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ABSTRACT 
 
 A field experiment was conducted on old agricultural land in the Nile alluvial clayey at Gemaiza Agric. 
Exp. Station, Egypt, located between Latitude 30° 58′ 56″ N Longitude 30° 57′ 8″ E during winter growing 
season of 2010/11. This study aimed conducted to improve some physical and chemical properties as induced by 
the natural zeiolite and gypsum applied in combination with seaweed extract as well as availability of essential 
nutrients and their positively effects on plant growth, nutritional status and yield of onion (Alluim cepa L. Giza 
20) as well as yield and its components. The obtained results revealed that all the applied treatments increased 
the total aggregates, as found in the descending order of zeiolite + seaweed extract ≥ gypsum + seaweed extract 
> zeolite ≥ gypsum> seaweed extract. Regarding soil aggregates hierarchy, the obtained data clearly showed that 
soil aggregates of 1.00 and 1.0-0.50 mm recorded the highest values at the treatments of (seaweed extract+ 
zeiolite) and seaweed extract+gypsum for all soil depths vs a pronounced decrease in soil micro-aggregates of 
<0.25 mm without any clear trend. Soil bulk density values, were significantly decreased in top soil (0-15cm) as 
well as in subsurface layer (15-30cm) as a result of the applied treatments, with a descending order of seaweed 
extract + zeiolite > seaweed extract + gypsum > zeiolite > gypsum > seaweed extract> control. Soil porosity and 
available water showed an increase with a maximum value at the treatment of (seaweed+ zeolite and seaweed 
extract+ gypsum ) for all soil depths, with relative decrease percentages of 76.6, 14.6 and 12.9 % for seaweed 
extract +zeolite treatment for soil depths at 0-15, 15-3 0 and 30-40 cm, respectively. The represented data 
cleared that soluble salts as indicated by ECe and SAR decreased as a result of applied seaweed extract. Also, 
the CEC showed pronounced increases with all the treated soil. In general, the magnitude of soil available 
nutrient contents showed a positive response towards the soils treated by (seaweed extract, seaweed extract + 
zeolite and seaweed extract+ gypsum), which was surpassed the other applied treatments. Nutrient contents in 
onion bulb, showed progressive increase, since they found to be reached their maximum values at the combined 
treatments of (seaweed extract+ zeiolite and seaweed extract+ gypsum). Statistically, different tested treatments 
(seaweed, zeiolite, gypsym, seaweed extract+zeolite and seaweed extract + gypsum) significantly increased bulb 
yield (as fresh and dry weights) with no significant differences between seaweed extract+ zeiolite and seaweed 
extract+gypsum. The applied treatment showed the highest increases for total bulbs as a fresh or dry weight, 
where their increase reached 29.68 and 94.97% over the control treatment. Economical aspects indicated that the 
highest net benefit values were incorporated with seaweed extract and seaweed extract+ gypsum treatments 
followed by seaweed extract, seaweed extract + gypsum shell, seaweed extract+ zeiolite , gypsum and zeiolite, 
where they recorded 4554, 4350, 4023, 3886 and 3314 LE fed-1, respectively. The lowest value was always 
incorporated with the control treatment (2461 LE fed-1). 

 
Key words: Soil properties, clayey soil, natural and organic amendments. 
 
Introduction 
 
 Organic amendments been known to improve physical, chemical and biological properties of soils, 
particularly increasing the humus content and decreasing acidity (Ganzhara, 1998). One of the measures 
considered highly effective, biologically justified and environmentally safe, especially on degraded and other 
soils having unfavourable productive traits for crop cultivation, is the use of zeiolite mineral (Polat et al., 2004). 
There are several zeiolite types, one of them being clinoptilolite, a hydrated alumosilicate of alkali and alkaline 
earth metals (Na+, K+, Ca2+, Mg2+, Ba2+) having an infinite three-dimensional crystal structure, a polyedric shape 
and a great open cavity (Daković et al., 2007). Zeiolite can be successfully used in cultivating different crops 
such as cereals, forage crops, vegetables, vine and fruit crops to their exceptionally high ion-exchange capacity 
(Butorac et al., 2002). Their porous structure assures a permanent water reservoir in the root zone, improving 
the horizontal spread of water after irrigation (Treacy and Higgins, 2001, Polat et al., 2004). Zeiolite prevent 
unnecessary losses of nutrients, making them available exactly when needed (Milosevic and Milosevic, 2009). 



1722 
J. Appl. Sci. Res., 7(11): 1721-1731, 2011 

 

 

They are excellent carriers, stabilizers and regulators of mineral fertilizers, themselves being a source of certain 
nutrients (Bagdasarov et al., 2004). As carriers of N and K fertilizers, they increase their efficacy by decreasing 
application rates for equal yields to be achieved (Polat et al., 2004). According to Torii (1978), zeiolite improve 
the growth and development of plants. Zeiolite applied to the soil in newly planted orchards which improves soil 
conditions in a long run due to the prolonged zeiolite effect (Polat et al., 2004). Ippolito et al., (2011) found that 
increasing the rate of mixed nitrogen with zeiolite into sandy soil increased the soil moisture content, and mixed 
zeiolite soils contained 1.3% more soil moisture as compared with band zeiolite applications. Thus, mixing 
zeiolite into soil may reduce the leaching of inorganic N. and may also improve the soil water status. 
 Gypsum is a soluble source of the essential plant nutrients, calcium and sulfur, and can improve overall 
plant growth. Gypsum amendments can also improve the physical properties of some soils (especially heavy 
clay soils). Such amendments promote soil aggregation and thus can (1) help prevent dispersion of soil particles, 
(2) reduce surface crust formation, (3) promote seedling emergence, and (4) increase water infiltration rates and 
movement through the soil profile. It can also reduce erosion losses of soils and nutrients and reduce 
concentrations of soluble phosphorus in surface water runoff. Chemical properties improved by application of 
gypsum including the mitigation of subsoil acidity and aluminum toxicity. This enhances deep rooting and the 
ability of plants to take up adequate supplies of water and nutrients during drought periods. Gypsum is the most 
commonly used amendment for sodic soil reclamation and can also be included as a component in synthetic 
soils for nursery, greenhouse, and landscape use (Liming and Dick, 2011). 
 Seaweeds are the macroscopic marine algae found attached to the bottom in relatively shallow coastal 
(Thirumaran et al., 2009). Seaweeds are found to be superior to chemical fertilizers due to high level of organic 
matter, micro and macro elements, vitamins and fatty acids and also rich in growth regulators (Crouch and Van 
Staden, 1993). The growth promoting effect of extract of seaweeds on biochemical characteristics 
(Thirumalthangam et al., 2003) in agriculture crops has been reported. The carbohydrates and other organic 
matter present in seaweeds alter the nature of soil and improve its moisture holding capacity (Crouch and Van 
Staden, 1993). Beneficial effects from the use of seaweed extracts as natural regulators have increased crop 
yield, delayed of fruit senescence, improved overall plant vigour, improved yield quantity and quality, and 
improve ability to withstand adverse environmental conditions (Featonby and Van Staden, 1983). Application of 
seaweed extract as organic biostimulant is fast becoming accepted practice in horticulture due to its beneficial 
effects (Verkleij, 1992). Biostimulants are defined by Russo and Berlyn (1990) as being, non-fertilizers which 
benefit plant growth, containing natural products such as cytokinins and humic acids often obtained from 
seaweed extracts. These extracts have been shown to improve the growth of some plants (Crouch et al., 1992). 
 Ahmet (2011) and Joachim et al., (2007) demonstrated that combining organic substances with gypsum as 
ameliorants is probably the best choice in the improvement of the physical, chemical properties and yield in 
sodic soils. Influences that are more beneficial were noted by extending the applications to a second year. These 
reclamation materials are available and hence, could probably be the most effective tools for maintaining soil 
productivity and sustaining crop yields in salt affected soil. 
 The basic objective of this study was to examine changes in the physical, chemical properties of soil and the 
soil-plant interaction as induced by the effects of natural zeiolite, gypsum applied in combination with seaweed 
extract. Parameters monitored in this study include changes in soil characteristics and the vegetative growth and 
yield efficiency of onion grown on clayey soil. 
 
Materials and Methods 
 
 A field experiment was conducted on old agricultural land in the Nile alluvial clayey at Gemaiza Agric. 
Exp. Station, Egypt, located between Latitude 30° 58′ 56″ N Longitude 30° 57′ 8″ E during a winter growing 
season of 2010/11. This study aimed conducted to improve some physical and chemical properties as induced by 
the natural zeiolite, gypsum applied in combination with seaweed extract as well as availability and of essential 
nutrients and their positively effects on plant growth, nutritional status and yield of onion (Alluim cepa L. Giza 
20) as well as yield and its components. Some physical and chemical properties of the investigated soil were 
analyzed according to Black et al., (1982) and Page et al., (1982) the obtained data are presented in Table (1). 

The treatments under consideration are consisted of seaweed extract 1.0 L fed-1in combination with locally 
soil amendments of gypsum shale and zeiolite, which was applied at the rates of 5 ton gypsum fed-1 and zeiolite 
was applied at the rate of 4 ton fed-1then were thoroughly mixed with the top 5 cm soil before cultivation as 
solely and combined treatments, respectively. The chemical characteristics and nutrients status of the applied 
soil amendment were determined according to the standard methods of Issam and Sayegh (2007), and the 
obtained data are illustrated in Table (2). The treatments were laid out following complete randomized block 
design, with three replications. The size of each plot was 5×6 m (30 m2). 

Onion (Alluim cepa L. Giza 20) was transplanted on October, 2010 in plots (21 m2) at the two ridges of rows 
at 10 cm distance and the distances between rows were 50 cm. The plants were harvested after 50% of plant tops 
were fallen down (152 days from cultivation). All the soil plots including the control treatment received 90 kg 
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fed-1 nitrogen as ammonium nitrate (33.5% N), 60 kg fed-1 P2O5 as superphosphate (12.5% P2O5) and 100 kg 
fed-1 K2O as potassium sulphate (48% K2O). The superphosphate was added during soil preparation, while 
nitrogen and potassium were divided into three equal doses applied after 4, 8, 12 weeks from transplanting. Bulb 
samples were taken for determining dry weights. Nitrogen, phosphorus and potassium concentrations were 
determined according to Chapman and Pratt (1961). 

 
Table 1: Some physical and chemical properties of the experimental soil. 

Soil characteristics 
Particle size distribution %: 
Depth (cm) Sandy Silt Clay Textural class 

0-15 21.7 34.4 43.9 
Clayey 15-30 13.5 25.8 60.7 

30-40 18.1 30.5 51.1 
Physical and chemical properties: 

Depth (cm) Inf. (cm h-1) ESP 
Organic matter 

% 
CaCO3 % pH Aw % 

B.D 
 (g cm-3) 

EC (dS m-1) 

0-15 1.68 10.94 2.44 2.77 7.82 20.10 1.15 3.35 
15-30 -- 18.60 1.15 3.11 8.57 11.65 1.29 6.85 
30-40 -- 15.75 0.71 1.90 8.10 15.75 1.45 4.55 

Soluble cations (soil paste, m molc l
-1) Soluble anions (soil paste, m molc l

-1) 
Depth (cm) Ca+2 Mg+2 Na+ K+ CO3

-2 HCO3
- Cl- SO4

-2 
0-15 14.10 2.43 17.50 1.47 0.00 3.98 20.00 9.52 
15-30 17.35 5.22 45.00 0.93 0.00 4.66 39.31 24.53 
30-40 9.80 4.02 31.18 0.55 0.00 4.01 25.24 15.95 

Available macronutrients mg kg-1 Available micronutrients mg kg-1 
Depth (cm) N P K Fe Mn Zn Cu 

0-15 47.55 7.54 501.00 6.78 1.77 1.45 0.99 
15-30 30.54 5.04 412.50 4.01 1.09 0.67 0.45 
30-40 22.00 5.87 388.70 5.88 1.31 1.12 0.77 

pH in soil suspension 1:2.5, ECe in soil paste, BD= balk density, Aw= Available water and Inf. = Infiltration rate 

 
Table 2: Some component specifications of used soluble seaweed extract, zeiolite and gypsum shal’s. 

Specification of used soluble seaweed extract 
Organic Matter Potassium (K2O) Nitrogen Phosphorus (P2O5) Free amino acids Algenic Acid 

45%  12 % 1.5% 0.8 % 20.4 ppm 15 % 
pH (1%) Water Soluble Density Appearance Cd As Pb Hg 
9.0-11.0 100%  0.633 Black  1 ppm 5 ppm 15 ppm 1 ppm 

Composition of zeiolite (%), after Daković et al., (2007) 
SiO2 Al203 K2O Na2O Fe2O3 MgO CaO 
71.00 13 2.26 1.50 1.61 1.5 2.56 

pH Loss of ignition Particle size Cavity volume Density Void volume CEC 
7.5 9.5 0-1.0 mm 34% 2.2 g cm-3 ~ 50 % 150 cmol kg-1 

Composition of gypsum shale used % 
SO4

 -2 Ca+2 Cl- NaCl S CaSO4.2H2O 
17.8 23.3 1.2 0.2 5.9 97 

pH (1%) Particle less than 2 mm Particle less than 1mm Purity   
7.7 90 50 97   

 
 Disturbed and undisturbed soil samples were collected from each treatment at 0-15, 15-30 and 30-40 cm 
depth. The studied soil physical and chemical properties were determined according to Black et al., (1982). Pore 
size distribution was calculated and classified according to (De Leehneer and De Boodt, 1965). Infiltration 
characteristic of the soil was determined in situ by using double ring infiltrometer and the equation of Philip 
(1969). The organic carbon content of the soil was determined by wet digestion method of Walkley and Black 
(Nelson and Sommers, 1996). Soil organic carbon was then expressed on volume basis using the bulk density 
data and depth of the soil (15 cm). Soil EC were measured in soil paste extract and soil pH was measured using 
pH meter in soil:water suspension (1:2.5) described by Jackson (1981). The size distribution of the water stable 
aggregates was estimated by wet sieving method (Yoder, 1936) using a set of sieves having mesh sizes 4, 2, 1, 
0.5, 0.25 and 0.125 mm. Briefly, aggregates of 4-8 mm size were first separated from the bulk soil by dry 
sieving. About 50 g of aggregates of this size class was put on the first sieve of the set and gently moistened 
from below to avoid a sudden rupture of aggregates. After soaking the soil for 10 min the set was shaken in 
water for 10 min. at 30 oscillations per minute. After correction for sand content, the amount of aggregates 
remaining in each size fraction was used to calculate the mean weight diameter of the water stable aggregates as 
following Van Bavel (1949). The percentage weight of water stable aggregates retained on sieves greater than 
0.25 mm diameter was expressed as water stable macro-aggregates. The bulk density of the soil was determined 
by clod method (Blake and Hartge, 1986). The water content of the samples was determined at 0.01, 0.033, 
0.05, 0.1, 0.5, 1.0 and 1.5 MPa matric potential. Available water content was estimated as the difference 
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between the volumetric water retention at 0.033 and 1.5 MPa, multiplied by depth of the soil. Total porosity was 
estimated from the bulk density and particle density of the soil using the equation: 
 
Total Porosity = (1- ρb / ρs )×100: 
 
 Where: ρb is the bulk density and ρs is the particle density of soil solids (2.65 g m-3). Microporosity 
(consisting of pores with equivalent radius <30 µm) was assessed from the volumetric water content at 0.01 
MPa (Skidmore et al., 1986). 
 Data were statistically analyzed using analysis of variance (ANOVA) following the experimental design 
(Gomez and Gomez, 1984). The significant differences among treatments were compared with the critical 
difference at 5% level of probability. 
 
Results and Discussion 
 
 Soil physical properties for studied soil at different natural and organic amendments at the maximum 
vegetative growth stage: 
 
Water Stable Aggregates Size Distribution: 
 
 The efect of the applied zeiolite and gypsum with or without seaweed extract on the soil aggregation as 
expressed by water stable aggregates are shown in Table (3). The obtained data denoted that the relatively 
coarse sizes of soil aggregates showed pronounced increases with all soil amendments combined with seaweed 
extract compared to fine size. Also, the obtained data indicated that the highest increase with seaweed extract 
+zeiolite and seaweed extract +gypsum in aggregate size of 0.25-0.50 mm and as well as the amount of this 
fraction tends to increase with depth. This may be due to the linear shape of active organic acids which attained 
in seaweed extract, which is analogous to a network of pores, where the fine particles string along the lines 
through carboxylic and phenolic groups, that are responsible for the stability of these relatively small aggregates 
(Crouch and Van Staden, 1993). Gypsum has been used extensively in reclamation of sodic soils with 
infiltration problems. It is well known that application of gypsum to sodic soils improves the soil physical 
conditions by promoting flocculation, enhancing aggregate stability and increasing the infiltration rate (Lebron 
and Yoshida, 2002). Zeiolite are a group of highly crystalline hydrated aluminosilicates minerals, that when 
dehydrated, develop a porous structure with minimum pore diameters of between 0.3 to 1.0 nm. All zeiolite are 
considered molecular sieve, materials that can selectively absorb molecules based on their size (Peres-Caballero 
et al., 2008). 
 Data in Table (3) showed a decrease in soil micro-aggregates of <0.125 mm with all treatments, but without 
any specific trend that insure the improvement of soil aggregation. It is worthy to mention that the increase in 
water stable aggregates as a result of all treatments with seaweed extract was more than that obtained without 
seaweed extract, may be due to the encouraged the microbial activity in decomposing organic manure, and 
consequently increased soil aggregation (Kütük et al., 2000). The use of natural zeiolite as soil amendment is 
based on their chemical and structural properties. zeolitic tuff is a high-silicon type containing calcium, 
magnesium, potassium and sodium beneficial for enhance of the cation exchange process in soil and plant 
nutrition. Their porous structure allowed them to attend in various absorption processes. The rigid porous media 
of clinoptilolite can absorb and retain large amounts of water, acting as a reservoir of available water 
(Andronikashvili et al., 1997) altering soil humidity. Lebron et al., (2002) found that the size of the pores was 
found to be correlated with the size of the aggregates and not with soil texture. 
 
Soil Bulk Density: 
 
 In general, soil bulk density decreased significantly under the natural amendments at all the applied 
treatments with seaweed extract alone or combined with zeiolite and gypsum (Table 4) at all studied soil depth. 
Bulk density after applied natural amendments was significantly low in surface (0-15cm) as well as in 
subsurface (15-30 cm) in treatment of seaweed extract combined with zeiolite followed by gypsum. The reason 
for lower bulk density may be due to gypsum can help break up compacted soil (Shainberg et al., 1989).  
 
Total Porosity and Pore Size Distribution: 
 
 The results in Table (5) showed that total porosity increased with all the treatments. Seaweed extract 
combined with zeiolite and gypsum treatment showed the highest total porosity (17.6%) over the control one at 
0-15 cm depth, followed by zeiolite one (16.0%) at the same depth. Also, data showed that total porosity 
decreased with depth, but still higher than the control treatment. Results of the volume drainable pores (Table 5) 
reflect the effectiveness of seaweed extract or combined zeiolite or gypsum for increasing the large pores. This 
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may be due to the effect of the beneficial organisms and the roots of plant grow by forcing a root tip into the 
pores of about their size and the young root, then swell making the pore large. 
 
Table 3: Effect of natural and organic soil amendments on water stable aggregates size distribution and total aggregates under the studied 

soil. 

Treatment 
Depth 
(cm) 

Fractional aggregates (mm) as a percent of total Total aggregates (%) 

1.00 1.0-0.50 0.25-0.50 0.25-.125 
0.125-
0.263 

 

Control 
0-15 12.99 18.69 22.81 26.22 6.89 47.99 
15-30 20.87 13.97 14.26 25.38 11.99 34.75 
30-40 21.73 15.24 10.55 24.00 13.78 43.01 

Seaweed extract  
0-15 34.88 20.47 23.14 15.56 5.38 48.30 
15-30 30.47 22.87 24.28 11.33 7.86 36.40 
30-40 33.54 20.01 18.54 9.00 7.77 44.47 

Zeiolite 
0-15 20.47 17.24 29.96 15.23 3.47 50.12 
15-30 24.14 16.45 31.54 16.98 7.45 38.38 
30-40 22.65 22.00 32.28 8.32 11.45 46.46 

Gypsum shale 
0-15 23.45 19.88 30.25 16.25 4.78 54.98 
15-30 22.69 20.78 29.78 17.23 4.88 40.30 
30-40 20.36 22.35 33.87 15.36 5.12 50.12 

Seaweed extract + 
Gypsum shale 

0-15 30.58 24.99 28.12 9.99 5.67 57.83 
15-30 26.65 24.18 25.87 13.87 5.76 46.50 
30-40 27.67 18.26 24.58 18.69 7.68 53.61 

Seaweed extract+ 
Zeiolite 

0-15 21.58 25.17 33.54 10.99 5.23 65.34 
15-30 2587 23.11 28.47 11.78 6.75 54.76 
30-40 2..67 24.01 27.36 15.66 7.77 55.71 

 
Table 4: Effect of natural and organic soil amendments on soil bulk density. 

Treatments Soil depth (cm) Soil bulk density (g cm-3) 

Control 
0-15 1.12 
15-30 1.35 
30-40 1.29 

Seaweed extract  
0-15 1.13 
15-30 1.39 
30-40 1.21 

Zeiolite 
0-15 1.00 
15-30 1.34 
30-40 1.23 

Gypsum shale 
0-15 1.01 
15-30 1.28 
30-40 1.22 

Seaweed extract + Gypsum shale 
0-15 1.01 
15-30 1.34 
30-40 1.21 

Seaweed extract+ Zeiolite 
0-15 0.98 
15-30 1.19 
30-40 1.14 

 
 Regarding to the effect of the studied treatments on the water holding pores (Table 5), data cleared that the 
highest value was recorded for zeiolite (22.34%) followed by seaweed extract treatment (21.54%). It is worthy 
to mention that the increase in available water is mainly due to the effect of soil amendments materials added. 
This was true, because the mass flow processes, gravitationally induced in macropores and capillary absorption 
in aggregates, and the number of actively conducting macropores (Armstrong and Tanton, 1992). Also, Chan 
(1995) showed that the addition of gypsum to the soil surface protects surface aggregates against raindrop 
impact and reduces their wetting rate, therefore decreasing their susceptibility to slaking (Amezketa et al., 
2005). 
 Data of fine capillary pores (Table 5) represent that the all treatments increased the percentage of those 
pores, except in the seaweed extract treatment; this may be due to the macropores increased on the expense of 
micropores. 
 
Soil Chemical Properties for Studied Soil at Different Natural and Organic Amendments at the Maximum 
Vegetative Growth Stage: 
 
Available Nutrients Status:  
 
 With exception of the pronounced increases in available P and Fe contents, which were more related to the 
applied natural or organic amendments, data illustrated in Table (6) revealed that the studied available nutrient 
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contents (N, P, K, Fe, Mn and Zn) in the experimental clayey soil were more affected by addition of seaweed 
extract combined with zeiolite or gypsum. In general, the magnitude of soil available nutrient contents showed a 
positive response towards the soils treated with natural or organic amendments solely or in combination 
(seaweed extract + zeiolite and seaweed extract+ gypsum), which were surpassed the zeiolite and gypsum 
without or with seaweed extract solely. That was true, since the applied seaweed extract was not only enhancing 
the availability of essential plant nutrients, but also it is considered as source or a storehouse with easily mobile 
for the released nutrients. Zeiolite does not break down over time, but remains in the soil to improve nutrient 
retention. Therefore, its addition to the soil may significantly reduce water and fertilizer costs by retaining 
beneficial nutrients in the root zone. The porous structure of natural zeiolite helps keep the soil aerated and 
moist as well as active for a long time (Yasuda et al., 1998). 
 
Table 5: Effect of natural and organic soil amendments on pore size distribution in the studied soil. 

Treatments 
Depth 
(cm) 

Pore size distribution (%) 

Total 
Porosity 

(%) 

Quickly 
drain 
pores 
(>28.8 
μ) 

Slowly 
drain 

pores - 
(8.62μ) 

Volume 
drain 
pores 

(>8.62μ) 

Water 
holding 
pores -
(0.19μ) 

Fine 
capillary 

pores 
(<0.19μ) 

Useful 
pores 
(28.8-
0.19μ) 

Control 
0-15 13.45 2.00 14.35 12.35 18.56 15.58 50.09 
15-30 13.88 1.96 14.22 14.65 15.64 17.54 48.01 
30-40 12.36 1.78 13.54 13.48 15.45 16.82 46.71 

Seaweed extract  
0-15 11.54 1.99 16.87 21.54 17.84 23.57 52.89 
15-30 11.98 1.85 16.32 19.54 17.62 22.00 50.34 
30-40 10.87 1.98 15.72 18.15 18.61 21.58 48.95 

Zeiolite 
0-15 12.68 1.87 14.52 22.34 20.47 24.58 53.09 
15-30 12.47 2.58 14.02 19.65 20.54 22.36 51.77 
30-40 10.57 2.78 13.24 18.21 21.00 21.58 49.46 

Gypsum shale 
0-15 12.24 2.01 12.54 17.34 19.32 19.85 54.28 
15-30 13.00 2.22 13.33 15.36 20.34 17.90 52.37 
30-40 11.02 2.31 12.04 15.47 20.11 17.88 50.62 

Seaweed extract + Gypsum shale 
0-15 14.57 3.27 15.45 18.65 22.34 22.89 58.70 
15-30 15.69 3.05 15.66 18.23 21.54 21.51 54.96 
30-40 13.88 4.00 14.05 17.24 21.57 21.79 51.30 

Seaweed extract+ Zeiolite 
0-15 15.14 3.87 15.69 18.78 22.69 22.57 58.95 
15-30 15.87 3.67 15.58 18.44 21.25 21.68 55.00 
30-40 14.87 4.25 14.38 17.63 21.74 21.47 52.78 

 
Table 6: Available nutrients status in the studied soil at the vegetative growth stage as affected by the natural and organic amendments. 

Treatments Soil depth (cm) 
Macronutrients 

------(mg kg-1)----- 
Micronutrients 

-----(mg kg-1)----- 
N P K Fe Mn Zn 

Control 
0-15 45.8 7.89 487.1 7.45 1.77 1.47 
15-30 24.9 5.01 355.7 3.66 1.88 0.88 
35-40 23.4 6.99 482.2 5.89 1.32 1.50 

Seaweed extract  
0-15 46.7 7.92 575.0 7.12 1.45 1.69 
15-30 27.7 5.31 379.3 3.87 1.07 0.94 
35-40 23.5 7.53 488.7 5.99 1.13 1.75 

Zeiolite 
0-15 47.8 8.38 560.1 8.54 2.00 1.45 
15-30 39.8 5.13 415.0 4.29 1.17 0.97 
35-40 21.9 6.65 501.4 6.35 1.12 1.73 

Gypsum shale 
0-15 48.9 8.89 571.8 8.77 2.56 1.97 
15-30 31.0 5.61 429.4 4.56 1.20 0.95 
35-40 22.9 8.85 546.8 6.78 1.27 1.77 

Seaweed extract + Gypsum shale 
0-15 49.5 8.86 589.0 8.12 2.05 2.00 
15-30 40.1 4.98 544.8 5.32 1.24 1.05 
35-40 26.3 9.00 619.0 7.40 1.42 1.88 

Seaweed extract+ Zeiolite 
0-15 55.7 9.97 570.7 9.86 2.01 2.35 
15-30 42.2 7.18 555.8 6.08 1.62 1.54 
35-40 30.4 9.75 630.5 6.90 1.45 1.97 

 
 It is evident that the applied natural amendments and organic one together, achieved many of the beneficial 
effects that are more attributed to improve soil air-moisture balance, and in turn enhancing nutrients availability. 
This can be interpreted on the fact that the released active organic acids lead to improve the air-water balance 
and partially capable to retain water encouraging that the microorganisms activity for organic materials 
decomposition and releasing the available nutrients for growing plants as well as minimizing the loss of 
nutrients by leaching (Cheng et al., 1998). Calcium released from gypsum can decrease the effective pH by 
precipitating carbonates and also by forming a complex calcium salt with ammonium hydroxide which prevents 
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ammonia loss to the atmosphere. Actually calcium improves the uptake of nitrogen by plant roots especially 
when the plants are young (Fenn et al., 1993). The application of zeiolite to the soil increases their cation 
exchange capacity, and as a result, it increases the nutrient retention capacity. Furthermore, the addition of 
zeiolite usually increases pH levels (Ming and Boettinger, 2001). Zeiolite are a naturally occurring group of 
minerals containing a cage-like structure which may promote plant growth by enhancing nutrient availability, 
soil conditioning, and improving soil moisture holding capacity. The potential benefits offered by zeiolite 
amendment including improved nutrient retention, availability, and improved water holding capacity are 
therefore probably slight (Bob, 2003). 

 
Soil Salinity and Alkalinity: 
 
 Data in Table (7) show the effect of applied treatments on the electrical conductivity (ECe), SAR, soil pH 
and cation exchange capacity. The represented data cleared those soluble salts as indicated by ECe decreased as 
a result of applied seaweed extract. This may be due to the improvement in the soil structure, especially in case 
of combined treatments seaweed extract + zeiolite and seaweed extract+ gypsum, which encourage the 
downward movement of soluble salts. This result are in agreement with Iqbal et al., (2010) who found the 
improvements in soil EC, pH and SAR values when applied amendments to the soils. 

 
Table 7: Effect of natural and organic amendments on some soil chemical properties. 

Treatments Depth (cm) *ECe dS m-1 SAR **Soil pH CEC cmol kg-1 

Control 
0-15 3.30 4.16 7.77 37.00 

15-30 4.92 4.24 8.57 37.02 
30-40 4.54 4.33 8.10 37.80 

Seaweed extract  
0-15 3.29 2.84 7.77 39.30 

15-30 4.88 3.33 8.51 39.80 
30-40 4.45 2.96 8.07 40.10 

Zeiolite 
0-15 3.25 2.52 7.75 39.80 

15-30 4.78 3.12 8.48 39.82 
30-40 4.55 2.79 8.07 39.90 

Gypsum shale 
0-15 3.22 2.54 7.80 38.60 

15-30 4.78 3.12 8.55 37.80 
30-40 4.44 2.79 8.07 37.90 

Seaweed extract + Gypsum shale 
0-15 3.37 3.23 7.50 39.77 

15-30 4.88 4.00 8.50 40.02 
30-40 4.46 4.01 8.05 38.95 

Seaweed extract+ Zeiolite 
0-15 3.30 3.88 7.55 40.02 

15-30 4.56 3.58 8.40 39.45 
30-40 4.33 3.78 8.01 39.88 

*Soil paste           **Soil suspension 1:2.5. 

 
 Regarding to soil pH values, data in Table (7), show its values decreased in all the treated soil except 
zeiolite and gypsum treatments. O’Comor et al., (1986) attributed the decrease in pH values to organic matter 
buffering capacity and increasing the partial pressure of CO2 of the soil atmosphere due to the increase in the 
microbial activity. Also, value of SAR tend to decrease in all the studied treatments, this could be due to the role 
of organic substances on the dissolution of soil calcium carbonate which exhibited a decrease in surface layers. 
Iqbal et al., (2010) evaluated in the gypsum for reclaiming salt-affected soils for economical crop production. 
Results showed significant increase in yield and improvements in soil EC, pH and SAR values. 
 
Cation Exchange Capacity and Organic Matter Content: 
  
 Data of the cation exchange capacity (CEC) showed pronounced increases in all the treated soil. These 
increases could be attributed to the high CEC values of seaweed extract (150-250 cmol kg-1) and zeiolite (160-
150 cmol kg-1), (Daković et al., 2007). The increase in CEC value associated with the addition of organic matter 
which it was also increased in all the studied treatments, the highest content of CEC recorded with seaweed 
extract and zeiolite followed by seaweed extract + zeiolite and seaweed extract+ gypsum. Applying zeolitic tuff 
on low fertile soils causes a pH buffering effect on higher cation exchange capacity of the soil and an increase of 
soil humidity (Andronikashvili et al., 1997). The cationic interchange capacity of zeiolite is two to three times 
greater than other types of minerals found in soils. The application of zeiolite to the soil increases their cation 
exchange capacity, and as a result, it increases the nutrient retention capacity. Furthermore, the addition of 
zeiolite usually increases pH levels (Ming and Boettinger, 2001). Zeiolite is not acidic but marginally alkaline 
and its use with fertilizers may help buffer soil pH levels, thus reducing the need for lime application 
(Kulasekaran et al., 2010). 
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Onion Yield and Macronutrient Status Under Different Natural and Organic Amendments: 
 
Onion Yield: 
 
 Results in Table (8) showed a significant variation in the degree of responses for the used natural and 
organic amendments, i.e., seaweed extract, zeiolite, gypsum, seaweed extract + zeiolite and seaweed extract + 
gypsum. However, the seaweed extract + zeiolite and seaweed extract + gypsum led to sound increase on yield 
and its components; such effect did not pronounced with seaweed extract, zeiolite and gypsum application.  
 In general, mean values (Table 8) revealed that total yield of onion responded positively to the tested 
treatments, as shown in the descending order of seaweed extract + zeiolite > seaweed extract + gypsum> 
gypsum> zeiolite> seaweed extract, since the relative increases in the total fresh weight yield of onion which 
reached 58.45, 54.96, 43.81, 37.71 and 27.03%, respectively, over the control treatments. In this regard, 
inclusion of zeolite in fertilizers management for agriculture is essential as besides serving as soil conditioner 
(including soil fertility improvement), zeolite have the potential to increase crop yield (Noori et al., 2006). Also, 
these results highlights the important role of the seaweed extract, in high level of organic matter, micro and 
macro elements, vitamins and fatty acids and also rich in growth regulators (Crouch and Van Staden, 1993) 
which in turn improved soil chemical properties. Consequently, it enhanced nutrient availability and its uptake, 
causing a markable increased in yield of crops even that chemically fertilized system of crops in both wet and 
dry seasons (Li and Sun, 1999). 

 
Table 8: Effect of natural and organic amendments on onion yield and its components. 

Treatments 
Fresh weight 

(ton fed-1) 

Relative 
increase 

% 

Average bulb 
fresh weight 

(g) 

Relative 
increase 

% 

Bulb fresh 
weight 

(ton fed-1) 

Relative 
increase 

% 

Bulb dry 
matter % 

Control 14.61 -- 76.52 -- 11.895 -- 10.25 
Seaweed extract 18.56 27.03 85.45 11.67 13.542 13.85 11.63 
Zeiolite 20.12 37.71 98.36 28.54 14.325 20.43 12.45 
Gypsum shale 21.01 43.81 99.25 29.70 14.836 24.69 14.58 
Seaweed extract + Gypsum shale 22.64 54.96 110.65 44.60 15.067 26.67 15.34 
Seaweed extract + Zeiolite 23.15 58.45 115.01 50.61 15.426 29.68 15.41 
LSD at 0.05 0.86 -- 5.36 -- 1.241 -- 1.92 

 
Macronutrients Nutrients: 
 
 Results in Table (9), showed a considerable increase in the content of N, P and K with applied natural and 
organic amendments. In general, mean values of nitrogen and phosphorus concentration in onion yield could be 
arranged in descending order as follows: seaweed extract> seaweed extract + zeiolite > seaweed extract + 
gypsum> zeiolite ≥ gypsum. Results of potassium concentration, in general, showed a trend almost similar to 
that observed for nitrogen, where all the tested treatments showed significant increases over control. The 
obtained data clearly showed that onion uptake recorded the highest values at the treatments of seaweed extract 
+ zeiolite and seaweed extract + gypsum vs a pronounced decrease in seaweed extract, zeiolite and gypsum. The 
use of inorganic fertilizers mixed with zeolite remarkably increased N, P and K uptake, and their use efficiency 
in leaves, stem and roots. The use of zeolite could be beneficial with respect to nutrient retention in soil and 
their use efficiency (Ahmed et al., 2010).  
 
Table 9: Available macronutrients status of onion plants as affected by the natural and organic amendments. 

Treatments 
Macronutrients concentration 

------(%)----- 
Bulb dry 
weight  

(kg fed-1) 

Micronutrients uptake 
-----(kg fed-1)----- 

N P K N P K 
Control 1.15 0.201 1.30 1219.2 14.02 2.45 15.85 
Seaweed extract 1.77 0.334 1.94 1574.9 27.87 5.26 30.55 
Zeiolite 1.33 0.310 1.60 1780.5 23.68 5.52 28.48 
Gypsum shell 1.35 0.300 1.52 2163.0 29.21 6.49 32.88 
Seaweed extract +Gypsum shell 1.56 0.314 1.79 2311.3 33.98 7.25 41.37 
Seaweed extract+ Zeiolite 1.47 0.322 1.84 2377.1 37.08 7.65 43.73 
LSD at 0.05 0.12 0.025 0.08 12.3 1.45 0.93 1.02 

 
Economical Aspects: 
 
 Data in Table (10) represent the total inputs costs, net income and investment rate of the used natural and 
organic amendments. The calculated values showed that the highest net income value reached 4554 LE fed-1 
obtained from the seaweed extract treatment, while the lowest one was 3314 LE fed-1 resulted from the gypsum 
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treatment. The investment rate could be arranged according to the descending order of seaweed extract (3.35)> 
seaweed extract + gypsum shale (2.78)> gypsum (2.6)> seaweed extract + zeiolite (2.38) > zeiolite (2.23). 
 
Table 10: Cost of experiment of onion plants as affected by the natural and organic amendments. 

Items Rates 
Unit 
price 
(LE) 

Cost 
(LE  

fed-1) 

Onion 
yield ton 

fed-1 

Input 
(LE 

fed-1) 

Output 
(LE fed-1) 

Net 
income 

(LL fed-1) 

Investment 
rate 

Seaweed extract  1 lit fed-1 20 20 18.56 1942 6496 4554 3.35 
Zeiolite 4 ton fed-1 200 800 20.12 2722 6036 3314 2.23 
Gypsum shale 5 ton fed-1 100 500 21.01 2422 6303 3886 2.60 
Seaweed extract + 
Gypsum shale 

1 lit +5 ton fed-1 120 520 22.64 2442 6792 4350 2.78 

Seaweed extract+ 
Zeiolite 

1 lit +4 ton fed-1 220 1000 23.15 2922 6945 4023 2.38 

Control inputs fed-1 = 1922 LE. 

 
Conclusion: 
 
 Finally, it could be concluded that the application of seaweed extract as organic amendments combined 
with natural gypsum and zeiolite achieved the best result, where it markedly improved soil physical and 
chemical properties, furthermore it realized the highest net income and investment rate. 
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