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Abstract 

Poor nutrient and water holding capacities characterise highly weathered soils, 

thereby limiting soil productivity. This study was conducted to investigate the 

potential of improving soil productivity through amending soils with zeolite to effect 

improvements on moisture and cation retention capacities. Two experiments were 

carried out: i) In the first experiment, an ALISOL and ACRISOL were each amended 

with zeolite to effect increases in CEC by 0, 25, 50, 75, 100 and 125%. The mixtures 

were placed in pots and allowed to equilibrate for a period of six weeks, and 

thereafter soil moisture retention and CEC were determined. ii) In the second 

experiment, the agronomic performance of zeolite was evaluated on the same soils 

used in the first experiment. A factorial experiment was carried out in the greenhouse 

with five levels of urea (0, 1, 2, 3, 4 g / plant) as the main plot, and zeolite to effect 

an increase of 0, 25, 50, 75 and 100% on CEC as the sub-plot. Maize was used as the 

test crop and this was harvested at the end of eight weeks when dry matter yield was 

determined. Significant (p<0.05)   increases in moisture retention and CEC were 

obtained. For every gram of zeolite added to a kilogram of soil, plant available water 

increased by 0.12% for ACRISOL and a non-significant increase of 0.02% on 

ALISOL. Soil CEC increased by 0.10 cmol/kg and 0.11 cmol/kg for ALISOL and 

ACRISOL respectively.   A combination of urea at 2 g/pot and zeolite at 100% CEC 

increase increased maize dry matter yield by 75% in the ALISOL and 57% in the 

ACRISOL. When the zeolite application rate exceeded 16.21 g / kg soil (36.58% in 

ALISOL and 60.27% in ACRISOL), maize dry matter yield declined. This was found 

to correlate with declining tolerance of maize to increasing sodium (Na) 

concentrations. This study has shown that within a limited range, addition of zeolite 
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to soils can help increase soil productivity by increasing soil moisture retention and 

cation exchange capacities.  

Keywords: Zeolites, soil conditioner, CEC, moisture retention, nutrient retention 
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1. INTRODUCTION 

1.1. Background of the study and problem statement 

Soil productivity is mainly measured by the amount of yield obtained from the field. 

It is a result of how well the soil is able to receive and store moisture and nutrients as 

well as providing a desirable environment for all the plants (Zhang and Raun, 2006). 

Tropical soils are well known to have very low productivity due to their poor 

physical and chemical properties (Poulton et al., 2006) such as low organic matter 

content, acidity, low cation exchange capacity (CEC) and low moisture retention. 

These soil properties contribute to poor moisture retention and loss of ammonia from 

the soil through volatilization (Omar et al., 2011). The loss of ammonia through 

volatilization has been estimated to range from 1 – 60% of the applied nitrogen 

(Ahmed et al., 2008). Not only is nitrogen lost from the soil through volatilization 

but nitrogen in form of nitrate and ammonium as well as other basic nutrients are lost 

through leaching due to low CEC and this has resulted into very low productivity of 

these soils. Zambia is not an exception with a third of its soils coarse textured, 

moderately to highly weathered and leached (Silanpaa, 1982). Most of the soils have 

low soil organic matter content  less than 2.0%, low cation exchange capacity less 

than 16 cmol/kg soil, low activity clays such as Kaolinite, low base saturation less 

than 50 % and low moisture retention capacity (Mwale et al., 2007). 

 

With the poor quality of most soils in Zambia, fertilizer use efficiency is very low, 

resulting in recommendation of large amounts of fertilizer to improve productivity 

(Xu et al., 2009; Miti et al., 2010). Not only is it recommended for farmers to use 

high fertilizer rates, but it is recommended to split the application in order to increase 
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fertilizer use efficiency, resulting in extra labor and burden to farmers. Increasing 

fertilizer use efficiency is one of the investments and strategies important for 

obtaining a high economic and social pay-off to improve fertilizer use (Minde et al., 

2008). The other way of increasing fertilizer use efficiency is using soil conditioners 

(also called soil amendments) that help improve the soil CEC. Soils with a higher 

CEC tend to have high fertilizer efficiency, this is because soils with high CEC such 

as fine textured  soils and soils high in organic matter reduce losses of nutrients 

through leaching as they hold on to the nutrients applied (Carrow, 2005; Alley 2008;) 

A soil conditioner is any material which is not necessarily a fertilizer that is added to 

the soil to improve its physical and chemical properties such as moisture and nutrient 

retention, permeability, water infiltration, drainage, aeration, structure, cation 

exchange capacity and soil acidity. One of the materials with potential as a soil 

conditioner is zeolite. (Mumpton, 1999; Polat et al., 2004). 

 

Zeolite is a cation exchanger which serves both as a sink for dissolved cations and as 

a source of nutrients such as NH4
+
. Allen et al. (1993) and Mumpton (1999) 

described zeolite as a porous crystalline, hydrated aluminosilicate of alkali and 

alkaline earth cations having an infinite, open, three-dimensional structure. It is 

further able to lose and gain water reversibly and to exchange extra framework 

cations without change of crystal structure. This property allows it to retain water up 

to 60% of its weight, thereby, ensuring prolonged moisture release during dry 

periods.   
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The zeolite structure is composed of cages which are interlinked channels of different 

sizes that allow easy movement of ions and molecules into and out of the crystalline 

structure (Polat et al., 2004). Unlike other soil conditioners such as organic matter 

with short life span  zeolites do  not break down over time (Yangyuoru et al., 2006) 

but remain in the soil to improve moisture and nutrient retention over the long term 

(Polat et al., 2004). 

 

More than forty types of natural zeolites have been discovered all over the world. 

Analcite,  clinoptilolite, erionit, chabazite, mordenite and philipsite are some of the 

well-known types of natural zeolites that exist in the world (Mumpton, 1999). Apart 

from natural zeolites, more than 150 zeolites have been synthesized. Some of the 

common synthetics are zeolite Y, X, A and ZMS-5 (Polat et al., 2004). 

 

While organic matter may have similar effects on soil quality improvement, zeolites 

are very stable materials with long residence life in the soil. They are able to lose and 

gain water reversibly and to exchange extra framework cations without change of 

crystal structure. Hence, their use will result in a long term solution to moisture and 

nutrient retention limitations. Due to their alkaline characteristics, use of zeolites in 

combination with fertilizers can help buffer soil reaction thus reducing the need for 

lime.  

 

There are zeolite deposits in Zambia but they are not currently exploited. This study 

will actually encourage exploration to ascertain the extent of zeolite deposits in the 

country.  
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Zeolites can also be synthesized from rice husks and coal ash (a by-product from 

boilers). Zambia produces about 19,000 metric tonnes of rice (FEWS NET, 2007), 

from which a lot of husks are produced that can be used to produce zeolites for soil 

productivity improvement. There are a lot of companies such as the mines, breweries 

that use a lot of coal and produce coal ash that can be used to synthesis  zeolites for 

agricultural use. One of the brewery companies that were visited actually hires 

another company to dispose of the ash for them as they do not have use for it 

(Personal communication). The evidence generated from this study could be used to 

encourage use of these two by-products for the synthesis of zeolites. 

1.2. Objectives  

The main objective of this study was to investigate the potential of improving soil 

productivity through amending soils with zeolite to effect improvements on the 

moisture and Cation Exchange Capacity.   

The specific objectives were: 

a) To evaluate the effect of zeolite as a soil conditioner on the Cation 

Exchange Capacities of two Zambian soils.   

b) To evaluate the effect of zeolite as a soil conditioner on the moisture 

retention capacities of two Zambian soils. 

c) To evaluate the agronomic performance of zeolite amended soils 

compared to non-amended soils on maize dry matter yield on two 

Zambian soils. 

Research hypothesis were: 

a) There is no significant difference between the expected and observed 

percent increase in CEC of the zeolite amended soils. 
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b) Addition of zeolite to the soil will significantly increase the moisture 

retention of the soil. 

c) Addition of zeolite to the soil with fertilizer will significantly 

increase the maize dry matter yield. 
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2. LITERATURE REVIEW 

2.1. Soil properties that affect nutrient availability in the soil 

The availability of nutrients from the solid phase to the soil solution for plant uptake 

is controlled by the physiochemical processes  such as desorption, dissolution, 

precipitation and biochemical processes which include mineralization and 

immobilization (Comerford, 2005). Availability of nutrients for plant uptake is 

mainly affected by some soil properties such as soil pH, soil CEC, soil organic 

matter, soil texture and soil moisture. 

 

2.1.1. Soil reaction (pH) 

Soil pH was defined by McCauley et al., (2005) as a soil’s acidity or alkalinity, is the 

measure of hydrogen (H
+
)  ions present in the soil solution. When the pH of the soil 

is low, populations and the activity of the organisms responsible for transforming N, 

S, and P to plant-available forms may be reduced. When the pH of the soil is 

extremely low, calcium may be deficient. At low soil pH, symbiotic N fixation in 

legume crops is greatly impaired. The availability of mineral elements to plants may 

also be affected (Fernández and Hoeft, n.d). Soil reaction can affect CEC by altering 

the surface charge of colloids. A higher concentration of H
+
 ions will neutralize the 

negative charge on colloids thereby reducing CEC and increasing the positive charge 

and the opposite is true (McCauley et al., 2005). 
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2.2.2. Soil Texture 

Soil texture is the relative proportion of sand, silt and clay in the soil (Zhang and 

Raun, 2006). It plays a very important role in plant nutrition due to its effect on the 

ability of the soil to retain both water and nutrients (Jones and Jacobsen, 2001). A 

soil’s ability to provide plants with adequate water mainly depends on its texture.  

 

If a soil is sandy, it loses a lot of water through gravitational drainage. Consequently, 

many pores are open for aeration, and little water remains for plant use before 

permanent wilting point (PWP) is reached (McCauley et al., 2005). While a clayey 

soil can hold large quantities of water and nutrients because clay particles have small 

pores that prevent water from draining freely and have very high specific surface area 

with net charges on these surfaces. The high net charges attract and hold charged ions 

which give it numerous nutrient binding places. This is the reason why fine textured 

soils have high ability to retain nutrients (Jones and Jacobsen, 2001).  The problem 

with clay soils is that they tend to have poor aeration resulting in anaerobic 

conditions that are not conducive for plant growth (McCauley et al., 2005). These 

soils can be quite difficult to work with as they are very heavy when wet and very 

hard when dry. 

 

2.2.3. Soil organic matter 

Soil organic matter can be defined as all organic materials found in soils irrespective 

of origin and at different stages of decomposition (McCauley et al., 2009). It is a 

source of nutrients in that it contains carbohydrates, proteins, amino acids, fatty acids 

and low molecular weight organic acids which are broken down by microbes to 



8 
 

provide plant nutrients and this happens through the process of decomposition (Johan 

et al., 2002; McCauley et al., 2009). The availability of plant nutrients in the soil 

surface is greatly affected by soil organic matter  (Donahue, 2003), which can be 

attributed to the high specific surface area that organic matter has which results in 

high CEC of about 150 to 300cmol / kg. It is this characteristic that makes soil 

organic matter an important sorbent for both macro and micronutrients.  

 

Organic matter is the key attribute of soil quality that impacts soil aggregation and 

water infiltration because it reduces soil bulk density and improves water infiltration 

as well as water holding capacity (Franzluebbers, 2002; McCauley et al., 2005). 

 

2.2.4. Soil Cation Exchange Capacity (CEC) 

Soil CEC is the ability of a soil to sorb and exchange cations (McCauley et al., 

2005). The higher the CEC, the higher the negative charge and the more cations that 

can be held (Micheal, 2010). It is normally expressed in units of charge per unit 

weight of soil such as milliequivalents of charge per 100g of soil (meq/100 g)  or in 

the SI units of centimoles of charge per kilogram of dry soil (cmol/kg) (Ross and 

Ketterings, 1996). The CEC of the soil greatly affects the cation exchange process 

that occurs in soil.  

 

Cation exchange is the sorption and desorption process when cations are involved in 

the exchange from the negative charge into soil solution and vise versa. Both these 

processes are important to nutrient cycling in soils as they describe the fate of 

nutrients added by mineralization and fertilization (Comerford, 2005). This process is 
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greatly influenced by the CEC of the soil in that the lower the CEC of the soil 

colloids, the less the cations are retained in the soil. When soils with low CEC 

receive large volumes of rainwater, some of the ions distributed in the A horizon are 

leached and that leaves the soil depleted of nutrients. It is for this reason that sandy 

soils lose much more ionic elements, which could contribute to plant nutrition 

(Aprile and Lorandi, 2012). 

 

Soil CEC is highly affected by the soil texture and organic matter content. High CEC 

may indicate high clay or organic matter content while low CEC levels may indicate 

a soil texture with high sand or very low organic matter content (Aprile and Lorandi, 

2012).  

 

2.3. Soil moisture retention 

Soil moisture is a very important factor in soil chemistry and availability of nutrients 

for plant uptake because it affects both chemical and physical properties of soils 

(Zhang and Raun, 2006). The mechanisms of ion transport, nutrient supply and 

uptake by plants are influenced by water content of a soil. These mechanisms supply 

a significant proportion of nutrients that are present at high concentrations in soil 

solution or are almost exclusive in the solution phase (Misra, 2003) in order for the 

nutrients to be taken up by the plant, they must be in solution form (Comerford, 

2005)  

 

The capacity of a soil to retain moisture available to plants is indicated by use of 

numerous single-valued soil-moisture constants  such as moisture-holding capacity, 
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moisture equivalent, field capacity, and the various wilting percentages (Richards 

and Weaver, 1944). It is best presented by a soil water retention curve  expressed as 

gravimetrical water content (θg) or volumetric water content (θv) under equilibrium 

at a given matric potential (Tuller and Or, 2003; Salager et al., 2010).  

 

2.4 Soil conditioners 

A soil conditioner can be defined as any material which is not necessarily a fertilizer 

that is added to the soil to improve the physical and chemical properties of the soil 

such as; moisture and nutrient retention, permeability, water infiltration, drainage, 

aeration, structure, cation exchange capacity and pH (David and Wilson, 2005). Soil 

conditioners, both natural and synthetic, contribute significantly to providing a 

reservoir of soil water to plants on demand in the upper layers of the soil where the 

root systems normally develop by reducing evaporation through restricting 

movement of water from the sub-surface to the surface layer  (Yangyuoru et al., 

2006).  

 

Some soil conditioners now being used are coco-peat (Yangyuoru et al., 2006), 

zeolite (Mumpton, 1999; Polat et al, 2004), compost (Olubukola et al., 2010), plant 

and animal residues such as tithonia green manure (Olubukola et al., 2010), and 

cowdung (Bwembya and Yerokun, 2001). The short life span of organic soil 

conditioners has led to increased interest in synthetic and mineral soil conditioners 

(Yangyuoru et al., 2006). 
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2.4.1 Zeolites 

The name “Zeolite” is derived from two Greek words meaning “boiling stones”, due 

to the ability of the mineral to froth when heated to about 200°C (Polat et al., 2004).  

Zeolite is a cation exchanger which serves both as a sink for dissolved cations and as 

a source of nutrients such as NH4
+ 

(Allen et al., 1993). It was discovered in 1756 by 

Cronsted (Iijima, 1980). Mumpton (1999) and Iijima (1980)  describe a zeolite as a 

porous crystalline, hydrated aluminosilicate of alkali and alkaline earth cations 

having an infinite, open, three-dimensional structure which contains channels filled 

with water molecules  that can be lost at 250
o
C and gained  reversibly at room 

temperature (Kantiranis et al., 2006). These open channels also contain extra 

framework cations that can be exchanged. All this loss, gain and exchange of water 

and cations can occur without change in the crystal structure of the zeolite material. 

This property allows them to hold water up to 60% of their weight, therefore, 

demonstrating potential to provide moisture during prolonged dry periods. This 

property can be harnessed to stabilize crop yields in dry conditions. 

 

Figure 1: Zeolite rocks (Filippidis, 2013) 
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  2.4.1.1. Structure and Chemistry of Zeolites 

Zeolites constitute a large class of 

secondary minerals (Khomami, 2011)  

composed of pores and corner-sharing 

aluminosilicate AlO4 and SiO4 tetrahedrons 

( Polat et al., 2004; Geiger, 2012), joined 

into 3-dimensional frameworks forming 

honeycomb or cage like structures (Polat et 

al., 2004) with loosely bonded  alkali-earth cations and water molecules (Kantiranis 

et al., 2006; Khomami, 2011). The pore structure is characterized by large vacant 

spaces or cages approximately 1.2nm in diameter,   which are interlinked through 

channels about 0.8nm in diameter, composed of rings of 12 linked tetrahedrons. The 

pores are interconnected and form long wide channels of varying sizes depending on 

the mineral. These channels allow the easy movement of the resident ions and water 

molecules into and out of the structure (Polat et al., 2004; Kantiranis et al., 2006). 

The positions of both the resident cations and water molecules depend on the nature 

of the exchange-able cations of the zeolites (Kantiranis et al., 2006). This is because 

they normally bond to the extra framework cations via an ion-dipole inter-action and 

to the framework oxygen atoms through hydrogen bonding (Geiger, 2012). 

 

The exact structural arrangement in the zeolite channels depends on the specific 

Si/Al framework distribution and the water content, which is dependent on the water 

vapour pressure surrounding the mineral. Thus, the exchangeable cations and channel 

water molecules are interdependent. Changes in cation composition will result in 

changes in the amount and structural distribution of water molecules; likewise 

changes in channel water content will as well affect the positions of the resident 

Figure 2: Framework structure of 

zeolite (Source; Bell,  2001) 
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cations (Kantiranis et al., 2006). The substitution of Al
3+

 for Si
4+

 during mineral 

formation results in a negative charge, which is balanced by positively charged 

resident cations (Polat et al., 2004; Khomami, 2011; Geiger, 2012) of which in most 

cases are Ca2
+
, Na

+
 or K

+
 and less frequently Li

+
, Mg

2+
, Sr

2+
 and Ba

2+
 ( Ming and 

Dixon,  1987;  Weisenberger, 2009).  

 

The chemistry of zeolites with a single cation in the channels is given by the general 

formula Mx/n[(AlO2)x(SiO2)y].mH2O, where M is a cation of valence n (it can be 

K
+
, Na

+
, Mg

2+
 or Ca

2+
) and m is the number of water molecules in the unit cell 

(Geiger, 2012). 

 

2.4.1.2. Properties of zeolite 

Due to the substitution of Al
3+

 for Si
4+

 during formation,  zeolites have a very high 

theoretical CEC of 200 to 300 cmol/kg (Khomami, 2011) which allows them to have 

high cation retention and exchange capacities. It is this high cation exchange capcity 

that gives it the ability to adsorb gases and vapours. 

 

Zeolite has a low bulk density due to the large internal channels in its structure 

created by three dimensional framework of silica and alumina tetrahedron 

(Khomami, 2011).  The low bulk density can also be attributed to the fact that the 

crystal structure is highly stable, with uniform molecular-sized channels, such that it 

does not lose its structure when dehydrated resulting in low density and large void 

volume when it is hydrated. 
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2.4.1.3. Clinoptilolite 

Clinoptilolite is a Greek name which means “oblique feather stone” it was first 

mistaken for mordenite, a monoclinic phase of the mineral ptilolite (as in "oblique 

ptilolite") but it was later corrected to clinoptilolite (Polat et al., 2004). It is one of 

the most useful naturally occurring zeolites with a simplified formula of  

(Na,K)6Si30Al6O72 ∙ nH2O (Armbruster, 2001; Polat et al., 2004 ). It is classified in 

three series, K-Clinoptilolite,  Ca-Clinoptilolite and Na-Clinoptilolite (Kantiranis et 

al., 2006).  

 

The properties such as high cation exchange capacity, catalysis, dehydration activity 

and easily shape able features make clinoptilolite important in plant production. Pure 

or composite clinoptilolite when added to soil improves its physical and chemical 

characteristics (Polat et al., 2004). 
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Figure 3: Clinoptililite – heulandite zeolite at different grain sizes (Filippidis, 

2013)  

 

2.4.1.4. Synthesis of zeolite 

Foletto et al., (2009) synthesised zeolitic material (zeolite A) using rice husk ash as a 

source of silicon and NaOH as the mineralizing agent. The zeolitic material produced 

presented high capacity of cation exchange in the range 500-600 cmol/kg. Tanaka et 

al., (2003) also successfully synthesized zeolites from coal fly ash.  
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2.4.1.5. Applications of zeolite 

Zeolites are being used in many applications due to their useful properties such as ion 

exchange, filtering, odour removal, chemical sieve, water softener and gas absorption 

(Polat et al., 2004). Some of the numerous applications in which zeolite is used 

include; Stabilization of soil (Polat et al., 2004), Building materials (dimension 

stones, cements, concrete, and lightweight aggregates) (Mumpton, 1999; Armbruster, 

2001; Polat et al., 2004), Paint components with anti-corrosive property, 

defluorination of industrial wastes, desulphurization of flue gas, methylene blue and 

mercury removal, copper recovery from wastes, fixation of phosphates, chlorinated 

phenol removal and neutralization of acid wastes, clean-up of sewerage, and both 

heavy metal, and ammonium ion removal (Polat et al., 2004), Catalysts and 

adsorbents for hydrocarbon molecules in the chemical and petrochemical industries 

(Mumpton, 1999; Chatterjee and Schutz, M, 2009; Khomami, 2011), Adsorbents for 

reducing nitrogen transformation (Khomami, 2011).  

 

2.4.1.6. Use of zeolite in agriculture 

Zeolite is an important material which is being used broadly in agriculture; it is used 

as a soil conditioner, for improving herbicide use efficiency, soil amelioration, 

remediation of contaminated soils, buffering soil pH, input use efficiency, as a 

fertilizer and it is also used in animal production (Ramesh et al., 2010).   

 

In animal production, zeolite has been used in fish culture, where it was observed 

that it facilitates a better and cheaper option for reducing ammonia concentration 

compared to activated carbon because zeolite does not need conditioning before use 
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(Emadi et al., 2001). When high quality natural zeolite is used in animal nutrition, 

increases in production are observed due to reductions in: feed costs, animal diseases, 

medication and death rate for new borns. This results in the convertion of the manure 

to odorless fertilizer (Filippidis, 2013). 

 

Zeolite has been used as an appropriate alternative in replacing peat in the growth 

medium of Ornamental plants, but higher amount of zeolite were not proposed 

(Korami et al., 2011). In the study where Benardi et al. (2010) characterized and 

tested the application of Brazilian zeolitic sedimentary rock as a slow release 

fertilizer and soil conditioner, it was indicated that concentrated zeolite enriched with 

N, P and K was an adequate slow-release source of nutrients to plants. Zeolite 

applied with urea improved N use efficiency and when applied with phosphate rock 

increased the P availability to plants and also increased water retention and the 

available water capacity of a sand soil when used as a soil conditioner. Ipolatto et al. 

(2011) did a bench top study to determine the influence of a single urea fertilizer rate 

applied with band or fully mixed zeolite (clinoptilolite) application rates on NH
4
-N 

and NO
3
-N concentrations in a Portneuf silt loam. In this study, the researcher 

observed  that mixing zeolite into a Wolverine sand at 44.8 g/ha increased soil 

moisture by 2.6% and 2.1%  as compared with a band application of 44.8 g/ha or a 

control, respectively.  He also observed that at high application rates, mixed zeolite 

resulted in lower maize weights, a result he attributed to sodium added with the 

zeolite. The researcher therefore, recommended that excess sodium based zeolite 

may need to be leached before growing crops. 
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Zeolite applications have been used as a fertilizer and positively affected the hay 

yield, the crude protein content and yield, and the macro- and micronutrients of 

annual ryegrass (Yolcu et al. (2011). 

 

Zeolite has been used as a raw material for the preparation of substrates used for 

plant growth to ensure favorable nutritional conditions for seedling’s growth making 

the content of the main nutritional elements in the plants optimum for their growth 

(Manolov et al., 2005). 
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Figure 4: Pictures showing some of the uses of zeolite (Filippidis, 2013) 
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3. MATERIALS AND METHODS 

3.1. General description of the study area 

Zambia is situated 8–18°S and 22–33°E and its climate ranges from semi-arid to 

semi-humid.  Based on mean annual rainfall variations, Zambia can be divided into 

three agro-ecological zones  (Baudron et al., 2007)   

 

 
 

 Figure 5: Zambian Agro-ecological Zones (Source: Ministry of Agriculture, 

2002) 

  

The soils used in the study were collected from Chongwe and Mwembeshi farming 

area of Zambia. Information on the two locations was obtained from the soils map of 

Zambia which was digitized to a GIS format and downloaded on to a Global 

Positioning System (GPS) (Trimble, Juno 3B Handheld). The two sites were selected 
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due to their low levels of soil organic matter, low cation exchange capacity and high 

sand content of the soil, indicative of poor soil. 

 

Chongwe farming area is located 50 km East of Lusaka, capital city of Zambia 

(Lusaka Province). Soil samples from this area were collected from 

015
o
20’13.956’’S, 028

o
32’35.555’’ E. A GPS  receiver was used to locate the area on 

the national soil map which showed that the location belonged to the soil zone Pu16 

(Ministry of Agriculture, 1999). This soil zone consists of well drained, moderate 

deep to very deep, yellowish red to strong brown, friable, fine loamy to clayey soils 

having a clear clay increase with depth classified as chromi-haplic ACRISOLS 

according to the FAO-UNESCO revised legend of 1996. The soil zone covers an area 

of 40,558 ha of Zambia’s total arable land. 

 

Mwembeshi farming area is located 60 km West of Lusaka. Soil samples from this 

area were collected from 15
o
15’8.36’’ S, 27

o
47’43.07’’ E and belonged to a soil zone 

consisting of well drained to moderately well drained, deep, dark, yellowish brown to 

strong brown, very friable, moderate with a humic topsoil having a clear clay 

increase with depth classified as orthi-haplic ALISOLS. This soil zone covers an area 

of 205,006 ha of Zambia’s arable land. 

 

3.2. Field sampling 

At each of the Chongwe and Mwembeshi locations, a representative field was 

identified where soil samples were collected after the harvest period (August). Using 

an auger, soil was collected at 30 random points from 0-20 cm depth. The samples 
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were then put in a plastic bucket and mixed. Then a composite sample was drawn 

from this for analysis. Using core rings, undisturbed samples were also collected 

from each site for the determination of bulk density. The soils were analysed in the 

laboratory of the department of soil science of the school of agricultural sciences at 

University of Zambia Soil Science laboratory. For the green house experiment, a 

spade was used to collect bulk quantities of soil from 0 – 20 cm depth.  

The zeolite used in the study was Clinoptilolite from South Africa. 

 

3.3. Characterisation of soils and zeolite material 

To prepare the samples for laboratory analyses, the soils were air dried, crushed in a 

ceramic mortar and passed through a 2 mm sieve. Zeolite was also passed through a 

2 mm sieve (van Reeuwijk, 2002). The samples were then analysed for CEC, pH, 

Soil texture, N, P, K
+
, Mg

2+
, Ca

2+
, Na

+
, Bulk density and Organic Matter. 

 

3.3.1. Soil texture 

After dispersing the soil in calgon (Sodium hexametaphosphate solution) and 

sedimentation, the hydrometer method was used to determine particle size 

distribution. Fifty grams sample of air dried soil was weighed and placed in a 

dispersing cup. To the same, 50 ml of 5% Calgon dispersing agent was added and 

half-filled the cup with distilled water. The mixture was then stirred continuously for 

5 minutes. The suspension was then transferred into the sedimentation cylinder using 

a stream of water and brought the level of the liquid to the mark with distilled water. 

The temperature of the suspension was then measured. The plunger was then 
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inserted and mixed the contents thoroughly by moving the plunger up and down. 

Twenty seconds after removing the plunger, a hydrometer was carefully lowered and 

the reading was taken after 40 seconds to determine the silt and clay content. Then 

another reading was taken after 2 hrs to determine the clay content (Canadian 

Society of Soil Sciences, 2006). The following formulas were used to calculate the 

values of sand, silt and clay. Then the textural class was obtained by putting values 

of sand silt and clay obtained from the particle size analysis on the USDA Textural 

Triangle. 

 

1.   (         )  ((                                                                

    )  
   

  
 

2. % Sand = 100% - % (Silt + Clay) 

3. % Clay = reading of sample at 2 hrs – reading of blank at 2 hrs   0.4) X 
   

  
 

4. % Silt = % (Silt + Clay) - % Clay 

 

Note:   0.4 is a temperature correction factor. If the temperature of the blank is less than 20
o
C, 

subtract 0.4 and if it is above 20
o
C, then add 0.4 

 

3.3.2. Soil reaction (pH) 

Ten grams of sample was weighed into a 50 ml plastic container, 25 ml of 0.01M 

CaCl2 was added and then shaken on a mechanical shaker for 30 minutes. The pH of 

the suspension was then measured using the pH meter. 
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3.3.3.  Plant available phosphorus 

Three grams of sample was weighed into a 50 ml plastic container, and then 10 ml of 

Bray 1 solution was added and the suspension shaken for 1 minute. The mixture was 

then filtered and 5 ml of filtrate was collected into a 25 ml volumetric flask. To the 

filtrate, 4 ml of reagent B was added and then filled the flask to the mark with 

distilled water. 

 

To make 1ppm phosphorus standard solution, 5 ml of 5 ppm phosphorus solution was 

drawn by pipette into a 25 ml volumetric flask, 10 ml of distilled water was added 

and then 4 ml of reagent B was also added and then filled the flask to the mark with 

distilled water. To make 0 ppm phosphorus standard solution, 5 ml of distilled water 

was pipette into a 25 ml volumetric flask, added 4 ml reagent B and then filled the 

flask to the mark with distilled water. Available phosphorus was then determined on 

the UV-visible spectrophotometer at 882 nm wave length. The readings were in mg/l 

and the calculation below was used to convert them to mg/kg soil (Pierzynski, 2000; 

Canadian Society of Soil Sciences, 2006). 

 

mg P /kg soil  [        (mg/l) X 
                    (  )

        
 X

        

                     
] X 

Dilution Factor 

 

3.3.4.  Exchangeable Bases (Na+, K+, Ca2+and Mg2+) 

Exchangeable bases were extracted by ammonium acetate (NH4OAc) method. Ten 

grams of air dry soil was weighed into a 250 ml conical flask. To this, 50 ml of 1M 

ammonium acetate (NH4OAc) at pH 7.0 was added and shook for 30 minutes on a 
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shaker. The suspension was then filtered. The Na
+
 and K

+
 were determined directly 

from the filtrate. For determination of Ca
2+

 and Mg
2+

, 5 ml of the filtrate was put into 

a 50 ml volumetric flask, then added 20 ml of Sr-solution and made up to the mark 

with NH4OAc solution. This was used to measure Mg
2+

 and Ca
2+

 by atomic 

absorption spectrometry (van Reeuwijk, 2002). All the readings were in mg / l and 

the formular below was used to convert them to cmol/kg soil. The same procedure 

was used to measure the CEC of zeolite. 

 

Cmol(+)/kg soil  [        (mg/l) X 
                 (  )

        
 X

        

                      ( )
]   

   

                           
 X 

Dilution Factor 

 

3.3.5.  Soil Organic Matter 

One gram of soil was weighed into a 250 ml conical flask and then added 10 ml of 

potassium dichromate (K2Cr2O7) with a pipette. To the same conical flask, 20 ml of 

concentrated sulphuric acid was rapidly added directing the stream into the 

suspension. The mixture was swirled gently to allow soil and solution to mix, and 

then swirled vigorously for one minute. The suspension was then stored in the fume 

hood for half an hour. To the suspension, 150 ml of distilled water and 10 ml 

concentrated phosphoric acid (H3PO4) were added. Ten drops of diphenylamine 

indicator were added and then titrated with iron (II) sulphate (FeSO4) solution and 

observed the colour change from yellow brown to blue and even violet then abruptly 

to green and the amount of (FeSO4) solution used was recorded. To standardise the 

potassium dichromate solution, a blank solution is carried out throughout the 

procedure (van Reeuwijk, 2002). The organic carbon and organic matter percentages 

were then calculated using the formula below. 
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(   )

 
   

             

Note:  

a: volume of (FeSO4) solution added to the blank 

b: volume of (FeSO4) solution added to the sample 

 

 

 

3.4. Effect of zeolite on Cation Exchange Capacity 

The two soils had different initial CEC values and zeolite application rates (Table 1) 

for each soil were calculated using the formula below. The target CEC increase for 

each soil was 0, 25, 50, 75, 100 and 125%. One kg of soil was put in pots and the 

calculated application rates of zeolite (0, 12.15, 24.38, 37.02, 49.87, 63.26 g of 

zeolite / kg soil for ALISOL and 0, 6.34, 12.76, 19.26, 25.85, 32.52 g of zeolite/kg of 

soil for ACRISOL) where added to the soil and mixed homogenously. These 

soil/zeolite mixtures were then placed in the greenhouse and watered twice a week 

and allowed to equilibrate. After six weeks, soil samples were collected and analysed 

for the effect of zeolite on CEC using ammonium saturation and distillation method. 

 

              ( 
            

   
          )  (

               

   
              )  

 

Ten grams of soil was weighed into 50 ml plastic containers. A funnel with filter 

paper was set up, the filter paper was moisten and then transferred the soil on it. 

Gently, the soil was washed four times with 25 ml additions of the NH4OAc, 

allowing each addition to filter through but not allowing the soil to crack or dry. The 

leachate was collected and exchangeable cations were determined after diluting it to 
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100 ml. The soil still on funnel and filter paper was washed with sufficient additions 

of 95% ethanol to remove excess saturating solution by allowing each addition to 

filter through before adding more. The leachate was discarded and new receiving 

flasks where placed. The adsorbed NH4
+
 was extracted by leaching the soil with four 

separate 25 ml additions of 1 M KCl, leaching slowly and completely as above. The 

soil was then discarded and the concentration of NH4
+
-N in the leachate was 

determined by distillation method. The NH4
+
-N in the original 1M KCl extracting 

solution was also determined as the blank to adjust for possible NH4
+
-N 

contamination in the reagent (Ross and Ketterings, 1996; van Reeuwijk, 2002 ). 
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Table 1: Calculted application rates of zeolite for different % increase in soil CEC 

Soil 
Mass of 
soil (g)  

 Mass of 
Zeolite 

(g) 

Total 
(Zeolite + 

Soil)(g) 
CEC (Cmol/kg) 

Expected 
% 

increase 
in CEC  

Ratio of 
zeolite 
to soil 

Mass of 
zeolite 

(g)/kg soil 

ALISOL 
(A8) 

100 0 100 7.28 0 0 0 

98.8 1.20 100 9.12 25 1.21 12.15 

97.62 2.38 100 10.92 50 2.44 24.38 

96.43 3.57 100 12.75 75 3.70 37.02 

95.25 4.75 100 14.55 100 4.99 49.87 

94.05 5.95 100 16.39 125 6.33 63.26 

                

ACRISOL 
(Pu16) 

100 0 100 3.94 0 0 0 

99.37 0.63 100 4.93 25 0.63 6.34 

98.74 1.26 100 5.91 50 1.28 12.76 

98.11 1.89 100 6.89 75 1.93 19.26 

97.48 2.52 100 7.88 100 2.59 25.85 

96.85 3.15 100 8.87 125 3.25 32.52 
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3.5. Effect of zeolite on soil moisture retention 

Undisturbed soil samples were collected from the flower pots (same experiment set 

up for soil CEC as in section 3.4) using steel cylindrical cores. With an insert that fits 

exactly in the core, 1 cm thick samples were pushed out of the core and carefully 

sliced using a knife. The samples were then placed in the pressure plate apparatus in 

pressure chambers, saturated them with water and then air pressures corresponding to 

pF values of 2, 3 and 4.2 was exerted on them by means of a compressor pump. After 

48 hrs, outflow ceased. The air pressure was released and samples were quickly 

placed into the moisture cans, weighed and dried at 105
o 

C.  After 24 hrs they were 

removed from the oven, weighed and then determined the moisture content using the 

formula below. 

 

   
                                                

                         
        

 

 

3.6. Agronomic performance of zeolite amended soil 

compared to non-amended soil on maize dry matter yield 

A factorial experiment was designed (Appendix 1) to evaluate the agronomic 

performance of zeolite amended soil compared to non-amended soil on maize dry 

matter yield. Five rates of urea (0, 1, 2, 3 and 4 g/plant) were applied to 3 kg of soil 

in pots as the main plot and five rates of zeolite to amend soil CEC by 0, 25, 50, 75 

and 100% (0, 12.15, 24.38, 37.02, 49.87 g of zeolite/kg soil for ALISOL and 0, 6.34, 

12.76, 19.26, 25.85 g of zeolite/kg of soil for ACRISOL) were applied as sub-plot. 
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Each treatment was grown for 8 weeks. At the end of the experiment, above - soil 

maize dry matter was harvested, dried at 65
o
C and weighed. 

 

3.7. Statistical analysis 

The statistical analysis was performed using the Genstart Software Package (Genstart 

version 14.0). A t-test was performed to determine the difference between the 

expected and observed CEC values.  One-way and two-way Analysis of Variance 

(ANOVA) was performed to assess the significant differences in moisture retention 

and maize dry mass yields brought about due to the different treatments. Mean 

separation was conducted   using Duncan Multiple Range Test on data that showed 

significant differences at p   0.05. 
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4. RESULTS AND DISCUSSION 

4.1. Characterisation of soils and zeolite  

Table 2 represents the results of the initial characterisation of the soils and the 

zeolites.  The amount of potassium in zeolite was three times more than the amount 

of calcium.  This result is consistent with that reported by Khomami (2011) in which 

it was shown that zeolites have a preference for bonding K
+
 ions over Ca

2+
 ions. The 

high amount of exchangeable Na
+
 in the zeolite could be explained by the high 

selectivity of Clinoptilolite for Na+ and K+ reported by Ming and Dixon (1987). It 

was observed that this is a sodium-based zeolite due to the high level of sodium in it. 

This result is consistent with a similar result from Kantiranis et al. (2006) which 

explained that zeolites exist in three series of which sodium based zeolite is one of 

them. It was observed that zeolite retained more moisture at all the different pressure 

levels (Figure 6) and gave a higher value for plant available water (Table 2). The 

plant available water (PAW) was calculated according to Lal and Shukla (2004) and 

Perron et al. (2007) using the formula below: 

 

plant available water (PAW) = water held at pF 2 – water held at pF 4.2. 
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Table 2: Physical and chemical characteristics of zeolite and the two soils used 

in the study 

Parameter Sample 

ALISOL 

(A8) 

ACRISOL 

(Pu16) 

Zeolite 

(Clinoptilolite) 

pH (Cacl2) 4.80 4.05 6.77 

Available P (mg/kg) 3.00 5.72 13.27 

% Organic Matter 1.77 0.92 0.25 

K
+
 (cmol/kg) 0.42 0.28 38.84 

Ca
2+

 (cmol/kg) 3.38 1.91 10.84 

Mg
2+

 (cmol/kg) 2.74 1.01 11.83 

Na
+
 (cmol/kg) ND 0.03 98.14 

ESP  0 0.79 61.27 

Exch Acidity (cmol/kg) 0.42 0.53 0.52 

Effective CEC (cmol/kg) 6.95 3.76 160.18 

% Sand 84.80 86.80 - 

% Clay 4.80 6.80 - 

% Silt 10.40 6.40 - 

Soil Texture loamy sand loamy sand - 

Bulk density (g/cm
3
) 1.44 1.43 - 

Moisture retained at pF 2 (g/g)  0.12 0.15 0.21 

Moisture retained at pF 3 (g/g) 0.04 0.06 0.16 

Moisture retained at pF 4.2 (g/g) 0.02 0.03 0.08 

Plant available water (PAW) 0.09 0.12 0.13 

Note: PAW = pF 2 – pF 4.2 
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Figure 6: Soil moisture retention characteristic (pF) curves of zeolite and two 

soils used in the study 

 

 

4.2. Effect of zeolite on soil CEC  

Table 3 presents mean CEC values for the two soils amended with zeolite. A t-test 

was done and results (Appendix 7 & 8) showed that there was 89.8% and 99.6% 

probability that the expected percent CEC increase was equal to the observed percent 

CEC increase for ACRISOL and ALISOL respectively.  
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Table 3: The effect of different levels of zeolite added to soil on CEC  

Soil 

 

Mean CEC 

(cmol/kg) 

Observed 

% CEC 

Increase 

Na
2+

 

(cmol/kg) 
ESP Amount of 

zeolite applied 

(g /kg soil) 

Expected % 

increase in soil 

CEC as a result 

of zeolite 

ALISOL 

(A8) 

0 0 5.55a 0 1.06a 19.27a 

12.15 25 7.23b 30.33 2.49b 32.21b 

24.38 50 9.10c 64.08 3.08bc 34.76b 

37.02 75 9.56c 72.37 3.28cd 36.04b 

49.87 100 10.78d 94.29 3.97de 37.01b 

63.26 125 11.92e 114.76 4.60e 39.16b 

ACRISO

L (Pu16) 

0 0 2.92a 0 0.48a 16.35a 

6.34 25 3.55b 21.58 0.63a 18.42a 

12.76 50 4.35c 48.97 1.39b 32.17b 

19.26 75 4.95d 69.52 2.09c 38.40b 

25.85 100 5.45e 86.64 2.46c 42.24b 

32.52 125 6.82f 133.56 2.62c 45.06b 

Different letters within a column mean the values are significantly different from each other (DMRT 

at 5%) 

 

Figure 7 shows that the soil CEC increased linearly in response to addition of 

increasing rates of zeolite. The equations show that an average for every gram of 

zeolite added to a Kilogram of soil, the CEC increased by 0.10 cmol/kg for the 

ALISOL and 0.11 cmol/kg for the ACRISOL. According to Agvita (2008), a CEC 

value greater than 25 cmol/kg is a good indication that a soil has a high clay and/or 

organic matter content and can retain a lot of cations for optimal crop production. 

Using the results in Figure 4, 196 and 195 g zeolite/kg soil are required to reach this 

critical limit for the ALISOL and ACRISOL respectively.   
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Figure 7: Mean CEC values for the two soils as affected by different rates of 

zeolite 
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4.3. Effect of Zeolite on Exchangeable Sodium Percentage 

(ESP) of soils   

It was observed (Table 3) that due to the high amount of sodium in the zeolite, it does 

have an effect on the exchangeable sodium percentage (ESP) as it goes beyond the 

critical limit of 15%, and this may have an adverse effect on the crop growth due to 

the adverse effects of high levels of exchangeable sodium on the soil structure. 

Figure 8 show the relationship between ESP of the two soils and increasing rates of 

zeolite applied to the soils. There is a linear increase in ESP with an increase in the 

amount of zeolite added. For every gram of zeolite added to a kilogram of soil, there 

was a 0.23% and 0.88% increase in ESP for ALISOL and ACRISOL respectively. 

From the same results, it is observed that the initial ESP also increased from 0% to 

25.93% for ALISOL and from 0.17% to 17.98% for the ACRISOL (Table 2 and 3). 

This result can be attributed to the type of water that was used to water the plants in 

the green house. Using the equations from the graphs and replace the y intercept with 

the initial values of ESP to eliminate the effect of the water on the ESP, it was found 

that when ESP is 15% which is the critical limit for ESP in the soil, the application 

rate of zeolite is at 65.30 and 16.21 g of zeolite per kg of soil for ALISOL and 

ACRISOL respectively. These are the rates at which significant adverse effects due 

to ESP on soil structure can be anticipated.     
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Figure 8: Exchangeable sodium percentage for the two soils as affected by 

different rates of zeolite 
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4.4. Effect of Zeolite on Soil Moisture Retention 

The effect of zeolite on soil moisture retention is shown in Table 4. When different 

pressure levels were exerted on the zeolite / soil mixtures, there was a significant 

increase in moisture content retained as the application of zeolite increased. This 

result has also been reported by Ippolito et al. (2011) who observed that when zeolite 

was well mixed with the soil, it exhibited significant increases in moisture retention. 

Torkashvand and Shadparvar, (2013) also reported an increase in soil moisture 

retention in their research. However, this study has shown that despite the increase in 

moisture retained at different pressure levels, the increase in plant available water 

(moisture retained at pF 2 – moisture retained at pF 4.2) was soil dependant as there 

was a significant increase on ACRISOL but not in ALISOL. 
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Table 4: Mean volumetric moisture content retained after pressure was exerted 

in response to different levels of zeolite 

Soil 

Treatment  

Amount of 

zeolite applied 

(g/kg soil) 

pF 2   

(cm
3
/cm

3
) 

pF 3             

(cm
3
/cm

3
) 

pF 4.2 

(cm
3
/cm

3
)  

AW          

(cm
3
/cm

3
) 

ALISOL 

(A8) 

0 0.040a 0.027a 0.010a 0.030a 

12.15 0.050ab 0.032ab 0.017ab 0.033a 

24.38 0.053bc 0.034ab 0.019ab 0.034a 

37.02 0.061cd 0.036ab 0.020b 0.041ab 

49.87 0.065d 0.039bc 0.031c 0.034a 

63.26 0.066d 0.046c 0.023b 0.043ab 

 

     

ACRISOL 

(Pu16) 

  

0 0.065a 0.049a 0.017a 0.048a 

6.34 0.082a 0.061b 0.026b 0.056a 

12.76 0.099ab 0.063bc 0.029b 0.070ab 

19.26 0.088ab 0.068cd 0.027b 0.061ab 

25.85 0.138b 0.068cd 0.027b 0.110b 

32.52 0.109ab 0.070 d 0.036c 0.073ab 

Different letters down columns mean the values are significantly different from each other (DMRT at 5%) 

 

Figure 9 shows that for every gram of zeolite added to a kilogram of soil, there is a 

significant 0.12% increase in the plant available water on ACRISOL and a non-

significant increase of 0.02% for ALISOL. Using the equation in the graph, at the 

16.21g zeolite /kg of soil, the plant available water is 0.07 cm
3
/cm

3
 from the initial of 

0.05 cm
3
/cm

3
 resulting in a 40% increase in plant available water.  
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Figure 9: Plant available water for the two soils as affected by different rates of 

zeolite  
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4.5. Agronomic performance of zeolite amended soil   

compared to non-amended soil on maize dry matter yield 

 

The effect of zeolite amended soil on maize dry matter yield is shown in Figure 10. 

The general trend in the results was that there were non-significant differences on 

maize dry matter yield when no urea was applied, this is because zeolite is not a 

fertilizer. Therefore it was not expected to affect plant yield. However, there were 

significant increases in plant dry matter yield with addition of nitrogen as urea and an 

increase in the rate of zeolite. This positive result can be attributed to the increase in 

CEC due to soil amended with zeolites. This effect is attributed to increased nitrogen 

retention on the exchange sites of zeolites.  

 

As the rate of zeolite application was increased, crop yields reached a maximum. 

This result is attributed to the increase in sodium hazard with increase in zeolite 

addition (Figure 8). This result is consistent with the report by Ippolito et al. (2011) 

that showed that a decrease in maize yields was observed with increase in zeolite 

application.  

 

The results in Table 3 show the effect of urea applied to zeolite - amended soils on 

dry matter yield of maize. Yields increased to a maximum of 30.23 g and 34.57 g 

with 2g/plant application of urea for a soil / zeolite ratio of 63.26 and 32.52 g 

zeolite/kg soil for ALISOL and ACRISOL respectively.  
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Figure 10: Effect of zeolite on maize dry matter yields at different rates of 

fertilizer on the two soils 
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Table 5: Effect of urea applied to zeolite amended soils on dry matter yield of 

maize on two different soils 

ACRISOL (Pu16) ALISOL (A8) 

Treatment 

Dry Mass 

Means per 

pot (g) 

Treatment 

Mean Dry 

Mass per 

pot (g) 
urea 

(g/plant) 

zeolite (% 

increase in 

CEC as a 

result of 

zeolite) 

Urea 

(g/plant) 

Zeolite (% 

increase in 

CEC as a 

result of 

Zeolite) 

0 0 1.87 a 0 50 3.03 a 

0 75 2.87 ab 0 0 3.10 a 

0 25 3.77 ab 0 100 3.30 a 

0 50 3.90 ab 0 75 3.57 a 

0 100 4.27 ab 0 25 3.83 a 

4 0 10.70 bc 4 0 10.40 ab 

4 25 16.23 cd 3 0 16.13 bc 

3 0 17.00 cd 4 75 16.70 bc 

2 0 18.97 cd 1 0 18.35 bcd 

1 0 20.03 def 4 25 19.90 cde 

4 50 20.50 def 2 0 20.30 cde 

2 50 25.73 efg 4 50 20.70 cde 

1 25 26.07 efg 1 50 25.73 cdef 

3 50 26.27 efg 1 25 26.60 def 

4 75 26.40 efg 3 25 27.33 def 

2 25 26.60 efg 3 50 27.40 def 

1 100 27.53 fg 3 100 27.43 def 

1 50 27.67 fg 2 25 27.97 def 

3 25 27.93 fg 4 100 28.83 ef 

4 100 28.07 fg 3 75 30.63 f 

3 75 28.37 fg 1 75 30.87 f 

1 75 28.50 fg 1 100 31.93 f 

3 100 28.50 fg 2 50 32.07 f 

2 75 29.43 g 2 75 33.73 f 

2 100 30.23 g 2 100 34.57 f 

Different letters within a column mean the values are significantly different from each other (DMRT 

at 5%) 

 

Figure 11 shows the effect of increasing the CEC of the soil by 100% on urea 

performance. When urea was used alone without zeolite, the optimum production 
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was at point b for both soils, but with the use of zeolite as a soil conditioner, it was 

observed that the dry matter yield of maize increased by 75% in the ALISOL and 

57% in the ACRISOL to point c. It was also observed that the use of zeolite as a soil 

conditioner actually reduced the requirement for urea by 76% for ALISOL and 68% 

for ACRISOL in order to achieve the same maize dry mater yield (point a) as when 

urea is used without zeolite (point b).  
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Figure 11: Effect of zeolite on urea performance on maize dry matter yield 
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5. CONCLUSSION 

The main objective of this study was to investigate the potential of improving soil 

productivity through amending soils with zeolite to effect improvements on moisture 

and cation retention capacities for optimal productivity. The results obtained from 

this study showed that addition of zeolite to the soil significantly increased soil CEC 

and moisture retention capacity. Every gram of zeolite added to a kg of soil, 

increased soil CEC by 0.10 cmol/kg and 0.11 cmol/kg for ALISOL and ACROSOL 

respectively. The same mixture resulted in a 0.12% increase in the plant available 

water for every gram of zeolite added to a kg of soil, over ACRISOL alone. 

 

Zeolite alone had no effect on crop dry matter yield as expected because zeolite is not 

a fertilizer. A combination of urea at 2 g/pot and zeolite at 100% CEC increase 

increased maize dry matter yield by 75% in the ALISOL and 57% in the ACRISOL.  

 

This study has shown that addition of zeolite to soils can help increase soil 

productivity. It provides additional evidence that zeolite can be used as a soil 

conditioner on Zambian soils which can help improve moisture and cation retention 

capacities of soils.  

 

Above the zeolite / soil ratio of 16.21 g zeolite / kg soil, the effect of zeolite on soil 

ESP begins to adversely affect crop yield. It is, therefore, recommended to leach out 

the sodium from zeolite before using it as a soil conditioner or non-sodium based 

zeolite can be used to avoid this negative effect. 
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6. RECOMMENDATIONS 

Clinoptilolite has a theoretical CEC of 216 cmol/kg (Mumpton, 1999) while the still 

unexploited Zambian zeolite (laumontite)  has a theoretical CEC of 425 cmol/kg 

(Colella, 1996; Mumpton, 1999; Mwale, 2000), meaning that laumontite has greater 

potential as a soil conditioner than clinoptilolite, Therefore, the need to explore and 

exploit local zeolites for use as agro-minerals is viable. 

 

There is need to carry out field tests on the zeolite material. More work also needs to 

be done in order to figure out exactly how sodium contained in the zeolite affect soil 

structure. Synthesis of zeolite from coal ash and rice husks should also be done and 

tested to see if they can improve soil productivity like the natural zeolite.   
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APPENDIX 1: Layout for green house factorial experiment 
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APPENDIX 2: ANOVA output for the effect of zeolite on soil moisture retention 

Soil Variate 
Source of 
variation d.f. s.s. m.s. v.r. F pr %CV 

A8 pF 2 Treatment 5 0.001477 0.000295 8.84 0.002* 10.4 

 

pF 3 Treatment 5 0.000605 0.000121 6.36 0.007* 12.2 

 

pF 4.2 Treatment 5 0.00162 0.000324 14.05 <.001* 21.2 

 

AW Treatment 5 0.000307 6.14E-05 0.81 0.57 26.3 

         Pu16 pF 2 Treatment 5 0.009449 0.00189 2.52 0.1 28.4 

 

pF 3 Treatment 5 8.55E-04 1.71E-04 20.45 <.001* 4.6 

 

pF 4.2 Treatment 5 0.000543 0.000109 9.2 0.002* 12.8 

 

AW Treatment 5 0.007245 0.001449 2.23 0.131 36.6 

*less than 0.05 meaning there is significant difference due to source of variation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 
 

APPENDIX 3: ANOVA output for the effect of zeolite on soil CEC of the two 

soils 

Soil Source of variation d.f s.s. m.s. v.r. F pr. % CV 

A8 REPLICATE stratum 2 0.9933 0.4967 1.38 

 

3.6 

 

  

      

 

REPLICATE.*Units* 
stratum 

     

6.7 

 

TREATMENT 5 81.1477 16.2295 45.07 <.001* 

 

 

Residual 10 3.6008 0.3601 

 

  

 

 

  

      

 

Total 17 85.7417 

    

        Pu16 REPLICATE stratum 2 0.02111 0.01056 0.19 

 

0.9 

 

  

      

 

REPLICATE.*Units* 
stratum 

     

5.1 

 

TREATMENT 5 29.17778 5.83556 104.73 <.001* 

 

 

Residual 10 0.55722 0.05572 

 

  

 

 

  

        Total 17 29.75611         

*less than 0.05 meaning there is significant difference due to source of variation 
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APPENDIX 4: ANOVA output for Na
2+ 

of the two soils in response to different 

levels of zeolite 

  Variate: Na
2+ 

(cmol/kg)       

 
  

     
  

Source of 
variation 

d.f. s.s. m.s. v.r. F pr. 

A8 

Replicate 
stratum 

2 0.1266 0.0633 0.4 

   

     Replicate.*Units* stratum 

   Treatment 5 23.2961 4.6592 29.15 <.001* 

Residual 10 1.5982 0.1598 

 

  

  

     Total 17 25.0209 

   

      

Pu16 

Replicate 
stratum 

2 0.0436 0.0218 0.16 

   

     Replicate.*Units* stratum 

   Treatment 5 12.8171 2.5634 18.39 <.001* 

Residual 10 1.3939 0.1394 

 

  

  

     Total 17 14.2546       

*less than 0.05 meaning there is significant difference due to source of variation 
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APPENDIX 5: ANOVA output for ESP
 
of the two soils in response to different 

levels of zeolite 

  Variate: ESP         

 

  

     
  

Source of 
variation 

d.f. s.s. m.s. v.r. F pr. 

A8 

Replicate 
stratum 

2 54.63 27.31 1.28 

   

     Replicate.*Units* stratum 

   Treatment 5 765.82 153.16 7.16 0.004* 

Residual 10 213.78 21.38 

 

  

  

     Total 17 1034.23 

 

    

              

Pu16 

Replicate 
stratum 

2 32.21 16.11 0.31   

  

     Replicate.*Units* stratum 

   Treatment 5 2237.56 447.51 8.57 0.002* 

Residual 10 522.02 52.2 

 

  

  

     Total 17 2791.79       

*less than 0.05 meaning there is significant difference due to source of variation 
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APPENDIX 6: ANOVA output for the greenhouse experiment 

Soil 
Source of 
variation 

d.f. s.s. m.s. v.r. F pr. % CV 

A8 
Replicate 
stratum 

2 34.45 17.23 0.88 

 

4.1 

 
 

      

 

Replicate.*Units* stratum 

   

21.8 

 

Urea 4 5743.09 1435.77 73.51 <.001
* 

 

 

Zeolite 4 949.37 237.34 12.15 <.001* 

 

 

Urea.Zeolite 16 347.52 21.72 1.11 0.371 

 

 

Residual 48 937.48 19.53 

 
 

 

 
 

      

 

Total 74 8011.91 

    

        

 
 

      
Pu16 

Replicate 
stratum 

2 21.96 10.98 0.42 

 

3.2 

 
 

      

 

Replicate.*Units* stratum 

   

24.5 

 

Urea 4 6679.77 1669.94 63.44 <.001* 

 

 

Zeolite 4 1150.78 287.7 10.93 <.001* 

 

 

Urea.Zeolite 16 518.21 32.39 1.23 0.281 

 

 

Residual 48 1263.48 26.32 

 
 

 

 
 

        Total 74 9634.21 

 
  

 *less than 0.05 meaning there is significant difference due to source of variation 
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Test for equality of sample variances (ACRISOL) 

  
  
Test statistic F = 1.06 on 17 and 17 d.f. 
  
Probability (under null hypothesis of equal variances) = 0.90 
  
  

Summary 

  
        Standard  Standard error 
Sample    Size  Mean  Variance  deviation  of mean 
Expected  18  62.50  1930  43.93  10.36 
Observed  18  60.01  2053  45.31  10.68 
  
Difference of means:  2.49 
Standard error of difference:  14.88 
  
95% confidence interval for difference in means: (-27.74, 32.72) 
  
  

Test of null hypothesis that mean of Expected_%_CEC_increase 
is equal to mean of Obseved_%_CEC_increase 

  
Test statistic t = 0.17 on 34 d.f. 
  

Probability = 0.868 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 7: T-test results for % CEC increases due to zeolite application on ACRISOL 
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Test for equality of sample variances (ALISOL) 

  
  
Test statistic F = 1.18 on 17 and 17 d.f. 
  
Probability (under null hypothesis of equal variances) = 0.74 
  
  

Summary 

  
        Standard  Standard error 
Sample  Size  Mean  Variance  deviation  of mean 
Expected  18  62.50  1930  43.93  10.355 
Observed  18  62.57  1637  40.46  9.538 
  
Difference of means:  -0.07 
Standard error of difference:  14.08 
  
95% confidence interval for difference in means: (-28.68, 28.54) 
  
  

Test of null hypothesis that mean of Expected is equal to mean of 
Observed 

  
Test statistic t = 0.00 on 34 d.f. 
  
Probability = 0.996 
  

 

 

 

 

 

 

APPENDIX 8: T-test results for % CEC increases due to zeolite application on 

ALISOL 
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APPENDIX 9: Picture of selected maize plants in the greenhouse at two weeks 

ALISOL(A8). 
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APPENDIX 10: Pictures of maize in the greenhouse at harvest 



64 
 

 

 

APPENDIX 11: Pictures of maize in the greenhouse at harvest 


