 1.45 15.62 30.78 53.6 Clayey 
K, IR, WP, AW, and BD represents hydraulic conductivity, infiltration rate, welting point, 
available water and bulk density, respectively 
 

4. Water use efficiency and sugar quality: 
 Water use efficiency (WUE): was calculated according to Howell et 
al. (1990) using the following equation: WUE (kg m

-3
) = (Ey / ET)  

 Where: Ey is the economical yield (kg / fed/ season) and ET is the 
total applied of irrigation water (m

3
fed.

-1
season

-1
). 

- amount of irrigation water applied (m
3
fed.

-1
) was measured by using cut-

throat flume (30x90cm) according to Early,(1975). 
5.Plant sampling and analysis: 
 At harvest, plants were taken from each plot (10.5m

2
) to determine 

root and shoot yield (Mg fed.
-1

). 10 kg of roots were taken randomly from 
each plot and sent to the Beet Laboratory at EL-Hamool Sugar Factory to 
determine root quality. Sugar yield (Mg fed

-1
) was calculated by multiplying 

root yield by sucrose percent.  Alpha amino nitrogen (α-amino N), sodium 
(Na) and potassium (K) concentrations were estimated according to the 
procedure of sugar company by auto analyzer described by Cooke and Scott 
(1993). Total soluble salts (TSS) and sucrose percent estimated in fresh 
samples of sugar beet root by using Saccharometer according to AOAC 
(1995). Some parameters were calculated as follows:  
Sugar loss (%)                         = 0.29 + 0.343 (K + Na) + 0.094 α-amino N 
Gross sugar yield (Mg fed

-1
)     = root yield (Mg fed

-1
) × sucrose (%) 

Sugar loss yield                       = root yield (Mg fed
-1

) × sugar loss (%) 
Sugar recovery (%)                   = sucrose (%)- sugar loss (%), Cooke and Scott(1993) 
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Recoverable sugar yield (Mg fed
-1

) according to Mohamed (2002): 
= root yield (Mg fed

-1
) × sugar recovery (%) 

 

6. Statistical analyses: 
 The obtained resulted were subjected to analyses of variance 
according to the procedure outlined by Gomez and Gomez (1984), and 
significant differences were weighted by LSD test at 0.05 level of probability. 
 

RESULTS AND DISCUSSIONS 
 

1. Soil chemical properties: 
 It is well known that soil salinity (ECe), sodium adsorption ratio 
(SAR), exchangeable sodium percent (ESP) as well as soil reaction (pH) are 
most chemical parameters concerning the salt-affected soils. Therefore, 
these parameters totally depend on different soil amendments under these 
soils, a suitable solution should be found to overcome the salinity and 
alkalinity problems under these conditions. Therefore, these chemical 
parameters will be focused on in this study.  
1.1 Soil salinity (EC) : 
 Gypsum had a high significant effect on decreasing salinity of the soil 
after the harvesting of plants during the two growing seasons as shown in 
Table (3). Data show that the  mean values of ECe were decreased by about 
29.54, 36.57 and 43.60 % with the application of 5, 7.5 and 10 Mg gypsum 
fed.

-1
, respectively. Concerning the effect of sugar lime mixture and  molas 

application to the soil cultivated by sugar beet, the data show insignificant  
change in the EC values after harvesting in the two growing seasons . 
 Gypsum amendment was relatively more effective in reducing the EC 
values than SLM and molas application. This may be due to the effective 
solubility of gypsum, which increased considerably because the exchanger 
phase serves as a sink for the dissolved Ca-ions. These results are in the 
same line with those obtained by Dickson et al. (1990) and Abdurrahman et 
al. (2004). 
1.2 Soil alkalinity (SAR and ESP) : 
 Data presented in Tables (3 and 4) pointed out that SAR values were 
decreased with increasing of gypsum application rates up to 10 Mg fed.

-1
 

comparing with the control during both growing seasons. The data show that 
the mean values of SAR were decreased by about 29.68, 38.74 and 56.79 % 
with application of  5, 7.5 and 10 Mg gypsum fed.

-1
, respectively. The same 

trend was observed also with ESP, where its values were decreased by 
18.43, 29.55, and 37.56 % with application of 5; 7.5 and 10 Mg gypsum fed.

-1
, 

respectively. This may be due to the dominance of soluble Ca
+2

 on the 
exchange complex. These results are in agreement with Ilyas et al.(1997), 
Abdurrahman et al. (2004) and Mansour et.al. (2011). Data show that ESP 
was increased as affected by SLM application compared with untreated ones. 
However, such increase was insignificant. On the other hand, the application 
of molas slightly affected the values of  soil ECe, SAR and ESP after 
harvesting of sugar beet. 
 In general, data pointed out that the application of sugar lime mixture 
(SLM) had little positive effect on decreasing the values of soil ECe and SAR 
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after the harvesting of sugar beet in both growing seasons. where, such 
decrease was insignificant. The application of 6 Mg SLM fed.

-1
 recorded the 

highest mean decrease values of ECe and SAR (-0.9 and-3.93)  respectively. 
Data concluded that ECe, ESP and SAR were recorded lowest value  due to 
the interaction between gypsum, SLM and molas. Also, the removal sodium 
efficiency (RSE) or percentage of Na-removed from the soils at end of the 
experiment was significantly reduced after the application of the amendments  
where the highest value(51%) was found  due to the interaction between 
gypsum, SLM and molas up to 10, 6 Mg fed.

-1
 and 60LFed.

-
1 . 

Table(3): Some chemical characteristics of the soil after harvesting of 
sugar beet as affected by amendments application during two 
growing seasons 

Mean effects 1
st

 season 2
nd

 season 

Treatments Rates EC SAR ESP EC SAR ESP 

Gypsum 
(Mg fed

-1
) 

0 15.46 a 26.39 a 21.93 a 16.57 a 28.68 a 21.63 a 

5 11.75 b 20.24 b 17.86 b 10.81 b 18.48 b 17.67 b 

7.5 10.74 c 17.82 c 15.59 c 9.57 c 15.91 c 15.10 c 

10 9.66 d 12.52 d 13.66 d 8.40 d 11.27 d 13.54 d 

sugar lime 
mixture (Mg 
fed

-1
) 

0 11.95 a 19.37 a 17.00 a 11.31 a 19.06 a 16.64 a 

4 11.89 a 19.17 a 17.12 a 11.30 a 18.61 a 17.20 a 

6 11.76 a 18.99 a 17.65 a 11.29 a 17.92 a 17.12 a 

Molas 
(L fed

-1
) 

0 11.87 a 19.16 a 17.37 a 11.30 a 18.85 a 17.01 a 

30 11.87 a 19.25 a 17.14 a 11.30 a 18.32 a 17.09 a 

60 11.88 a 19.14 a 17.27 a 11.30 a 18.44 a 16.86 a 

Interaction 

G x SLM ns * * ns * * 

G x M ns * * ns * * 

SLM x M ns ns ns ns ns ns 

G x SLM x M * * * * * * 
 

Table (4): Relative change (± %) of some chemical characteristics of the 
soil after har vesting of sugar beet as affected by 
amendments (mean of two growing seasons) 

Treatments Rates 
Relative change 

in EC (%) 
Relative change 

in SAR (%) 
Relative change 

in ESP (%) 

initial soil before cultivation 15.55 25.77 26.87 

Gypsum 
(Mg fed-1) 

0 16.01 27.53 21.78 

5 -29.54 -29.68 -18.43 

7.5 -36.57 -38.74 -29.55 

10 -43.60 -56.79 -37.56 

sugar lime 
mixture  
(Mg fed

-1
) 

0 11.63 19.21 16.81 

4 -0.30 -1.67 +2.08 

6 -0.90 -3.93 +3.42 

Molas 
(L fed-1) 

0 11.59 19.3 16.06 

30 0.0 -1.16 -0.44 

60 0.0 -1.13 -0.73 
 

2 Soil physical properties: 
 It is well known that soil bulk density (BD), porosity, infiltration rate 
(IR) and hydraulic conductivity (K) are the most physical parameters 
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concerning the water movement in soils. Due to the effect of high Na and 
soluble salts content under saline-sodic soils, the water movement will find 
difficulties under these conditions. Therefore, these physical parameters will 
be focused on in this study.  
2.1 Soil bulk density and its porosity: 
 Data in Table (5) show that the soil bulk density was decreased as 
affected by all treatment compared with untreated ones. However, such 
decrease was insignificant  
 Data show that the porosity were improved with different soil 
amendments. The application of gypsum high significantly increased the soil 
porosity and consequently while the soil bulk density was decreased. In both 
growing seasons, the highest mean values of soil porosity (51.8 and 52.9, 
respectively) and soil bulk density (1.3 and 1.31 Mg m

-3
, respectively) were 

recorded with application of 10 Mg gypsum fed
-1

. This means the highest 
application rate of gypsum (10 Mg fed.

-1
) achieved the highest decrease in 

soil bulk density and the highest increase in soil porosity. With respect to the 
effect of sugar lime mixture on soil porosity, it is pointed out that was 
significantly increased with increasing of SLM application rate up to 6 Mg fed.

-

1
 comparing with control during both growing seasons. While soil porosity 

was insignificant  effect with  molas  application.These results may be 
attributed to the role of soil amendments in increasing exchangeable calcium 
which enhance the aggregation process and consequently increase apparent 
soil bulk volume, decrease soil bulk density and increase the efficiency of 
leaching processes. The obtained results  are similar to those  reported  
(Habib et al., 2009 and Abd El-Hamid et al. 2011).  
2.2 Infiltration rate (IR) and hydraulic conductivity (K): 
 Regarding the soil infiltration rate and hydraulic conductivity, it is 
found that the application of gypsum high significantly increased both 
parameters due to the high significantly increasing in soil porosity as shown 
in Table (5). In the two growing seasons, the highest mean values of soil IR 
(1.01 and 1.12 cm h

-1
, respectively) and soil K (8.7 and 9.8 cm h

-1
, 

respectively) were recorded with application of 10 Mg gypsum fed
-1

. 
 Table(6) show that the mean values of soil  IR were high significantly 
increased by  30.7, 39.3 and 42.0 % with application of  5, 7.5 and 10 Mg 
gypsum fed.

-1
, respectively. The same trend was observed also with soil K, 

where its values were high significantly increased by 69.1, 157.6, and 197.9 
% with application of 5,7.5 and 10 Mg gypsum fed.

-1
, respectively. 

 It is clear that the highest value of K was found with the combined 
application of gypsum, sugar lime mixture and molas. This result may be 
attributed to the decreased of ECe and bulk density values in the treated soil. 
Also, the amendments enhanced the soil aggregates which increase both of 
total porosity and drainable pores. Whereas the field area of study is a good 
drainage efficiency. These results are similar to that reported by El-
Samanoudi et al., (1991), Ali (1993) and Abdurrahman et al. (2004) . 
 From the abovementioned results, it could be concluded that gypsum 
the cheapest soil amendment’s still the most favorable and suitable one 
comparing with sugar lime. On the other hand, sugar lime is the waste 
product of sugar factories could be used taken firstly, the environmental 
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awareness in consideration and secondly for its contents of calcium and 
organic acids. These results are similar to that reported by Mohamedin et 
al.,(2012). 
Table (5): Some physical characteristics of the soil after harvesting of 

sugar beet as affected by amendments application during 
two growing seasons 

 
Treatments 

 
Rates 

1
st
 season 2

nd
 season 

BD 
(Mg m

-3
) 

Porosity 

(%) 
IR, 

cm h
-1
 

K, 
cm h

-1
 

BD, 
Mg m

-3
 

porosity 
(%) 

IR, 
cm h

-1
 

K, 
cm h

-1
 

Gypsum 
(Mg fed

-1
) 

0 1.41a 47.0d 0.65c 2.41d 1.37a 48.9d 0.85c 3.8d 

5 1.34a 47.6c 0.95b 4.90c 1.35a 49.5c 1.01b 5.6c 

7.5 1.32a 48.7b 1.00a 7.50b 1.36a 51.2b 1.09a 8.5b 

10 1.30a 51.8a 1.01a 8.70a 1.31a 52.9a 1.12a 9.8a 

sugar lime 
mixture  
(Mg fed

-1
) 

0 1.40a 47.0b 0.60b 2.41c 1.42a 48.2c 0.75c 3.7c 

4 1.38a 47.2b 0.68a 3.15b 1.45a 48.5b 0.80b 4.1b 

6 1.37a 47.5a 0.69a 5.61a 1.42a 49.1a 0.84a 5.9a 

Molas 
(L fed

-1
) 

0 1.40a 47.0a 0.61b 2.41c 1.40a 48.1a 0.71b 3.8c 

30 1.38a 47.3a 0.65a 4.45b 1.42a 48.2a 0.75b 5.4b 

60 1.35a 47.5a 0.66a 6.71a 1.42a 48.3a 0.81a 7.5a 

Interaction 

G x SLM * ns * * ns ns * * 

G x M ns * * * ns * * * 

SLM x M ns ns * * ns ns * * 

G x SLM x M * * * ** * * * ** 

BD, IR, and K is represented soil bulk density, soil porosity, infiltration rate and hydraulic 
conductivity, respectively 
 

Table (6):Relative change (± %) of some physical characteristics of the 
soil after harvesting of sugar beet as affected by amendments 
(mean of two growing seasons) 

 
Treatments 
 
 

BD 
(Mg m

-3
) 

Porosity 
(%) 

IR, 
cm h

-1
 

K, 
cm h

-1
 

Gypsum 
(Mg fed

-1
) 

0 1.39 47.95 0.75 3.11 

5 -3.2 +1.3 +30.7 +69.1 

7.5 -3.6 +4.2 +39.3 +157.6 

10 -6.1 +9.2 +42.0 +197.9 

sugar lime mixture 
(Mg fed

-1
) 

0 1.41 47.60 0.68 3.06 

4 -0.4 +0.5 +9.6 +18.7 

6 -1.1 +1.5 +13.3 +88.4 

Molas 
(L fed

-1
) 

0 1.40 47.55 0.66 3.11 

30 0.0 +0.4 +6.1 +58.6 

60 -1.1 +0.7 +11.4 +128.8 

 
2.3. Field water use efficiency (WUE): 
 It is well known that under saline-sodic soils, the water is the crucial 
factor regarding the crop production. Therefore, it is very important to 
evaluate the agricultural production in the point of view of the importance of 
water. So, sugar or root yields of sugar beet should be converted to the 
values of the yield produced by one m

3
 water which called water use 

efficiency (WUE). Therefore, WUE values for sugar and root yield of sugar 
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beet as affected by different treatments were calculated under these saline-
sodic soils (Table, 7).  
The WUE for both of roots and sugar yields were high significantly increased 
with the increasing of gypsum application rates up to 10 Mg fed

-1
. For the two 

growing seasons, the highest WUE  values were 7.41 and 7.42 kg m
-3

, 
respectively for roots yield and 1.04 and 1.41 kg m

-3
, respectively for sugar 

yield were recorded with 10Mg gypsum Fed.
-1

. Sugar lime mixture(SLM) and 
molas followed the same trend of gypsum, whereas the highest WUE values 
in both growing seasons for roots or sugar yield were recorded with the 
highest application rates of both amendments. Also, it could be concluded 
that water use efficiency for root and sugar were high significantly increased 
due to the interaction between gypsum, SLM and molas. 
Table (7): Field water use efficiency (WUE) for sugar beet as affected by 

different treatments  

Treatments Rate 
WUE (kg roots m

-3
) WUE(kg sugar m

-3
) 

1
st

 season 2
nd

 season 1
st

 season 2
nd

 season 

Gypsum (G) 
Mg F

-1
 

0 3.73 d 3.76 d 0.62 d 0.62 d 

5 5.31 c 5.33 c 0.88 c 0.89 c 

7.5 6.52 b 6.54 b 1.11 b 1.12 b 

10 7.41 a 7.42 a 1.04 a 1.41 a 

sugar lime 
mixture 
 (Mg fed

-1
) 

0 5.25 c 5.8 c 0.9 c 0.90 c 

4 5.82 b 5.84 b 1.02 b 1.03 b 

6 6.15 a 6.17 a 1.09 a 1.10 a 

Molas (M) 
L F

-1
 

0 5.52 c 5.51 c 0.95 c 0.95 c 

30 5.79 b 5.82 b 1.02 b 1.03 b 

60 5.92 a 5.95 a 1.05 a 1.05 a 

Interaction 

G x SLM ** ** ** ** 

G x M ** ** ** ** 

SLM x M ** ** ** ** 

G x SLM x M ** ** ** ** 
 

3. Sugar beet yield and its quality: 
 To evaluate the effects of gypsum, sugar lime mixture(SLM) and 
molas on sugar beet production under saline-sodic soils, different rates of 
them were applied. These previous amendments may be having a role in 
enhancing growing plants to overcome the problems resulting from soil 
salinity and its alkalinity. The yield of sugar beet crop and its quality are listed 
in Table (8). With respect to the effect of gypsum on root and shoot yields of 
sugar beet, it is pointed out that root and shoot yields of sugar beet, and 
sucrose percent were high significantly increased with increasing of gypsum 
application rate up to 10 Mg fed.

-1
 comparing with control during both growing 

seasons. In the two growing seasons the highest values of root yield (21.42, 
21.54 Mg fed.

-1
, respectively), shoot yield (5.1, 5.31 Mg fed.

-1
, respectively) 

and sucrose percent (18.96, 18.97 %, respectively) were obtained with 10 Mg 
gypsum fed.

-1
. The same trend was observed also with SLM and molas, 

where the application of 6 Mg SLM fed.
-1

 or 60 L molas fed.
-1

 achieved the 
highest values of these parameters. These results are in the same line with 
those obtained by Dickson et al. (1990) and Mohamedin et al.,(2012). 
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 On the other side, it could be concluded that sugar beet root and 
shoot yields as well as sucrose percent were high significantly increased due 
to the interaction between gypsum, SLM and molas.  
Table (8): Root, shoot and sugar yields as affected by different 

treatments 

Treatments Rates 

Root (Mg fed
-1

) Shoot  (Mg fed
-1

) Sucrose (%) 

1
st

 
season 

2
nd

 
season 

1
st

 
season 

2
nd

 
season 

1
st

 
season 

2
nd

 
season 

Gypsum (G) 
Mg Fed.

-1
 

0 10.80 d 10.90 d 2.72 d 2.73 d 16.73 c 16.67 d 

5 15.37 c 15.47 c 3.46 c 3.53 c 16.66 d 16.74 c 

7.5 18.87 b 18.97 b 4.17 b 4.28 b 17.11 b 17.12 b 

10 21.42 a 21.54 a 5.10 a 5.31 a 18.96 a 18.97 a 

SLM 
Mg Fed.

-1
 

0 15.21 c 15.31 c 3.51 c 3.58 c 17.10 c 17.06 c 

4 16.86 b 16.96 b 3.92 b 4.00 b 17.48 b 17.44 b 

6 17.79 a 17.89 a 4.16 a 4.31 a 17.51 a 17.62 a 

Molas (M) 
L Fed.

-1
 

0 15.97 c 16.07 c 3.71 c 3.79 c 17.05 c 17.11 c 

30 16.75 b 16.85 b 3.87 b 3.97 b 17.43 b 17.49 b 

60 17.13 a 17.25 a 4.01 a 4.12 a 17.61 a 17.52 a 

 
Interactions 

G x SLM ** ** ** ** ** ** 

G x M ** ** ** ** ** ** 

SLM x M ** ** ** ** ** ** 

G x SLM x M ** ** ** ** ** ** 

 
 The chemical composition of sugar beet roots as shown in Table (9) 
show that α- amino N, %), Na (%) and K (%) were high significantly increased 
with increasing the application rate of gypsum, sugar factory lime and molas 
up to 10 and  6 Mg fed

-1
 and 60 L fed

-1
, respectively in both growing seasons. 

Whereas, the highest values of  α- amino N (2.5, 2.28 and 2.28 %), Na 
percent (9.71, 8.59, 8.45 %)  and K (80.8, 75.17 and 74.74 %) were recorded 
with the application of 10 Mg gypsum fed

-1
,6 Mg SLM fed

-
 or 60 L molas Fed

-

1
, respectively. The interaction between gypsum, SLM and molas  was high  

significantly on α- amino N, Na and K  percentages in root juice. 
 The sugar loss (%), sugar recovery (%) and recoverable sugar yield 
(Mg fed

-1
) are shown in Table (10).The highest values of sugar loss (0.299, 

0.287 and 0.288 % ), , sugar recovery (%)  (18.66, 17.77 and 17.83 %) and  
recoverable sugar yield (4.01, 3.14 and 3.01 Mg fed

-1
) were given with the 

application of 10 Mg gypsum fed
-1

, 6 Mg SLM fed
-1

 and 60 L molas fed
-1

, 
respectively. Also, it could be concluded from the data that the combined 
application from gypsum, SLM and molas can be overcome some problems 
of the saline-sodic soils and achieve good quality of sugar beet cultivated in 
these soils.  
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Table (9): Effect of gypsum, sugar factory lime mixture and molas 
application on á- amino N, Na and K (%) 

Treatment
s 

Rate 

á- amino N (%) Na (%) K (%) 

1
st

 
season 

2
nd

 
season 

1
st

 
season 

2
nd

 
season 

1
st

 
season 

2
nd

 
season 

Gypsum 
(G) 

Mg Fed.
-1

 

0 1.56 d 1.56 d 5.15 d 5.14 d 71.11 d 71.11 d 

5 2.13 c 2.13 c 8.57 c 8.57 c 71.38 c 71.38 c 

7.5 2.48 b 2.48 b 9.20 b 9.20 b 73.03 b 73.03 b 

10 2.50 a 2.50 a 9.71 a 9.71 a 80.90 a 80.90 a 

SLM 
Mg Fed.

-1
 

0 2.08 c 2.08 c 7.70 c 7.70 c 72.77 c 72.77 c 

4 2.15 b 2.15 b 8.19 b 8.18 b 74.38 b 74.38 b 

6 2.28 a 2.28 a 8.59 a 8.58 a 75.17 a 75.17 a 

Molas (M) 
L Fed.

-1
 

0 2.08 c 2.12 b 7.94 c 7.94 c 72.99 c 72.99 c 

30 2.15 b 2.12 b 8.08 b 8.08 b 74.58 b 74.58 b 

60 2.28 a 2.27 a 8.45 a 8.45 a 74.74 a 74.74 a 

Interactions 

G x SLM ** ** ** ** ** ** 

G x M ** ** ** ** ** ** 

SLM x M ** ** ** ** ** ** 

G x SLM 
x M 

** ** ** ** ** ** 

 

Table (10): Sugar loss (%), sugar recovery (%) and recoverable sugar 
yield (Mg fed.

-1
) as affected by different treatments 

Treatments Rate 
Sugar loss (%) Sugar recovery (%) Sugar yield (Mg fed

-1
) 

1
st
  

season 
2

nd
 

season 
1

st
 season 2

nd
 season 

1
st
  

season 
2

nd
  

season 

Gypsum (G) 
Mg Fed.

-1
 

0 0.280 c 0.280 c 16.39 d 16.40 d 1.77 d 1.79 d 

5 0.280 c 0.280 c 16.45 c 16.46 c 2.53 c 2.55 c 

7.5 0.283 b 0.283 b 16.83 b 16.84 b 3.19 b 3.20 b 

10 0.299 a 0.299 a 18.66 a 18.67 a 4.01 a 4.02 a 

SLM 
Mg Fed.

-1
 

0 0.282 b 0.282 c 16.77 c 16.78 c 2.57 c 2.58 c 

4 0.286 a 0.286 a 17.15 b 17.16 b 2.93 b 2.94 b 

6 0.287 a 0.287 a 17.77 a 17.34 a 3.13 a 3.14 a 

Molas (M) 
L Fed.

-1
 

0 0.283 c 0.282 b 16.83 c 16.84 c 2.71 c 2.71 c 

30 0.286 b 0.286 a 17.19 b 17.20 b 2.92 b 2.94 b 

60 0.288 a 0.287 a 17.83 a 17.24 a 2.99 a 3.01 a 

Interactions 

G x SLM ** ** ** ** ** ** 

G x M ** ** ** ** ** ** 

SLM x M ** ** ** ** ** ** 

G x SLM x 
M 

** ** ** ** ** ** 

 
4. Economic evaluation: 
 It is well known that any agricultural system should be evaluated from 
the economic point of view. Therefore, the total outcomes and incomes 
should be calculated. So, the current soil amendments were evaluated taking 
in consideration the yield of sugar beet and its quality. The economic 
evaluation of this study includes calculation of the total net income (LE fed.

-1
) 

, the total costs (LE fed.
-1

), net income from water unit (LE m
-3

) and economic 
efficiency. Due to the highest values of root and shoot yields beside the total 
net income resulting from the application of gypsum, sugar lime mixture and 
molas, which ameliorated the saline-sodic soils, the economic efficiency for 
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the previous amendments were increased with increasing their rate of 
application. The economic efficiency values were 1.58, 1.18 and 1.07 for 
gypsum, SLM and molas, respectively at their highest application rates (Table 
11). The amendment can be arranged, due to its effect on root of  sugar beet, 
total income, net income, Net  efficiency  from water unit and economic Eff.  
in the order of: G*SLM*M > G*SLM >G*M>G> SLM*M> SLM >M. 
 

Table (11): The total and net income from water unit and economic 
efficiency of sugar beet as affected by different treatments 

Treatments Rate 
Root 
(Mg 

fed
-1

) 

Shoot 
(Mg 

fed
-1

) 

Total income 
(LE fed

-1
) 

Total 
income 

(TI) 

Total 
costs 
(TC) 

Net 
income 

(NI) 

Net 
IWU 

Eco. 
Eff. 

Roots Shoots 

Gypsum 
(Mg 
fed

-1
) 

0 10.85 2.73 4341 163.8 4505 3180 1325 0.46 0.42 

5 15.40 3.49 6172 209.9 6382 3300 3082 1.07 0.93 

7.5 18.90 4.22 7663 253.8 7917 3420 4497 1.55 1.31 

10 21.46 5.21 8820 312.7 9133 3540 5593 1.93 1.58 

sugar lime 
mixture  
(Mg fed

-1
) 

0 15.24 3.54 6131 212.9 6344 3310 3034 1.05 0.90 

4 16.00 3.75 6484 225.5 6710 3330 3380 1.17 0.99 

6 17.82 4.23 7262 254.3 7516 3410 4106 1.42 1.18 

Molas 
(L fed

-1
) 

0 15.80 3.69 6321 221.8 6542 3321 3221 1.11 0.95 

30 16.80 3.92 6815 235.4 7050 3360 3690 1.28 1.08 

60 16.72 3.99 6843 239.6 7083 3380 3703 1.28 1.07 

Interactions 

G x SLM 22.829 5.866 9438.6 352.0 9790.6 3590 6200.6 2.14 1.73 
G x M 21.856 5.413 9188.2 324.8 9513.0 3570.0 5943.0 2.05 1.66 

SLM x M 18.504 4.352 7646.1 261.2 7907.3 3440.0 4467.2 1.54 1.28 
G x SLM x M 23.065 5.981 9802.6 358.9 10161.5 3620.0 6541.5 2.26 1.81 

Economic efficiency= net income (LE fed.
-1
) /total cost (LE fed.

-1
) 

Net income from water unit (LE m
-3
) = net income (LE fed.

-1
) / applied water (m

3
 fed.

-1
) 

Where: the applied water calculated as 2895 m
3
 fed

-1
 in one season 

Net IWU = Net income from water unit (LE m
-3
) 

Eco. Eff. = Economic efficiency. TC, total costs whereas TI, total income and NI, net income in LE 
fed.

-1
 

 

  

CONCLUSIONS 
 

Because of the importance of salt-affected soils, the advances in this 
field will be continued searching about the new approaches to overcome their 
problems. In Egypt, these soils represent a significant area and its investment 
is crucial. This study presented some soil amendments including the old one 
(gypsum) and the new one (molas and sugar factory lime) even separated or 
in combined application. One of the major shortcomings in gypsum 
application at uniform rates, which lower its efficiency because of the special 
variability under the salt-affected soil conditions. The efficiency of gypsum 
can be increased if it applied at variable rates according to its requirements to 
the soil but again it needs extra analysis that may not be economic in some 
cases. Also ,huge amounts of sugar factory lime wastes can be used as a 
source of some organic acids and calcium to increase the exchangeable Ca 
in soil solution and remove Na from soil surface. Concerning molas, it 
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contains some organic acids, vitamins and non-nitrogenous organic acids to 
help the cultivated plants in overcoming the salinity stress. 

From this study, it could be concluded that, the combined application 
of gypsum, sugar lime mixture and molas at the rate of 10, 6 Mg fed.

-1
 and 60 

L fed.
-1

, respectively could be used to improve the salt-affected soils in North 
Delta. Further studies should be carried out concerning these amendments 
using different plant species and different kinds of salt-affected soils. The 
biological activities in soil should be taken in consideration under such salt-
affected soils and its roles in enhancing cultivated plants to overcome the 
problems of these soils. 
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تأأير إضافأأالجضس ،أأجيض س ، أأإضس صناأأ ضصأأرضوأأماالجضس ىأأعإض س صأأ  يضالاأأ ضج أأ ض
نأأ ساضس تإجأأجض سمتا، أأجضصنوأأ لضجم،أأإضس ىأأعإضلأأ ضساإسفأأةضس صان أأجضس وأأ   جضلأأ ض

ضشصالض  تاضس م ل
ضص،اه ضصن ض ضضض ضض ضص ضالاصإض ض ضض ضضضض

ضصوإض-صإعزضس جن ثضس زإسال جضض-ص ه ضجن ثضساإسفةض س ص اهض ض س ج ئجض
 

 2102/2102شمتويين    تم إجراء تجربتان حقليتان بمحطة البحوث الزراعية بسخا خالل موسممين
( بهدف  دراسة تأثير اضافة الجبس ،مخلوط  ناتج ممن مخلمف امناعة السمار والمموىس علم  2102/2102و 

الخممواا الايمياةيممة والطبيليممة لاراضممر المتممأثر  بممايمالم و انتاجيممة محاممول بنجممر السممار فممر شمممال الممدلتا 
 طع منشقة مرتين : ،وافاء  استلمال مياه الري، حيث تم تاميم التجربة ف  ق

 21،52، 25، 1طن/فممدان،والتر تلممادل  01،  5.5،    5القطممع الرةيسممية لملممامالس الجممبس    : اممفر ،   -ا 
 % من اىحتياجاس الجبسية

 طن/ فدان.   6،      2القطع الشقية لملامالس مخلوط مخلف اناعة السار  : افر ،   -ب 
  لتر/ فدان.   61،   21افر ، القطع تحس شقية لملامالس الموىس :  -جـ 

ض صرضأهمضضس متائجضضس صتنولضالا ها:ض
ونسمبة  SAR)،ونسبة إدمااا الاموديوم   (EC ) تحسن الخواا الايمياةية لارض مثل ملوحة التربة   -

 %( ، EC  -22.6نتيجة إضافة الجبس ، حيث سجل ملدل تغير قيم ال من   (ESP) الاوديوم المتبادل
SAR -56.55  )%و ESP  -25.56  طن جبس/فدان مقارنة بدون ملاملة .01%( مع اضافة 

لتمر/طن( او المموىس تمأثير 5تبين من النتاةج لم يان إلضافة مخلوط جير السار الملامل بحامض الابريتيم)   -
ملنمموع علمم   تغيممر اممل مممن ملوحممة التربممة ، نسممبة إدمامماا الامموديوم ونسممبة الامموديوم المتبممادل خممالل 
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( نتيجمة التفاعمل بمين EC,SAR,ESPتوضح النتاةج تحسن ملنموع فم  بلمض الخمواا الايمياةيمة للتربمة    -
 الملامالس مقارنة بالملاملة الفردية او بدون ملاملة.

طمن 6طمن جبس/فمدان ،   01%( نتيجمة التفاعمل بمين الملمامالس  50زياد  افاء  نسمبة الاموديوم الممزال    -
 لتر موىس/ فدان(. 61/فدان  مخلف اناعة السار

إضافة الجبس مع مخلوط مخلف اناعة السار ،والموىس ذاس تأثير ملنوع عل  زياد  ملمدل الرشمح للتربمة  -
 ،والتوايل الهيدروليا  بلد الحااد خالل موسم  الدراسة.

اممناعة السممار تبممين النتمماةج تنمماقا الاثافممة الناقريممة تنمماقا ييممر ملنمموع نتيجممة اضممافة الجممبس او مخلممف   -
 اوالموىس او ، ولانها تناقاس ملنويا نتيجة التفاعل بين الملامالس خالل موسم  الدراسة.

لوحن زيماد   ملنويمة  لمحامول الجمذور وايوران ، نسمبة السمار ، والسمار المسمتخلا لبنجمر السمار نتيجمة  -
 اضافة المحسناس منفرد  او نتيجة التفاعل بينهم خالل موسم  الدراسة.

لوحن  زياد  السار المستلاد ،ومحاول السار زياد  ملنوية نتيجة اضمافة الجمبس او مخلموط مخلمف امناعة  -
 السار او الموىس وبلغس القيم أقااقا نتيجة التفاعل بينهم.

 22.165الحامول علمر نماتج محامول ممن الجمذور بنجمر السمار  تبين من دراسة التقيميم اىقتامادع إلنتما   -
جنيه/فمدان( ، 6520.5جنيه/فدان(،وااف  اللاةد  01060.5ل اعل  قيم من اللاةد الال  طن/فدان والحاو

( نتيجمة إضممافة 0..0( ، ونسممبه اللاةمد الم  التامماليف  2.26اماف  اللاةمد بالجنيممه ممن اسمتخدام وحممد  الميماه 
 لتر موىس/ فدان . 61طن من مخلوط مخلف اناعة السار، 6طن جبس /فدان ،01

وضممممع ترتيممممب لتممممأثير الملممممامالس االتممممال :جبس مخلف اممممناعه سممممة التقيمممميم اىقتاممممادع دراتبممممين مممممن   -
مخلممممف اممممناعه  < جممممبس< الممممموىس< جممممبس  مخلممممف اممممناعه السممممار < جممممبس    السممممار الموىس
 الموىس <مخلف اناعه السار <السار الموىس

مممل طممن جيممر مخلممف اممناعة السممار الملا 6طممن جبس/فممدان ،01يماممن أخيممرا التواممية ب ضممافة 
 لترموىس/فدان ، وذل) لما له من:61بحامض الابريتي)/فدان و

تأثير ملنوي إيجابر علم  محامول بنجمر السمار ومحتمواه ممن السمار والسمار المسمتلاد وامذل) اللاةمد الالم    -
 وااف  اللاةد بالجنيه .

ضر المتأثر  بمايمالم فمر تحسين بلض من الخواا الطبيلية والايمياةية  للتربة وبالتالر تلنيم إنتاجية ايرا -
 شمال الدلتا.

 


