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ABSTRACT 
 

A pot experiment was carried out to study the effect of organic (sheep manure) and inorganic residues 
(marble and granite manufacturing residues) application on sandy soil properties and plant growth. The 
experiment was conducted in a randomized complete block design with three replicates, during winter season of 
2014/ 2015 in a Faculty of Agriculture, Al-Azhar University- Cairo- Egypt. The main target of this research is to 
study the effect of industry residues of marble and granite on some soil properties and plant growth of broad 
bean and wheat as indicator plants; and try to add them to the soil as a source of some nutrients. The results 
could be summarized as follows: The important soil chemical properties are affected by the treatments under 
study. The pH values were decreased with all treatments for both plants; while, the reverse trend was observed 
for electrical conductivity, cation exchange capacity and soluble Ions. The available nutrients were significantly 
increased with application of all treatments. The dry matter of shoots was significantly affected by the all 
studied treatments, and the highest values were recorded with the granite manufacturing residues and sheep 
manure treatments for broad bean; while the highest values for wheat plant were obtained with sheep manure 
and gypsum treatments, respectively. The macronutrients content in plants were significantly increased with 
application of all treatments and the highest values were obtained by the granite industrialization residues 
treatments. 
 
Keywords: Organic manure, marble and granite residues, gypsum and available nutrients. 

 

Introduction 
 

The use of mineral fertilizers is the fastest way to supply nutrients to plant. But long-term studies have 
shown that excessive use of chemical fertilizers can reduce crop yield due to soil acidification, loss of soil 
biological activity, loss of soil physical properties and soil nutrient imbalance (Adediran et al., 2004). In many 
cases, the use of chemical fertilizers causes environmental pollution and ecological damage that increase the 
crop production costs. A viable option could be using organic and inorganic residues that can also provide plant 
nutrients and improve soil physical properties (Samavat et al., 2001; and Murty et al., 1998). Organic manure is 
animal excreta usually with straw, used to fertilize land. For organic manure application, the importance of soil 
structural properties is more important than their effects on nutrients (Astaraee et al., 1996; and Kamkar et al., 
2008). Organic manure plays direct role in plant growth as a source of all necessary macro and micro nutrients 
in available forms during mineralization and improving physical and chemical properties of soils (Chaterjee et 
al., 2005). Adding manure in soil improve soil physical and biological conditions. Also, by creating a more 
favorable environment for root growth and nutrient availability, increased plant growth and dry matter (Kaplan 
et al., 2009; and Valiki and Ghanbari, 2015).  

Gypsum is also a good choice for Ca addition because it is inexpensive, non-toxic, and safe to handle, and 
relatively soluble. Khan et al. (2010) found a positive significant improvement in soil properties, i.e., EC, SAR 
and pH in response to gypsum applied in ridges, farmyard manure and agricultural practices that resulted in an 
increase in wheat grain yield by 42 % over control. On the other hand, Sudan et al. (2015) stated that, the marble 
and garnet residues are a good source of nutrients; and he reported that, the analysis of industrial waste also 
showed the good presence of macronutrients (P and K), micronutrients (Fe, Zn and Mn) and other trace 
elements. Mashaly et al. (2012) stated that, the marble and garnet industry in Egypt showed a remarkable 
progress in the last few years as witnessed from the rates of production which reached 4.5 million tons in year 
2011. On the other hand, the random disposal of these wastes, estimated as one million tons yearly, (Egyptian 
marble strategy study, 2005), in the areas near the factories (irrespective of their possible economic values) and 
with the increasing production cause severe environmental problems, such as land degradation, increase wastage 
of minerals, air pollution, water pollution, dust, damage to flora and fauna and human resources displacement. 
Although this residues could be a great national resource. 
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The main target of this work is to study the effect of organic (sheep manure) and inorganic residues 
(gypsum, marble and granite manufacturing residues) on sandy soil properties and growth of broad bean and 
wheat plants. 

 

Materials and Methods 

A pot experiment was carried out to study the effect of application of sheep manure and inorganic residues 
on sandy soil properties and growth of wheat and broad bean plants. This experiment was conducted as a 
randomized complete block design with three replicates, during the winter season of 2014/2015 in the farm of 
Agricultural Faculty, Al-Azhar University- Cairo- Egypt.   
The treatments were: 1) the control i.e. without any applications, 2) sheep manure (SM) at rate 2% (some of its 
characteristics are presented in table 4),  3) gypsum (GT) as dehydrate calcium sulfate (CaSO4.2H2O) at rate 
0.75 g/kg soil, 4) Marble industrialization residues (MIR) at rate 0.75 g/kg soil as a powder form, and 5) Granite 
industrialization residues (GIR) at rate 0.75 g/kg soil as a powder form, (some available elements of this 
residues are  presented in table 5). 

Pots were packed with five kilograms of soil (soil was collected from field site of Awseem area, El-Giza 
Governorate) and then the treatments were added before planting. All materials were loosely mixed into the soil. 
Soil analysis was conducted according to Klute, (1986) for the determination of physical properties; and Page et 
al., (1982) for the determination of chemical properties. Analysis results (i.e. EC, pH, CEC meq.100g-1 soil, 
CaCO3%, organic matter and soluble ions) are presented in Tables 1, 2 and 3.  

Table 1: Chemical analysis of the soil before cultivation 
pH EC 

dS.m-1 
Ions mg.kg-1. soil CEC 

meq .100g-1 soil Ca++ Mg++ Na+ K+ CO3
= HCO3

- Cl- SO4
= 

7.85 0.31 20.01 11.81 26.30 15.60 0.12 6.21 42.60 87.11 9.40 

 
Table 2: Physical analysis of the soil before cultivation 

 Particle size distribution    
Fine sand Course sand Slit Clay Textural 

class 
CaCO3 

% 
O.M 

% 
23.00 69.00 5.00 3.00 Sandy 1.75 0.46 

 
Table 3: Available elements of soil before cultivation. 

Some available elements mg. kg-1 soil 
P K Fe Zn Mn Cu B Pb Ni 

3.05 42.00 1.26 1.43 2.34 1.73 0.121 0.012 0.011 

 
Also, available elements of soil before and after cultivation were determined using ammonium bicarbonate-
DTPA extractable according to Soltanpour and Schwab (1977). Twenty kernels of wheat plant (sakha 8) and 
five seeds of broad bean (variety Giza 2) were planted in each pot at 22 November. Pots were irrigated daily to 
adjust its moisture by weight at field capacity. After 10 days, plants were thinned to ten and three per pot of 
wheat and broad bean, respectively. 

At the end of the experiment in March 2015, the plants were harvested. Plant samples were collected and 
washed with distilled water, dried at 70 ºc and grounded, then representative portions were wet digested using 
HClO4 and H2SO4 acids to determine NPK and micronutrients. Total N was determined by micro-Kjeldahl 
technique while total P was determined by ascorbic acid method. Additionally, total K was determined using 
flame photometer; micronutrients and heavy metals were determined by Inductively Coupled Plasma 
Spectrometer (ICP) plasma 400; According to Page et al. (1982). The data were statistically analysis according 
to Sendecor and Cochran (1980).  

The qualitative analysis of granite and marble samples were measured using X-ray diffraction unit Philips 
PW-3710 with generator PW-1830, CO target tube and Ni filter at 40 kV and 30 mA. At Nuclear Material 
Authority – Egypt as shown in Table 4 and Figures 1 and 2. 
 
Table 4: Characteristics of sheep manure   

characteristic Moisture % C % N % C/N 
ratio 

O.M 
% 

P % K % pH EC. 
dS.m-1 

value 21 28.11 1.47 19.12: 1 47.16 0.52 0.87 7.13 4.93 

 
Table 5: Available elements of granite and marble industrialization residues 

Samples Available elements  mg. kg-1 
Fe Zn Mn Cu Co Cd Pb Ba 

GIR* 186.0 10.19 35.43 95.10 0.08 1.695 1.33 29.21 
MIR** 0.735 0.140 0.310 0.415 0.65 1.004 0.09 0.525 

*Granite industrialization residues    ** Marble industrialization residues 
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Table 6: Identified minerals of residues granite and marble industrialization 
Sample No. Name  Chemical formula ASTM Card No. 

GIR 
Albeit NaAlSi3O8 10-0393 
Quartz SiO2 05-0490 

Bakhchisaraitsevite Na2 Mg5 (PO )4 .7H2 O 053-0915 
MIR Calcite Ca( CO3 ) 05-0586 

 

 
 
 Fig. 1: Identified Minerals of granite industrialization residues by X-ray diffraction 

 
Fig. 2: Identified minerals of marble industrialization residues by X-ray diffraction 

 
Results and Discussion 
 
A- Some chemical soil properties 
 

Data in Table 7 show that the important soil chemical properties are affected by the treatments under 
study; the data reveal that the sheep manure (SM) decreased the pH values compared with other treatments and 
control for both plants. On the other hand, the reverse trend was observed in the following properties; electrical 
conductivity (EC) dS.m-1, cation exchange capacity (CEC) meq/100 g soil and soluble Ions mg/ kg soil, where 
the all treatments (excluding marble industrialization residues MIR for broad bean) led to the increase in EC, 
CEC and soluble ions. This increase in soil properties values may be due to the highest values of available 
elements in the all treatments  (Tables 4 and 5) this may be due to the positive effect of organic matter and 
gypsum; also the presence of 2: 1 minerals in the used residues as shown in table 6 and figures 1 and 2. The 
value of EC was 0.33 at control and increased to 0.40 and 0.36 dS.m-1, with sheep manure treatments for broad 
bean and wheat plants, respectively. Also the highest values of CEC were 10.22 and 10.35 meq/100 g soil with 
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GIR treatment for broad bean and wheat plants, respectively compared with the control and other treatments. 
These results are in agreement with those Davar et al., (2002). They stated that the organic manure reduced soil 
pH and increased the electrical conductivity and the ability of absorbing soil nutrients. Also, Haynes and Naidu 
(1998) stated that the organic manure caused a 30% increase in CEC compared with the control treatment. 

 
Table 7: Effect of treatments on chemical soil properties.  

Soil 
treatments 

pH EC 
dS/m-1 

CEC 
meq/100 

g soil 

Ions mg/kg. soil 
Ca++ Mg++ Na+ K+ HCO3

- Cl- SO4
= 

Broad bean 
Control 7.72 0.33 9.54 18.00 12.03 25.30 15.60 6.20 42.60 98.97 

SM 7.40 0.40 10.15 22.11 13.21 29.97 23.41 6.82 46.15 123.84 
GT 7.40 0.34 9.63 26.09 10.80 25.31 19.51 6.51 35.56 124.32 

MIR 7.60 0.32 9.62 16.07 10.60 26.60 17.52 7.44 39.05 94.04 
GIR 7.50 0.36 10.22 18.01 10.63 20.71 38.90 8.06 46.15 102.72 

Wheat 
Control 7.71 0.31 9.51 18.00 0.81 25.30 15.60 6.21 42.60 97.20 

SM 7.40 0.36 10.23 20.01 9.61 27.62 27.31 6.82 46.17 104.64 
GT 7.50 0.32 9.51 28.09 7.21 18.40 19.52 6.21 36.51 96.00 

MIR 7.60 0.32 10.35 18.01 10.81 27.60 15.61 7.13 39.51 99.36 
GIR 7.50 0.34 10.35 24.07 10.80 27.63 35.19 7.75 56.81 108.00 

 
B- Some available elements of soil 
 

Data in Table 8 reveal that the studied available nutrients of soil after the end of experiments were 
significantly affected by all treatments. Available nutrients were increased with all treatments for both plants, 
compared to the control treatment. The highest value of P and K were obtained at granite industrialization 
residues (GIR) and sheep manure (SM) treatments. This may be attributed to the significant portions of these 
elements in the used materials, the indirect effect of treatments through effects on pH values and the improving 
role of organic manure on soil properties and nutrients availability. These results are in line with those reported 
by Suge et al. (2011) and Herencia et al. (2007). They reported that the use of organic fertilizer resulted in 
higher soil organic matter, soil N content and available P and K. Also, they stated that organic materials added 
carbon into the soil provides substrate for microbial growth, and subsequent microbial activity. The outputs 
resulting from the decomposition of organic materials improves the nutrient cycling and availability to the plants 
especially, N and P which improved root development and subsequently vegetative growth. Similar observation 
was made by Smith et al. (1993) who found that addition of organic residues can increase microbial pool sizes 
and activity, C and N mineralization rates, and enzyme activities, all these affect nutrient cycling. While, Sudan 
et al. (2015) stated that, the marble and granite is good source of most nutrients as P, K, Ca, Mg, Fe and Mn).  
 
Table 8: Effect of treatments on available elements of soil  

Soil treatments Available elements mg. kg-1 
P K Fe Zn Mn Cu B 

Broad bean 
Control 3.35 56.00 1.204 0.813 1.418 0.647 0.011 

SM 4.45 98.65 1.808 0.746 1.001 0.439 0.020 
GT 3.38 96.98 1.828 0.714 0.845 0.361 0.018 

MIR 3.49 89.54 2.232 0.876 1.274 0.410 0.020 
GIR 4.74 109.45 3.683 2.528 1.402 1.617 0.021 

LSD at 5% 0.20 1.69 0.38 0.31 0.33 0.48 0.01 
Wheat 

Control 3.26 62.92 1.890 0.783 1.020 0.460 0.011 
SM 4.62 97.79 1.382 0.465 1.217 0.642 0.025 
GT 3.47 101.54 1.802 0.384 1.188 0.695 0.012 

MIR 3.41 95.07 1.677 0.668 1.005 0.442 0.021 
GIR 4.81 112.75 2.522 0.885 1.376 0.667 0.011 

LSD at 5% 0.30 2.01 0.42 0.40 0.35 0.41 0.011 

 
Concerning the effect of treatments on available micronutrients data in table 8 reveal that, the highest 

values were recorded at GIR followed by SM compared with other treatments and the control. The available 
values of Fe, Zn, Mn, Cu and B were 1.204, 0.813, 1.418, 0.647 and 0.011 mg. kg-1 soil at control and 
significantly increased to 3.683, 2.528, 1.402, 1.617 and 0.021 mg. kg-1 soil with GIR treatments, respectively 
for broad bean plant. Also data are presented in the same table reveal that, the mentioned trend of available 
micronutrients for broad bean was observed with available micronutrients for wheat plant. These results are in 
line with that reported by Suge et al. (2011), Sudan et al. (2015), Smith et al. (1993) and Dhanuskkodi and 
subrahmaniyan, (2012) who mentioned that the availability of all nutrients in soil remarkably improved by the 
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application of gypsum, which creates more favorable environment in soil and maintain elements in a more 
available form due to reclamation effect. 

 
C- Dry matter and some elements content of plants 

Data presented in Table 9 show that the least significance difference (LSD) at 0.05 between treatments of 
dry matter shoots was 0.89 and 0.97 for broad bean and wheat respectively. The highest values were recorded 
with the granite industrialization residues (GIR) and sheep manure (SM) treatments for broad bean; while the 
highest values for wheat plant were obtained with SM and gypsum (GT) treatments, respectively. The values of 
dry matter were 11.98 g / plant at the control and increased to 13.71, 15.13, 14.69 and 15.35 g / plant with SM, 
GT, marble industrialization residues (MIR) and GIR treatments for broad bean plants, while the highest values 
were (24.45 and 24.19 g/ plant) which obtained with SM and GT treatments for wheat shoots, respectively 
compared with the other treatments and the control. 
 
Table 9: Effect of treatments on dry matter and elements content of plants 

Soil 
treatments 

D.M.Y. 
g / pot 

Macronutrients % Micronutrients mg. kg-1 
N P K Fe Zn Mn Cu 

Broad bean 
Control 11.98 3.18 0.151 2.30 5.952 0.252 0.215 0.126 

SM 13.71 3.76 0.161 3.10 7.448 0.378 0.325 0.164 
GT 15.13 3.58 0.160 3.20 5.959 0.316 0.341 0.214 

MIR 14.69 3.27 0.157 2.80 6.399 0.156 0.363 0.176 
GIR 15.35 3.58 0.211 3.81 6.538 0.297 0.418 0.224 

LSD at 5% 0.89 0.03 0.06 0.01 0.75 0.02 0.01 0.007 

Wheat 
Control 21.88 2.86 0.261 2.60 4.521 0.117 0.344 0.322 

SM 24.45 3.41 0.340 3.10 4.970 0.190 0.575 0.395 
GT 24.19 3.16 0.280 2.90 5.532 0.147 0.337 0.307 

MIR 22.78 2.89 0.261 3.01 4.435 0.126 0.428 0.355 
GIR 22.81 3.25 0.301 3.60 4.526 0.138 0.498 0.381 

LSD at 5% 0.97 0.05 0.08 0.01 0.81 0.03 0.04 0.009 

These increases in dry matter of shoots for both studied plants, may be attributed to a direct role of organic 
manure on plant growth as a source of all necessary macro and micronutrients in available forms during the 
growth season and improving physical and chemical properties of soils; Also organic manures improve soil 
fertility by activating soil microbial biomass and creating a more favorable environment for root growth and 
nutrient availability, increased plant growth and dry matter. These results are in agreement with those of 
Chaterjee et al. (2005) and Gulshan et al. (2013). Also, Dhanushkodi and Subrahmaniyan, (2012) stated that the 
application of gypsum improves soil physico- chemical environment in the root zone and lowering the pH and 
ESP leading to increase the rice yield. The supply of nutrients through gypsum provides conductive physical 
environments leading to better aeration, root activity and nutrient absorption and the consequent complementary 
effect that resulted in higher grain yield. 

Concerning the macronutrients content in plants, data in Table 9 show that the values of NPK content were 
3.18, 0.151 and 2.30% at the control; and increased to 3.76% for nitrogen with sheep manure treatment; while 
values were 0.211 and 3.81% for P and K with granite industrialization residues (GIR) treatments respectively, 
for broad bean plants. Also, the best values of NPK content for wheat plants were recorded for the sheep manure 
and gypsum treatments, followed by GIR and MIR compared with the lowest values of the control. A higher 
value of macro and micronutrients content in both studied plants could be attributed to the ability of additional 
treatments to supply nutrients throughout mineralization and improvement the physical and chemical properties 
of the soil and the ability of organic fertilizer to release nutrients gradually throughout the growing season.  
Regarding to the effect of treatments on micronutrients content data are presented in Table 9 reveal that, the 
mentioned trend of macronutrients content was observed with micronutrients content for both plants. These 
increases might be due to the containing treatments of these elements and availability of nutrients. Furthermore, 
organic manure activates many species of living organisms, which release phytohormones and may stimulate the 
plant growth and absorption of nutrients (Arisha et al., 2003). Such organisms need nitrogen for multiplication. 
This is plausible reason that use of organic manure with inorganic fertilizer showed a beneficial effect on dry 
matter accumulation. 

 
Conclusions 

From the results of this experiment, it can be concluded that the application of marble and granite 
industrialization residues in soil is one of the best ways to improve soil properties and to protect the 
environment from the harmful effects of the unsafe disposal of these residues in the production area. Inorganic 
materials used could be good source of nutrients reduce the mineral fertilizers using.   
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