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ABSTRACT 

In Zambia, most crops are mainly produced by small scale resource poor farmers who 

rely on soils with inherently low fertility. When soil productivity declines farmers put 

affected fields on fallow to allow the fertility to regenerate, and open up new fields. 

This type of farming is not sustainable due to the increasing human population. To 

improve the regeneration of soil fertility a number of organic amendments have been 

introduced. There is however limited information on the effect agronomic practices 

that use organic amendments on chemical properties of soils in Zambia. A study was 

conducted to assess the effect of some organic amendments on selected chemical 

properties of two Ultisols in Kasama and Chipata Districts of Zambia. Field crop trials 

laid out in a Completely Randomized Design (CRD) were set up in the 2015/16 to 

2016/17 agricultural seasons with maize as the test crop at the two sites. Treatments 

used in Kasama were pigeon pea, tephrosia vogelii alley cropping, traditional 

fundikila, modified fundikila, and chemical fertilizers. In Chipata, pigeon pea, 

tephrosia vogelii alley cropping, sun hemp, cattle manure, and chemical fertilizer were 

used. At the end of each season, soil samples were collected from research plots and 

tested for soil organic matter (SOM), CEC, pH, exchangeable acidity, total N, 

available P and exchangeable K. Maize grain yields were also recorded. After two 

growing seasons, no significant differences (p > 0.05) in SOM were observed among 

treatments in Chipata. In Kasama SOM significantly (p < 0.05) increased from 2.28 to 

2.96 % on plots under modified fundikila, but not on plots with other treatments. No 

significant differences in CEC were observed among treatments at both sites. 

Significant (p < 0.05) increases in total N levels were observed treatments with organic 

amendments in Chipata, while in Kasama significant (p<0.05) increases were only it 

treatments with pigeon pea and traditional fundikila. A significant (p< 0.05) increase 

in soil pH was observed in treatments with organic amendments in Chipata, but not in 

Kasama.  No significant changes (p > 0.05) in exchangeable acidity, available P and 

exchangeable K were observed among treatments at both study sites.  Maize grain 

yield was found to be significantly and positively correlated with exchangeable K, (p 

< 0.01, r = 0.81), and soil pH (p < 0.05, r = 0.61), and significantly negatively 

correlated with exchangeable acidity (p < 0.05, r = -0.55) and total N (p < 0.01, r = - 

0.74) in Kasama. No significant correlation was observed between selected soil 

chemical properties and maize grain yield in Chipata. The use of organic amendments 

did not significantly change the CEC, exchangeable acidity, available P and 

exchangeable K of soils after two growing seasons at both sites. It however 

significantly increased levels of total N in the soils at both sites and increased the pH 

at one site. The effects of applying organic amendments on soil chemical properties 

generally varied with site indicating that the potential success of agronomic practices 

that use organic amendments to improve soil fertility depends on the soil and other 

ecological conditions. 

Key words: Modified fundikila, traditional fundikila, alley cropping, cow manure, sunn 

hemp  
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CHAPTER ONE: INTRODUCTION 

In Zambia, most crops are mainly produced by small scale resource poor farmers 

(Zambia Development Agency, 2011) who rely on soils with inherently low fertility. 

The inherently infertile soils rapidly lose their productivity upon cultivation as a result 

of removal of nutrients by crops at harvest and losses by leaching and erosion, coupled 

with the non-replenishment of the nutrient lost by the processes mentioned above. For 

example, Farmers in Northern Zambia resort to shifting cultivation when productivity 

of cultivated soils decline. They temporarily abandon the nonproductive fields, which 

are left fallow for some years   to allow the soils to regenerate its fertility and open up 

new fields in primary or secondary surrounding forests or woodlands. However, the 

increasing human population, has resulted in increased competition for land which has 

rendered shifting cultivation to be unsustainable because of the scarcity of land 

(Matthews et al, 1992).  

To promote sustainable agriculture for resource poor farmers, technologies that do not 

require leaving land fallow have been developed (Ogunlana et al., 2006; Subbian et 

al., 2000). These technologies are believed to eliminate the need for fallow periods, 

increase land productivity and maintain the fertility of the soils. Most of the 

technologies are based on the use of organic amendments to improve the fertility of 

soils. Organic amendments are reported to be able to maintain and improve the fertility 

of soils, and to generally improve the chemical, biological and physical conditions of 

soils (Wren, 2007). The use of organic amendments is reported to be able to assist 

small scale farmers who cannot afford to buy expensive chemical fertilizers (Ogoke et 

al., 2009) which are often cited to also contribute to the rapid degradation of soils, 

especially when used alone in large amounts. 

The chemical status of soils has a great influence on their productivity, as it determines 

the form and bio-availability of plant nutrients in the soil. The addition of organic 

amendments to soils is known to increase content of soil organic matter (SOM). Soil 

organic matter is known to significantly improve chemical, physical and biological 

properties of the soil (Ed-huan et al., 2008). Ganunga et al., (2005) and Ruijun and 

Fuxing (2005) reported that SOM increases the amount of available phosphorus (P) 

and also reduces its adsorption to soil minerals. It is also cited to reduce levels of 

aluminium (Al3+) and consequently reduces the risk of Al3+ toxicity to plants in soils. 
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Applying organic amendments to soils is also reported to increase cation exchange 

capacity (CEC) of the soils (Heidari and Jalali, 2016). The CEC determines the ability 

of soils to retain positively charged plant nutrients such as magnesium (Mg), calcium 

(Ca) and potassium (K) (Brady and Weil, 2002). Besides increasing the CEC the 

application of organic amendments is also known to increase the supply of these 

nutrients in the soil.  

This study was conducted at two Agricultural Research Stations namely Misamfu in 

Kasama District and Msekera in Chipata District. Their Agro Ecological conditions 

are described below.  

1.1 Description of Agro Ecological Conditions of Study Sites  

1.1.1 Climate 

Misamfu Agricultural Research Station is in Kasama district, which is located in Agro-

ecological Zone III of Zambia. Agro-ecological zone III, is characterized by an annual 

rainfall of 1000 mm or more. According to Muchinda (1985) the long term average 

annual rainfall for Kasama is 1304 mm. It has a mean annual air temperature of 20.1 

oC. Misamfu has a unimodal rainfall pattern. The water balance for Kasama based on 

the decadal rainfall or precipitation (ppt), potential evapotranspiration (PET) and 50 

% of potential evapotranspiration (0.5PET) is presented in Figure 1.  

 

The long term rainfed crop growing season for Kasama is about 130 days. It starts in 

the last dekadal of November and ends in the first decadal of April. The highest mean 

air temperature for Kasama is about 23.3o C and occurs in October, while the lowest 

mean air temperature is about 16.9 o C and occurs in July. The mean air temperature 

during the rainfed crop growing season is 20.75oC. The monthly evaporation varies 

from 124 mm in January to 249 mm in October. During the wet season the average 

sunshine hours is 4.8 hours per day. The mean relative humidity is low during the dry 

season but quite high during the rainy season, with an average generally less than 80 

% (Muchinda, 1985). 
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Figure 1. Long term water balance for the agricultural seasons for Kasama, Zambia 

Msekera Research Station is located in Chipata district in Agro-ecological Zone II of 

Zambia, which is characterized by an annual rainfall of between 800 and 1000 mm. 

Chipata has a long term average annual rainfall of 1034 mm and a mean annual air 

temperature of 21.90oC. The water balance for Chipata based on the decadal rainfall 

or precipitation (ppt), potential evapotranspiration (PET) and 50% of potential 

evapotranspiration (0.5PET) is presented in Figure 2. The rainfed crop growing season 

starts in the first ten days of December and ends in the last ten days of March. Chipata 

experiences the highest mean temperatures of about 26 oC in October and the lowest 

temperature of 18.0 oC in July. The mean air temperature during rainfed crop growing 

season is about 22 oC. The monthly evaporation varies from 157 mm in February to 

387 mm in October. During wet season the sunshine average 5.6 hours per day. The 

mean relative humidity is moderate to low except during the months of December to 

March when it averages 77 % (Muchinda, 1985). 
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Figure 2. Long term water balance for the agricultural season for Chipata, Zambia 

1.1.2 Vegetation 

The dominant natural vegetation type at Misamfu Research Station and surrounding 

areas is the Miombo woodland. According to Shalwindi (1985) the Miombo woodland 

is two storey vegetation characterized by the tree species Brachystegia, Julbernardia 

and Isoberlinia.  The Miombo woodlands are generally associated with areas occupied 

by soils which are poor in plant nutrients. 

 

According to Simute et al., (1998) Chipata district in which Msekera Agricultural 

Research Station is located is dominated by Miombo woodland which is a two storey 

vegetation characterized by species of Brachystegia, Julbernardia and Isoberlinia. 

Other common vegetation types include the Munga woodland which is dominated with 

Acacia spp mainly by Acacia.  polyacantha, Mopane woodland characterized by 

Colophospermum Mopane and Riparian woodland characterized by Syxygium spp. 

1.1.3 Soils 

The soils at Misamfu Research station and surrounding areas have been classified as 

Acrisols in the FAO system on the Exploratory Soil Map of Zambia (Ministry of 

Agriculture, 1991). Acrisols are equivalent to Ultisols in the USDA Soil Taxonomy 

Soil Classification System (FAO, 2014). Acrisols are acidic soils dominated by 
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kaolinite that have clay enriched sub soils. According to Jones et al., (2013) Acrisols 

are usually associated with acidic parent materials and are usually deficient in plant 

nutrients. They, therefore require substantial applications of fertilizer to produce 

satisfactory crop yields. 

According to the Exploratory Soil map of Zambia (Ministry of Agriculture, 1991), the 

dominant soils at Msekera have been classified as Alisols in the FAO Classification 

System (FAO, 2014). Alisols are equivalent to Ultisols with high activity clays in 

USDA Soil Taxonomy Soil Classification System. Alisols have higher clay content in 

the subsoil than in the topsoil as a result of clay migration. They have a low base 

saturation at certain depths and high activity clays in the subsoil. They have high levels 

of aluminium saturation which is caused by the weathering of minerals that usually 

reach levels that are toxic to most crops (Jones et al., 2013). 

1.1.4 Traditional Farming Practices 

The major traditional land management practices used by local people for crop 

production are fundikila and the slush and burn system locally known as Chitemene. 

Fundikila is a farming practice in which large mounds are made by burying mixed 

grass biomass towards the end of rainfed crop growing season. The buried biomass 

decomposes while it is buried. The mounds are flattened at the beginning of rainfed 

crop growing season and crops are grown on flattened mounds.  

 

The Chitemene System is a farming practice where trees are lopped or cut down and 

the wood is piled up on smaller patches within the cleared area for burning. The burnt 

patches are normally one tenth of the cleared area. In this system cultivation is mainly 

confined to the burnt patches where the ash layer from the burnt tree branches and 

leaves help to overcome the inherently low soil fertility and the heat from burning 

helps to kill the weeds (Schultz, 1976). The major crops grown in Kasama where 

Misamfu Agricultural Research Station is located are finger millet (Eleusine coracana) 

maize (Zea mays), (GRZ and UNDP, 2010) cassava (Manihot esculenta), beans 

(Phaseolus vulgaris) and groundnuts (Arachis hypogea) (Schultz, 1976). 

 

The major traditional tillage management practices used by local people for crop 

production are ox-drawn ploughs and hand hoes. Land preparation is mainly done with 
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animal draught power of manual labour and hand hoe. Usually, the whole field is 

cultivated using a plough or hand hoe. Farmers often use chemical fertilizers and cattle 

manure as nutrient sources especially for growing maize. Farmers in the Eastern 

Province have permanent cultivated fields that are usually cultivated every year. 

Farmers usually grow one or two main crops (Schultz, 1976). The major crops grown 

include maize (Zea mays), ground nuts (Arachis hypogea), tobacco (Nicotiana 

tabacum) cotton (Gossypium hirsutum), sunflower (Helianthus annuus) and soya 

beans (Glycine max) (Simute et al., 1998).  

1.2 Statement of the Problem 

A number of soil-improving technologies based on the use of organic amendments 

have been developed. Many such technologies have been presented for adoption to 

small scale resource-poor farmers as means of improving the fertility of their soils.   

While a significant amount of literature is available on the yield benefits associated 

with the use of a many such organic amendments, there is limited information on the 

effects of these amendments on soil chemical properties. In Zambia, not much is 

documented on the effects of the use of organic amendments that have been promoted 

for use by small scale farmers, on soil chemical properties, hence this study.  

1.3 Justification of the Study 

The Zambian Government’s National Agricultural Policy (Second National 

Agricultural Policy, 2016) encourages farmers to adopt sustainable methods of crop 

production. These are defined as methods that are able to meet current food and fibre 

needs without compromising the ability of the land to meet the needs of future 

generations. The evaluation of the sustainability of crop production systems being used 

by farmers is important to ensure that current practices are not likely to adversely affect 

the long term productivity of the land. This study was therefore in line with the national 

agricultural policy which aims at promoting sustainable farming practices among small 

scale farmers. While organic amendments are generally believed to be environment 

friendly compared to chemical fertilizers, there is still need to assess the impacts of the 

use of organic amendments on both crop yields and on the health of the soils on which 

they are applied. Emphasis was on the effects of the selected organic amendments on 

chemical properties of soils with significant effect on the agronomic use of soils. 

Knowledge of the effects of crop production practices being used by farmers on the 
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soil, is necessary, to prevent possible long term detrimental effects that could threaten 

the long productivity of the farmers’ key natural resource, which is the soil. 

1.4 Objectives 

1.4.1 Overall Objective 

The overall objective of the study was to assess the effects of applying selected organic 

amendments to soil on selected agronomically important chemical properties of soils 

in Kasama and Chipata districts of Zambia. 

1.4.2 Specific Objectives 

The following were the specific objectives of the study: 

1. To assess the effect of selected organic amendments on the levels of soil 

organic matter 

2. To assess the effect of the selected organic amendments on the cation exchange 

capacity (CEC) of the soil. 

3. To assess the effect of selected organic amendments on the pH and 

exchangeable acidity of the soil. 

4. To assess the effects of the selected organic amendments on the levels of total 

nitrogen, exchangeable K and available P in the soil. 

5. To assess the effect of selected soil chemical properties on maize grain yield. 

1.5 Hypotheses 

The proposed hypotheses for the study were the following:  

1. Applying selected organic amendments to the soil significantly increases the 

levels of organic matter in the soil. 

2. Applying selected organic amendments to the soil significantly increases the 

CEC of the soil.  

3. Applying selected organic amendments to the soil significantly increases the 

pH and reduces exchangeable acidity in the soil. 

4. Applying organic amendments to the soil significantly increases the levels of 

total nitrogen, available P and exchangeable K in the soil. 

5. The selected agronomically important soil chemical properties have a 

significant influence on maize grain yield. 
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CHAPTER TWO: LITERATURE REVIEW 

Small scale poor resource farmers are the major producers of most food crops in 

Zambia (Zambia Development Agency, 2011). Most of them depend on the natural 

fertility of the soil to produce crops. However, the natural fertility of many soils in 

Zambia is generally low and declines rapidly after a few seasons of cultivation (Ajayi 

et al., 2006). Poor soil fertility is believed to be one of the key factors responsible for 

the poor crop yields among small scale farmers in Zambia (Kuntashula et al., 2006; 

Katanga et al., 2007), which adversely impacts their livelihoods. It is, therefore, critical 

to maintain and improve the fertility of soils, by adopting farming practices that 

farmers can afford and sustain.  

 

The use of organic amendments has been known to improve the fertility of soils (Zake 

et al., 2010). In addition to improving the nutrient contents of soils, organic 

amendments also enhance several physical, chemical, and biological properties of the 

soil important for the agronomic use of soils. It is generally acknowledged that organic 

amendments improve soil fertility and soil quality (Gopinath et al., 2011). The fertility 

and quality of soils in relation to their use for crop production are influenced among 

other factors by the acidity status, nutrient retention capacity or CEC, organic matter 

and nutrient content of soils (Azores-Hampton et al., 2011). 

2.1 Effect of Organic Amendments on Cation Exchange Capacity (CEC) 

Results of studies have shown that the addition of organic amendments to the soils 

lead to improvements in the CEC of soils. A study by Mandal et al., (2013) in the 

Appalachian region of the USA to determine the effects of applying poultry litter on 

the  chemical and physical properties of soils  used  for  growing  turf grass showed an 

increase in the CEC of soils treated with  composted poultry manure from 11 to 28 

cmol/kg soil. In another study in Florida, USA, to assess the long-term effects of 

applying organic amendments on the chemical, physical, and biological properties of 

sandy soils, Azores-Hampton et al., (2011) observed a higher CEC of 14.8 cmol/kg 

soil on soils amended with organic materials compared to a CEC of 6.1 cmol/kg on 

soils that did not receive organic amendments. In Iran, Amiri and Fallahi (2009) 

reported a significant increase in the CEC of soils from plots where poultry and cattle 

manure were applied compared to soils in plots to which manure was not applied. 
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A greenhouse study by Fernando et al. (2013) in Almeria, Spain to evaluate the long 

term effects of applying organic amendments to soils on selected physical and 

chemical properties of soils showed an increase in the CEC of soils to which organic 

amendments were applied, compared to a that of soils where organic amendments were 

not applied. 

The above cited references show that applying organic amendments to soils was 

associated with an increase in the CEC of the soils. The observed increase in the CEC 

could be attributed among other things to the formation of humus in the soil upon 

decomposition of organic amendment which has a high negative charge (Foth and 

Ellis, 1996).  

2.2 Effect of Organic Amendments on Soil Acidity 

The acidity of soils has an influence on the chemical forms and bioavailability of plant 

nutrients in soils. At pH values lower than 4.5, the solubility of aluminium rapidly 

increases and may reach toxic levels for most plants (Weil and Brady, 2002). At high 

concentrations, Al3+ inhibits plant growth resulting in poor absorption of plant 

nutrients and water. Soil acidity is commonly managed by applying agricultural lime 

to affected soils.  Organic amendments have been used to reduce levels of 

exchangeable and water soluble aluminium in soils (Ruijin and Fuxing (2005).  

A pot study by Ruijin and Fuxing (2005) on the red soils of China showed that 

incorporating organic amendments to acid soils reduced the levels of exchangeable Al 

in the soils by 11 %. The reduction in the levels of exchangeable Al in soils to which 

manure was applied, could be attributed to the complexing of Al by organic 

compounds introduced by the addition of manure to the soil. 

A field study in Kenya by Mutegi, et al., (2012) to determine the effects organic and 

mineral N amendments on soil chemical properties and maize grain yields, showed 

that soils to which organic residues from Tithonia diversifolia and cattle manure were 

applied had a higher pH of 5.6 compared to the non-amended soil which had a pH of 

4.8. These results showed that applying organic amendments increased the pH of the 

soil, which was further evidence of reducing the acidity of the soil.  

A study in Yemen by Shoga’a et al., (2013) to compare soils from fields under alley 

cropping of coffee and maize with soils from fields under monocropping with maize 
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showed that soils under alley cropping fields had higher pH than soils under 

monocropping fields. Similar results were observed by Asadu and Dixon (2002) in 

Nigeria. They reported higher soil pH values in plots where pigeon pea was 

intercropped with cassava, maize and yam compared to plots that were mono-cropped 

with maize. They, further observed significantly lower levels of exchangeable Al in 

plots under intercropping than soils in plots under mono-cropping. 

The studies cited above indicate that the addition of organic amendments to soils 

reduce soil acidity. It would therefore be of interest to find out what the effect of 

applying organic amendments to Zambian soils would be on the levels of acidity. 

2.3 Effect of Organic Amendments on Soil Organic Matter and Total Nitrogen 

Organic matter has a significant influence on a number of biological, chemical and 

physical properties of soils. Therefore, it is essential to manage and maintain 

acceptable levels of OM in soils.  

A number of studies have shown that adding organic amendments to the soil improves 

the SOM content of the soils. Ruijin and Fuxing (2005) found that addition of organic 

amendments to red soils in China resulted in a significant increase in the levels of SOM 

after 5 months. Fenando et al. (2013) reported an increased in the levels of SOM from 

1.04 % to 4.6 % in soils in Spain, after applying soil organic amendments to the soil. 

They also observed higher levels of total N in soils where manure was applied 

compared to soils where manure was not applied. Maftoun et al. (2005) in Iran reported 

higher levels of SOM and total N in soils to which poultry and municipal waste 

compost were applied compared to soils on which only chemical fertilizers were 

applied. 

In India, Prasad and Misra (2001), observed a significant increase in SOM on the plots 

where organic amendments were applied while it declined on plots where chemical 

fertilizers were applied. Similar results have been reported by Azores-Hampton et al., 

(2011) in Florida USA, that showed an increase in total N on plots that received feedlot 

cattle manure compared to plots which did not receive manure.   

The results cited above were also consistent with those of Amiri and Fallahi (2009) in 

Zanjan, Iran who reported a significant increase in total N and SOM on plots where 
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manure was applied compared to plots where manure was not applied.   Blaise et al. 

(2004) in India also reported a significant increase in the levels of total N and SOM on 

plots that received applications of cowpea and sunn hemp, compared to those on which 

chemical fertilizers was applied. 

In Yemen, Shoga’a et al. (2013) observed significantly higher levels of SOM and total 

N in plots under alley cropping with coffee compared to those of under monocropping 

with maize. Another alley cropping study in India by Swain (2016) showed an increase 

in the levels of SOM and total N in plots under alley cropping after three growing 

seasons. The studies cited above showed that applying organic amendments to soils 

increase the levels of SOM and soil total N.  

2.4 Effect of Organic Amendments on Available Phosphorus (P) 

Phosphorus (P) is one of the major limiting nutrients to crop production in the tropics. 

In many instances most of the plant available P in soils has been found to be associated 

with soil organic matter, indicating that management of SOM is critical to managing 

plant available P in soils (Brady and Weil, 2002).  

A field study by Shoga’a et al., (2013) in Yemen, showed significantly higher levels 

of available P in soils in plots under alley cropping than in soils under monocropping 

with maize. In India, Swain (2016) also found higher levels of available P in soils 

under intercropping than in soils under monocropping. Asadu and Dixon (2002) in 

Nigeria also reported higher levels of available P on plots where pigeon pea was 

intercropped with maize, yam and cassava compared to plots under monocropping 

with maize.  

Suleiman (2003) in Kuwait reported a significant increase in the levels of available P 

in plots where organic wastes were applied compared to plots were chemical fertilizer 

was applied. Prasad and Misra (2001) in India also reported an increase in available P 

in the plots where cowpea, Sesbania green manure, mangbean, farm yard manure and 

leucaena were applied compared to the plots that did not received applications of 

organic amendments.  

Using poultry manure and municipal waste compost as the soil organic amendment, 

Maftoun et al., (2005) reported high content of NaHCO3 - extractable P in the plots 

where poultry manure and municipal waste compost were applied compared to the 
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control plots. Azores-Hampton et al., (2011) in Florida USA reported a significant 

increase in available P in the soil where feedlot cattle manure was applied. In another 

similar study, an experiment was conducted in Maharashtra, India by Blaise et al., 

(2004) in which cowpea and sunnhemp biomass were incorporated in the inter rows of 

cotton and the results showed a significant increase in available P on amended plots 

than on plots where no amendments were applied.  

The high levels of available P on plots with organic amendments could be attributed 

to P which is released after decomposition of organic amendments. Therefore, it is 

expected that if organic amendments can significantly increase the levels of SOM it 

can in turn, improve the levels of plant available P in soils upon decomposition.     

2.5 Effect of Organic Amendments on Exchangeable Potassium (K) 

Potassium (K) is one of the primary nutrients required in large amounts by plants 

together with N and P. Like other plant nutrients, organic matter is one of the main 

sources of this nutrient in soils. Therefore, the management of SOM has an influence 

on the availability of K to plants in soils.  

Swain (2016) in Eastern India found a significant increase in the levels of 

exchangeable K after three growing seasons in fields under intercropping compared to 

fields under monocropping. In another alley cropping study conducted by Asadu and 

Dixon (2002) in Nigeria in which pigeon pea was intercropped with maize, cassava 

and yam. Intercropped fields showed significant increase in exchangeable K than in 

monocropped fields with maize. Kufa (2011) in Southern Ethiopia assessed soils from 

agroforestry fields of coffee. The plots with coffee had high SOM and exchangeable 

K compared to soils which were not under agroforestry.  

Egrinya et al., (2003) conducted a pot experiment to assess mineralization of K from 

animal manure mixed with soil. At the end of 8 weeks of incubation, soils with manure 

had higher K content than soils where manure was not applied. In another pot 

experiment carried out by Whalen et al.,(2000) on two soils with low pH in Alberta, 

Canada, to assess the effect of cattle manure on soil pH.  Pots where cattle manure was 

applied had higher K content than the plots where manure was not applied.  

Suleiman (2003) reported a significant increase in K on sandy soils of Kuwait when 

organic wastes were applied to the soil. Mutegi et al., (2012) in Kenya also found 
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significantly higher levels of exchangeable K in plots where Tithonia diversfolia and 

manure were applied compared to the plots where those amendments were not applied. 

Similarly, Qian et al., (2005) reported an increase in extractable K in the plots where 

cattle and swine manure were applied compared to the plots where manure was not 

applied. Another study conducted by Benke et al., (2010) in Canada in which feedlot 

cattle manure was applied to soil showed that there was an increase in the levels of 

exchangeable K. Furthermore, Amiri and Fallahi (2009) in Zanjan, Iran conducted a 

study in which poultry and cattle manure were applied in an apple field, the results 

showed a significant increase in exchangeable K. Blaise et al., (2004) also conducted 

a study in Maharashtra, India in which cowpea and sunnhemp were planted in the inter 

row of cotton plants. After 45 days of growth cowpea and sunnhemp biomass were 

incorporated in the soil, at the end of the study soil analysis showed significant increase 

in the levels of exchangeable K on plots were biomass were incorporated in the soil 

than on plots were chemical fertilizers were applied. 

Review of studies cited above shows that adding organic amendments to soil increase 

the levels of exchangeable K in the soils in both temperate and tropical regions of the 

world. However, it is not clear whether similar results can be observed on the soils of 

Zambia.    

2.7 Effect of Organic Amendments on Maize Yield 

Most of the studies cited earlier show that organic amendments increase levels of plant 

nutrients in the soil which have an influence on crop yield. Obi and Ebo (1995) in 

Nigeria reported a significant increase in maize yield on plots where poultry manure 

was applied compared to the plots where manure was not applied. Eghball and Power 

(1998) in the USA reported significantly higher corn yields on plots on which 

composted and non-composted cattle manure was applied compared to plots where 

manure was not applied. Ruijin and Fuxing (2005) in China also observed significant 

increases in wheat growth on red soils when green manure and cattle manure were 

incorporated in the soil than when chemical fertilizer was applied to the soil.  

 

In Kasama Zambia, Matthews et al., (1992) reported that alley cropping with 

Calliandra Calothyrus, Cassia Spectabilis, and Flemingia Congesta did not improve 

maize yield.  They observed a significant decline in maize yield under the agroforestry 
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interventions compared to slush and burn agriculture which was used as a control. 

Despite the observed decline in yield due to the use of these leguminous organic 

amendments, no investigation was conducted to establish the likely cause of this.  It is 

therefore, important to carry out investigation to establish some of the likely effects of 

using certain organic amendments on soil properties in Zambia.    
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CHAPTER THREE: MATERIALS AND METHODS 

3.1 Location of the Study 

The soils and organic amendments used in this study were obtained from field trials 

sites that were established at Misamfu and Msekera Agricultural Research Stations. 

Misamfu Research station is located at 10˚10’S, 31˚26’E in Kasama District of the 

Northern Province of Zambia at average elevation of 1536 m above sea level. Msekera 

Agricultural Research Station is located at 13̊ 38’S, 32̊ 39’E with average elevation of 

1030 m above sea level in Chipata District of the Eastern Province of Zambia. The 

soils and organic amendments collected from the field were analyzed in the 

laboratories of Department of Soil Science of the School of Agricultural Sciences at 

the University of Zambia. Figure 3 shows the locations of study sites described above 

on the map of Zambia. 

 

 

 

   Figure 3. Agro- ecological zone map of Zambia showing location of study sites  

 

3.2 Treatments used in the Study 

The field and laboratory studies on soils were preceded by a socio-economic survey 

that was conducted to identify suitable soil improving technologies based on the use 
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of organic amendments that farmers would use in the two districts. The outcome of the 

survey was the identification of technologies based on the use of organic amendments 

that were to be tested at on-farm and on-stations in the two districts. The selected 

technologies included some that had earlier been tested on research stations and some 

that were traditionally used by farmers.  

In Chipata the organic amendment which were selected for testing were alley cropping 

using Tephrosia vogelii, alley cropping using pigeon pea (Cajanus cajan), use of cow 

manure and intercropping with sunn hemp (Crotalaria Juncea). In Kasama the 

amendments were traditional farming practice called fundikila, modified version of 

fundikila that included use of leguminous plant, alley cropping using Cajanus cajan 

and alley cropping using tephrosia vogelii. 

Fundikila is a traditional soil management practice of the Northern Province of Zambia 

that involves burying plant residues consisting mainly of local grasses under ridges, 

sometime in April that are left to decompose under the ridges until October then the 

ridges opened and are flattened.  Crops are planted on the soils from the ridges 

somewhere in November to December.  The organic amendments selected in each 

district were tested on selected farmers’ fields and at the research station in each 

district. The focus of this study was on soils obtained from field trials carried out at 

the Research Stations in the two districts. 

The treatments used in this study for the field trials at the two Research Stations 

established in the 2015/16 agricultural season are presented in Table 1. The field trials 

were laid out in a Complete Randomized Design (CRD) with five treatments and five 

replicates in Chipata and with four replicates in Kasama. The blocking was across a 

soil fertility gradient.  The dimensions of the experimental plots were 10 metres by 10 

metres.  
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Table 1. Description of treatments in field plots in Chipata and Kasama  

Study Site Treatments Replicates 

Kasama 

 

 

 

 

 

Chipata 

Conventional farming + Full fertilizer rate  

Pigeon peas alley cropping + ½ fertilizer rate 

Tephrosia vogelii alley cropping + ½  fertilizer rate 

Traditional fundikila + Full fertilizer rate 

Modified fundikila 

Fallow 

Conventional farming + Full fertilizer rate  

Pigeon peas alley cropping + ½  fertilizer rate 

Tephrosia vogelii alley cropping + ½ fertilizer  rate 

Sunnhemp interplant + ½ fertilizer rate 

Animal manure 

Fallow 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

 

3.3.0 Description of Treatments 

3.3.1 Animal Manure 

In this treatment cow dung collected from farmers’ cattle kraals was incorporated into 

the soil at a rate equivalent to 10 metric tonnes per hectare at the time of planting of 

maize and as top dressing four weeks after crop emergence. The manure was applied 

in planting basins spaced 90 cm between rows and 70 cm within rows. About 630 

grams of manure were applied per basin, resulting in an application rate of about 970 

kilograms of manure per plot. 

3.3.2 Traditional Fundikila  

This treatment was only at Misamfu.  Plant biomass consisting mainly of grass and 

shrubs was buried under the soil to form large ridges in the last week of March 2016.  

The ridges were left undisturbed until December, 2016 when they were opened up and 

the soil with the decomposed organic materials was spread out into flat plots. Maize 

was planted on the field the same day the ridges were opened up.  The mass of biomass 

which was buried to make the ridges was however not measured. 

3.3.3 Modified Fundikila  

This treatment was only at Misamfu.  Velvet beans were planted on 5th January, 2015. 

It was allowed to grow on plots until the last week of March in 2016 when the plants 

were buried under large soil ridges. The ridges were left undisturbed until 9th 
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December 2016 when the ridges were opened up. The soils containing the decomposed 

organic materials were spread out into flat plots. Quantity of biomass which was 

applied was not measured.  

3.3.4 Tephrosia Vogelii Alley Cropping 

In this treatment Tephrosia vogelii were planted on 28 and 29 December 2015 at 

Msekera, and on 9th December, 2015 at Misamfu.  Tephrosia vogelii was grown in 

rows 90 cm apart and was spaced 10 cm apart within rows. In the first growing season 

tephrosia was not trimmed. However, in the second season it was trimmed on 28th and 

29th December 2016. The trimmings were left on the surface of the soil as mulch in 

between rows of the maize crop. The amount of tephrosia biomass applied to the soil 

per plot was not measured. 

3.3.5 Pigeon pea (Cajanus cajan) Alley Cropping 

In this treatment Pigeon pea (Cajanus cajan) was planted in rows 90 cm apart and 

spaced 30 cm apart within rows. The Pigeon pea was planted on the same day as 

Tephrosia vogelii described above. The Pigeon pea plants were managed and applied 

in the same way as was done for Tephrosia vogelii treatment described above in 

subsection 3.4.4. 

3.3.6 Sunn hemp Interplants 

In this treatment maize was planted on 28th December, 2015. One week after 

emergence of the maize, black sunn hemp (Crotalaria Juncea) was planted in between 

the lines of the maize rows. The sunn hemp was left to grow without trimming. After 

maize had been harvested, sunn hemp biomass and maize residue were retained on the 

surface of soil. The quantity of sunn hemp biomass retained on plots was not 

determined. 

3.3.7 Conventional Farming (Chemical Fertilizers) 

In this treatment maize was planted in basins to which Compound D fertilizer (10 % 

N: 20 % P2O5: 10% K2O) was applied at a rate of 200 kg/ha. One month after planting, 

Urea (46 % N) was applied as top dressing at the rate of 200 kg/ha. The nutrients 

applied to the soil in this treatment corresponded to an equivalent of about 112 kg 

N/ha, 17.5 kg P/ha and 16.5 kg K/ha. 
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3.4 Planting dates  

At Misamfu maize was planted on the 9th of December, while at Msekera planting was 

done on 28th December, both in 2015 and 2016. The basal dressing fertilizer 

Compound D (10: 20:10) was applied at the time of planting in treatments to which 

chemical fertilizer was applied, while the top dressing fertilizer, Urea (46:0:0) was 

applied one month after planting, only to plots with the chemical fertilizer treatment. 

The differences in planting dates between the two stations was because the rain season 

starts on different dates, and because the personnel who were involved in planting 

could only start at one site and then move to the other.  

3.5 Sampling of Soils 

The soil samples were obtained at two different times from the experimental field plots 

described in Table 1. The first sampling was conducted after one growing season in 

November 2016. The second sampling was conducted after the second season in May 

2017. Simple random sampling was employed to obtain soil samples from the plots. 

The samples were collected from the top 0-20 cm using a soil auger. Four subsamples 

were obtained from each plot and mixed to form a composite sample. A total of 30 

composite samples were obtained from Chipata and 24 from Kasama.  

3.6 Laboratory Analysis of Soils  

The soil samples collected from the field were air dried, disaggregated and passed 

through 2 mm sieve. The fraction of soils passing through the 2 mm sieve was used to 

carry out the soil analyses. The soil tests carried out on the soils are presented below: 

3.6.1 Soil Reaction (pH) 

Soil pH was determined in 0.01 M CaCl2 following the method described by McLean 

(1982). Ten grams of air dried soil was weighed into 50 ml plastic bottle to which 25 

ml of 0.01M CaCl2 solution was added. The suspension was then shaken on a 

mechanical shaker for 30 minutes. After shaking, the pH of the suspension was 

measured using a digital pH meter with a glass-calomel electrode.    

3.6.2 Exchangeable Acidity 

The exchangeable acidity of soil was determined by titration as described by McLean 

(1982). Ten grams of soils from each replicate was weighed into 250 ml plastic bottles 

to which 100ml of 1N KCl was added. The suspension was shaken on the mechanical 
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shaker for 1 hour. After shaking, the samples were filtered and 25 ml of the filtrate was 

pipetted into 250 ml flat conical flasks to which 100 ml of distilled water was added 

and mixed thoroughly. Later, five drops of phenolphthalein indicator were added to 

the solution. The solution was titrated with 0.01N NaOH to a permanent pink end 

point. Amount of exchangeable acidity in the soil was calculated using equation 1. 

𝑚𝑒𝑞

100𝑔
=

𝑒𝑞

𝐿
 (𝑉𝑜𝑙 𝑠 − 𝑉𝑜𝑙 𝑏)𝑚𝐿 ∗ (

𝑉𝑜𝑙 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑉𝑜𝑙 𝑜𝑓𝑎𝑙𝑖𝑞𝑢𝑜𝑡
) ∗

100

𝑔 𝑠𝑎𝑚𝑝𝑙𝑒
                           [1] 

Where: Vol s = Volume of NaOH used to titrate against sample 

Vol b = Volume of NaOH used to titrate against blank 

3.6.3 Organic Carbon Content 

The Organic Carbon content of the soils was determined using the Walkley and Black 

method described by Nelson and Sommers (1982). One gram of soil from each 

replicate was weighed into a 250 ml conical flask to which 10 ml of 1.0 N potassium 

dichromate (K2Cr2O7) was added using a pipette. Then 20 ml of concentrated sulphuric 

acid (H2SO4) was added rapidly using an automatic pipette under fume hood. The 

mixture was swirled gently until soil and solutions were mixed then it was swirled 

vigorously for one minute. The suspension was left in a fume hood for 30 minutes, and 

then 150 ml of distilled water and 10 ml of concentrated phosphoric acid (H3PO4) were 

added. Ten drops of the diphenylamine solution indicator was added and titrated with 

ferrous (II) sulphate solution up to green colour end point. The organic carbon in the 

sample was determined using equation 2. 

 

                                %𝑂𝐶 =
4[𝑁(𝐹𝑒𝑆𝑂4)∗ (𝑉𝑜𝑙 𝑏𝑙𝑎𝑛𝑘−𝑉𝑜𝑙 𝑠𝑎𝑚𝑝𝑙𝑒)]𝑥100

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙 (𝑔)
                         [2] 

Where:    %OC = percentage organic carbon content of the soil  

   Vol blank = volume (L) of FeSO4 used to titrate blank 

   Vol sample = volume (L) of FeSO4 used to titrate sample 

    N = Normality of FeSO4 

3.6.4 Total Nitrogen Content 

The total N content of soils was determined using the micro Kjeldahl method described 

by Bremner and Mulvaney (1982). One gram of soil was placed into Kjeldah flasks. 

Then 3 grams of mixed catalyst and 10 ml concentrated sulphuric acid were added. 

The flasks were placed onto the Kjeldah digestion block and left to digest for 45 
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minutes and then removed and allowed to cool. The digests were transferred into 100 

ml plastic containers and filled to the 100 ml mark with distilled water. Ten (10) ml of 

the digest and 10 ml of 10M NaOH were placed into distillation flasks. The distillates 

were collected for 5 minutes in conical flasks containing 15 ml boric acid indicator 

solutions. The captured distillates were then titrated with 0.01M HCl until the colour 

changed from green to purple. The percentage of total N in the soil samples was 

calculated using equation 3: 

   % 𝑁 = 𝑁(𝐻𝐶𝑙) ∗ (𝑉𝑜𝑙 𝑆𝑎𝑚𝑝𝑙𝑒 − 𝑉𝑜𝑙 𝐵𝑙𝑎𝑛𝑘 𝑉𝑜𝑙)𝐿 ∗
14𝑔𝑁

𝑒𝑞
∗

𝑉𝑜𝑙 𝐸𝑥𝑡𝑟𝑎𝑐𝑡 

𝑉𝑜𝑙 𝐴𝑙𝑖𝑞𝑢𝑜𝑡 
∗

1

𝑔𝑠𝑜𝑖𝑙
∗ 100    [3] 

3.6.5 Bray-1 Extractable Phosphorus 

The levels of plant available P in the soils were determined by Bray 1 method as 

described Bray and Kurtz (1945). Three grams of air dry soil was weighed into a 50 

ml plastic container to which 21 ml of the Bray-1 extracting solution was added. The 

extracting solution was made by adding 15 ml of 1M NH4F and 25 ml of 0.5M HCl to 

460 ml of distilled water. The suspension was shaken for one minute on the mechanical 

shaker and then filtered. A solution termed  reagent A, was prepared by dissolving 12 

grams of ammonium molybdate in 250 ml of distilled water, 0.29 g of potassium 

antimony titrate in 100 ml of distilled water and mixing the two solutions with 2.5M 

H2SO4 in a 2 litre volumetric flask and making the solution up to volume with distilled 

water. Reagent B was prepared by dissolving 1.056 g of ascorbic acid into 200 ml of 

reagent A.  

A 5 ml aliquot of the filtrate was pipetted into a 25 ml volumetric flask to which 4 ml 

of reagent B was added. The flask was filled to volume with distilled water and allowed 

to stand for 15 minutes to allow the colour to develop. The concentrations of P in the 

solutions were determined using a UV-Visible spectrophotometer at a wavelength of 

882 nm. To express the P concentrations in mg/kg soil, equation 4 was used.   

                 
𝑚𝑔 𝑃

𝑘𝑔 𝑠𝑜𝑖𝑙
= 𝑃𝑐𝑜𝑛𝑐 (

𝑚𝑔

𝐿
) ∗ 𝐷𝐹 ∗ 𝑉𝑜𝑙 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡(𝐿) ∗

1

𝑔𝑠𝑜𝑖𝑙
∗

1000𝑔

𝑘𝑔
              [4] 

3.6.6 CEC by Ammonium Acetate Buffered at pH 7  

The CEC of the soil was determined using the leaching method (Chapman, 1965). Five 

(5) grams of air dried soil was placed on Whatman No. 1 filter paper which was 

mounted on a funnel. Four portions of 25 ml 1M NH4Ac solution buffered at pH 7.0 
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were leached through the soil. This was followed by 4 portions of 25 ml of ethanol.  

Later 2 portions of 25 ml 1M KCl were leached through the soil. Then 15 ml of the 

KCl leachate was distilled and the distillate was captured in 10 mL boric acid indicator. 

The distillate was then titrated with 0.01N HCl. The volume of HCl used was recorded 

and used to calculate the CEC of the soil using equation 5 below.  

    𝐶𝐸𝐶 (
𝑚𝑒𝑞

100𝑔
) = 𝑁(𝐻𝐶𝑙) (

𝑒𝑞

𝐿
) ∗ ( 𝑉𝑜𝑙𝑠𝑜𝑖𝑙 − 𝑉𝑜𝑙 𝑏𝑙𝑎𝑛𝑘)𝑚𝐿 ∗ (

𝑉𝑜𝑙 𝐸𝑥𝑡𝑟𝑎𝑐𝑡 (𝑚𝐿)

𝑉𝑜𝑙  𝐴𝑙𝑖𝑞𝑢𝑜𝑡(𝑚𝐿
) ∗ (

100

𝑔 𝑠𝑎𝑚𝑝𝑙𝑒
)           [5] 

Where:    Vol soil = volume of HCl used to titrate the sample 

                   Vol blank = volume of HCl used to titrate the blank 

 

3.6.7 Exchangeable Ca, Mg, K and Na in Soil 

The exchangeable Ca, Mg, K and Na were determined after extraction with 1M 

ammonium acetate buffered at pH 7.0 as described by Doll and Lucas (1975). Ten 

grams of soil was weighed in 100 ml plastic containers to which 50 ml of ammonium 

acetate (1M NH4OAc) buffered at pH 7.0 was added. The sample was shaken for 30 

minutes on the mechanical shaker and then filtered. From the filtrate, concentrations 

of K and Na were read with an Atomic Absorption Spectrophotometer (AAS) using 

the Emission mode. A 5 ml aliquot was obtained from the filtrate and transferred into 

a 25 ml volumetric flask to which 5 ml of 5000 ppm strontium chloride (SrCl2)  

solution was added and this was made up to the volume with Ammonium acetate. 

Concentrations of Ca and Mg were then determined in this solution by AAS.  The 

concentrations of cations in solution were read in mg/L. The concentration of bases in 

the soil was calculated using equation 6. 

  𝐶𝑎𝑡𝑖𝑜𝑛 (
𝑐𝑚𝑜𝑙

𝑘𝑔 𝑠𝑜𝑖𝑙
) = 𝐶𝑜𝑛𝑐 (

𝑚𝑔

𝐿
) ∗ 𝐷𝐹 ∗ 𝑉𝑜𝑙 𝐸𝑥𝑡𝑟𝑎𝑐𝑡 (𝐿) ∗

1

𝑔𝑠𝑜𝑖𝑙
∗

1000𝑔

𝑘𝑔
∗

𝑐𝑚𝑜𝑙 

𝑚𝑔 𝑜𝑓𝑐𝑎𝑡𝑖𝑜𝑛
         [6] 

3.6.8 Determination of P Adsorption Isotherms 

Phosphorus requirement for the two soils were determined from P sorption of curves 

of the soils following the method of Fox and Kamprath (1970). A series of P solutions 

with standard concentrations of P were prepared. The P concentrations used were 0, 5, 

10, 15, 20, 25, and 30 ppm in 0.01M CaCl2. Fifty milliliters of each solution was added 

to triplicates of 100 ml plastic containers containing 5 grams of soil. Three drops of 

toluene was added to the samples to prevent microbial growth. The samples were 
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shaken twice each day for 30 minutes, once in the morning and once in the late 

afternoon for 6 days. At the end of the sixth day, the suspensions were filtered and the 

concentrations of P in the filtrates were determined as described in section 4.5.3. 

3.7 Characterization of Composition of Organic Inputs 

The plant biomass from traditional and modified fundikila plots were sampled before 

making ridges, leaves and twigs of pigeon pea, tephrosia vogelii and sunn hemp were 

sampled from the plots and cattle manure was sampled from remaining amount of 

cattle manure not applied to the fields. Each of these organic amendments were dried 

in an oven at 70oC, and then ground using a plant sample grinder. The ground samples 

were then analyzed for their C, N, S, P, Ca, Mg and K content. The methods used are 

described below. 

3.7.1 Determination of Ca, Mg, K S and P in Organic Amendments 

One (1) gram of ground sample was placed in crucibles and ashed in a muffle furnace 

at 450oC for 2 hours. After ashing, the samples were transferred into 100 ml conical 

flasks by means of washing with 20 ml of 1N nitric acid. The samples were boiled on 

a hot plate for 15 minutes after which they were left to cool. The samples were then 

filtered through a Whatman No. 1 filter paper into 250 ml volumetric flasks and filled 

to the mark with distilled water. 

Concentrations of K in the extracts were determined by AAS using the flame emission. 

Concentrations of Ca and Mg were read in solutions prepared after 5 ml of filtrate was 

pipetted into a 25 ml volumetric flask to which 5 ml of 5000 mg/l was added. The 

flasks were then filled to the mark with distilled water. Concentrations of Ca and Mg 

were determined by AAS. 

To determination concentrations of P, 5ml of the filtrate was transferred into 25ml 

volumetric flask and colour was developed using the molybdenum blue method. The 

concentrations of P was measured at wavelength of 882 nm.  Sulphur concentrations 

were determined in extract by pipetting 5 ml of the aliquot into test tubes to which 

barium chloride solution was added then shaken for one minute on a vortex mixer. The 

absorbance of the solutions was read at 430 nm on a Ultraviolet/Visible Spectrometer. 

The concentration of elements in the samples were calculated using equation 7.  
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% 𝐸𝑙𝑒𝑚𝑒𝑛𝑡 = 𝐶𝑜𝑛𝑐 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 (
𝑚𝑔

𝐿
) ∗ 𝐷𝐹 ∗ 𝑉𝑜𝑙 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡(𝐿) ∗

1

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒(𝑚𝑔)
∗ 100           [7] 

3.7.2 Determination of Total N in organic materials 

In order to determine the total N contents of the organic materials, 0.5g of the sample 

was put in digestion tubes to which 7 ml of H2SO4 with salicylic acid was added. The 

mixture was left to stand for 30 minutes. Then, 1 g of sodium thiosulphate was added, 

to the suspension, which was then shaken and left to stand for 15 minutes. Then 3 ml 

of concentrated H2SO4 and 1 g of mixed catalyst were added and the samples were 

placed on a digestion block. After digestion, the samples were transferred to 100 ml 

plastic containers and filled to the 100 mL mark with distilled water. The samples were 

distilled and later titrated as described in section 3.3.5. The concentration of N in the 

samples was calculated using equation 3. 

3.7.3 Determination of Organic C in organic materials 

To determine the organic C content of the organic materials 0.1g samples were 

weighed into a 250 ml conical flasks to which 25 ml of 1N K2Cr2O7 and 50 ml of 

concentrated H2SO4 were added, swirled for a minute and left to stand for 30 minutes. 

Then 150 ml of distilled water, 20 ml of concentrated H3PO4 and 20 drops of 

diphenylamine indicator were added. The samples were then titrated with 1NFeSO4 

(II) to a green end point colour. The amount of carbon in the samples were calculated 

using the equation 2. 

3.8 Statistical Analysis of Data 

To establish whether there were significant differences between various soil 

parameters due to the different treatments the Analysis of Variance (ANOVA) was 

used.  Duncan’s Multiple Range Test was used to separate treatment means. Linear 

Regression and Correlation were used to assess the influence of selected chemical 

properties of the soil on maize grain yield. The critical level of significance for the 

statistical tests was at 0.05.  All statistical analyses were carried out using the SAS 

software version 9.0 for Windows. 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Properties of the Soils used in the Study 

Selected properties of the soils on which field experiments were conducted in Chipata 

and Kasama are presented in Table 2. The results show that both soils were very 

strongly acid with pH of less than 4.50 in 0.01M CaCl2. The soils in Chipata were 

sandy clay loams while those in Kasama were loamy sands. Soils in Chipata had 

moderate levels of soil organic matter, while soils in Kasama had medium levels of 

soil organic matter. Soils from both sites had low levels of nitrogen, indicating that 

nitrogen was likely to be a limiting nutrient to crop production at both locations.  

 

Table 2. Selected properties of soils used in the study. 

Soil Properties Sites 

Chipata Kasama 

pH (0.001M CaCl2) 

OM (%) 

Total N (%) 

P (mg/kg soil) 

S (mg/kg soil) 

K (cmol/kg soil) 

Ca (cmol/kg soil) 

Mg (cmol/kg soil) 

Na (cmol/kg soil) 

Ex.acidity (cmol/kg soil) 

ECEC (cmol/kg soil) 

Sand (%) 

Clay (%) 

Silt (%) 

Textural class (USDA) 

4.38 

1.86 

0.03 

5.38 

33.17 

0.69 

2.39 

0.37 

0.56 

0.37 

4.38 

54.80 

23.60 

21.60 

Sandy clay loam 

4.29 

2.29 

0.10 

25.06 

24.50 

0.47 

1.49 

0.36 

0.19 

0.39 

2.90 

81.20 

15.20 

3.60 

Loamy sand 

 

The levels of plant available P in the soils from  Chipata were lower  than the critical 

level of P for maize production  of 12 mg P/kg soil, (Mutsaers et al. 1997)  while those 
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from soils from Kasama had high levels of P. The levels of K, Ca, Mg and S, in soils 

from both sites were adequate for maize production. 

4.2 Composition of Organic Amendments 

The organic amendments used in the study were analyzed for selected nutrient 

elements. The results of these analyses are presented in Table 3.  According to 

(Motsara and Roy, 2008) the optimal range of N, P and K content for most plants are 

2 to 5 %, 0.2 to 0.5 % and 1.0 to 5.0 %, respectively. For manure, the nutrient content 

vary depending on the nutrition of feed the cattle and storage of manure. The results 

show that pigeon pea, sunn hemp, tephrosia vogelii and velvet beans had optimal range 

of N content while the mixed biomass hard low N content. For P, mixed biomass, sunn 

hemp and velvet beans had optimal range but pigeon pea and Tephrosia vogelii had 

low P content. The results, further, show that K content was within the optimal range 

for all the organic amendments. 

  

Table 3. Mean values of selected properties of organic amendments used in the study 

Parameters Cow 

manure 

Mixed 

biomass 

Pigeon 

pea 

Sunn 

hemp 

Tephrosia 

vogelii 

Velvet 

beans 

N (%) 

P (%) 

K (%) 

Ca (%) 

Mg (%) 

S (%) 

Org C (%) 

pH 

C:N ratio 

C:P ratio 

C:S ratio 

1.76 

0.46 

2.42 

2.06 

0.24 

0.13 

31.47 

9.32 

17.88:1 

67.67:1 

249.68:1 

1.23 

0.30 

2.46 

1.04 

0.19 

0.17 

57.47 

- 

47.02:1 

190.51:1 

343.51:1 

2.53 

0.16 

1.43 

0.88 

0.21 

0.10 

66.40 

- 

26.28:1 

423.96:1 

741.80:1 

4.43 

0.36 

1.63 

3.60 

0.36 

0.24 

55.20 

- 

12.51:1 

153.37:1 

230.59:1 

2.75 

0.14 

1.03 

1.08 

0.20 

0.14 

62.13 

- 

22.62:1 

448.17:1 

448.68:1 

4.79 

0.43 

2.21 

1.67 

0.32 

0.15 

58.00 

- 

12.16:1 

134.16:1 

394.72:1 

 

According Stevenson (1986), organic materials with carbon to nitrogen (C: N) ratios 

less than 20:1, will mineralize upon decomposition, while materials with C: N ratios 

greater than 30: 1 will immobilize N from the soil upon decomposition. Stevenson 

(1986) also reports that the critical C: P and C: S ratio below which mineralization 

occurs is 200: 1, while the critical C: P and C: S ratios above which immobilization 

occurs are 300:1 and 400:1, for P and S, respectively. Results in Table 3 indicate that 

Cow manure, Sunnhemp and Velvet beans would readily mineralize N upon initial 

decomposition of the organic amendments. No net change in the N status of the soils 
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was initially expected from the decomposition of Tephrosia vogelii and pigeon pea, 

while immobilization of N was expected initially from the decomposition the mixed 

biomass associated with traditional fundikila. 

 

Results of the C: S ratios indicate that there would be no initial net mineralization of 

S upon decomposition of Cow manure, mixed biomass, Sunn hemp and velvet beans, 

and an initial net immobilization of S in Pigeon pea and Tephrosia vogelii biomass. 

However, S would eventually be mineralized as C is lost from the soil as CO2 due to 

soil respiration associated with the decomposition process.  The C:P ratios of the 

organic materials indicated that initial net mineralization of P was expected from the 

decomposition of cow manure,  mixed biomass, Sunn hemp and velvet beans, while 

initial net immobilization of P is expected from Pigeon pea and Tephrosia vogelii.  

From the above discussion, it seems that cow manure, Sunn hemp and velvet beans 

had the highest potential for releasing plant nutrients. Generally, cow manure 

contained more plant nutrients than the rest of the soil amendments tested. 

4.3.0 Soil Organic Matter and Total N 

4.3.1 Effect of Cultivation on SOM content 

Table 4 shows the mean values of the levels of SOM on cultivated and fallow plots in 

Chipata and Kasama after one and two growing seasons. The results show that in 

Chipata fallow plots had significantly higher (p < 0.05) levels of SOM than cultivated 

plots after one and two growing seasons but in Kasama there were no significant 

differences (p > 0.05) between the levels of SOM in fallow plots and cultivated both 

after one and two growing seasons. However, the SOM levels in fallow plots were 

generally higher than in cultivated plots. The higher levels of SOM on fallow plots 

could be because the soils were cultivated or opened up to increase aeration which 

resulted in increased soil respiration, the major process by which organic matter is lost 

from the soil as  CO2. 

 

 

 

 

 



 

28 
 

 

Table 4.  SOM (%) levels on cultivated and fallow plots after first and second 

seasons. 

Land use SOM (%) After one  season SOM (%) After two seasons 

Chipata Kasama Chipata Kasama 

Cultivated 

Fallow 

2.33b 

3.64a 

2.85a 

3.38a 

2.00b 

3.49a 

2.68a 

2.88a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The results of this study are similar to the findings of Manjoka et al, (2007) who 

observed higher levels of SOM on fallow plots compared to cultivated plots. These 

results suggest that leaving the land fallow for a long period may be one way of 

increasing SOM in cultivated soils. The observed higher levels of SOM on fallow plots 

compared to other treatments could be due to the OM accumulated over time on fallow 

plots. 

4.3.2 Effect of Organic Amendments on SOM Content 

Table 5 shows the mean values of the levels of SOM on plots with various treatments 

in Chipata and Kasama after one and two growing seasons. In Kasama, only modified 

fundikila had significantly increased (p < 0.05) SOM compared to the baseline after 

first and second season. In Chipata, the various treatments had significantly higher (p 

< 0.05) SOM after the first growing season but after the second season there were no 

significant differences (p > 0.05). However, a general increase in the levels of SOM 

was observed on plots with organic amendments and chemical fertilizers relative to 

the baseline. 

The observed slight increase in SOM on plots with organic amendments and fertilizer 

compared to the baseline values after one growing season could be due to the crop 

residues left in these plots after harvest that remained on the soil surface and the crop 

residue were incorporated into the sol by termites as has been reported by Black and 

Akwakol, (1997) and Mando and Brussard, (1999). 

The results further show that after two growing seasons, there was a slight decrease in 

the levels of SOM, indicating that there was a net loss of carbon from the soil and that 

the SOM was not stable over this short period of time and that probably a longer period 
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was needed to accumulate and stabilize the organic matter as suggested by Fenton et 

al, (2008).   

Table 5. SOM levels on treatment plots in Chipata and Kasama after two seasons 

Treatments  SOM (%) after one growing 

season 

SOM (%) after two 

growing seasons 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer 

Pigeon pea 

Tephrosia vogelii 

Fallow 

Baseline 

Modified fundikila 

Traditional fundikila 

2.21ab 

2.43b 

2.46b 

2.46b 

2.53b 

3.65a 

1.86c 

- 

- 

- 

- 

2.80ab 

2.72ab 

2.62ab 

3.38a 

2.28b 

3.18a 

2.94ab 

1.72c 

2.11b 

2.14b 

2.17b 

2.00bc 

3.49a 

1.86bc 

- 

- 

- 

- 

2.48ab 

2.58ab 

2.88ab 

2.88ab 

2.28b 

2.96a 

2.90ab 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

A number of studies have shown that apart from addition of organic residues to the 

soil, length of time is also a determining factor in accumulation of SOM. Swain (2016) 

reported a significant increase in the SOM levels after three years of alley cropping. 

Abunyewa et al., (2015) also noted an increase in SOM from 1.19 % to 2.02 % in alley 

cropped field with Leucena after 20 years of continuous cropping. Fernando et al., 

(2013) also reported a SOM of 4.6 % in soils where animal manure was applied and a 

SOM content of 1.04 % in soils where chemical fertilizers were applied after ten years 

under greenhouse conditions. 

 

4.3.3 Effect of Cultivation on Soil Total N 

Table 6 shows the mean values of total N in soils on cultivated and fallow plots in 

Chipata and Kasama after one and two growing seasons. The results for the site in 

Chipata show that soils on fallow plots had significantly higher (p < 0.05) levels of 

total N than those on cultivated plots after one growing season. After two growing 
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seasons no significant differences (p > 0.05) were observed between the levels of total 

N in follow and cultivated plots. 

 

Table 6. Total N (%) levels in cultivated and fallow plots after the two growing 

seasons 

Land use Total N (%) after one season Total N (%) fter two seasons 

Chipata Kasama Chipata Kasama 

Cultivated  

Fallow 

0.04b 

0.07a 

0.08a 

0.06a 

0.10a 

0.09a 

0.11a 

0.11a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using the Duncan’s Multiple Range Test. 

 

In Kasama, no significant differences (p > 0.05) were observed between the levels of 

total N in fallow and cultivated plots both after one and two growing seasons. The 

results also showed a general increase in the levels of total N after two growing seasons 

compared to after one growing season. The high levels of total N in Fallow plots in 

Chipata could be because fallow plots had relatively higher organic matter than 

cultivated plots. According Fernando et al., (2013), most of the N in non-cultivated 

and non-fertilized soils is associated with SOM.  The increase in the levels of total N 

in cultivated plots after two growing seasons could have come from N in chemical 

fertilizers that were applied to the cultivated fields and biological N fixation by 

leguminous plants grown on some of these plots. 

 

4.3.4 Effect of Organic Amendments on Total N 

The mean values of total N on various plots in Chipata and Kasama after one and two 

growing seasons are presented in Table 7. The results show that in the first season in 

Chipata, plots which received chemical fertilizers had significantly higher (p < 0.001) 

levels of N than plots with organic amendments. In Kasama, plots with tephrosia 

vogelii had significantly higher (p < 0.001) levels of total N compared to the baseline 

plots.  

In Kasama, the low N contents on plot where chemical fertilizers were applied could 

be due to the leaching of N applied as fertilizers, because the soils were sandy and 

prone to leaching, and the area received relatively high rainfall, which also promotes 
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leaching. The N from organic amendments is slowly released and is therefore less 

prone to losses due to leaching. 

 

Table 7. Mean total N in treatment plots in Chipata and Kasama after the two seasons  

Treatment Total N (%) after one 

growing season 

Total N (%) after two growing 

seasons 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer 

Pigeon pea 

Tephrosia vogelii 

Fallow  

Baseline 

Modified fundikila 

Traditional fundikila 

0.03d 

0.05bc 

0.08a 

0.012d 

0.03cd 

0.07ab 

0.03cd 

- 

- 

- 

- 

0.06c 

0.12ab 

0.14a 

0.06c 

0.10b 

0.05c 

0.04c 

0.12a 

0.11a 

0.15a 

0.14a 

0.10a 

0.09ab 

0.03b 

- 

- 

- 

- 

0.04c 

0.15a 

0.07bc 

0.11ab 

0.10bc 

0.13ab 

0.14a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The high levels of total N on plots with chemical fertilizers after one growing season 

in Chipata could be attributed to the fertilizer applied  namely, Compound D and Urea 

which contained 20%  and 46 % N respectively, added a total of about 112 kg N/ha 

when both fertilizers were applied at recommended rates of  200 kg/ha. Because the 

soils in Chipata were clay loams, a significant amount of the N may have been retained 

by the soil, especially in view of the fact that there was low rainfall in the first season. 

On the other hand, the low levels of N on plots with organic amendments could be 

attributed to the fact that in the first growing season the intercrops did not grow well 

because of poor rainfall. The leguminous plants were therefore not able to fix much 

nitrogen. 

 

Results in Table 7 further show that in the second season, there were no significant (p 

<0.05) differences in the levels of total N on plots with organic amendments and those 

with chemical fertilizers in Chipata but were significantly higher than the baseline total 

N levels. In Kasama, plots with traditional fundikila and pigeon pea had significantly 
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higher (p < 0.05) levels of total N compared to the baseline. The plot with chemicals 

fertilizer had low total N indicating that organic amendments were better able to 

increase the reserves of N in the soils compared to chemical fertilizers.  

 

The significant increase in the levels of total N after two growing seasons on plots with 

organic amendments and chemical fertilizer in Chipata could be because there was 

higher rainfall in the second season, which resulted in better growth of the leguminous 

plants used as organic amendments.  The better growth of the plants may have resulted 

in N fixation in the soil. Results of this study are consistent with the findings of Aquiar 

et al., (2009) who reported that legumes could supply up to 220 kg of N in a year. 

Similar results have been reported by Abunyewa and Karbo (2005) who found a 

significant increase in total N in pigeon pea fallow plots than the natural fallow 

regrowth. 

 

The above results also show that the levels of total N in individual treatments generally 

increased after two growing seasons at both study sites indicating that there is a gradual 

buildup of N in the soil with time even over a short period in which this study was 

conducted. 

4.3.5 The Effect of Organic Amendments on CEC 

The mean values of CEC of soils measured at pH 7 from plots with various treatments 

in Chipata and Kasama after one and two growing seasons are presented in Table 8. 

No significant (p > 0.05) differences in the CEC were observed among soils from plots 

with various treatments after one and two seasons at both study sites. This could be 

because the CEC of the soil depends on the amount and type of clay and humus present 

in the soil. An increase in either or both the clay and humus content in the soil (Brady 

and Weil, 2002; McCauley et al, 2017) results into an increase in the CEC.  

Since the clay and SOM contents of the soils did not significantly change over the two 

seasons, no changes in CEC of the soil would be expected.  A change in CEC of soils 

can only be expected with significant changes in either or both the clay content of or 

soil organic matter contents. This did not happen over the duration of the study. 
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Table 8. Mean CEC of treatment plots in Chipata and Kasama in two seasons 

Treatments CEC (cmol/kg soil) after 

one growing season 

CEC(cmol/kg soil) after two 

growing seasons 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer  

Pigeon pea 

Tephrosia vogelii 

Fallow 

Baseline 

Modified fundikila 

Traditional fundikila 

11.96a 

13.72a 

13.44a 

13.38a 

12.50a 

13.50a 

13.04a 

- 

- 

- 

- 

8.65a 

8.30a 

8.90a 

8.98a 

8.98a 

8.18a 

8.70a 

11.97a 

13.92a 

13.32a 

13.52a 

12.94a 

13.70a 

13.20a 

- 

- 

- 

- 

8.81a 

8.40a 

8.77a 

9.04a 

8.92a 

8.87a 

8.65a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

However, the soil from Chipata had a slightly higher CEC than the soil from Kasama. 

This could be attributed to differences in the clay contents of the soils.  The soil from 

Chipata had 23.6 % clay while the soil from Misamfu had 15.2 % clay. According to 

Fernando et al., (2012) apart from clay and humus contents, the duration over which 

organic amendments are applied to the soil also has a significant influence on the CEC 

of the soil. A CEC of 5.61 cmol/kg of soil was observed in soils that received only 

chemical fertilizers while a CEC of 13.69 cmol/kg soil was observed in soils that 

received applications of manure over a 10 year period. 

4.4.0 Soil Acidity 

4.4.1 Effect of Cultivation on Soil pH  

Results of the mean pH values of cultivated and fallow plots in Chipata and Kasama 

after one and two growing seasons are presented in Table 9. The results show that soils 

on cultivated plots had significantly (p < 0.001) lower pH than soils on fallow plots 

after one growing season at both study sites. However, after two growing seasons the 

pH of soils on cultivated plots in Chipata did not differ from that of soils on fallow 

plots. But in Kasama soils on fallow plots had significantly higher (p < 0.05) pH than 

soils on cultivated plots. 
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Table 9. Mean pH on cultivated and fallow plots in Chipata and Kasama in two 

seasons 

Land use Soil pH after one growing season Soil pH after two growing 

seasons 

Chipata Kasama Chipata Kasama 

Fallow 

Cultivated 

4.72a 

4.28b 

4.77a 

4.42b 

4.75a 

4.72a 

4.65a 

4.27b 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The lower pH in cultivated plots could be because of increased soil respiration after 

disturbing the soil which results in high production of carbon dioxide which forms 

carbonic acid when it reacts with water (Brady and Weil, 2002). The results agreed 

with the findings of Bello et al (2010) who found a significant reduction in soil pH 

after cultivation of soil.  

4.4.2 Effect of Amendments on Soil pH 

The effect of different treatments on the pH of soils in the first and second season in 

Chipata is illustrated in Figure 4. The results show that soil pH values on plots treated 

with leguminous organic amendments generally reduced after the first season 

compared to the initial   pH of the soil. However, the only statistically significant 

reduction (p < 0.05) in pH compared to the initial baseline value was observed in plots 

under Tephrosia vogelii.  

In Chipata after the second growing season the pH values of soils on all the plots 

treated with organic amendments significantly increased (p < 0.05) compared to the 

means of the first season.  But a non-statistically significant reduction in pH was 

observed on plots with chemical fertilizers. 
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Figure 4. Mean pH on treatments plots in Chipata after first and second seasons 

 

Figure 5 shows the effect of individual treatments on soil pH in Kasama after first and 

second seasons. The results show that the pH on plots with Tephrosia vogelii and 

pigeon pea had slightly reduced compared to the baseline after the first season. The 

reductions were, however, not statistically significant. Notable increases in pH were 

observed on plots with chemical fertilizer, modified fundikila and traditional fundikila 

after the first season. After the second season, there was a general decline in soil across 

all treatments compared to mean values of the first season although none of the 

declines were statistically significant.   
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Figure 5. Mean pH on treatment plots in Kasama after first and second seasons 

 

The observed reduction in soil pH on plots that had leguminous organic amendments 

could be due to greater acidifying effect of legumes associated with the release of high 

amounts of protons by roots (Yan et al, 1995) compared to non-leguminous crops. 

Additionally, acidification by legumes could be because of the release of carbon 

dioxide (CO2) as the roots respired since they were applied as interplants while non-

leguminous organic amendments were incorporated in the soil. Carbon dioxide reacts 

with water and form carbonic acid which reduces pH of the soil (Brady and Weil, 

2002). Roots also produce organic acids such as malate, oxalate and malonate 

(Hotcking, 2001) which also contribute to lowering soil pH.  

 

The lower pH values observed in plots with leguminous organic amendments are 

similar to those reported by Kang et al., (1999) who observed a reduction in soil pH 

on plots where Gliricidia and Leucaena were grown compared to plots where non-

leguminous amendments were applied. Yan et al., (1995) also reported a decrease in 

soil pH values from 6.00 to 5.64 in the pots where field beans was grown, but observed 
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an increase in pH from 5.64 to 6.29 after incorporating the crop residues in the soil. 

Yan et al., (1995) concluded that incorporating the plant residue could partly 

compensate for the acidification caused by legumes. In this study there was not enough 

biomass to compensate for the acidification introduced by legumes which were pigeon 

pea, tephrosia vogelii and sunnhemp. Abunyewa et al., (2015) also reported a drop in 

pH in leucaena alley cropped fields from 5.65 to 4.79 after 20 years of continuous alley 

cropping. 

 

In Kasama, plots with modified fundikila had lower pH after two growing seasons and 

this could be because of the decomposition of biomass which might have released a 

lot of hydrogen ions. Additionally, velvet biomass releases a lot of N (Ambrosano et 

al, 2003) upon decomposition this contributes to the lowering of pH. In Chipata, plots 

with manure had highest mean pH values and this could be because manure which was 

applied had a pH of 9.32 which was high and might have raised the pH of soil. Manure 

also might have produced some organic compounds which are able to complex 

exchangeable acidity (Ruijin and Fuxing, 2005). The observed results agreed with the 

findings of Duruigbo et al., (2007) who reported an increase in pH from 4.10 to 5.29 

(1M KCl) in plots where manure was applied in one growing season.  

4.4.3 Effect of Cultivation on Exchangeable Acidity 

The mean values of the levels of exchangeable acidity of soils on cultivated and fallow 

plots after one and two growing seasons in Chipata and Kasama are presented in Table 

11. The results show that after one growing season, cultivated soils had significantly 

higher (p < 0.05) levels of exchangeable acidity compared to those under fallow. 

After the second growing season no significant differences (p > 0.05) were observed 

in the levels of exchangeable acidity at both sites although there was a general increase 

in the levels of acidity.  The results show that there was an increase in the levels of 

exchangeable acidity after two growing seasons in cultivated and fallow plots. 
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Table 10. Exch. acidity on cultivated and fallow plots at the two sites after two 

seasons 

Land use  Exch. acidity (cmol/kg soil) 

after one growing season  

Exch. acidity (cmol/kg soil) after 

two growing seasons 

Chipata Kasama Chipata Kasama 

Fallow 

Cultivated  

0.14b 

0.26a 

0.19b 

0.39a 

0.31a 

0.43a 

0.24a 

0.42a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

4.4.4 Effect of Organic Amendments on Exchangeable Acidity 

The mean values of the levels of exchangeable acidity of soils on plots with various 

treatments in the first and second seasons in Chipata and Kasama are presented in 

Table 11. In the first season in Chipata, all organic amendments except Pigeon pea had 

significantly lower (p < 0.05) levels of exchangeable acidity than the baseline value of 

soils at the site. Soils on plots which received chemical fertilizer also had significantly 

lower levels of exchangeable acidity than the baseline values for soils at the site. In 

Kasama, none of the treatments with organic amendments had significantly (p > 0.05) 

lower levels of exchangeable acidity than the initial baseline values of the soil at this 

sites. Plots with chemical fertilizers also did not have lower levels of exchangeable 

acidity. 

In the second season in Chipata, none of the organic amendments as well as the 

chemical fertilizer had significantly different (p > 0.05) levels of exchangeable acidity 

from the initial baseline values for the site.  Similar results were observed in Kasama 

in the second season.  At both sites, there were notable but non-statistically significant 

increases in the levels of exchangeable acidity on plots where leguminous organic 

amendments were applied to the soil. The levels of exchangeable acidity were 

markedly notable on plots where tephrosia and sun hemp were applied in Chipata and 

in Kasama plots with modified Fundikila where velvet beans was one of the organic 

amendments. 
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Table 11. Exch. acidity on treatment plots in Chipata and Kasama in two seasons 

Treatments Exch. acidity (cmol/kg soil)  

after one growing season  

Exch. acidity (cmol/kg soil) 

after two growing seasons 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer 

Pigeon pea 

Tephrosia vogelii 

Fallow  

Baseline 

Modified fundikila 

Traditional fundikila 

0.22b 

0.26b 

0.24b 

0.35ab 

0.21b 

0.14b 

0.37a 

- 

- 

- 

- 

0.30bac 

0.38bac 

0.51a 

0.19c 

0.39bac 

0.48ba 

0.27bc 

0.21b 

0.42ab 

0.38ab 

0.38ab 

0.57a 

0.31b 

0.37ab 

- 

- 

- 

- 

0.26ab 

0.53a 

0.52a 

0.24b 

0.39ab 

0.51ab 

0.31ab 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The observed relative increase in levels of exchangeable acidity in the second season 

especially on plots that had leguminous organic amendments  could be attributed to 

the release of high amounts of protons into the soils in exchange  for metallic cations 

they take up (Yan et al, 1996). Legumes are reported to extract a lot more divalent 

cations than non-legumes and in return release more protons into the soil. The 

increased acidity on plots with legumes could also be attributed to the release of CO2 

as the roots respire which form carbonic acid when it reacts with water (Brady and 

Weil, 2002). None of the organic amendments significantly reduced the levels of 

exchangeable acidity relative to the baseline values in the second season at both sites.  

The leguminous organic amendments generally increased the levels of exchangeable 

acidity compared to non-leguminous organic amendments at both study sites.  

 

4.5.0 Exchangeable K Content in the soil 

4.5.1 Effect of Cultivation on Exchangeable K Content 

The mean values of exchangeable K of soils on cultivated and fallow plots in Chipata 

and Kasama after one and two growing seasons are presented in Table 12. 
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Table 12. Exch. K on cultivated and fallow plots in Chipata and Kasama in two 

seasons  

Land use  Exch. K (cmol/kg soil) after one 

growing season 

Exch. K (cmol/kg soil) after 

one growing season 

Chipata Kasama Chipata Kasama 

Fallow 

Cultivated 

1.02a 

0.69b 

0.55a 

0.44b 

1.02a 

0.65b 

0.55a 

0.33b 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The results show that cultivated plots had significantly (p < 0.05) lower levels of 

exchangeable K compared to fallow plots after one and two growing seasons at both 

study sites. After two growing seasons the levels of exchangeable K reduced further 

in cultivated plots. The reduction in the levels of exchangeable K in cultivated plots 

could be attributed to uptake by both maize and leguminous organic amendments that 

grew on these plots.  

4.5.2 Effects of Organic Amendments on Exchangeable K 

Table 13 shows mean values of levels of exchangeable K on plots with various 

treatments in Chipata and Kasama after first and second seasons are presented Table 

13. The results show that after the two growing seasons in Chipata, there were no 

significant differences (p > 0.05) in the levels of exchangeable K in soils from different 

treatments on cultivated plots. The levels of K on all cultivated plots were not 

statistically different from those of the baseline values. Only soils from fallow land 

had significantly higher levels of exchangeable K compared to the baseline values. In 

the first season in Kasama, none of the cultivated plots except plots with traditional 

fundikila had significantly higher (p < 0.05) levels of exchangeable K compared to 

baseline values for the plots which received treatments. 

In the second season the mean levels of exchangeable K on plots with various 

treatments both in Chipata and Kasama were not significantly different (p > 0.05) from 

the baseline levels for cultivated soils at each site, indicating that none of the treatments 

was able to significantly increase the levels of exchangeable K in the soil. In Kasama, 

the levels of exchangeable K on plots with pigeon pea, Tephrosia vogelii and modified 

fundikila actually were significantly lower than the baseline means.  
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Table 13. Exch. K on treatments plots in Chipata and Kasama after two seasons  

Treatments Exch. K (cmol/kg soil) after 

one growing season 

Exch. K (cmol/kg soil) after 

two growing seasons 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer 

Pigeon pea 

Tephrosia vogelii 

Fallow  

Baseline 

Modified fundikila 

Traditional fundikila 

0.84b 

0.62c 

0.70bc 

0.64c 

0.59c 

1.02a 

0.69bc 

- 

- 

- 

- 

0.32cd 

0.25d 

0.27d 

0.55b 

0.47bc 

0.54b 

0.83a 

0.77b 

0.61c 

0.65bc 

0.59c 

0.61c 

1.02a 

0.69bc 

- 

- 

- 

- 

0.33bcd 

0.24d 

0.26cd 

0.55a 

0.47ab 

0.25cd 

0.44bcd 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The observed high levels of exchangeable K on fallow plots could be because K was 

not taken up by crops. It was also observed that the levels of exchangeable K generally 

reduced on plots with organic amendments compared to plots with chemical fertilizers 

after the first and second growing seasons at both study sites. The lower levels of 

exchangeable K on plots with organic amendments could be partly because the organic 

amendments had lower amounts of K as shown in Table 3.  

In summary, none of the organic amendments were able to significantly increase the 

levels of K compared to the initial or baseline values at both sites in two seasons. The 

general trend was a gradual decrease in K with time on the cultivated plots.  

4.6.0 Effect of Organic Amendment on Available P 

4.6.1 Effect of Cultivation on Available P 

The mean values of the levels of available P of soils on cultivated and fallow plots in 

Chipata and Kasama after one and two growing seasons are presented in Table 14. 
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Table 14. Mean P on cultivated and fallow plots in Chipata and Kasama in two seasons  

Land use Available P (mg/kg soil) after 

one growing season 

Available P (mg/kg soil) after 

two growing seasons 

Chipata Kasama Chipata Kasama 

Cultivated  

Fallow 

10.69a 

5.37a 

35.07a 

23.98b 

8.88a 

5.06a 

30.79a 

22.82a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The results show that there were no significant differences (p > 0.05) in the levels of 

available P of soils on cultivated and fallow plots after one growing season in Chipata. 

However, in Kasama cultivated plots had significantly higher (p < 0.05) available P 

than fallow plots after one growing season. After the second growing season no 

significant differences were observed among the levels of available P in soils from 

cultivated plots and the fallow plots at both study sites. The levels of available P were 

generally higher on cultivated plots compared to fallow plots. This could partly be 

because Compound D fertilizer which contains 20 % P2O5 was applied to most 

cultivated plots at the onset of the trials while none was applied in the fallow plot. 

4.6.2 Effect of Organic Amendments on levels of Available P 

The mean values of levels of available P on plots with various treatments in Chipata 

and Kasama are presented in Table 15. There were no statistically significant (p > 0.05) 

differences in the levels of available P among plots with organic amendments and those 

with chemical fertilizer after the first and second seasons at both sites. The levels of 

available P were relatively higher on plots with chemical fertilizers than on plots with 

organic amendments though not statistically different. In addition, levels of P in plots 

with chemical fertilizer in Chipata were significantly higher than levels for baseline 

and levels in the fallow plots in both the first and second seasons. 
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Table 15. Mean P on treatment plots in Chipata and Kasama in two seasons  

Treatments Available P (mg/kg soil) 

after one growing season 

Available P (mg/kg soil) after 

two growing season 

Chipata Kasama Chipata Kasama 

Manure 

Sunn hemp 

Chemical fertilizer 

Pigeon pea 

Tephrosia vogelii 

Fallow 

Baseline 

Modified fundikila 

Traditional fundikila 

10.51ab 

11.78ab 

15.48a 

8.33ab 

7.33ab 

5.37b 

5.38b 

- 

- 

- 

- 

37.14a 

29.08a 

37.46a 

23.98a 

25.06a 

37.22a 

34.43a 

8.14b 

4.24b 

24.20a 

5.67b 

5.62b 

5.07b 

5.38b 

- 

- 

- 

- 

33.28a 

24.75a 

29.50a 

22.82a 

25.06a 

37.37a 

34.76a 

 Mean values within a column followed by the same subscript are not significantly different at 

0.05 level using Duncan’s Multiple Range Test. 

 

The higher levels of P on plots with chemical fertilizers suggest that chemical fertilizer 

used was the most effective source of P on these soils.  None of the organic 

amendments were able to significantly increase the levels of available P above the 

baseline value. The observed increase in P on plots with chemical fertilizer compared 

to plots with organic amendments was mainly due to the fact that the chemical fertilizer 

applied had a much higher amount of P of about 8.7 % compared to the organic 

amendments which on average had a P content of about 0.3 %.   

 

Phosphorus is one of the nutrients that often limits crop yields in many tropical soils.  

Its availability to plants is influenced by many factors, among which is the soils ability 

to remove or adsorb P from the soil solution. Soils with high P adsorption capacities 

retain most of the soluble P applied to the soils or mineralized from organic compounds 

in the soil, leaving very low concentrations in solution for plant uptake.  It is therefore 

important to know the P adsorption or retention capacities of soils when developing P 

management options in soils.   

 

The P adsorption isotherms for the soils from Chipata and Kasama were determined. 

Figures 6 and 7 show the P adsorption curves for soils from Chipata and Kasama, 
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respectively. The sorption curves indicate that soils from Chipata had higher P 

adsorption than soils from Kasama. This probably explains why the levels of available 

P in soils from Chipata were generally lower than those of soils from Kasama. The 

Langmuir adsorption equations for the two soils indicated that the Chipata had a higher 

P adsorption maxima of about 323 mg P/kg soil, compared to 256.4 mg P/kg soil for 

the soils from Kasama.  Furthermore, the equations show that soil from Chipata soil 

had a much higher bonding energy coefficient of 150 L/mg P compared to the soils 

from Kasama which had a bonding energy coefficient of 13 L/mg P. These data 

indicate that P is much more strongly retained or adsorbed to the soil particles in soils 

from Chipata compared to the soils from Kasama. 

 

 

Figure 6. P adsorption curve for soils from Chipata 

 

A calculation of the standard P requirement of the soils, defined as the amount of P 

adsorbed by the soil to give an equilibrium soil solution P concentrations of 0.2 mg 

P/L (Juo and Franzluebbers, 2003) from the adsorption equations for the two soils 

indicates that the standard P requirement for soils from Chipata was about 332 mg 

P/kg while that for soils from Kasama was 185 mg P/kg, further showing that soils 

from Chipata require more P than soils from Kasama to maintain adequate levels of P 

in solution for optimal plant growth. 

0

50

100

150

200

250

300

350

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

P
 a

d
so

rb
ed

 (
m

g
/k

g
)

Equlibrium soil solution P conc (mg/L)

𝑦 =
333.3 ∗ 150 ∗ 𝑐𝑜𝑛𝑐

1 + 150 ∗ 𝑐𝑜𝑛𝑐



 

45 
 

 

 

Figure 7. P adsorption curve for soils from Kasama 

 

4.7.0 Effect of Selected Chemical Properties on Maize Grain Yield 

A linear correlation analysis presented in Appendix 57 was carried out to assess the 

relationship between selected chemical properties and maize grain yield after one and 

two growing seasons. After the first growing season, no significant correlation was 

observed among selected soils properties and maize grain yield in Chipata. In Kasama 

as shown in Table 16, soil pH, exchangeable pH and total N were found to have 

significant relations with maize grain yield. 

After two growing seasons no significant relationship was observed between selected 

soil properties and maize grain yield in Chipata, but exchangeable K and exchangeable 

acidity were found to have significant linear relationships with maize grain yield in 

Kasama. 

  

Table 17 shows soil treatments used in Kasama with corresponding mean values of 

soil selected soil chemical properties which had a significant influence on maize grain 

yield after one growing season.  Table 18 shows the data at Kasama for the properties 

presented in Table 17 after two growing seasons.  It should be noted that modified and 

traditional fundikila are not presented in Table 17. This is because in the first season 

no maize was grown on plots with these treatments.  
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Table 16. Treatment means of K, Total N, pH and maize yield in Kasama after one 

season  

Treatment  Exchangeable K 

(cmol/kg soil) 

Total N 

(%) 

Soil pH Grain Yield 

(kg/ha) 

Chemical fertilizers 

Pigeon pea 

Tephrosia vogelii 

0.32 

0.25 

0.27 

0.06 

0.14 

0.12 

4.56 

4.30 

4.26 

7425 

4991 

5819 

  

Table 17. Mean of exch.K, exch.acidity and maize yield for in Kasama after two 

seasons  

Treatment  Exchangeable K 

(cmol/kg soil) 

Exchangeable Acidity 

(cmol/kg soil) 

Grain Yield 

(kg/ha) 

Chemical fertilizers 

Pigeon pea 

Tephrosia vogelii 

Modified fundikila 

Traditional fundikila 

0.33 

0.24 

0.25 

0.25 

0.44 

0.26 

0.55 

0.52 

0.51 

0.31 

6730 

1528 

1623 

5010 

7474 

 

4.7.1 Effect of Exchangeable K on Maize Grain Yield  

 

The relationship between levels of exchangeable K and maize grain yield in Kasama 

after one growing season is presented in Figure 8. There was a strong positive and 

significant (r = 0.81, p < 0.01) relationship between exchangeable K and maize grain 

yield after one growing season.   
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Figure 8. Relationship between exch. K and maize yield in Kasama after one season 

 

A similar trend presented in Figure 9 was observed after two growing seasons with a 

strong positive and significant (r = 0.68, p < 0.001) relationship between exchangeable 

K and maize grain yield.  Maize grain yield increased with the levels of exchangeable 

K in the soils in both seasons.  

 

The levels of exchangeable K in plots with leguminous organic amendments in 

Kasama were generally lower than the optimum level of K for maize production of 

0.44 cmol/kg soil. On such soils, a yield increase in maize grain yield was expected as 

the levels of exchangeable K increased towards the optimum value. Biljon et al., 

(2008) reported a value of 0.48 cmol K/kg soil as a maximum limit above which no 

yield response is expected for maize.  In Chipata, no significant (p > 0.05) maize grain 

yield response to levels of exchangeable K were observed. This is expected since the 

levels of K in all plots were greater than 0.5 cmol/kg soil which is greater than  the 

optimum value of K for maize in soils below which maize grain yield response in soils 

in expected. 
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Figure 9. Relationship between exch. K and maize yield in Kasama after two seasons 

 

4.7.2 Effect of Soil acidity on Maize Grain Yield 

The relationship between soil pH and maize grain yield in Kasama after one growing 

season is presented in Figure 10. It shows that pH had a significant positive (p <0.05, 

r = 0.61) relationship with maize grain yield. Maize yields increased with increasing 

soil pH. Similar positive relationship between soil pH and maize yield was reported 

by Mochoge et al., (2015) on acid soils in Kenya.  The observed response of maize to 

increasing pH is not surprising as most of the soils at this site were very strongly acid. 

Maize generally does not grow well on very strongly acid soils. According to Landon 

(1991) the optimum pH for maize is 5.5 to 7.0.  All the pH values at this site were 

below the optimum pH range. No significant response of maize grain yield to soil pH 

was observed after the second growing season. 
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Figure 10. Relationship between soil pH and maize grain yield after one growing 

season 

 

In the first season, no significant relationship was observed between maize grain yield 

and exchangeable acidity. In the second season, a significant strong and negative (p < 

0.05, r = -0.55,) relationship was observed between maize yield and levels of 

exchangeable acidity shown in Figure 11. Maize grain yields decreased with increasing 

levels of exchangeable acidity. Data in Table 18 shows that plots with leguminous 

organic amendments had higher levels of exchangeable acidity compared to plots 

under traditional fundikila and plots with chemical fertilizers. This suggested that plots 

to which leguminous organic amendments were applied had more acidity than soils on 

which non-leguminous organic amendments were applied. The observed lower maize 

grain yield on plots with higher levels of exchangeable acidity could be a results of 

toxic effects of dissolved Al which adversely affects plant root uptake of water and 

nutrients (Brady and Weil, 2002), resulting in  low maize grain yield. 
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Figure 11. Exch.acidity and maize yield in Kasama after two seasons 

 

4.7.3 Effect of Soil Total N on Maize Grain Yield 

The relationship between the levels of total N and maize grain yield in Kasama after 

one growing season is presented in Figure 12. The results show that the total N content 

of soils had a significant strong and negative (p < 0.01, r = -0.74) relationship with 

maize grain yield. The maize yields declined with increasing levels of total N in the 

soil. 

The observed decline in maize grain yield with increasing levels of total N may not 

have been directly due to the effect of N on maize grain yield, but could have been an 

indirect strong association between the levels of total N in the soils and the levels of 

exchangeable K. It was earlier established that maize grain yields   had a positive 

response to increasing levels of available K in soils. A further analysis of the data in 

Figure 13 shows a highly significant strong negative (p < 0.001, r = -0.62) relationship 

between soil total N and exchangeable K in soils at Kasama after one growing season.  
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Figure 12. Relationship between total N and maize grain yield in Kasama after one 

season 

 

Plots with high levels of total N were those on which legumes were grown as organic 

amendments. Because leguminous plants were grown as intercrops they may have 

taken up K from the soil and reduced levels of exchangeable K in the soils. This 

reduction in K resulted in reducing maize grain yields. Consequently, soils with high 

total N were observed to have lower maize grain yields.  Therefore, the observed 

reduction in maize grain yield associated with increasing levels of total N, was 

probably a reflection of the response of maize grain yield to exchangeable K which 

decreased with increasing levels of total N. 
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Figure 13. Relationship between total N and Exchangeable K in Kasama after one 

season 

4.8.0 Effect of Treatments on Maize Grain Yield 

4.8.1. Maize Yields at Kasama 

Means of maize grain yield from various treatments in Kasama in the first and 

second seasons are presented in Figure 14. The data show that plots with chemical 

fertilizer had significantly higher yield than plots with organic amendments in the 

first season. In the second season, plots with traditional fundikila had the highest 

yield, which were significantly higher than those of other organic amendments but 

was not statistically higher than those of plots with chemical fertilizer.  
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Figure 14. Maize grain yields at Kasama in the first and second seasons 

 

In the second season, significant reductions in yields of maize of about 70 % compared 

to yields of the first season were observed on plots with Tephrosia vogelii and pigeon 

pea.  The reduction in maize grain yield observed in the second season on plots with 

Tephrosia vogelii and pigeon pea confirms the findings of Mathews et al., (1992) that 

on plots with leguminous alley cropping in Kasama experienced significant declines 

in maize yield after four years. The results show that maize yields on plot with 

leguminous organic amendments significantly decline with time on the soils in 

Kasama. This could be an indication that these amendments may not be suitable for 

use on the acid soils of Kasama. A probable cause of this could be the observed 

reduction in exchangeable K associated with these organic amendments on soils in 

Kasama, which results in reducing maize grain yield as earlier shown. 

4.8.2 Maize Grain Yields at Chipata 

Means of maize grain yield from treatments in Chipata in the first and second seasons 

are presented in Figure 15. In the first season plots with cow manure and Tephrosia 

vogelii had significantly higher yields than plots with chemical fertilizers but were not 

significantly (p > 0.05) higher than those with pigeon pea and sun hemp. In the second 
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season, plots with chemical fertilizer had significantly (p < 0.05) higher yield than 

plots with sun hemp, Tephrosia vogelii and pigeon pea, but not cow manure.  

 

Figure 15. Maize grain yield at Chipata after the first and second seasons 

The increase in maize grain yield on the plots with chemical fertilizer could be due to 

the significant available P on plots with chemical fertilizer which did not occur on 

plots with organic amendments as shown in Table 15. 

The results further show that there was no significant (p > 0.05) changes in maize grain 

yield on plots with organic amendments in the second season compared to those of the 

first season.  This was different from observations made in Kasama where a significant 

(p < 0.001) reduction in maize grain yield occurred in the second season on plots with 

pigeon pea and Tephrosia vogelii. This could suggest that soils in Chipata are better 

suited to these organic matter based technologies tested than soils in Kasama.  
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

The results of this study showed that organic amendments, with exception of modified 

fundikila, did not significantly increase the levels of SOM. They further did not 

significantly increase the CEC, exchangeable acidity, exchangeable K and available P 

at the two study sites. They however significantly increased the pH of soils in Chipata 

but did not in Kasama. The application of leguminous organic amendments 

significantly increased the levels of total N at both locations. In Chipata none of the 

soil chemical properties evaluated in the study had a significant effect on maize grain 

yield. In Kasama, exchangeable K, and soil pH were positively correlated with maize 

grain yield while exchangeable acidity and total N were negatively correlated with 

maize grain yield. The effects of organic amendments on soil chemical properties 

varied with the type of soil and with the ecological conditions of the site.  Therefore, 

the use of blanket recommendations regarding the suitability of organic amendments 

as means of improving soil fertility across agro-ecological zones should be 

discouraged. 

5.2 Recommendations 

Based on the results of this study it is recommended that similar studies be conducted 

over a longer period of more than two growing seasons to be able to observe long term 

effects of applying organic amendments on selected soil chemical properties in 

Chipata and Kasama. It is further recommended that fertilizer containing high amounts 

of K should be applied to the soils in Kasama to improve the yields of maize. 

Agricultural lime should also be applied to the soil from Kasama to reduce the 

exchangeable acidity which will result in increasing maize grain yield. It is also 

recommended that pigeon pea and Tephrosia vogelii alley cropping be promoted in 

Chipata and not in Kasama as they seem to reduce maize grain yield on these soils. 
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APPENDICES 

Appendix 1: ANOVA for OM on plots in Chipata after One Season 
 
                                     The ANOVA Procedure 

                                   Class Level Information 

 

             Class            Levels       Values 

          Treatments        7    Conv Cow manure Fallow PPea Sunnhemp TephV baseline 

 

                                             Sum of 

     Source                      DF         Squares     Mean Square    F Value    Pr > F 

     Model                        6      9.12237714      1.52039619      10.92    <.0001 

     Error                       28      3.89888000      0.13924571 

     Corrected Total             34     13.02125714 

 

                      R-Square     Coeff Var      Root MSE       OM Mean 

                      0.700576      14.84145      0.373156      2.514286 

Appendix 2: Duncan’s Multiple Range Test for SOM in Chipata after one season 
 

                                  The ANOVA Procedure 
 
                              Duncan's Multiple Range Test for OM 
 
 NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.139246 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .4834      .5080      .5238      .5351      .5436      .5502 
 
                  Means with the same letter are not significantly different. 
 
                  Duncan Grouping          Mean      N    treat 
 
                                 A        3.6480      5    Fallow 
 
                                 B        2.5280      5    TephV 
                                 B 
                                 B        2.4640      5    PPea 
                                 B 
                                 B        2.4640      5    Conv 
                                 B 
                                 B        2.4320      5    Sunnhemp 
                                 B 
                            C    B        2.2080      5    Manure 
                            C 
                                      C                               1.8560                 5         Baseline 
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Appendix 3: ANOVA for SOM on plots in Kasama after One Season 
                             

The ANOVA Procedure 

                             Class Level Information 

              Class            Levels    Values 

              Treatments         7    Conv Fallow ModF PPea TephV TradF baseline  

                                                                     

Dependent Variable: OM 

                                             Sum of 

     Source                      DF         Squares     Mean Square    F Value    Pr > F 

     Model                        6      3.17988571      0.52998095       1.95    0.1202 

     Error                       21      5.72160000      0.27245714 

     Corrected Total             27      8.90148571 

 

                      R-Square     Coeff Var      Root MSE       OM Mean 

                      0.357231      18.34247      0.521974      2.845714 

Appendix 4: Duncan’s Multiple Range Test for SOM in Chipata after One Season 
                                   The ANOVA Procedure 
 
                              Duncan's Multiple Range Test for OM 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.272457 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .7676      .8058      .8302      .8473      .8600      .8697 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A        3.3800      4    Fallow 
                                 A 
                                 A        3.1800      4    ModF 
                                 A 
                            B    A        2.9400      4    TradF 
                            B    A 
                            B    A        2.8000      4    Conv 
                            B    A 
                            B    A        2.7200      4    PPea 
                            B    A 
                            B    A        2.6200      4    TephV 
                            B 
                                 B         2.2800      4    Baseline 
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Appendix 5: ANOVA for SOM on plots in Chipata after Two Seasons 
                                  
                                      The ANOVA Procedure 

                                    Class Level Information 

           Class          Levels     Values 

 

           Treatments            7    AbsCont Baseline Conv Manure PPea Sunnhemp TephV 
                               
Dependent Variable: OM 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      1.02891429      0.17148571       2.03    0.0949 
 
     Error                       28      2.36544000      0.08448000 
 
     Corrected Total             34      3.39435429 
 
                      R-Square     Coeff Var      Root MSE       OM Mean 

                      0.303125      14.29582      0.290654      2.033143 

 

Appendix 6: Duncan’s Multiple Range Test for SOM in Chipata after One Season 
 
                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for OM 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 

                               Error Degrees of Freedom       28 

                               Error Mean Square         0.08448 

       Number of Means          2          3          4          5          6          7 

       Critical Range       .3766      .3957      .4080      .4168      .4234      .4286 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treatmens 
 
                                 A        2.2360      5    Fallow 
                                 A 
                                 A        2.1720      5    PPea 
                                 A 
                            B    A        2.1400      5    Conv 
                            B    A 
                            B    A        2.1080      5    Sunnhemp 
                            B    A 
                            B    A        1.9960      5    TephV 
                            B    A 
                            B    A        1.8560      5    Baseline 
                            B 
                            B             1.7240      5    Manure 
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Appendix 7: ANOVA for OM on plots in Kasama after two seasons 
   
                                      The ANOVA Procedure 

                                   Class Level Information 

             Class                Levels    Values 

 

             Treatments                 7    Fallow Baseline Conv ModF PPea TephV TradF 

Dependent Variable: OM 

                                              Sum of 

     Source                      DF         Squares     Mean Square    F Value    Pr > F 

 

     Model                        6      1.64434286      0.27405714       1.81    0.1451 

 

     Error                       21      3.17440000      0.15116190 

     Corrected Total             27      4.81874286 

 

                      R-Square     Coeff Var      Root MSE       OM Mean 

                      0.341239      14.35426      0.388795      2.708571 

Appendix 8: Duncan’s Multiple Range Test for OM in Kasama after two seasons 
 
                                     The ANOVA Procedure 

                              Duncan's Multiple Range Test for OM 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.151162 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .5717      .6002      .6184      .6311      .6405      .6478 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treat 
 
                                 A        2.9600      4    ModF 
                                 A 
                            B    A        2.9000      4    TradF 
                            B    A 
                            B    A        2.8800      4    Fallow 
                            B    A 
                            B    A        2.8800      4    TephV 
                            B    A 
                            B    A        2.5800      4    PPea 
                            B    A 
                            B    A        2.4800      4    Conv 
                            B 
                            B             2.2800      4    Baseline   
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Appendix 9: ANOVA for Total N in Chipata after one season 

 

                                The ANOVA Procedure 

                                Class Level Information 

           Class         Levels    Values 

 
           treat              7    Fallow Baseline Conv Manure PPea Sunnhemp TephV 
 
                                        The SAS System     08:56 Saturday, January 23,  
Dependent Variable: TN 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.01621714      0.00270286      10.81    <.0001 
 
     Error                       28      0.00700000      0.00025000 
 
     Corrected Total             34      0.02321714 
                      R-Square     Coeff Var      Root MSE       TN Mean 

                      0.698499      36.16984      0.015811      0.043714 

Appendix 10: Duncan’s Multiple Range Test for total N in Chipata after one season 

 

                                      The ANOVA Procedure 
 
                              Duncan's Multiple Range Test for TN 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 

                               Error Degrees of Freedom       28 

                               Error Mean Square         0.00025 

 
 Number of Means           2           3           4           5           6           7 
 Critical Range       .02048      .02152      .02220      .02267      .02303      .02331 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A       0.07600      5    Conv 
                                 A 
                            B    A       0.07000      5    Fallow 
                            B 
                            B    C       0.05200      5    Sunnhemp 
                                 C 
                            D    C       0.03400      5    Baseline 
                            D    C 
                            D    C       0.03400      5    TephV 
                            D 
                            D            0.02800      5    Manure 
                            D 
                            D            0.01200      5    PPea 
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Appendix 11: ANOVA for Total N in Kasama after One Season 
 
                                      The ANOVA Procedure 
                                   Class Level Information 
 
             Class         Levels    Values 
 
             Treatments        7    Fallow Baseline Conv ModF PPea TephV TradF 
                                                                       
Dependent Variable: Total N 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.03527143      0.00587857      17.09    <.0001 
 
     Error                       21      0.00722500      0.00034405 
 
     Corrected Total             27      0.04249643 
 
                      R-Square     Coeff Var      Root MSE       TN Mean 
 
                      0.829986      23.08260      0.018549      0.080357 

Appendix 12: Duncan’s Multiple Range Test for Total N in Kasama after one season 

 

                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for TN 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 

                               Error Degrees of Freedom       21 

                               Error Mean Square        0.000344 

Number of Means           2           3           4           5           6           7 
Critical Range       .02728      .02864      .02950      .03011      .03056      .03090 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A       0.13500      4    TephV 
                                 A 
                            B    A       0.12250      4    PPea 
                            B 
                            B            0.10000      4    Baseline 
 
                                 C       0.06000      4    Fallow 
                                 C 
                                 C       0.05500      4    Conv 
                                 C 
                                 C       0.05250      4    ModF 
                                 C 
                                 C       0.03750      4    TradF 
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Appendix 13: ANOVA for total N in Chipata after two Growing Season 

 

                               The ANOVA Procedure 

                                Class Level Information 

 

           Class         Levels    Values 
 
           Treat              7    Fallow Baseline Conv Manure PPea Sunnhemp TephV 
 
Dependent Variable: TotN 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.09849714      0.01641619       2.57    0.0414 
 
     Error                       28      0.17892000      0.00639000 
 
     Corrected Total             34      0.27741714 
 
                      R-Square     Coeff Var      Root MSE     TotN Mean 

                      0.355051      62.59086      0.079937      0.127714 

Appendix 14: Duncan’s Multiple Range Test for Total N in Chipata after two seasons 

                                  The ANOVA Procedure 

                             Duncan's Multiple Range Test for TotN 

 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square         0.00639 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1036      .1088      .1122      .1146      .1164      .1179 
 
                  Means with the same letter are not significantly different. 
 
                     Duncan Grouping          Mean      N    Treat 
 
                              A            0.20600      5    Conv 
                              A 
                         B    A            0.17600      5    PPea 
                         B    A 
                         B    A            0.15400      5    Sunnhemp 
                         B    A 
                         B    A    C       0.11800      5    Manure 
                         B    A    C 
                         B    A    C       0.11800      5    TephV 
                         B         C 
                         B         C       0.08800      5    Fallow 
                                   C 
                                   C       0.03400      5    Baseline 
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Appendix 15: ANOVA for Total N in Kasama after Two Seasons 
 
                                      The ANOVA Procedure 
 
                                   Class Level Information 
 
             Class         Levels    Values 
 
             Treat              7    Fallow Baseline Conv ModF PPea TephV TradF 
 
Dependent Variable: TotN 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.13164286      0.02194048       4.28    0.0057 
 
     Error                       21      0.10770000      0.00512857 
 
     Corrected Total             27      0.23934286 
 
                      R-Square     Coeff Var      Root MSE     TotN Mean 

                      0.550018      50.63619      0.071614      0.141429 

Appendix 16: Duncan’s Multiple Range Test for total N in Kasama after two seasons 
 

                                     The ANOVA Procedure 

                             Duncan's Multiple Range Test for TotN 

 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.005129 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1053      .1106      .1139      .1163      .1180      .1193 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treat 
 
                                 A       0.24250      4    TradF 
                                 A 
                                 A       0.22500      4    PPea 
                                 A 
                            B    A       0.17500      4    ModF 
                            B 
                            B    C       0.10750      4    Fallow 
                            B    C 
                            B    C       0.10000      4    Baseline 
                            B    C 
                            B    C       0.09750      4    TephV 
                                 C 
                                 C       0.04250      4    Conv 
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Appendix 17: ANOVA for CEC in Chipata after One Seasons 
                             The ANOVA Procedure 

                             Class Level Information 

 
           Class         Levels    Values 
 
           Treatments       7      Fallow Baseline Conv Manure PPea Sunnhemp TephV 
Dependent Variable: CEC 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      47.9588571       7.9931429       0.65    0.6923 
 
     Error                       28     346.1280000      12.3617143 
 
     Corrected Total             34     394.0868571 
 
                      R-Square     Coeff Var      Root MSE      CEC Mean 

                      0.121696      13.44301      3.515923      26.15429 

 
 

Appendix 18: Duncan’s Multiple Range Test for CEC in Chipata after one season 

                  
                                      The ANOVA Procedure 

                             Duncan's Multiple Range Test for CEC 

 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        12.36171 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       4.555      4.786      4.935      5.042      5.122      5.184 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    Treatments 
 
                              A        27.440      5    Sunnhemp 
                              A 
                              A        27.000      5    Fallow 
                              A 
                              A        26.880      5    Conv 
                              A 
                              A        26.760      5    PPea 
                              A 
                              A        26.080      5    Baseline 
                              A 
                              A        25.000      5    TephV 
                              A 
                              A        23.920      5    Manure 
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Appendix 19: ANOVA for CEC in Kasama after one season 

 
                           The ANOVA Procedure 

                          Class Level Information 

             Class         Levels    Values 

             Treatments        7    Fallow Baseline Conv ModF PPea TephV TradF 

Dependent Variable: CEC 

                                              Sum of 

     Source                      DF         Squares     Mean Square    F Value    Pr > F 

 

     Model                        6      9.95428571      1.65904762       0.54    0.7749 

 

     Error                       21     65.01000000      3.09571429 

     Corrected Total             27     74.96428571 

                      R-Square     Coeff Var      Root MSE      CEC Mean 

                      0.132787      10.14936      1.759464      17.33571 

 

Appendix 20: Duncan’s Multiple Range Test for CEC in Chipata after one season 

                             The ANOVA Procedure 

                             Duncan's Multiple Range Test for CEC 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        3.095714 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       2.587      2.716      2.799      2.856      2.899      2.931 
 
                Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    treat 
 
                              A        17.950      4    Baseline 
                              A 
                              A        17.950      4    Fallow 
                              A 
                              A        17.800      4    TephV 
                              A 
                              A        17.400      4    TradF 
                              A 
                              A        17.300      4    Conv 
                              A 
                              A        16.600      4    PPea 
                              A 
                              A        16.350      4    ModF 
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Appendix 21: ANOVA for CEC in Chipata after two seasons 

 

                              The ANOVA Procedure 

                              Class Level Information 

 
           Class         Levels    Values 
 
           Treat              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
                                                  
Dependent Variable: CEC 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6     12.47887429      2.07981238       0.99    0.4484 
 
     Error                       28     58.58008000      2.09214571 
 
     Corrected Total             34     71.05895429 
 
                      R-Square     Coeff Var      Root MSE      CEC Mean 

                      0.175613      10.93386      1.446425      13.22886 

 

Appendix 22: Duncan’s Multiple Range Test for CEC in Chipata after two seasons 

               
                                     The ANOVA Procedure 

                             Duncan's Multiple Range Test for CEC 

 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        2.092146 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       1.874      1.969      2.030      2.074      2.107      2.133 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    Treat 
 
                              A       13.9200      5    Sunnhemp 
                              A 
                              A       13.7000      5    Fallow 
                              A 
                              A       13.5200      5    PPea 
                              A 
                              A       13.3600      5    Conv 
                              A 
                              A       13.2020      5    Baseline 
                              A 
                              A       12.9400      5    TephV 
                              A 
                              A       11.9600      5    Manure 
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Appendix 23: ANOVA for CEC in Kasama after two seasons 

             
                                      The ANOVA Procedure 

                                   Class Level Information 

          Class         Levels    Values 
 
          Treat              8    Baseline Conv Fallow ModF PPea TephV TradF fallow 
                   
Dependent Variable: CEC 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        7      2.24226905      0.32032415       0.39    0.8963 
 
     Error                       20     16.36691667      0.81834583 
 
     Corrected Total             27     18.60918571 
 
                      R-Square     Coeff Var      Root MSE      CEC Mean 

                      0.120493      10.42280      0.904625      8.679286 

Appendix 24: Duncan’s Multiple Range Test for CEC in Kasama after two seasons 

                                                  

                            Duncan's Multiple Range Test for CEC 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                             Alpha                           0.05 
                             Error Degrees of Freedom          20 
                             Error Mean Square           0.818346 
                             Harmonic Mean of Cell Sizes 2.823529 
 
                                NOTE: Cell sizes are not equal. 
Number of Means      2          3          4          5          6          7          8 
Critical Range   1.588      1.667      1.717      1.752      1.778      1.798      1.813 
 
                  Means with the same letter are not significantly different. 
                Duncan Grouping          Mean      N    Treat 
 
                              A        9.0867      3    Fallow 
                              A 
                              A        8.9175      4    Baseline 
                              A 
                              A        8.9000      1    fallow 
                              A 
                              A        8.8075      4    Conv 
                              A 
                              A        8.7725      4    TephV 
                              A 
                              A        8.6525      4    TradF 
                              A 
                              A        8.3975      4    PPea 
                              A 
                                  A        8.1675      4    ModF 
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Appendix 25: ANOVA for pH in Chipata after one season 
 
                            The ANOVA Procedure 

                            Class Level Information 

 
           Class         Levels    Values 
 
           Treatments              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
 
Dependent Variable: pH 
                                             Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      1.81941714      0.30323619      12.06    <.0001 
 
     Error                       28      0.70388000      0.02513857 
 
     Corrected Total             34      2.52329714 
 
                      R-Square     Coeff Var      Root MSE       pH Mean 

                      0.721048      3.636740      0.158551      4.359714 

 

Appendix 26: Duncan’s Multiple Range Test for pH in Chipata after one season 

             
                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for pH 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.025139 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .2054      .2158      .2226      .2274      .2310      .2338 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treatments 
 
                                 A        4.7240      5    Fallow 
                                 A 
                            B    A        4.5960      5    Conv 
                            B 
                            B    C        4.4200      5    Manure 
                            B    C 
                            B    C        4.3860      5    Baseline 
                                 C 
                            D    C        4.2260      5    Sunnhemp 
                            D 
                            D             4.0840      5    TephV 
                            D 
                            D             4.0820      5    PPea 
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Appendix 27: ANOVA for pH in Kasama after one season 
 
                                   The ANOVA Procedure 

                                  Class Level Information 

 
              Class         Levels    Values 
 
              Treatments              7    Baseline Conv Fallow ModF PPea TephV TradF 
 
Dependent Variable: pH 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.79107143      0.13184524       6.26    0.0007 
 
     Error                       21      0.44222500      0.02105833 
 
     Corrected Total             27      1.23329643 
 
                      R-Square     Coeff Var      Root MSE       pH Mean 

                      0.641428      3.257610      0.145115      4.454643 

 

 

Appendix 28: Duncan’s Multiple Range Test for pH in Kasama after one season 

                        

The ANOVA Procedure 

                              Duncan's Multiple Range Test for pH 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.021058 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .2134      .2240      .2308      .2356      .2391      .2418 
 
                  Means with the same letter are not significantly different. 
 
                     Duncan Grouping          Mean      N    treat 
 
                              A             4.7650      4    Fallow 
                              A 
                         B    A             4.5600      4    Conv 
                         B 
                         B    C             4.5200      4    ModF 
                         B    C 
                         B    C    D        4.4775      4    TradF 
                              C    D 
                              C    D        4.3025      4    PPea 
                              C    D 
                              C    D        4.2950      4    Baseline 
                                   D 
                                   D        4.2625      4    TephV             
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Appendix 29: ANOVA for pH in Chipata after two seasons 
                                    
                                   The ANOVA Procedure 
                                   Class Level Information 
 
           Class         Levels    Values 
 
           Treat              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
 
Dependent Variable: pH 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      2.10134857      0.35022476       5.91    0.0004 
 
     Error                       28      1.66012000      0.05929000 
 
     Corrected Total             34      3.76146857 
 
                      R-Square     Coeff Var      Root MSE       pH Mean 
                      0.558651      5.131157      0.243495      4.745429 
 
 

Appendix 30: Duncan’s Multiple Range Test for pH in Chipata after one season 

            
                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for pH 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 

                               Error Degrees of Freedom       28 
                               Error Mean Square         0.05929 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .3155      .3315      .3418      .3492      .3547      .3590 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treat 
 
                                 A        5.1580      5    Manure 
                                 A 
                            B    A        4.9040      5    Sunnhemp 
                            B 
                            B             4.8220      5    TephV 
                            B 
                            B    C        4.7760      5    PPea 
                            B    C 
                            B    C        4.7240      5    Fallow 
                                 C 
                            D    C        4.4480      5    Conv 
                            D 
                            D             4.3860      5    Baseline 
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Appendix 31: ANOVA for pH in Kasama after two seasons 
 
                                    The ANOVA Procedure 

                                   Class Level Information 

 
          Class         Levels    Values 
 
          Treat              8    Baseline Conv Fallow ModF PPea TephV TradF fallow 
                   
Dependent Variable: pH 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        7      0.60390000      0.08627143       4.59    0.0034 
 
     Error                       20      0.37622500      0.01881125 
 
     Corrected Total             27      0.98012500 
                      R-Square     Coeff Var      Root MSE       pH Mean 
                      0.616146      3.169361      0.137154      4.327500 
 
 

Appendix 32: Duncan’s Multiple Range Test for pH in Chipata after two seasons 

              

                                      The ANOVA Procedure 

                             Duncan's Multiple Range Test for pH 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                             Alpha                           0.05 
                             Error Degrees of Freedom          20 
                             Error Mean Square           0.018811 
                             Harmonic Mean of Cell Sizes 2.823529 
 
                                NOTE: Cell sizes are not equal. 
 
Number of Means      2          3          4          5          6          7          8 
Critical Range   .2408      .2527      .2603      .2657      .2696      .2726      .2749 
 
                  Means with the same letter are not significantly different. 
                Duncan Grouping          Mean      N    Treat 
 
                              A        4.6800      1    fallow 
                              A 
                              A        4.6400      3    Fallow 
 
                              B        4.3725      4    TradF 
                              B 
                              B        4.3425      4    Conv 
                              B 
                              B        4.2950      4    Baseline 
                              B 
                              B        4.2350      4    PPea 
                              B 
                              B        4.2275      4    TephV 
                              B 

                                                     B                 4.1700              4        ModF 
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Appendix 33: ANOVA for acidity in Chipata after one season 
                                    
                                   The ANOVA Procedure 

                                   Class Level Information 

 

           Class         Levels    Values 
 
           Treatments        7      Baseline Conv Fallow Manure PPea Sunnhemp TephV 
Dependent Variable: Acidity 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.46966857      0.07827810       3.19    0.0163 
 
     Error                       28      0.68672000      0.02452571 
 
     Corrected Total             34      1.15638857 
 
                     R-Square     Coeff Var      Root MSE    acidity Mean 
                     0.406151      56.62439      0.156607        0.276571 
 
 

Appendix 34: Duncan’s Multiple Range Test for acidity in Chipata after one season 

             
                                     The ANOVA Procedure 

                          Duncan's Multiple Range Test for acidity 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                              Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.024526 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .2029      .2132      .2198      .2246      .2281      .2309 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A       0.52000      5    Baseline 
                                 A 
                            B    A       0.35200      5    PPea 
                            B 
                            B            0.25600      5    Sunnhemp 
                            B 
                            B            0.24000      5    Conv 
                            B 
                            B            0.22400      5    Manure 
                            B 
                            B            0.20800      5    TephV 
                            B 
                            B            0.13600      5    Fallow 
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Appendix 35: ANOVA for acidity in Kasama after One Season 
 
                                      The ANOVA Procedure 

                                    Class Level Information 

 
              Class         Levels    Values 
 
              Treatments        7    Baseline Conv Fallow ModF PPea TephV TradF 
 
Dependent Variable: acidity 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.31394286      0.05232381       3.06    0.0261 
 
     Error                       21      0.35960000      0.01712381 
 
     Corrected Total             27      0.67354286 
 
                     R-Square     Coeff Var      Root MSE    acidity Mean 

                     0.466107      36.49426      0.130858        0.358571 

 

Appendix 36: Duncan’s Multiple Range Test for acidity in Chipata after One Season 

 

                                      The ANOVA Procedure 

                           Duncan's Multiple Range Test for acidity 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.017124 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1924      .2020      .2081      .2124      .2156      .2180 
 
                  Means with the same letter are not significantly different. 
 
                     Duncan Grouping          Mean      N    treat 
 
                              A            0.51000      4    TephV 
                              A 
                         B    A            0.48000      4    ModF 
                         B    A 
                         B    A    C       0.39000      4    Baseline 
                         B    A    C 
                         B    A    C       0.37000      4    PPea 
                         B    A    C 
                         B    A    C       0.30000      4    Conv 
                         B         C 
                         B         C       0.27000      4    TradF 
                                   C 
                                   C       0.19000      4    Fallow 
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Appendix 37: ANOVA for acidity in Chipata after two Seasons 
                                    
                             The ANOVA Procedure 

                            Class Level Information 

 
           Class         Levels    Values 
 
           Treat              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
 
Dependent Variable: Acidity 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.47131429      0.07855238       1.52    0.2087 
 
     Error                       28      1.44896000      0.05174857 
 
     Corrected Total             34      1.92027429 
 
                     R-Square     Coeff Var      Root MSE    Acidity Mean 

                     0.245441      54.83409      0.227483        0.414857 

 

Appendix 38: Duncan’s Multiple Range Test for acidity in Chipata after Two Seasons 

                        

 
                                      The ANOVA Procedure 

                           Duncan's Multiple Range Test for Acidity 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.051749 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .2947      .3097      .3193      .3262      .3314      .3354 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treat 
 
                                 A        0.5680      5    TephV 
                                 A 
                            B    A        0.5200      5    Baseline 
                            B    A 
                            B    A        0.4880      5    Conv 
                            B    A 
                            B    A        0.4240      5    Sunnhemp 
                            B    A 
                            B    A        0.3840      5    PPea 
                            B    A 
                            B    A        0.3120      5    Fallow 
                            B 
                            B             0.2080      5    Manure 
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Appendix 39: ANOVA for acidity in Kasama after two seasons 
                   
                                    The ANOVA Procedure 

                                   Class Level Information 

 

          Class         Levels    Values 
 
          Treat              8    Baseline Conv Fallow ModF PPea TephV TradF fallow                   
Dependent Variable: Acidity 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        7      0.38681905      0.05525986       1.88    0.1261 
 
     Error                       20      0.58666667      0.02933333 
 
     Corrected Total             27      0.97348571 
 
                     R-Square     Coeff Var      Root MSE    Acidity Mean 
                     0.397355      43.43798      0.171270        0.394286 
 

Appendix 40: Duncan’s Multiple Range Test for acidity in Chipata after two seasons 

 

                                     The ANOVA Procedure 

                          Duncan's Multiple Range Test for Acidity 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                             Alpha                           0.05 
                             Error Degrees of Freedom          20 
                             Error Mean Square           0.029333 
                             Harmonic Mean of Cell Sizes 2.823529 
 
                                NOTE: Cell sizes are not equal. 
 
Number of Means      2          3          4          5          6          7          8 
Critical Range   .3007      .3156      .3251      .3317      .3366      .3404      .3433 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    Treat 
 
                              A        0.5300      4    PPea 
                              A 
                              A        0.5200      4    TephV 
                              A 
                              A        0.5100      4    ModF 
                              A 
                              A        0.3900      4    Baseline 
                              A 
                              A        0.3100      4    TradF 
                              A 
                              A        0.2600      4    Conv 
                              A 
                              A        0.2600      4    fallow 
                              A 
                              A        0.2333      3    Fallow 
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Appendix 41: ANOVA for exchangeable K in Chipata after one season 
 
                                     The ANOVA Procedure 
 
                                   Class Level Information 
 
           Class         Levels    Values 
 
           Treatments              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
                                         
Dependent Variable: K 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.70853714      0.11808952       6.06    0.0004 
 
     Error                       28      0.54536000      0.01947714 
 
     Corrected Total             34      1.25389714 
 
                      R-Square     Coeff Var      Root MSE        K Mean 
                      0.565068      19.12537      0.139561      0.729714 
 

Appendix 42: Duncan’s Multiple Range Test for K in Chipata after one season 

 

                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for K 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.019477 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1808      .1900      .1959      .2001      .2033      .2058 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A       1.02400      5    Fallow 
 
                                 B       0.84200      5    Manure 
                                 B 
                            C    B       0.70400      5    Conv 
                            C    B 
                            C    B       0.69200      5    Baseline 
                            C 
                            C            0.63800      5    PPea 
                            C 
                            C            0.61800      5    Sunnhemp 
                            C 
                            C            0.59000      5    TephV 
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Appendix 43: ANOVA for K in Kasama after one season 
 
                                         
                                The ANOVA Procedure 

                                Class Level Information 

 
              Class         Levels    Values 
 
              Treatments        7    Baseline Conv Fallow ModF PPea TephV TradF 
                                         
Dependent Variable: K 
 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      1.00678571      0.16779762      12.30    <.0001 
 
     Error                       21      0.28660000      0.01364762 
 
     Corrected Total             27      1.29338571 
 
                      R-Square     Coeff Var      Root MSE        K Mean 

                      0.778411      25.43581      0.116823      0.459286 

 

 

Appendix 44: Duncan’s Multiple Range Test for K in Chipata after one season 

   

                                      The ANOVA Procedure 

                             Duncan's Multiple Range Test for K 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        0.013648 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1718      .1804      .1858      .1896      .1925      .1946 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treatments 
 
                                 A       0.82750      4    TradF 
 
                                 B       0.55250      4    Fallow 
                                 B 
                                 B       0.53500      4    ModF 
                                 B 
                            C    B       0.46750      4    Baseline 
                            C 
                            C    D       0.31500      4    Conv 
                                 D 
                                 D       0.27250      4    TephV 
                                 D 
                                 D       0.24500      4    PPea 
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Appendix 45: ANOVA for K in Chipata after two seasons 
 
 

                                      The ANOVA Procedure 

                                   Class Level Information 

 

           Class         Levels    Values 
 
           Treat              7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
                                
Dependent Variable: K 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.69687429      0.11614571      14.46    <.0001 
 
     Error                       28      0.22488000      0.00803143 
 
     Corrected Total             34      0.92175429 
 
                      R-Square     Coeff Var      Root MSE        K Mean 

                      0.756030      12.67841      0.089618      0.706857 

 
 

Appendix 46: Duncan’s Multiple Range Test for K in Chipata after one season 

 

                                     The ANOVA Procedure 

                              Duncan's Multiple Range Test for K 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        0.008031 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1161      .1220      .1258      .1285      .1306      .1321 
 
                 Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    Treat 
 
                                 A       1.02400      5    Fallow 
 
                                 B       0.76800      5    Manure 
                                 B 
                            C    B       0.69200      5    Baseline 
                            C    B 
                            C    B       0.64800      5    Conv 
                            C 
                            C            0.61400      5    TephV 
                            C 
                            C            0.61400      5    Sunnhemp 
                            C 
                            C            0.58800      5    PPea 
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Appendix 47: ANOVA for K in Kasama after two seasons 

 

                   
                                      The ANOVA Procedure 

                                    Class Level Information 

 

              Class         Levels    Values 

 
              Treat              7    Baseline Conv Fallow ModF PPea TephV TradF 
Dependent Variable: K 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      0.37140000      0.06190000       4.09    0.0071 
 
     Error                       21      0.31772500      0.01512976 
 
     Corrected Total             27      0.68912500 
 
                      R-Square     Coeff Var      Root MSE        K Mean 

                      0.538944      33.93189      0.123003      0.362500 

 

Appendix 48: Duncan’s Multiple Range Test for K in Kasama after two seasons 

 

                                    The ANOVA Procedure 

                              Duncan's Multiple Range Test for K 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square         0.01513 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       .1809      .1899      .1956      .1997      .2027      .2049 
 
                  Means with the same letter are not significantly different. 
 
                    Duncan Grouping          Mean      N    Treat 
 
                              A            0.55250      4    Fallow 
                              A 
                         B    A            0.46750      4    Baseline 
                         B    A 
                         B    A    C       0.44000      4    TradF 
                         B         C 
                         B    D    C       0.33000      4    Conv 
                              D    C 
                              D    C       0.25500      4    TephV 
                              D    C 
                              D    C       0.25250      4    ModF 
                              D 
                                                     D                              0.24000                 4         PPea 
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Appendix 49: ANOVA for available P in Chipata after one season 
                                     
                               The ANOVA Procedure 

                              Class Level Information 

 
           Class         Levels    Values 
 
           Treatments       7    Baseline Conv Fallow Manure PPea Sunnhemp TephV 
 
Dependent Variable: P 
                                             Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      406.582937       67.763823       1.94    0.1083 
 
     Error                       28      975.742080       34.847931 
 
     Corrected Total             34     1382.325017 
 
                      R-Square     Coeff Var      Root MSE        P Mean 

                      0.294130      64.39134      5.903214      9.167714 

 

 
 

Appendix 50: Duncan’s Multiple Range Test for P in Chipata after one season 

                     
                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for P 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        34.84793 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       7.648      8.036      8.287      8.465      8.599      8.704 
 
                  Means with the same letter are not significantly different. 
 
                   Duncan Grouping          Mean      N    treat 
 
                                 A        15.468      5    Conv 
                                 A 
                            B    A        11.796      5    Sunnhemp 
                            B    A 
                            B    A        10.512      5    Manure 
                            B    A 
                            B    A         8.326      5    PPea 
                            B    A 
                            B    A         7.328      5    TephV 
                            B 
                            B              5.378      5    Baseline 
                            B 
                            B              5.366      5    Fallow 
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Appendix 51: ANOVA for P in Kasama after one season 

                                         
                                     The ANOVA Procedure 

                                    Class Level Information 

 

              Class         Levels    Values 

 
              Treatments      7    Baseline Conv Fallow ModF PPea TephV TradF 
Dependent Variable: P 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      841.803671      140.300612       1.86    0.1351 
 
     Error                       21     1581.582100       75.313433 
 
     Corrected Total             27     2423.385771 
 
                      R-Square     Coeff Var      Root MSE        P Mean 

                      0.347367      27.07506      8.678331      32.05286 

 

Appendix 52: Duncan’s Multiple Range Test for P in Kasama after one season 

    

                                  The ANOVA Procedure 

                              Duncan's Multiple Range Test for P 

 NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       21 
                               Error Mean Square        75.31343 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range       12.76      13.40      13.80      14.09      14.30      14.46 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    treat 
 
                              A        37.463      4    TephV 
                              A 
                              A        37.220      4    ModF 
                              A 
                              A        37.143      4    Conv 
                              A 
                              A        34.428      4    TradF 
                              A 
                              A        29.080      4    PPea 
                              A 
                              A        25.058      4    Baseline 
                              A 
                              A        23.980      4    Fallow 
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Appendix 53: ANOVA for P in Chipata after two seasons 
 
                                      The ANOVA Procedure 

                                    Class Level Information 

 

           Class         Levels    Values 
 
           Treat              7    Fallow Baseline Conv Manure PPea Sunnhemp TephV 
 
Dependent Variable: P 
                                              Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6     1512.535589      252.089265       4.70    0.0020 
 
     Error                       28     1502.002040       53.642930 
 
     Corrected Total             34     3014.537629 
 
                      R-Square     Coeff Var      Root MSE        P Mean 

                      0.501747      87.90969      7.324133      8.331429 

 

Appendix 54: Duncan’s Multiple Range Test for P in Chipata after two seasons 

 

                                      The ANOVA Procedure 

                              Duncan's Multiple Range Test for P 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 
                               Error Degrees of Freedom       28 
                               Error Mean Square        53.64293 
 
       Number of Means          2          3          4          5          6          7 
       Critical Range        9.49       9.97      10.28      10.50      10.67      10.80 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    Treat 
 
                              A        24.204      5    Conv 
 
                              B         8.138      5    Manure 
                              B 
                              B         5.670      5    PPea 
                              B 
                              B         5.620      5    TephV 
                              B 
                              B         5.378      5    Baseline 
                              B 
                              B         5.068      5    Fallow 
                              B 
                              B         4.242      5    Sunnhemp 
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Appendix 55: ANOVA for available P in Kasama after two seasons 
                   
 
                                    The ANOVA Procedure 

                                   Class Level Information 

 

             Class         Levels    Values 

 
             Treat             7    AbsCont Baseline Conv ModF PPea TephV TradF                   
 
Dependent Variable: P 
                                            Sum of 
     Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
     Model                        6      762.678293      127.113049       1.57    0.2065 
 
     Error                       21     1705.525750       81.215512 
 
     Corrected Total             27     2468.204043 
 
                      R-Square     Coeff Var      Root MSE        P Mean 

                      0.309001      30.39815      9.011965      29.64643 

Appendix 56: Duncan’s Multiple Range Test for P in Kasama after two seasons 

  

                    The ANOVA Procedure 

                              Duncan's Multiple Range Test for P 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 

rate. 

                               Alpha                        0.05 

                               Error Degrees of Freedom       21 
                               Error Mean Square        81.21551 
       Number of Means          2          3          4          5          6          7 
       Critical Range       13.25      13.91      14.33      14.63      14.85      15.01 
 
                  Means with the same letter are not significantly different. 
 
                Duncan Grouping          Mean      N    Treat 
 
                              A        37.368      4    ModF 
                              A 
                              A        34.758      4    TradF 
                              A 
                              A        33.278      4    Conv 
                              A 
                              A        29.503      4    TephV 
                              A 
                              A        25.058      4    Baseline 
                              A 
                              A        24.748      4    PPea 
                              A 
                              A        22.815      4    Fallow 
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Appendix 57. Correlation for soil properties and maize yield at Kasama after first 

season. 

( Coefficients Prob > |r| under H0: Rho=0 Number of Observations) 

                 pH          TotN            P             K         Acidity           OM        yield 

 

 pH         1.00000      -0.56893     -0.27549      0.18171     -0.48388      0.27032      0.60593 

               0.0016           0.1559       0.3548        0.0091         0.1642       0.0368 

                 28                    28           28               28                28               28           12 

 

 TotN      -0.56893    1.00000     -0.19265     -0.61760      0.21287     -0.26739     -0.74375 

                0.0016                 0.3260       0.0005         0.2768        0.1689       0.0056 

                 28            28              28               28                28              28           12 

 

 P         -0.27549     -0.19265      1.00000      0.14264      0.30608      0.26259      0.16152 

               0.1559       0.3260          0.4690       0.1132        0.1770        0.6160 

                 28            28                  28              28               28               28           12 

 

 K          0.18171      -0.61760      0.14264      1.00000     -0.23960      0.35629      0.81152 

               0.3548        0.0005         0.4690         0.2194       0.0628       0.0014 

                 28            28                28                28              28               28           12 

 

 Acidity    -0.48388       0.21287      0.30608     -0.23960      1.00000     -0.20313     -0.34218 

                0.0091        0.2768         0.1132       0.2194          0.2999       0.2763 

                 28            28                28              28                 28               28           12 

 

 OM         0.27032      -0.26739      0.26259      0.35629     -0.20313      1.00000     -0.04916 

                  0.1642        0.1689         0.1770        0.0628         0.2999        0.8794 

                   28            28               28               28                28                28           12 

 

 Yield      0.60593      -0.74375      0.16152      0.81152     -0.34218     -0.04916      1.00000 

                0.0368        0.0056          0.6160       0.0014          0.2763       0.8794 

                 12            12                 12            12                  12             12                   12 
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Appendix 58: ANOVA for maize yield in Chipata in the first season 
 
                                       The ANOVA Procedure 
 
                                     Class Level Information 
 
             Class         Levels    Values 
 
             Treat              7    Fallow Conv Cow manure PPea Sunnhemp TephV base 
 
                                   Number of observations    35 
 
NOTE: Due to missing values, only 25 observations can be used in this analysis. 
 
                                       The ANOVA Procedure 
Dependent Variable: Maize yield 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                        4      33299848.1       8324962.0       2.26    0.0985 
 
       Error                       20      73611752.4       3680587.6 
 
       Corrected Total             24     106911600.5 
 
 
                        R-Square     Coeff Var      Root MSE    yield Mean 
 
                        0.311471      34.42039      1918.486      5573.690 
 
 

Appendix 59: Duncan’s Multiple Range Maize Yield in Chipata in First Season 
 
                                       The ANOVA Procedure 
 
                                     t Tests (LSD) for yield 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           20 
                              Error Mean Square             3680588 
                              Critical Value of t           2.08596 
                              Least Significant Difference     2531 
 
                   Means with the same letter are not significantly different. 
 
                         t Grouping          Mean      N    Treat 
 
                                  A          6858      5    Cow manure 
                                  A 
                                  A          6445      5    TephV 
                                  A 
                             B    A          5826      5    PPea 
                             B    A 
                             B    A          5173      5    Sunnhemp 
                             B 
                             B               3567      5    Conv 
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Appendix 60: ANOVA for Maize Yield in Kasama in First season 
 
                                       The ANOVA Procedure 
 
                                     Class Level Information 
 
                Class         Levels    Values 
 
                Treat              7    Fallow Conv ModF PPea TephV TradF base 
 
                                   Number of observations    28 
 
NOTE: Due to missing values, only 12 observations can be used in this analysis. 
 
                                       The ANOVA Procedure 
Dependent Variable: Maize yield 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                        2     12263546.45      6131773.23      13.36    0.0020 
 
       Error                        9      4130250.97       458916.77 
 
       Corrected Total             11     16393797.43 
 
 
                        R-Square     Coeff Var      Root MSE    yield Mean 
 
                        0.748060      11.14438      677.4340      6078.705 
 
 

Appendix 61: Duncan’s Multiple Range Maize Yield in Kasama in First Season 
 
                                       The ANOVA Procedure 
 
                                     t Tests (LSD) for yield 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom            9 
                              Error Mean Square            458916.8 
                              Critical Value of t           2.26216 
                              Least Significant Difference   1083.6 
 
                   Means with the same letter are not significantly different. 
 
 
                        t Grouping          Mean      N    Treat 
 
                                 A        7425.9      4    Conv 
 
                                 B        5819.4      4    TephV 
                                 B 
                                 B        4990.7      4    PPea 
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Appendix 62: ANOVA for Maize Yield in Chipata in Second season 

 

 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
            Class         Levels    Values 
 
            Treat              7    Fallow Baseline Conv Manure PPea Sunnhemp TephV 
 
                                   Number of observations    35 
 
Dependent Variable: Maize Yield 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                        4      48225350.0      12056337.5       4.07    0.0142 
 
       Error                       20      59188000.0       2959400.0 
 
       Corrected Total             24     107413350.0 
 
 
                       R-Square     Coeff Var      Root MSE    GYield Mean 
 
                       0.448970      26.08082      1720.291       6596.000 
 
 

Appendix 63: Duncan’s Multiple Range Maize Yield in Chipata in Second 

Season 
 
                                     t Tests (LSD) for GYield 
 
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           20 
                              Error Mean Square             2959400 
                              Critical Value of t           2.08596 
                              Least Significant Difference   2269.5 
 
 
                    Means with the same letter are not significantly different. 
 
 
                       t Grouping          Mean      N    Treat 
 
                                A          9190      5    Conv 
 
                                B          6890      5    Manure 
                                B 
                                B          5790      5    Sunnhemp 
                                B 
                                B          5635      5    TephV 
                                B 
                                B          5475      5    PPea 
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Appendix 64: ANOVA for Maize Yield in Kasama in Second Season 

 
                                        The GLM Procedure 
 
                                     Class Level Information 
 
               Class         Levels    Values 
 
               Treat              7    AbsCont Baseline Conv ModF PPea TephV TradF 
 
 
                                   Number of observations    28 
 
NOTE: Due to missing values, only 20 observations can be used in this analysis. 
 
                                        The GLM Procedure 
 
Dependent Variable: Maize Yield 
 
                                               Sum of 
       Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
       Model                        4     124761592.1      31190398.0      13.38    <.0001 
 
       Error                       15      34962392.3       2330826.2 
 
       Corrected Total             19     159723984.4 
 
                       R-Square     Coeff Var      Root MSE    GYield Mean 
 
                       0.781107      34.13095      1526.704       4473.079 
 
 
 

Appendix 65: Duncan’s Multiple Range for Maize Yield in Kasama in Second 

Season 

 
                                        The GLM Procedure 

                                     t Tests (LSD) for GYield 

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error 
rate. 
 
                              Alpha                            0.05 
                              Error Degrees of Freedom           15 
                              Error Mean Square             2330826 
                              Critical Value of t           2.13145 
                              Least Significant Difference     2301 
 
                    Means with the same letter are not significantly different. 
 
                           t Grouping          Mean      N    Treat 
 
                                    A          7474      4    TradF 
                                    A 
                               B    A          6730      4    Conv 
                               B 
                               B               5010      4    ModF 
 
                                    C          1623      4    TephV 
                                    C 
                                    C          1528      4    PPea 

 


