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ABSTRACT 

Grain sorghum (Sorghum bicolor [L.] Moench), is a cereal crop that is indigenous to Africa. 

The desire to reduce the negative impact of industrial wastes on the environment through the 

use of inorganic fertilisers and promote harmony between nature and the earth inhabitants calls 

for identification of viable and cheaper alternative non-hazardous fertiliser source for 

maintaining soil fertility and increasing crop yields on farmlands. This can also help farmers 

to manage on-farm wastes as wealth resources. It also minimizes the waste removal costs and 

serves as way of increasing income. This study assessed soil phosphorus (P) and other soil 

nutrients availability when using cheaper and locally available P-rich organic-based fertiliser 

sources for increased grain sorghum yields. Compost preparations, greenhouse and field trials 

were conducted at the North-West University experimental farm in Mahikeng. The P-enriched 

compost produced contained adequate levels of nutrients including P, which was 68.37 g/kg 

but with high level of Cd that was above the threshold level of 39 mg/kg it may pose serious 

threats for agricultural soils. The most common threats caused by Cd are stunting and chlorosis 

in plants. 

Evaluation of growth, yield, nutrient and nutritional contents of grain sorghum were carried 

out under greenhouse and field conditions following application of variable rates of the P-

enrich composts. Two greenhouse trials consisted of factorial arrangements. The first 

greenhouse trial consisted of two soil textural classes (loam and a sandy loam) and seven 

compost rates (i.e. unamended control, 5, 10, 20, 40, 80, 160 t/ha) and inorganic NPK rate as 

a positive control while the second trial consisted of two soil types (Hutton and Coega) and 

seven compost tea rates. The compost tea rates included unamended control, 250 ml 

fortnightly, 250 ml weekly, 250 ml bi-weekly, 500 ml fortnightly, 500 ml weekly and 500 ml 

bi-weekly. In addition, a laboratory incubation study on phosphorus release from the P-

enriched co-composted manures was conducted to quantify and compare P availability from 

co-composted GPR in two soils with variable textural characteristics. Results from the first 

greenhouse trial revealed that all measured sorghum growth parameters performed better under 

loam soil than the sandy loam. Higher compost application rates promoted early flowering first 

observed in the 80 t/ha rate at 49 days. However, biomass accumulation in the inorganic NPK 

fertilizer rate was higher (53.63 g) than any of the P-rich compost rates. However, the 27.48% 

grain protein content obtained at 40 t/ha P-rich compost treatment was significantly higher. 

Similarly, the 0.65% grain P content obtained from the 10 t/ha compost rate was the highest 

suggesting possible optimum compost rates. On the other hand, results of the compost tea trial 
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revealed that compost tea application had beneficial effects on growth and yield of sorghum 

grain with the 500 ml bi-weekly application rate producing better growth than any other rates 

in both soils. However, the obtained highest grain yield of 16.93 g/ panicle was from the 250 

ml weekly treatment in the Hutton soil. Higher P-use efficiency (PUE) values of 4.66 and 4.23, 

respectively for grain and biomass obtained from Coega soil compared to the -0.44 (grain) and 

-0.208 (biomass) in the Hutton soil. Compost tea application can be a useful fertilizer source 

for sorghum  

Results of the field trials revealed that 5 and 10 t/ha treatments gave the highest yields at 5490.1 

and 5301.6 kg/ha, respectively. The highest total N (2.05%), crude protein (12.90%) and P 

(0.46%) contents from grain samples obtained from the 80 t/ha treatment. In addition, the 80 

t/ha gave the lowest bulk density across all the treatments and resulted in the highest porosity. 

Although the 80 t/ha compost rate resulted in increased sorghum grain P uptake, reduced bulk 

density and favourably improved soil total porosity, the potential risks of exchangeable cation 

(EC) build-up following short and long term application of such rate makes it undesirable. 

Finally, the results of the laboratory incubation study revealed that P released over the 49-day 

period showed similar trends in both soils during the first 2 weeks and the third to the sixth 

weeks. However, the different P trend in loam soil decreased from the third week to the fifth 

week and the sandy loam soil showed a continuous increase in P from the first to the fourth 

week but decreased steadily starting from the fifth week. The final measured mineralized P in 

sandy loam (561.67 mg/kg) and loam (475.05 mg/kg) soils showed a P increase as a result of 

P-rich compost from the initial P values of 80 mg/kg (sandy loam) and 75 mg/kg (loam). 

However, there was non-significance effect on the cumulative P as affected by soil texture but 

the interaction between soil texture and compost rates had significance effect on cumulative P. 

The 10% compost tea rate containing 1574 mg/kg cumulative P in the sandy loam soil was 

non-significant while similar 10% rate containing 1236 mg/kg cumulative P in the loam soil 

was significant. The compost rate and soil texture played important role on compost 

mineralization. The findings in this study suggest the potential for possible improvement of 

soil P availability in sorghum fields using cheaper and locally available P-rich organic-based 

fertiliser source for increased sorghum yields. 

Key words: Co-composting, compost tea, grain sorghum, phospho-compost, phosphorus 

mineralization, P-use efficiency  
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Chapter 1  

General Introduction 

1.1 Background 

Grain sorghum (Sorghum bicolor L. Moench), is a tropical cereal (grass) crop that is 

indigenous to Africa. It represents an important staple food for many rural communities; 

and it is largely cultivated in the warmer climatic areas (Makanda, 2009; Prasad and 

Staggenborg, 2009). It represents the world’s fifth most important grain cereal crop after 

rice, wheat, maize and barley (Sorghum S7 Committee, 2007). The uses of sorghum are 

numerous and include as a nutritious traditional food for the making of semi-leavened 

bread, couscous, dumplings, and fermented and non-fermented porridges (Sorghum S7 

Committee, 2007). Its yield and availability in the local South African market is largely 

dependent on favourable production conditions that relate to, but are not limited to soil 

fertility. Phosphorus (P) is one of the nutrient elements that are required by plants in large 

quantities for growth, root development, plants metabolism and biological activity in the 

soil (Yang et al. 2013). Phosphorus (P) contributes directly to quality and quantity of fodder 

production in sorghum (Roy and Khandaker, 2010). Inorganic fertiliser represents the 

major P source for plants. Other sources include the use of P-containing minerals such as 

ground phosphate rock (GPR), manures, organic residues and composts. Although 

inorganic (mineral) fertilisers represent the fastest plant available P-source where a problem 

of soil P deficiency is observed, the product is often characterized with numerous 

constraints that limit its use on crop fields. 

Compost in agriculture represents an important and affordable low-input nutrients-rich 

resource for improving soil organic matter content (Edwards & Araya, 2011). It contains 

plant macro-nutrients such as nitrogen (N), P, potassium (K), and also micronutrients; and 

plays additional roles of improved soil water retention and aeration for achieving healthy 

plants growth (Bot & Benites, 2005; Sinha et al., 2009; Edwards & Araya, 2011). Compost 

tea is a soaked, water-based extract of compost (Haller et al., 2016; Islam et al., 2016). 

Depending on the management goal, compost tea extracts correct nutrient deficiency during 

crop production. This was done by altering the rhizosphere through microorganisms and 

nutrients added to the soil (Bess, 2000). By altering the set of organisms through the 

inoculation of beneficial microorganisms that are antagonistic towards various plant 

pathogens (Pane et al., 2011; Islam et al., 2016) different results were obtained.  
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Phosphate rock on the other hand, is a non-detrimental sedimentary rock that contains high 

amounts of P and serves as the primary ingredient used in inorganic P fertiliser production. 

It represents the largest P source for agricultural use but often requires industrial processing 

to guarantee availability of its P content to crops (Ali et al. 2014). The rapid growth of 

organic agriculture globally, and the desire for the use of a more environmentally friendly 

and inexpensive phosphate source that is not industrially processed have led to the 

promotion of the direct application and use of insoluble GPR on crop fields (Taalab & Badr, 

2007). 

1.2 Problem statement 

In most developing countries of the world, food security is a huge challenge particularly in 

most rural households since its availability and consumption are largely dependent upon 

local producers (Funk & Brown, 2009). However, recent climate change associated with 

global warming have resulted in rising temperatures and lower rainfall in many parts of 

Africa including South Africa; and coupled with an increasing human population have 

resulted in a 43% increase in food insecurity globally (Funk& Brown, 2009). Hitherto, 

increased crop yield in many parts of Africa has been achieved through expansion of 

cultivated land rather than productivity gains (Garrity et al., 2010). Despise the expansion 

of cultivated land; global production and yields (kg/ha) of cereal crops has remained low. 

Although South Africa is reported to be food secure at a national level, household food 

insecurity in many rural areas is widespread (Bharucha and Pretty, 2010). This is due to a 

number of reasons that include political and policy instability, improper use of agricultural 

inputs, under-utilization of arable land, ineffective crop production practices, increased 

cultivation of fields with low agricultural potentials, increasing vulnerability of arable land 

to degradation and low inherent fertility of most agricultural soils (Du Toit et al. 2011; 

Kutu, 2012). For instance, smallholder farmers have often been reported to use very low 

levels of inorganic fertilisers, applying only about 8-10 kg/ha of nutrients, which represent 

less than 1% of global fertiliser consumption. This may be due to high fertiliser prices that 

have over a 4-year period from 2006 doubled in many parts of Africa (Garrity et al. 2010). 

Regrettably, South Africa produces on average 203 700 tons of sorghum annually, which 

is relatively small compared to the annual averages of 11 722 550 and 1 790 850 tons 

produced domestically for maize and wheat, respectively (DAFF, 2013). Sorghum yield is 

also very low with less than 1 t ha-1 by small-holder farmers and a maximum of up to 2 t 
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ha-1 by commercial farmers (DAFF, 2010). The problem of low crop yields of farmers is 

exacerbated by climate change variability, prevailing socio-economic challenges, and 

unfavourable policy trends in the society lead to escalated food scarcity and malnutrition 

in South Africa and many other countries (Morton, 2007). Worse still, the country has 

witnessed increasing drought conditions and extreme heat waves over the past 5 years that 

have led to undesirable consequences on agricultural production, food availability and 

market prices of most basic foods such as sorghum and maize (DAFF, 2013). About 7 – 10 

years ago, the North West Province was one of the five provinces that were worst hit by 

this problem resulting in thousands of hectare of unplanted prepared lands and massive 

crop failures. Furthermore, the frequent use of industrially processed phosphatic fertilisers 

in large quantities on crop land has been reportedly implicated in the build-up of trace 

metals that have potential to be taken up into the body through the food chain thereby 

causing negative health effects (Chandra, 2005). Results of a study by Roy and Khandaker 

(2010) revealed that though application of P fertiliser on forage sorghum field resulted in 

the gradual increase in growth and yield, excessive use of P fertilisers contributes to 

eutrophication on surface water bodies. 

1.3 Justification 

Sorghum is a drought tolerant crop that serves as an excellent vehicle to further the growth 

and development of emerging producers (Lemmer & Schoeman, 2011). Besides its African 

origin and drought tolerant trait, sorghum is regarded as the number one crop that can help 

reduce food insecurity (Godfray et al., 2010) due to its adaptability to the local climatic 

conditions including drought and excessive heat challenges that have recently been 

experienced in many parts of South Africa. Compared to other cereal crops, sorghum has 

more human health benefits and contains various phytochemicals, which are secondary 

plant metabolites such as those with antioxidant activity, cholesterol-lowering properties 

and other potential health benefits (Awika & Rooney, 2004). The desire to reduce the 

negative impact of industrial wastes on the environment with inorganic fertilisers and 

promote harmony between nature and the earth inhabitants, calls for identification of a 

viable and cheaper alternative non-hazardous fertiliser source for maintaining soil fertility 

and increasing crop yields on farmlands. Such alternative that focuses on the co-composting 

of P-rich GPR with readily available and diverse organic manures has received research 

interest in recent years through the Phospho-compost Technology project initiative 

supported by the National Research Foundation (NRF), South Africa. Among the numerous 



4 
 

advantages inherent in the technology, it includes the supply of the needed essential plant 

nutrients and organic matter into the soil, increased soil carbon sources for soil organisms, 

it minimizes the input costs required by farmers to achieve increase productivity and 

contribute to greening of the environment through better and more efficient waste 

management option. This can also help farmers to manage on-farm wastes as wealth 

resources. It also minimizes the waste removal costs and serves as a way of increasing 

income. 

1.4 Aim 

The study assesses the agronomic practices that will lead to improved soil P availability in 

sorghum fields using cheaper and locally available P-rich organic-based fertiliser source 

for increased grain sorghum yields. 

1.5 Objectives 

Specific objectives of the study include: 

i. to assess P availability from co-composted Ground Phosphate Rock (GPR) in soils with 

variable textural characteristics. 

ii. to assess growth, yield, nutrient and nutritional contents of grain sorghum following 

application of P-enrich composts. 

iii. to determine the residual effects of each treatment on soil physical and chemical 

properties. 

iv. to evaluate the response of grain sorghum to variable dilution rates of compost tea 

obtained from P-enriched compost. 

 

1.6 Hypotheses 

i. Phosphorus availability from co-composted GPR would be higher in light textured than 

heavy textured soils. 

ii. Application of P-enriched compost would result in better plant growth, more grain yields 

and nutrients as well as nutritional content of grain sorghum. 

iii. Application of variable rates of P-rich composts would result in positive residual effect 

on soil physical and chemical properties regardless of the soil textural type. 
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iv. Frequent application rates of the compost tea would result in better growth in sorghum 

than infrequent application rates. 

 

1.7. Brief overview of the dissertation 

The dissertation consists of six chapters. Chapter 1 gives an overall general introduction of this 

dissertation, highlighting the identified problems that this study attempts to tackle and needs 

for carrying out this work. The economic importance of Sorghum and GPR as a P-rich source 

are highlighted in Chapter 2 as well as a brief review of literature on related works in the 

potential benefits of using compost; the role of soil texture in P availability as well as 

mineralization of organic materials. Chapters 3, 4 and 5 discuss the materials and methods 

used; results obtained for growth, yield, yield attributes, tissue analysis and selected post-

harvest soil chemical properties. Chapter 3 assesses the effect of P-rich compost on growth and 

yield of sorghum in two different soil textural classes under greenhouse conditions; it discusses 

the compost preparation used in the whole study and the nutrient composition of the phosphor-

compost. Chapter 4 describes the response of sorghum growth and yield attributes to variable 

phospho-compost application rates under field conditions, it also addresses the effect of P-rich 

compost on selected post-harvest soil physical. Chapter 5 assesses the response of sorghum on 

variable dilution rates of P-rich compost tea extract grown on two different soils under 

greenhouse conditions. Chapter 6 assesses P release from P-rich compost; it is a laboratory 

incubation study.  
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Chapter 2  

Literature Review 

2.1 Botany of grain sorghum, production requirements and economic importance 

Sorghum belongs to the grass family (Gramineae). It possesses primary and secondary root 

systems that are finer and more branched by approximately twice as many as roots of maize 

plants (DAFF, 2010). Its’ leaves are typically green, glasslike, flat with much smaller leaf area 

than maize and covered with a thin wax layer that not only reduces transpiration but increases 

drought tolerance in the plant (DAFF, 2010). Sorghum is not tolerant of frost, shade or 

sustained flooding (Undersander, 2003; Clark, 2007; FAO, 2012) but tolerates drought and 

periods of high temperatures, the reason of its importance in Africa’s farming systems to ensure 

food security drive (Sorghum S7 Committee, 2007). Unlike maize, sorghum is a crop that 

mainly grows on low potential, shallow soils with high clay content, and soils that are usually 

not suitable for maize production (Du Plessis, 2008). It grows on low fertility, moderately 

acidic to highly alkaline soils. Nevertheless, it is best adapted to fertile, well-drained soils with 

a pH between 6.0–6.5. The crop is more tolerant of alkaline soils than other grain crops; and 

has been successfully cultivated on soils with pH value of between 5.5 and 8.5 (Prasad and 

Staggenborg, 2011). 

Sorghum is used in a variety of foods and its agronomic advantages outweigh any negatives 

such as reduced nutrient availability (Awika & Rooney, 2004). It possesses excellent 

nutritional quality with its grains used for, among others the brewing of traditional beers, the 

production of new food products such as instant soft porridge and non-alcoholic beverages 

(Sorghum S7 Committee, 2007). Sorghum is inherently gluten‐free and thus regarded as safe 

for people with celiac disease (Henly, 2011). The free-radical scavenging capability in 

polyphenols promotes antioxidant activity, and thus may protect against some chronic diseases 

such as coronary heart disease and type II diabetes (Dykes & Rooney, 2007 Wu et al., 2017). 

Polyphenols in sorghum grain consist of simple phenolic acids (e.g. ferulic and p-coumaric 

acids), 3-deoxyanthocyanidins, flavanones, flavones and other flavonoids, as well as 

condensed tannins (Awika & Rooney, 2004; Wu et al., 2017). Grain sorghum serves as a 

supplement to maize as a feedstock for bio-ethanol production (Lemmer & Schoeman, 2011) 

while forage sorghum is used for making hay and silage to meet animal feed requirements (Roy 

& Khandaker, 2010).  
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2.2 Phosphate rock as P-rich source for increasing crop production and 

productivity 

Phosphate rock is a natural P-source bearing mineral that serves as the primary raw material 

used for producing soluble P fertiliser (IFA, 2013). In 2010 it was estimated that 82% of the 

total ground phosphate rock mined was used for fertilizers while the remaining 18% was used 

on other industrial uses; and that the total phosphate rock production in the world was 260 

million tons per year (IFDC, 2010). Compared to inorganic P fertilisers, it represents the 

cheapest P source for farmers. However, its poor reactivity influences its ability to release the 

P content for plant uptake (Mokase, 2016). Ground phosphate rock is applied directly into the 

soil for the solubilisation and availability of its P content to be readily taken up by crops. There 

are various methods for evaluating ground phosphate rock for direct soil application. For 

example, solubility test of ground phosphate rocks is carried out using chemical extract 

solubility testing; and this offers a simple and rapid method for classifying and then selecting 

ground phosphate rocks according to their potential effectiveness (Gholizadeh et al., 2009). 

The most common solutions are neutral ammonium citrate, citric acid and formic acid as 

reagents (Gholizadeh et al., 2009). However, the extent of P solubilisation depends on the type 

of rock, soil characteristics, area climate, cropping systems and nutrient management practices 

(IFA, 2013). Among soil properties, clay content and pH have the greatest influence on P 

solubility with pH accounting for 56% of variability of the relative agronomic effectiveness of 

GPR (Chien et al. 2010). Documented results of GPR application have proved to be low in the 

first crop season and increased in the second and third crop resulting in higher yields over the 

first and second crops in one application (Chien, 2003). In arid to semi-arid regions where 

calcium is dominant for P-fixation, P availability from GPR increased significantly following 

treatment with either elemental sulphur and / or organic manure (Al-Oud, 2011).  

 

2.3 Role of soil texture on P availability and crop performance   

The development and growth of plants is significantly affected by the presence of P, which is 

a key plant nutrient that affects such physiological processes as metabolic respiration, 

photosynthesis, cell division, early flowering, seed maturity and plants root system 

(Muhammad et al. 2014). The relative amounts of the different soil particle sizes or the fineness 

or coarseness of the mineral particles in the soil is referred to as soil texture (Brady & Weil, 

2008). Soil texture determines the surface area in a volume of soil, which influences the 
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availability of nutrients, water, and soil organic carbon in an ecosystem (Hook & Burke, 2000; 

Chapin et al., 2002, Netake¸ 2012). The quality and availability of inorganic P depends on the 

distribution of different soil particle sizes, parent material and degree of weathering; although 

it is less mobile, the impact of soil texture on P availability is highly relevant to crop growth 

(Suner & Galatini, 2015). Sandy or light textured soils under intensive agriculture pose a higher 

environmental risk due to the dominant characteristic of low P sorption capacity and high P 

availability (Renneson et al., 2010). Hence, the poor growth occasionally experienced by 

sorghum on sandy soils (Du Plessis, 2008) is due to P constraint. On the other hand, soils 

dominated by high clay particles have high water retention, dissolved nutrients, and soil organic 

matter due to their large surface area per unit volume (Netake¸ 2012; Osman, 2013). 

Phosphorus has limited mobility in most soils because it reacts strongly with many elements 

and compounds at the surfaces of clay minerals (Goatley, 2011). Heavy clay soils are known 

not only to be P fixing but often results in large P losses, due to cracks in summer and water 

transport via trenches shortly after P fertiliser application (Van der Salm et al., 2006). Other 

soil parameters like aluminium (Al) or iron (Fe) content in high clay soils are considered good 

indicators of the quantities of adsorption sites that have a profound effect on P availability to 

the crops (Renneson et al. 2010). 

2.4 Potential benefits of the use of compost compared with inorganic fertilisers 

Intensive agriculture is responsible for a decrease in soil fertility if soil organic matter is not 

supplemented. Recycling of agricultural and industrial wastes is of prime importance not only 

because it adds organic matter to the soil but also supplements sufficient amount of nutrients 

to the soil (Biswas & Narayanasamy, 2006). Composting is a common and effective pathway 

for reducing hazards in manure before applying it on farmlands (Xie et al., 2016); it transforms 

raw organic waste materials into biologically stable, humic substances that make excellent soil 

amendments (Cooperband, 2002). The role that composts play in the soil is very different to 

that of chemical fertilizers. Composts not only keep the plants healthy but also help keep the 

soil healthy; by improved soil structure for plant roots, reduce wind and water erosion, 

promoting a habitable environment for soil organisms; and to the farmer it represents a less 

costly means of improving productivity for more income (Edwards and Araya, 2011). The 

quality of feedstock affects P release in compost while the release rate is affected by the 

biological stability (Prasad, 2013). A mature compost can kill pathogenic microorganisms in 

the compost itself, thus mature composts are eco-friendly (Zhang et al., 2017). Composted 



11 
 

poultry manure has some P availability as superphosphate (Prasad, 2013) while N content in 

kraal manure was found to be higher than P content (Van Averbeke & Yoganathan, 2003).  

2.5 Compost tea as an alternative fertilizer 

The use of compost extract increases soil C levels, improves soil structure, nutrient cycling and 

water holding capacity, and suppresses plant disease (Ha et al., 2008; Shrestha et al., 2011). 

Two common production methods with somewhat different properties reported to make it 

necessary to distinguish between non-aerated and aerated compost teas (Haller et al., 2016). 

However, the best method of compost tea production is under debate because little scientific 

evidence is available as to which method is superior for agricultural purposes (Hargreaves et 

al., 2008). In addition, there is a growing concern that compost teas are at risk for regrowth of 

any residual pathogenic strains of E.coli or other enteric pathogens remaining in compost; and 

escalating this concern is the addition of nutrients such as molasses or kelp to promote the 

growth of beneficial microbes (Kannangara et al., 2006). Composting materials determine the 

efficacy of the compost tea and thus different compost tea characteristics (Pant et al., 2012). In 

some studies, where only sheep manure was used in composting, the tea extract showed 

antimicrobial activities against phyllosphere (Kone et al., 2010) and rhizosphere (Dionne et 

al., 2012) pathogens of tomato plants (On et al., 2015). 

Most research that is investigating compost tea extracts is mainly focused on the control of 

foliar diseases, some of the crops that have been researched on include okra (Siddiqui et al., 

2009), tomato (Kone et al., 2010; On et al., 2015; Pane et al., 2016), potato (Ngakou et al., 

2012), and others. In field trials, tomato and potato plants showed good health and vegetative 

status responses (Ngakou et al., 2012; Pane et al., 2016), but in greenhouse conditions there 

were some pathogens that were difficult to suppress using compost tea on the tomato plants 

(Kone et al. 2010). Another study investigated the effect of compost quality on the compost 

tea extract.  This effect was determined on the growth of pak choi (Chinese cabbage), and it 

was found that the differences in compost quality and extracts had an impact on the growth and 

mineral status of pak choi (Pant et al. 2012). In a study where strawberries were used the 

application of compost and compost teas produced fruit of equal quality in terms of total 

antioxidant capacity and the amount of vitamin C (Hargreaves et al., 2009). 
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2.6 Mineralization of organic material and crop performance 

The mineralization of organic matter in a soil depends on two main factors, the soil type and 

the quantity of organic matter incorporated (Zhang et al., 2017). Plants take up P as phosphate 

ions (H2PO4
- and HPO4

2-) from the soil solution. The availability of P in the soil affects the 

growth and development of all plants (Wyngaard et al., 2016). Between 20% and 80% of the 

total P is present in organic forms in the soil and this P should be converted to inorganic form 

by mineralization to be in an available form for uptake by plant roots (Randriamanantsoa et al., 

2015). The high sorption capacity of the phosphate ions makes it less bioavailable to plants. In 

top soils (0 – 15 cm), the total P content typically ranges from 50 to 500 mg kg-1 and from this 

range only a small fraction is available due to the high sorption capacity of phosphate ions 

(Spohn & Kuzyakov, 2013). Sorption is determined by the extent of solute removal from 

solution either in batch studies or in leaching studies (Celebi, 2007). Columns of adsorptive 

materials depend on the surface charge and the surface area of these adsorptive materials 

(Celebi, 2007). Phosphate solubilising microorganisms synthesise organic acids, which lower 

the pH of the medium, this acts on the insoluble phosphorus present in materials such as 

tricalcium phosphate, dicalcium phosphate and phosphoric rock (Khan et al., 2007). This 

mechanism is practically similar in both soil and compost reactions (Sanchez, 2017). 

In Africa, the use of inorganic fertilizers is considered low; this belief is based on the 

assumption that it is profitable to use higher fertilizer application rates than is currently the case 

(Liverpool-Tasie et al., 2017). Although under such consideration, there is a threat to soil 

fertility, crop productivity and economic returns in arid and semi-arid agroecosystems posed 

by low and declining soil organic matter (Arif et al., 2017). The presence of organic 

components in the soil is as important elements that facilitate the decomposition and release of 

nutrients when inorganic fertilizer is applied (Hassen, 2018) and as a source of nutrients 

(Hernandez et al., 2016). It is also important to keep in mind that the nutrients in organic 

fertilizers must first go through mineralization to be readily available for plant uptake. The 

mineralization process is dependent on the organic fertilizer/waste characteristics, soil type and 

environment (Hernandez et al., 2016). Because the mineralization process is slow in nature 

(Hernandez et al., 2016), increased food security has mainly been due to inorganic fertilizers 

which not only contributed to food security but also caused soil deterioration, greenhouse gas 

emissions and water contamination (Sierra et al., 2015; Smith & Siciliano, 2015; Uphoff & 

Dazzo, 2016; Wang et al., 2018). The nature and quality of organic wastes are the important 

factors which contribute to the vast benefits that come with organic fertilizers (Arif et al., 
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2017), and farmers who know about the nature of scientifically proven good quality organic 

wastes and/or organic fertilizers can reap the benefits of using these organic fertilizers. These 

beneficial effects of organic fertilizers on soil properties increase with repeated application to 

the soil (Garcia-Rufz et al., 2012; Hernandez et al., 2016). 

 

2.7 References 

Al-Oud, S.S., 2011. Improving phosphorus availability from phosphate rock in calcareous soils 

by amending with: organic acid, sulfur, and/or organic manure. Ozean Journal of Applied 

Sciences, 4(3), pp.227-35. 

Arif, M., Ilyas, M., Riaz, M., Ali, K., Shah, K., Haq, I.U. and Fahad, S., 2017. Biochar improves 

phosphorus use efficiency of organic-inorganic fertilizers, maize-wheat productivity and 

soil quality in a low fertility alkaline soil. Field Crops Research, 214, pp.25-37. 

Biswas, D.R. and Narayanasamy, G., 2006. Rock phosphate enriched compost: an approach to 

improve low-grade Indian rock phosphate. Bioresource Technology, 97(18), pp.2243-2251. 

Çelebi, O., 2007. Investigation of the adsorption behavior of cesium, barium and phenol onto 

modified humic acid and iron nanopraticles (Doctoral dissertation, Bilkent University). 

Chapin, F. S.III., Matson, P. A. and Mooney, H. A., 2002. Principles of terrestrial ecosystem 

ecology. 175 Fifth Avenue, New York, NY. 

Chien, S.H., 2003. Factors affecting the agronomic effectiveness of phosphate rock: a general 

review. In Direct application of phosphate rock and related appropriate technology-latest 

development and practical experiences. Proceedings of an International Meeting, Kuala 

Lumpur, Malaysia, 16-20 July, 2001 (pp. 50-62). IFDC-An International Center for Soil 

Fertility and Agricultural Development. 

Chien, S.N., Prochnow, L.I. and Mikkelsen, R., 2010. Agronomic use of phosphate rock for 

direct application. RAE, 75(50), p.25. 

Clark, A., 2007. Managing cover crops profitably, 3rd ed. National SARE Outreach Handbook 

Series Book 9. Natl. Agric. Lab., Beltsville, MD. 

Cooperband, L., 2002. The art and science of composting: a resource for farmers and compost 

producers. Center for Integrated Agricultural Systems. 



14 
 

DAFF [Department of Agriculture, Forestry and Fisheries]., 2010. Sorghum production 

guideline. Directorate Plant Production in collaboration with ARC. South Africa 

Dionne, A., Tweddell, R.J., Antoun, H. and Avis, T.J., 2012. Effect of non-aerated compost 

teas on damping-off pathogens of tomato. Canadian Journal of Plant Pathology, 34(1), 

pp.51 – 57.  

Du Plessis, J., 2008. Sorghum production. Department of Agriculture Republic of South Africa. 

FAO [Food and Agriculture Organization]., 2012. Sorghum bicolor (L.) Moench. In: Grassland 

Species Profiles Database [online]. 

www.fao.org/ag/agp/agpc/doc/gbase/data/pf000319.htm (accessed 17 July 2012). 

García-Ruiz, R., Ochoa, M.V., Hinojosa, M.B. and Gómez-Muñoz, B., 2012. Improved soil 

quality after 16 years of olive mill pomace application in olive oil groves. Agronomy for 

sustainable development, 32(3), pp.803-810. 

Goatley, M., 2011. Urban nutrient management handbook. Virginia Department of 

Conservation and Recreation 

Gholizadeh, A., Ardalan, M., Tehrani, M.M., Hosseini, H.M. and Karimian, N., 2009. 

Solubility test in some phosphate rocks and their potential for direct application in soil. 

World Applied Sciences Journal, 6(2), pp.182-190. 

Haller, H., Jonsson, A., Rayo, K.M. and Lopez, A.D., 2016. Microbial transport of aerated 

compost tea organisms in clay loam and sandy loam–A soil column study. International 

Biodeterioration & Biodegradation, 106, pp.10-15. 

Hargreaves, J.C., Adl, M.S. and Warman, P.R., 2009. Are compost teas an effective nutrient 

amendment in the cultivation of strawberries? Soil and plant tissue effects. Journal of the 

Science of Food and Agriculture, 89(3), pp.390-397. 

Hassen, S., 2018. The effect of farmyard manure on the continued and discontinued use of 

inorganic fertilizer in Ethiopia: An ordered probit analysis. Land Use Policy, 72, pp.523-

532. 

Henly, E.C., 2011. The sorghum story an ancient, healthy and nutritious old world cereal.  



15 
 

Hernández, T., Chocano, C., Moreno, J.L. and García, C., 2016. Use of compost as an 

alternative to conventional inorganic fertilizers in intensive lettuce (Lactuca sativa L.) 

crops—effects on soil and plant. Soil and Tillage Research, 160, pp.14-22. 

IFA [International Fertiliser Industry Association]., 2013. Direct application of phosphate rock. 

IFDC., 2010. World phosphate rock reserves and resources. Fertilizer outlook and technology 

conference, hosted by The Fertilizer Institute and the Fertilizer Industry Roundtable.  

Kannangara, T., Forge, T. and Dang, B., 2006. Effects of aeration, molasses, kelp, compost 

type, and carrot juice on the growth of Escherichia coli in compost teas. Compost science 

and utilization,14(1), pp.40-47. 

Khan, M.S., Zaidi, A. and Wani, P.A., 2007. Role of phosphate-solubilizing microorganisms 

in sustainable agriculture—a review. Agronomy for sustainable development, 27(1), pp.29-

43. 

Koné, S.B., Dionne, A., Tweddell, R.J., Antoun, H. and Avis, T.J., 2010. Suppressive effect of 

non-aerated compost teas on foliar fungal pathogens of tomato. Biological Control, 52(2), 

pp.167-173. 

Islam, M.K., Yaseen, T., Traversa, A., Kheder, M.B., Brunetti, G. and Cocozza, C., 2016. 

Effects of the main extraction parameters on chemical and microbial characteristics of 

compost tea. Waste Management, 52, pp.62-68. 

Lemmer, W. and Schoeman, B., 2011. An Assessment of the Food Security Impact in South 

Africa and the World due to the South African Biofuels Industry Rollout. Grain SA, 

Bothaville. 

Lindsay, J., 2010. Sorghum: an ancient, healthy and nutritious old world cereal. 

Liverpool-Tasie, L.S.O., Omonona, B.T., Sanou, A. and Ogunleye, W.O., 2017. Is increasing 

inorganic fertilizer use for maize production in SSA a profitable proposition? Evidence from 

Nigeria. Food policy, 67, pp.41-51. 

Mokase, T.J., 2016. Phosphorus release characteristics and quantification of microbial 

population at different stages of phospho-compost production (Doctoral dissertation, 

University of Limpopo). 



16 
 

Natake, T., 2012. Patterns of soil texture and root biomass along a humid tropical forest 

hillslope catena. University of California. 

Ngakou, A., Koehler, H. and Ngueliaha, H.C., 2014. The role of cow dung and kitchen manure 

composts and their non-aerated compost teas in reducing the incidence of foliar diseases of 

Lycopersicon esculentum (Mill). International Journal of Agricultural Research, 

Innovation and Technology, 4(1), pp.88-97. 

On, A., Wong, F., Ko, Q., Tweddell, R.J., Antoun, H. and Avis, T.J., 2015. Antifungal effects 

of compost tea microorganisms on tomato pathogens. Biological Control, 80, pp.63-69. 

Osman, K.T., 2013. Forest soils: properties and management. Springer Science & Business 

Media. 

Pane, C., Palese, A.M., Spaccini, R., Piccolo, A., Celano, G. and Zaccardelli, M., 2016. 

Enhancing sustainability of a processing tomato cultivation system by using bioactive 

compost teas. Scientia horticulturae, 202, pp.117-124. 

Pant, A.P., Radovich, T.J., Hue, N.V. and Paull, R.E., 2012. Biochemical properties of compost 

tea associated with compost quality and effects on pak choi growth. Scientia horticulturae, 

148, pp.138-146. 

Prasad, M., 2013. A literature review on the availability of phosphorus from compost in relation 

to the nitrate regulations SI378 of 2006. Smallscale study report prepared for the 

Environmental Protection Agency by Cre-composting Association of Ireland, STRIVE-

program, Republic of Ireland. 

Prasad, P.V. and Staggenborg, S.A., 2009. Growth and production of sorghum and millets. 

Soils, Plant Growth and Crop Production, 2. [Ed. Willy H. Verheye], in Encyclopediaof 

Life Support Systems (EOLSS), Developed under the Auspices of the UNESCO, Eolss 

Publishers,Oxford ,UK, [http://www.eolss.net] [Retrieved February 19, 2011] 

Randriamanantsoa, L., Frossard, E., Oberson, A. and Bünemann, E.K., 2015. Gross organic 

phosphorus mineralization rates can be assessed in a Ferralsol using an isotopic dilution 

method. Geoderma, 257, pp.86-93. 

Renneson, M., Dufey, J., Bock, L. and Colinet, G., 2010, August. Effects of parental material 

and land use on soil phosphorus forms in Southern Belgium. In Proceedings of the 19th 

World Congress of Soil Science; Soil Solutions for a changing World. IUSS. 



17 
 

Sánchez, Ó.J., Ospina, D.A. and Montoya, S., 2017. Compost supplementation with nutrients 

and microorganisms in composting process. Waste Management, 69, pp.136-153. 

Shrestha, K., Shrestha, P., Walsh, K.B., Harrower, K.M. and Midmore, D.J., 2011. Microbial 

enhancement of compost extracts based on cattle rumen content compost–Characterisation 

of a system. Bioresource technology, 102(17), pp.8027-8034. 

Siddiqui, Y., Meon, S., Ismail, R. and Rahmani, M., 2009. Bio-potential of compost tea from 

agro-waste to suppress Choanephora cucurbitarum L. the causal pathogen of wet rot of okra. 

Biological Control, 49(1), pp.38-44. 

Sierra, J., Causeret, F., Diman, J.L., Publicol, M., Desfontaines, L., Cavalier, A. and Chopin, 

P., 2015. Observed and predicted changes in soil carbon stocks under export and diversified 

agriculture in the Caribbean. The case study of Guadeloupe. Agriculture, Ecosystems & 

Environment, 213, pp.252-264. 

Smith, L.E.D. and Siciliano, G., 2015. A comprehensive review of constraints to improved 

management of fertilizers in China and mitigation of diffuse water pollution from 

agriculture. Agriculture, Ecosystems & Environment, 209, pp.15-25. 

Sorghum Section 7 Committee., 2007. Report on the investigation into the South African 

industry. A report by the Sorghum Section 7 Committee appointed by the National 

Agricultural Marketing Counsil.  

Spohn, M. and Kuzyakov, Y., 2013. Phosphorus mineralization can be driven by microbial 

need for carbon. Soil Biology and Biochemistry, 61, pp.69-75. 

Suñer, L. and Galantini, J.A., 2015. Texture influence on soil phosphorus content and 

distribution in semiarid pampean grasslands. Int. J. Plant Sci, 7, pp.109-120. 

Undersander, D., 2003. Sorghums, Sudangrasses, and sorghum-Sudan hybrids. Univ. of 

Wisconsin Focus on Forage 5:5, Madison.  

Uphoff, N. and Dazzo, F.B., 2016. Making rice production more environmentally-friendly. 

Environments, 3(2), p.12. 

Van Kauwenbergh, S.J., 2010. World phosphate rock reserves and resources (p. 48). Muscle 

Shoals: IFDC. 



18 
 

Wang, Y., Zhu, Y., Zhang, S. and Wang, Y., 2018. What could promote farmers to replace 

chemical fertilizers with organic fertilizers? Journal of Cleaner Production, 199, pp.882-

890. 

Wu, J., Zhao, Y., Qi, H., Zhao, X., Yang, T., Du, Y., Zhang, H. and Wei, Z., 2017. Identifying 

the key factors that affect the formation of humic substance during different materials 

composting. Bioresource technology, 244, pp.1193-1196. 

Wyngaard, N., Cabrera, M.L., Jarosch, K.A. and Bünemann, E.K., 2016. Phosphorus in the 

coarse soil fraction is related to soil organic phosphorus mineralization measured by isotopic 

dilution. Soil Biology and Biochemistry, 96, pp.107-118. 

Xie, W.Y., Yang, X.P., Li, Q., Wu, L.H., Shen, Q.R. and Zhao, F.J., 2016. Changes in antibiotic 

concentrations and antibiotic resistome during commercial composting of animal manures. 

Environmental pollution, 219, pp.182-190. 

Zhang, X., Zhao, Y., Zhu, L., Cui, H., Jia, L., Xie, X., Li, J. and Wei, Z., 2017. Assessing the 

use of composts from multiple sources based on the characteristics of carbon mineralization 

in soil. Waste Management, 70, pp.30-36. 

  



19 
 

Chapter 3  

Effect of compost on the growth and yield of sorghum in two different soil textural 

classes under greenhouse conditions  

Abstract 

The use of chemical fertilizers can result in higher agricultural yields in crop production. To 

reduce the chemical and biological hazards in organic wastes, studies show that a common and 

effective way is through composting. The objective of this study was to assess the growth, 

yield, and nutritional contents of grain sorghum following application of composts under 

greenhouse condition. The factors consisted of two soil textural classes and eight fertiliser 

treatments. PAN 8816 sorghum cultivar seeds were sown at 3-4 seeds per pot at a depth of 5 

cm. The observed growth in the loam soil also had a positive effect on the yield of sorghum in 

this soil textural class. Results showed that an application of compost of 80 t/ha provided a 

seed yield of 49.32 g/panicle followed by 40 t/ha with a seed yield of 42.7 g/panicle followed 

by 20 t/ha with a seed yield of 31.22 g/panicle followed by 160 t/ha with a seed yield of 28.41 

g/panicle followed by 10 t/ha with a seed yield of 25.03 g/panicle all of which were higher in 

yields than the inorganic NPK with a seed yield of 20.68 g/panicle. The biomass accumulation 

in the inorganic NPK fertilizer rate was the highest at 53.63 g/plant compared with all the rates.  

The application of the P-rich compost had positive effects on the grain yield of sorghum as 

with generally higher yields than that of the inorganic NPK fertilizer. Soil textural class showed 

an influence on the growth, yield and nutrient uptake of sorghum, with the loam-textured soil 

giving twice as much total sorghum grain yield per panicle than that of the sandy loam textured 

soil. 

3.1 Introduction 

Sorghum is an attractive crop to study due to its drought tolerance and importance for food 

security and hunger alleviation. Sorghum grain provides nutrients and energy for millions of 

local people in most parts of Africa and Asia. The number of people consuming sorghum grain 

has increased over the years in countries, such as the United States of America and Australia, 

mainly due to its gluten-free property and antioxidant potential from the polyphenolic 

phytochemicals (Taylor et al., 2006; Wu et al., 2017). The use of chemical fertilizers can result 

in higher agricultural yields on farmlands. Although chemical fertilizers supply crops with the 

much-needed nutrients instantly, they also cause loss of soil physicochemical and 

microbiological equilibria (White & Brown, 2010; Altomare & Tringovska, 2011; Sanchez et 
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al., 2017). Composts on the other hand improve soil structure, support soil biota and reduce 

soil erosion while adding much needed nutrients to the soil (Garcia-Rufz et al., 2012; 

Hernandez et al., 2016). Nevertheless, composts have an apparent drawback of not supplying 

the appropriate macronutrient concentrations required for plants as compared to chemical 

fertilizers (Sanchez et al., 2017). This makes room to find ways of increasing these 

macronutrients in composts to cater for both plant needs and protecting the environment. Mined 

rock phosphate, which is rapidly diminishing, has a finite supply and represents the primary 

source of phosphorus (P) rich chemical fertilizers (Van Vuuren et al., 2010). However, the sole 

dependence of rock phosphate for P source can be catastrophic to the future supply of P for 

agriculture since there is no large atmospheric source of P like the biologically fixed N, which 

is plant available (Ezawa et al., 2002). 

To reduce the chemical and biological hazards in organic wastes, studies show that a common 

and effective way is through composting (Bernal et al., 2009; Xie et al., 2016; Gou et al., 

2018). Earlier study by Chauke (2014) reported that 8:2 (w:w) phospho-composts mix ratio 

produced through thermophilic composting of poultry manure and sewage sludge each 

supplemented with GPR had maximum amount of plant available P. Hence, the purpose of this 

chapter is to assess the growth, yield, nutrient and nutritional contents of grain sorghum 

following application of P-enrich composts under greenhouse conditions as outlined in the 

study objective 2.  

3.2 Materials and methods 

3.2.1 Compost preparation and pre-planting experimental preparations 

The raw materials used for the phospho-compost preparation were ground phosphate rock 

(GPR), pine tree sawdust, poultry manure, cattle manure and a mixture of sheep and goat 

manure. The collection of all animal manures used for the compost preparation was from 

Molelwane experimental farm of NWU, Mafikeng Campus, while the source of the eucalyptus 

sawdust used was purchased from the nearby wholesaler that sells poultry-chicks, -equipment 

and -feed medication. The GPR used for compost P enrichment came from Foskor Mining 

Company, Phalaborwa. The prepared compost heap contained organic manure:GPR mix ratio 

of 8:2 (w/w, dry basis) per ton, contained 400 kg cattle manure, 150 kg poultry manure, 150 

kg sheep manure, 100 kg sawdust and 200 kg GPR. The dimensions of the compost heap were 

2 m x 2 m x 1 m using scaffold wood plank to create a boundary. Prior to mixing the composting 

materials, a 100 nm thick polythene sheet laid on the ground at the composting bay was meant 
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to prevent loss of leachates during the co-composting process. Turning of the composts done 

regularly once, every two-week interval using spades and garden forks was to provide proper 

and adequate aeration. The moisture content of the compost maintained below the water-

holding capacity during the composting period so as not to slow down microbial activities. The 

composting process lasted for 16 weeks to allow for full maturity or compost curing, at maturity 

the temperature in the compost heap was equal to and/or less than the ambient temperature. 

Temperature readings were taken from the phospho-compost heap and recorded daily except 

on weekends while compost heap turning was done at two-weekly intervals. At maturity, air-

drying of the compost was carried out in a shaded area. The compost was then bagged for 

storage when completely dry. Compost samples taken at compost maturity and for detailed 

chemical characterisation are as presented in Table 3.1 below. 

Pre-planting soil samples were collected from depths of 0 – 15 cm from a farmer’s field in 

Ventersdorp (this was classified as Glenrosa soil type) and at Molelwane North-West 

University experimental farm (the soil type from here was classified as Hutton soil) 

(Materechera and Gaobope, 2007). The two soils have distinct textural characteristics. Prepared 

and processed sub-samples of each soil (2mm sieve) collected were used for detailed chemical 

characterization (e.g. particle size analysis, pH and EC) as described by Estefan et al. (2013). 

Soils for planting were passed through a 2 mm sieve to remove stones and plant debris, and 

clods. Thereafter, 12 kg of each soil type was weighed into properly labelled 30 cm diameter 

pots. The P-rich compost was added as treatment at variable rates was thoroughly mixed with 

the 12 kg of soil prior to transfer into polyester planting pot.   

Table 3.1: Soil physical and chemical characteristics before planting 

Soil characteristics Hutton soil Glenrosa soil 

Clay (%) 15 20 

Silt (%) 10 30 

Sand (%) 75 50 

Textural class Sandy loam Loam 

pH (KCL) 1:2.5 6.77 6.06 

N-NO3 (mg/kg) 4.00 15.65 

N-NH4 (mg/kg) 2.95 3.70 

P(Bray 1) (mg/kg) 80 75 

K (mg/kg) 235 168 

Ca (mg/kg) 555 648 

Mg (mg/kg) 293 228 

Na (mg/kg) 10 0 
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3.2.2 Experimental design, treatments, trial layout and monitoring 

The treatments comprised of seven co-composted manure-GPR rates (0, 5, 10, 20, 40, 80 and 

160 t/ha) with inorganic NPK fertiliser rate included as a standard positive control. Application 

of inorganic NPK fertilizer rate of 100 kg N/ha in the loam soil and 143 kg N/ha in the sandy 

loam soil based on the soil test results and following the fertilizer guidelines shown in Tables 

3.2 and 3.3 below. 

 

Table 3.2: Recommended inorganic N Rates for grain sorghum based on expected yield 

(kg/ha) response (Cartwright et al., 2016) 

Anticipated crop yield <5000 (kg/ha) >5000 (kg/ha) 

*N (kg/ha) for sorghum 

single crop 

112 143 

*Urea used as N source 

 

Table 3.3: Recommended inorganic P and K for grain sorghum (Cartwright et al., 2016) 

Soil P (kg/ha) kg P2O5/ha Soil K (kg/ha) kg K2O/ha 

Above 112 0 Above 308 0 

67 – 112 34 – 45 208 – 308 45 – 67 

Below 67 67 
140 – 207 67 – 101 

Below 140 101 – 135 

Single superphosphate and Potash were used as sources of P and K, respectively. 

This greenhouse trial located on the GPS coordinates of 25º 47" 404'S, 025º 37" 292'E, 1298 

m above sea level, consisted of a 2x8 factorial experiment laid in a randomised complete block 

design (RCBD) with four replicates. The factors consisted of two soil textural classes (Sandy 

loam and loam soils) and eight fertiliser treatments that were combined to result in sixteen 

treatment combinations. Sorghum seeds (cv: PAN 8816) were planted 3-4 seeds per pot at a 

depth of five cm. Thinning was done three weeks after emergence and only one plant per pot 

remained. Manual weeding starting from two weeks after planting. The number of days to 

flowering were recorded for each pot.  
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3.2.3 Data collection 

3.2.3.1 Growth data 

Stem thickness, plant height, chlorophyll content and the number of leaves per plant were 

collected at 5 weeks after seedling emergence and at flowering were determined. A wood plank 

used for measuring plant height, stem thickness measured at 10 cm above the ground using a 

vernier calliper and the chlorophyll content was measured using CCM-200 plus opti-sciences 

chlorophyll content meter. Measurement of the chlorophyll content was from a fully developed 

intact leaf during the vegetative growth stage and at the flag leaf during the flowering stage. 

Observed phenological data measured included the number of days to flowering. 

3.2.3.2 Yield data 

Yield data collected include panicle weight before and after thrashing using an electrical 

weighing balance, panicle length measured using a steel meter tape and the number of spikelet 

per panicle by counting. Other features included seed weight per plant, 100-seed weight and 

oven dried (65°C) plant biomass yield obtained using electrical weighing balance.  

3.2.3.3 Post-harvest grain analysis 

Milled grain samples were used for total N and P as well as crude protein determination. Grain 

samples were also analysed to determine neutral detergent fibre (NDF) and acid detergent fibre 

(ADF) contents on ANKOM technologies equipment following methodology as described by 

Okalebo et al. (2002).  

3.2.3.4 Postharvest soil analysis and statistical analysis 

Postharvest soil samples collected were analysed for pH and EC using pH electrode EC 

conductivity bridge meter, respectively (Estefan et al., 2013) while other determinations such 

as total P, K, Ca, Mg and Zn were done in a commercial laboratory at the Eastern Cape 

Department of Agriculture Dohne analytical services laboratory. The obtained data on growth 

and yield attributes were subjected to analysis of variance (ANOVA) using Statistix 10.0 

software. Mean separation at 5% probability level was through Turkey’s Honestly Significant 

Difference (HSD) and Fisher’s Least Significant Difference (LSD) tests.  
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3.3. Results 

3.3.1 Nutrient composition of the phospho-compost used for the study 

The nutrient characteristics of the final compost product were as shown in Table 3.4 below. 

The results show that the addition of ground phosphate rock led to an increase in the P content 

of the P-enriched compost with the P content of 68.37 g/kg. There is also a high content of Ca 

of 700.89 g/kg. Some of the heavy metals (Zn, Cr, Cu, As, Al) in this compost were adequate 

and fall within the threshold levels recommended for the use of compost on agricultural lands 

while the content of Cd (248 mg/kg) and Na (14.35 g/kg) were excessive.   

Table 3.4: Chemical characteristics of the final compost product  

Chemical composition Value 

Total N (g/kg) 11.784 

P (g/kg) 68.37 

K (g/kg) 83.65 

C (g/kg) 323 

Ca (g/kg) 700.98 

Mg (g/kg) 20.11 

Na (g/kg) 14.35 

S (g/kg) 56.55 

Al (g/kg) 5.96 

Mn (mg/kg) 290 

Fe (mg/kg) 436 

Cu (mg/kg) 28.4 

Zn (mg/kg) 6.4 

Cr (mg/kg) 3.4 

Co (mg/kg) 0.4 

Cd (mg/kg) 248 

As (mg/kg) 1.2 
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3.3.2 Treatment effects on measured growth parameters 

The number of leaves per plant was not significantly (p>0.05) affected by variation in soil type 

and fertilizer application in both the vegetative and flowering developmental stages (Table 3.5). 

The chlorophyll content, stem thickness and plant height were significantly (p<0.05) affected 

by differences in soil texture and the fertilizer rates during both vegetative and flowering stages 

of growth (Table 3.5). Sorghum planted on the loam soil had higher chlorophyll content than 

that grown on the sandy loam soil with generally lower chlorophyll content at flowering than 

during vegetative growth stage. The 80 and 160 t/ha fertilizer rates resulted in increased 

chlorophyll content during the vegetative and flowering stages while all the other fertilizer rates 

resulted in decreased chlorophyll content when the plant reached the flowering stage. Across 

both growth stages, the stem thickness was higher in the inorganic NPK fertilizer treatment 

than in the compost treatments and lowest in the 160 t/ha rate. Sorghum plants in the loam soil 

were taller than in the sandy loam soil. The NPK treatment showed positive effects on plant 

height while the highest compost rate exerted negative impact during the vegetative growth 

stage with the plants recovered from this negative impact at a much later stage.  
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Table 3.5: Sorghum growth attributes as affected by variation in soil textural types and fertilizer rates 

Treatment 

Vegetative stage  Flowering stage 

No. of 

leaves 

Chlorophyll 

(CCI) 

Stem 

thickness 

(mm) 

Plant 

height (cm) 

 No. of 

leaves 

Chlorophyll 

(CCI) 

Stem 

thickness 

(mm) 

Plant height 

(cm) 

Soil texture (S)         

Sandy loam 9.4a 29.05b 12.82b 76.57b  7.5a 20.93b 21.19b 104.14b 

Loam 9.2a 33.36a 15.17a 82.64a  7.9a 26.07a 23.16a 115.49a 

p-values at 5% 0.44NS 0.01* 0.00* 0.00*  0.06NS 0.00* 0.00* 0.00* 

Fertilizer rates (F)         

Control 9.1a 26.56ab 14.23ab 85.28ab  7.5a 16.19d 22.67ab 107.68ab 

5 8.9a 29.47ab 14.46ab 84.36ab  7.6a 16.61d 22.23b 107.85ab 

10 8.9a 25.83b 14.10ab 81.50bc  7.9a 18.81cd 22.52ab 104.48b 

20 9.4a 34.54ab 14.66ab 82.09abc  7.5a 21.09cd 22.21b 108.04ab 

40 9.6a 31.15ab 14.26ab 80.03bc  7.4a 22.94c 22.58ab 115.00a 

80 9.6a 29.79ab 13.07bc 75.41c  7.5a 31.94b 21.47b 113.11ab 

160 9.4a 36.13a 11.17c 59.39d  7.9a 38.61a 19.83c 109.01ab 

NPK 9.6a 36.20a 15.98a 88.79a  8.4a 21.83cd 23.90a 113.39ab 

p-values at 5% 0.52NS 0.00* 0.00* 0.00*  0.51NS 0.00* 0.00* 0.03* 

S*F interaction 0.81NS 0.13NS 0.10NS 0.00*  0.21NS 0.00* 0.01* 0.07NS 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha.  Mean values with the same alphabets are non-significant and mean 

values with different alphabets are significant. * implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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3.3.3 Treatment effects on phenological parameter 

The mean number of days to flowering in sorghum as affected by soil texture and fertilizer 

rates was significant (p<0.05) with plants grown on loam soil attaining flowering earlier than 

on the sandy loam soil while the 80 t/ha P-rich compost rate attained flowering earlier than all 

the other treatments (Table 3.6).   

 

Table 3.6: Mean number of days to flowering of sorghum as affected by soil texture (S), 

fertilizer rates (F) and their interactions (S*F) 

Treatment 
Days to 50% 

flowering 
 Soil texture, S 

Fertilizer 

rates, F 

Days to 50% 

flowering 

Soil texture, S   Sandy loam Control 58.08a 

Sandy loam 55.18a  Sandy loam 5 57.75ab 

Loam 50.72b  Sandy loam 10 58ab 

p-value at 5% 1.05*  Sandy loam 20 55.5abcd 

Fertilizer rates, F   Sandy loam 40 56abc 

Control 55.42a  Sandy loam 80 50.25ab 

5 55.63a  Sandy loam 160 50.87cde 

10 54.13a  Sandy loam NPK 55abcd 

20 52.38abc  Loam Control 52.75bcde 

40 53.38ab  Loam 5 53.5abcde 

80 49.63c  Loam 10 50.25de 

160 50.06bc  Loam 20 49.25e 

NPK 53ab  Loam 40 50.75cde 

p-value at 5% 3.33*  Loam 80 49e 

S*F interaction 5.42*  Loam 160 49.25e 

   Loam NPK 51cde 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5%probability level 
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3.3.4 Treatment effects on yield and yield attributes  

The panicle weight, panicle length, total seed weight, 100-seed weight and oven dry biomass 

weight were significantly (p<0.05) affected by soil texture and fertilizer rates with all measured 

parameters generally higher in the loam than sandy loam soil (Table 3.7). The number of 

spikelet was significantly (p<0.05) affected by soil textural variation. The 80 t/ha compost rate 

gave the highest panicle weight with more spikelets in the loam than sandy loam soil. Overall 

panicle length was the highest in the 160 t/ha rate which was 35% higher than the control 

treatment. Also the NPK, 5 t/ha, 10 t/ha, 20 t/ha and 40 t/ha treatments showed no significant 

differences with the control treatment. The 80 t/ha treatment gave the highest total seed weight 

(49.32 g) which was significantly (p<0.05) similar to the seed weight of 42.7 g at 40 t/ha (Figure 

3.1). The total seed weight per plant in the loam soil also resulted in the higher yield with a 

mean of 39.02 g, which is more than twice the yield in the sandy loam soil (Figure 3.2). There 

was significant difference (p<0.05) for 100–seed weight as affected by soil textures with the 

100-seed weight heavier in the loam soil at 2.35 g as compared to the 2.07 g in the sandy loam 

soil. The NPK fertilized treatment gave higher biomass yield than any other treatments with 

the least biomass yield obtained at 160 t/ha rate.  

Table 3.7: Treatment effects on sorghum yield attributes 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5%probability level; NS implies non-significant at 5% 

probability level 

Treatment Panicle 

weight 

(g/pani

cle) 

No. of 

Spikelet 

per 

panicle 

Panicle 

length 

(cm) 

Seed 

weight 

(g/panicle) 

100-seed 

weight (g) 

Oven dry 

biomass 

(g/plant) 

Soil texture (S)       

Sandy loam 29.67b 45.70b 24.66b 19.38b 2.07b 44.47b 

Loam 55.93a 52.09a 26.63a 39.02a 2.35a 51.97a 

p-values at 5% 0.00* 0.00* 0.00* 0.00* 0.02* 0.00* 

Fertilizer rates (F)       

Control 27.00d 46.8a 23.13c 18.60cd 2.59a 50.08ab 

5 27.91d 46.9a 24.38c 17.63d 2.06ab 46.92b 

10 35.11cd 48.7a 23.50c 25.03cd 2.32ab 48.83ab 

20 43.62bc 48.6a 24.88bc 31.22bc 2.29ab 49.27ab 

40 57.29ab 49.9a 25.13bc 42.7ab 2.69a 52.41ab 

80 65.97a 50.1a 28.25ab 49.32a 2.47a 48.25ab 

160 51.79ab 50.4a 31.13a 28.41cd 1.68b 36.38c 

NPK 33.71cd 50.9a 24.75c 20.66cd 1.58b 53.63a 

p-values at 5% 0.00* 0.79* 0.00* 0.00* 0.01* 0.00* 

S*F interaction 0.01NS 0.34NS 0.62* 0.03NS 0.85* 0.02* 
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Figure 3.1: Effect of compost rates (t/ha) and NPK (kg/ha) fertilizer on total seed weight 

(g/panicle) 

 

 

Figure 3.2: Total seed weight (g/panicle) on Sandy loam and loam soils 
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3.3.5 Tissue analysis of harvested grain samples 

Total N, crude protein and P showed significant differences (p<0.05) as affected by both soil 

texture and fertilizer rates (Table 3.8). The total N, P and crude protein contents in grain 

samples obtained from sandy loam soil were generally lower than those from the loam soil. 

The highest total N content was from the 40 t/ha treatment, which also showed a higher protein 

content for the sorghum grain in this treatment whereas for P content the highest was at the 10 

t/ha treatment. The ADF and NDF contents were not significantly affected (p>0.05) by both 

the soil textural variation and the fertilizer rates (Table 3.8). 

 

Table 3.8: Total N, P, crude protein and fibre contents of sorghum grains as affected by soil 

texture (S) and fertilizer rates (F)  

Treatment Total N 

(%) 

Crude 

Protein (%) 

Total P 

(%) 

ADF 

content 

(%) 

NDF 

content 

(%) 

Soil texture (S)      

Sandy loam 1.43b 9.01b 0.35b 8.83a 20.13a 

Loam 2.72a 17.01a 0.50a 8.02a 15.71a 

p-values at 5% 0.29* 1.87* 0.05* 3.59 6.32 

Fertilizer rates (F)      

Control 1.50b 9.35b 0.44bc 8.19a 21.64a 

5 1.45b 9.00b 0.47b 9.15a 14.19a 

10 1.98b 12.63b 0.65a 6.57a 19.88a 

20 2.28b 14.13b 0.29c 6.40a 13.81a 

40 4.40a 27.48a 0.42bc 10.22a 17.86a 

80 1.33b 8.40b 0.31bc 8.81a 16.40a 

160 1.68b 10.58b 0.38bc 7.77a 15.15a 

NPK 2.00b 12.55b 0.45bc 10.30a 24.42a 

p-values at 5% 0.95* 6.07* 0.17* 11.75NS 20.71NS 

S*F interaction 1.55* 9.90* 0.28* - - 
Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values with the 

same alphabets are non-significant and mean values with different alphabets are significant. * implies 

significant at 5%probability level; NS implies non-significant at 5% probability level; ADF and NDF 

implies Acid Detergent Fibre Neutral Detergent Fibre, respectively 

 

3.3.6 Results of post-harvest soil samples  

The contents of pH (H2O and KCl), EC, P and Ca in postharvest soil samples were not 

significantly (p>0.05) affected by soil texture and fertilizer rates. Similarly, residual soil K and 

Zn were not significantly (p>0.05) affected by soil texture and for Zn the non-significance 

(p>0.05) was also true as affected by fertilizer rates whereas with K there was significant 
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difference (p<0.05) as affected by fertilizer rates (Table 3.9). Mean soil pH (H2O and KCl) was 

lower in the loam than sandy loam soil. The 160 t/ha fertilizer rate had the lowest pH value 

compared to all the other fertilizer rates after harvest. Post-harvest EC in sandy loam was lower 

than in loam soil; and highest in the 160 t/ha rate, this 160 t/ha fertilizer rate was significantly 

different (p<0.05) to all the other fertilizer rates but all of the other fertilizer rates were non-

significant (p>0.05) to each other. The post-harvest soil P and Ca were higher in the sandy 

loam than in the loam soil with the highest content obtained from the 160 t/ha fertilizer rate. 

The post-harvest K was highest at the 10 t/ha fertilizer rate followed by the 160 t/ha fertilizer 

rate.  

Table 3.9: Effect of P-rich compost and inorganic NPK fertilizer on post-harvest soil pH, 

Electrical conductivity, P, K, Ca and Zn 

Treatment pH 

(H2O) 

pH 

(KCl) 

EC 

(µS/cm) 

Bray P 

(mg/kg) 

Exchangeable 

K (mg/kg) 

Exchangeable 

Ca (mg/kg) 

Exchangeable 

Zn (mg/kg) 

Soil texture (S)       

Sandy loam 7.95a 7.91a 304.53b 281.81a 958.87a 1630.4a 19.93a 

Loam 7.38b 7.54b 530.44a 204.81b 609.56a 1449.1b 17.27a 

p-values at 

5% 

0.03* 0.14* 89.85* 71.51* 403.37NS 152.89* 6.48NS 

Fertilizer rates (F)       

Control 7.76a 7.59b 276.25b 154.50c 276.5b 1130.3d 15.48a 

5 7.82a 7.69ab 311.05b 156.75c 281.5b 1268.8cd 16.08a 

10 7.76a 7.72ab 318.55b 414.25ab 2610.3a 1960.0ab 23.45a 

20 7.77a 7.60b 341.50b 150.00c 494.0b 1238.8cd 14.53a 

40 7.65ab 7.65ab 358.25b 219.75bc 331.5b 1533.3bcd 14.73a 

80 7.51bc 7.93ab 532.50b 254.25abc 510.2b 1707.3bc 16.58a 

160 7.37c 8.08a 911.50a 466.25a 1518.5ab 2388.5a 27.48a 

NPK 7.71ab 7.58b 290.25b 130.75c 251.3b 1091.3d 20.50a 

p-values at 

5% 

0.07* 0.46* 294.49* 234.39* 1322.1* 501.12* 21.27NS 

S*F 

interaction 

- 0.75* 481.77* 383.44* 2162.8* 819.79* 34.73NS 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5%probability level; NS implies non-significant at 5% 

probability level 
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3.3.7 Treatment interaction effects on growth and post-harvest yield data 

3.3.7.1. Effects on growth and yield attributes 

Mean sorghum plant height showed significant difference (p<0.05) during the vegetative 

growth as affected by soil texture and fertilizer rates interactions (Table 3.10). The positive 

control in the loam soil was taller than all the other treatment interactions while the 160 t/ha in 

the sandy loam soil was the shortest at 46% shorter than the positive control fertilizer rate. Also 

in both the sandy loam and the loam textural soils, the positive control rate gave the tallest 

plants as compared to the other fertilizer rates with mean plant height of 87.63 cm in the sandy 

loam soil and 89.95 cm in the loam soil. Moreover, the overall taller plants were found in the 

loam soil. 

The mean sorghum chlorophyll content and stem thickness showed significant difference 

(p<0.05) during the flowering stage as affected by the interactions between soil texture and 

fertilizer rates (Table 3.10). The 160 t/ha fertilizer rate in the sandy loam soil was the highest 

in chlorophyll content at 45.05 CCI as compared to all the other treatment interactions. The 

lowest chlorophyll content was found in the control treatment in the sandy loam soil at 11.08 

CCI which was non-significant (p>0.05) to the 5 t/ha (12.70 CCI) and 10 t/ha (12.58 CCI) 

treatments in the same sandy loam soil. The overall chlorophyll content as affected by soil 

texture and fertilizer rate was higher in the loam soil as compared to that of the sandy loam 

soil. The mean sorghum stem thickness as affected by interactions between soil texture and 

fertilizer rates was thickest in the sandy loam soil in the NPK fertilizer rate at 23.99 mm as 

well as the 10 t/ha fertilizer rate in the loam soil at 23.93 mm of which the two were non-

significant (p>0.05) to each other. The 160 t/ha fertilizer rate in the sandy loam soil had the 

thinnest at 18.17 mm which is 24% lower than that of the thickest treatment interactions. The 

overall stem thickness was thicker in the loam soil, with the varied fertilizer rates, as compared 

to that in the sandy loam soil texture interacting with fertilizer rates.   

Mean sorghum panicle weight, 100-seed weight and oven dry biomass showed significant 

differences (p<0.05) as affected by the interactions between soil texture and fertilizer rates 

(Table 3.10). The un-amended control (12.43 g) followed by the 10 t/ha (13.94 g) and the 5 

t/ha (15.79 g) fertilizer rates in the sandy loam soil yielded the lowest panicle weight. These 

fertilizer rates were non-significant (p>0.05) to each other, while the 40 t/ha fertilizer rate at 

71.73 g in the loam soil gave the highest yield in panicle weight as compared to all the other 

treatment interactions. In the sandy loam soil, the 80 t/ha fertilizer rate gave the highest panicle 
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weight at 60.80 g while in the loam soil the 40 t/ha fertilizer rate was the highest. The overall 

panicle weight as affected by fertilizer rate was higher in the loam soil as compared to that of 

the sandy loam soil. The 100 seed weight was the highest in the un-amended control fertilizer 

in the loam soil at 2.87 g and the least 100 seed weight observed in the NPK fertilizer rate in 

the sandy loam soil at 1.29 g. In the sandy loam soil, the 100-seed weight was the highest in 

the 40 t/ha fertilizer rate at 2.55 g.  In the loam soil, the 100-seed weight was the highest in the 

un-amended control fertilizer rate at 2.87 g, which is 12 % higher than that of the 40 t/ha 

fertilizer rate in the sandy loam soil texture.  

The biomass weight was lowest in the 160 t/ha fertilizer rate from the sandy loam soil at 28.14 

g as compared to all the other treatment interactions. The highest biomass weights were in the 

40 t/ha (55.22 g), 20 t/ha (53.54 g), un-amended control (54.37 g), inorganic NPK (53.22 g) 

fertilizers rates in the loam soil and in the inorganic NPK (54.04 g) and un-amended control 

(51.97 g) fertilizer rates in the sandy loam soil texture. The overall biomass weight as affected 

by fertilizer input rates was higher in the loam soil as compared to that of the sandy loam soil. 

 

3.3.7.2 Effect on grain tissue analysis  

There was significant difference (p<0.05) on the total N, crude protein and P found in sorghum 

grain as affected by the interaction between soil texture and fertilizer rates (Table 3.11). The 

40 t/ha fertilizer rate had the highest total N at 7.40% in the loam soil, this rate was the highest 

compared to all the other treatment interactions. In the sandy loam soil, the fertilizer rates were 

non-significance (p>0.05). The overall total N in the sorghum grain was higher in the loam soil 

and fertilizer rate interactions as compared to the interaction between the sandy loam soil and 

fertilizer rates. The highest total N in the 40 t/ha fertilizer rate also led to the highest crude 

protein of 46.20% in the loam soil. The interaction between the sandy loam soil and the 

fertilizer rates showed non-significance (p>0.05) on the crude protein of sorghum grain. The 

interaction between the loam soil and fertilizer rates showed significance (p<0.05) on the crude 

protein of sorghum grain with the 40 t/ha rate being the highest at 46.20% and the 80 t/ha rate 

at 8.05% being the lowest.  

The P in sorghum grain as affected by the interaction between soil texture and fertilizer rate 

was the highest in the 10 t/ha rate in the loam soil at 0.91% and the lowest was found in the 20 

t/ha rate in the loam soil at 0.25%. The interaction between the sandy loam soil and fertilizer 

rate showed non-significance (p>0.05) on P in sorghum grain. The interaction between the 

loam soil texture showed significance (p<0.05) on P in sorghum grain with the 10 t/ha rate 
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being the highest in P at 0.91%. The overall P in sorghum grain was higher in the loam soil as 

compared to that in the sandy loam soil.  

 

Table 3.10: Treatments interaction effect on sorghum growth and yield attributes  

 

Soil texture 

(S) 

 

Fertilizer 

rates (F) 

Vegetative 

stage 
 Flowering stage  Yield and yield attributes 

Plant height 

(cm) 
 

Chlorophyll 

(CCI) 

Stem 

thickness 

(mm) 

 

Panicle 

weight 

(g/panic

le) 

100 seed 

weight (g) 

Oven dry 

biomass 

(g/plant) 

          

Sandy loam Control 82.48abcd  11.80e 21.50bcde  12.43d 2.30abc 51.97a 

Sandy loam 5 81.10abcde  12.70e 20.90de  15.79d 2.04abc 42.16b 

Sandy loam 10 76.10cde  12.58e 21.07de  13.94d 2.09abc 45.45ab 

Sandy loam 20 82.30abcd  18.03de 21.39cde  23.76cd 2.24abc 45.01ab 

Sandy loam 40 81.13abcde  20.08de 22.13abcde  42.84bc 2.55ab 49.60ab 

Sandy loam 80 73.93de  27.90bcd 20.37ef  60.80ab 2.39abc 45.60ab 

Sandy loam 160 47.93f  45.05a 18.17f  43.42bc 1.66bc 28.14c 

Sandy loam NPK 87.63ab  19.30de 23.99a  24.38cd 1.29c 54.04a 

Loam Control 88.08a  20.58de 23.84ab  41.58bc 2.87a 54.37a 

Loam 5 87.63ab  20.53de 23.55abc  40.03bc 2.09abc 51.67ab 

Loam 10 86.90abc  25.05cd 23.96a  56.28ab 2.55ab 52.22ab 

Loam 20 81.88abcde  24.15cd 23.03abcd  63.48ab 2.34abc 53.54a 

Loam 40 78.93abcde  25.80cd 23.04abcd  71.73a 2.83ab 55.22a 

Loam 80 76.90bcde  35.98ab 22.58abcde  71.15ab 2.54ab 50.90ab 

Loam 160 70.85e  32.18bc 21.50bcde  60.16ab 1.71abc 44.62ab 

Loam NPK 89.95a  24.35cd 23.80abc  43.05bc 1.87abc 53.22a 

p-values at 5% 0.00*  0.00* 0.01*  0.01* 0.85* 0.02* 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5% probability level 
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Table 3.11: Treatment interaction effects on grain total N, P and crude protein content  

Soil texture (S) Fertilizer rates (F) Total N (%) Crude Protein (%) P (%) 

Sandy loam Control 1.70c 10.50c 0.37bc 

Sandy loam 5 1.55c 9.65c 0.38bc 

Sandy loam 10 1.40c 9.05c 0.38bc 

Sandy loam 20 1.25c 7.60c 0.33bc 

Sandy loam 40 1.40c 8.75c 0.41bc 

Sandy loam 80 1.35c 8.75c 0.32bc 

Sandy loam 160 1.10c 7.10c 0.33bc 

Sandy loam NPK 1.70c 10.70c 0.33bc 

Loam Control 1.30c 8.20c 0.52bc 

Loam 5 1.35c 8.35c 0.57b 

Loam 10 2.55bc 16.20bc 0.91a 

Loam 20 3.30b 20.65b 0.25c 

Loam 40 7.40a 46.20a 0.44bc 

Loam 80 1.30c 8.05c 0.31bc 

Loam 160 2.25bc 14.05bc 0.44bc 

Loam NPK 2.30bc 14.40bc 0.56b 

p-value at 5% 1.55* 9.90* 0.28* 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5%probability level 

.  

3.3.7.3. Effect on selected post-harvest soil chemical properties  

The pH (KCl), EC, P, K and Ca content were significantly (p<0.05) affected by the interaction 

between soil texture and fertilizer rates (Table 3.12). The highest pH (KCl) value obtained was 

from the 80 t/ha rate in the loam soil. While in the sandy loam soil the 160 t/ha rate gave the 

highest pH (KCl) value at 8.08 and the lowest pH (KCl) value was from the 40 t/ha rate at 7.31. 

While in the loam soil, the pH (KCl) values were higher in the 80 t/ha rate at 8.14 and the un-

amended control gave the lowest pH (KCl) values at 7.74. The overall post-harvest soil pH 

(KCl) as affected by the interaction between soil texture and fertilizer rate was higher in the 

interaction between the loam soil and fertilizer rate as compared to the interaction between 

sandy loam soil and fertilizer rate. 

The post-harvest soil EC as affected by the interaction between soil texture and fertilizer rate 

was highest in the 160 t/ha rate in the loam soil at 1264.0 µS/cm. In the loam soil the post-

harvest soil EC in the 160 t/ha rate was significant to all the other rates, while all the fertilizer 

rates were non-significant in the sandy loam soil.   
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Table 3.12: Soil texture and fertilizer rates interaction effects on selected post-harvest soil 

chemical properties 

Soil texture 

(S) 

Fertilizer 

rates (F) 

pH (KCl) EC (µS/cm) Bray P 

(mg/kg) 

Exch K 

(mg/kg) 

Exch Ca 

(mg/kg) 

Sandy loam Control 7.43abc 225.5b 78.50c 192.5b 943.5e 

Sandy loam 5 7.50abc 197.6b 199.00bc 331.5b 1371.0de 

Sandy loam 10 7.56abc 238.1b 137.50c 453.5b 1170.5de 

Sandy loam 20 7.38bc 219.0b 137.00c 683.0b 1291.0de 

Sandy loam 40 7.31c 281.5b 254.50bc 390.0b 1732.5bcde 

Sandy loam 80 7.72abc 500.5b 198.00bc 478.0b 1587.5cde 

Sandy loam 160 8.08ab 559.0b 533.00ab 2146.0b 2453.0ab 

Sandy loam NPK 7.42abc 215.0b 101.00c 202.0b 1044.0de 

Loam Control 7.74abc 327.0b 230.50bc 360.5b 1317.0de 

Loam 5 7.88abc 424.5b 114.50c 231.5b 1166.5de 

Loam 10 7.88abc 399.0b 691.00a 4767.0a 2749.5a 

Loam 20 7.83abc 464.0b 163.00bc 305.0b 1186.5de 

Loam 40 8.00abc 435.0b 185.00bc 273.0b 1334.0de 

Loam 80 8.14a 564.5b 310.50abc 542.5b 1827.0bcd 

Loam 160 8.07ab 1264.0a 399.50abc 891.0b 2324.0abc 

Loam NPK 7.75abc 365.5b 160.50bc 300.5b 1138.5de 

p-value 0.75* 481.77* 383.44* 2162.8* 819.79* 

Compost treatments expressed in t/ha and NPK treatment expressed in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. * implies significant at 5%probability level 

 

The post-harvest Bray P as affected by the interaction between soil texture and fertilizer rates 

was highest in the 10 t/ha rate in the loam soil at 691.0 mg/kg while the lowest found was in 

the un-amended control in the sandy loam soil at 78.50 mg/kg. The interaction between the 

sandy loam soil and fertilizer rates showed significance (p<0.05) on post-harvest soil bray P 

with the 160 t/ha rate being the highest at 533.0 mg/kg and the lowest being the un-amended 

control at 78.5 mg/kg. The interaction between the loam soil and fertilizer rate showed 

significance (p<0.05) on post-harvest soil bray P with the five t/ha rate being the lowest at 

114.5 mg/kg and the 10 t/ha rate being the highest at 691.0 mg/kg.    
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Post-harvest soil exchangeable K as affected by the interaction between soil texture and 

fertilizer rates was the highest in the 10 t/ha rate in the loam soil at 4767.0 mg/kg. The 

interaction between the sandy loam soil and fertilizer rates showed non-significance (p>0.05) 

on the post-harvest soil exchangeable K while in the interaction between the loam soil and 

fertilizer rates showed significance (p<0.05) with the 10 t/ha rate at 4767.0 mg/kg being 

significant to all the other rates. 

 The post-harvest exchangeable Ca as affected by the interaction between soil texture and 

fertilizer rate was highest in the 10 t/ha rate in the loam soil at 2749 mg/kg and the lowest in 

the un-amended control rate in the sandy loam soil at 943.5 mg/kg. The interaction between 

the sandy loam soil and fertilizer rates showed significance (p<0.05) on the post-harvest soil 

exchangeable Ca with the 160 t/ha rate being the highest at 2453.0 mg/kg and the lowest being 

the un-amended control at 943.5 mg/kg.  

 

3.4. Discussion 

Compost is one of the contributing factors for the increased heavy metal loads in agricultural 

soils (Kuper et al., 2014). In this P-enriched compost, the Cd is above the threshold level of 39 

mg/kg (Crohn, 2016). Cd is an indicator element for anthropogenic pollution sources (Sager, 

2007) and this compost can contribute in polluting agricultural soils with Cd. The more than 

10 g/kg sodium content in this compost is quite high and above the threshold level of 0.6% 

(Sullivan et al., 2018). However, studies of the influence of compost on sodicity and salinity 

thus far are limited (Crohn, 2016) and may pose serious Na and Cd threats for agricultural soils. 

For Cu, Zn and As were below their threshold limits of 1 500, 2 800 and 41 mg/kg respectively, 

for contamination in soils (Crohn, 2016). 

Sorghum performed better under loam soil than the sandy loam as revealed in all measured 

growth parameters. This is because compost application in the soil improves not only chemical 

characteristics but also physical properties of the soil, the varying silt and clay contents in both 

soils shows that the two soils naturally store varying amounts of water (Simarmata et al., 2017). 

Thus, compost application enhanced water-holding capacity of both soils while the loam soil 

was more favoured than the sandy loam soil because silt and clay can hold more water than 

sand due to greater specific surface area. It was observed also that in the 160 t/ha treatment 

there was slow growth and disruption on leaves during the first few weeks of growth, this was 

more prevalent in the sandy loam soil. It also affected the plant height and stem thickness of 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=physical+properties
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=water+holding+capacity
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the plants. However, plants in the loam soil recovered in terms of plant height and while in the 

sandy loam soil the stem thickness hardly recovered. Even though there was slow growth in 

this treatment the plants were greener than in the other treatments giving higher chlorophyll 

content readings. It is an excessive use of resources if the plants get more compost but have 

growth impairments.   

Higher compost application rates promote early flowering as observed in the 80 t/ha followed 

by the 160 t/ha rates. Particularly on the loam soil there was good response to the higher 

compost application rates as compared to the sandy loam soil. The observed growth in the loam 

soil also had a positive effect on the yield of sorghum in this soil type. It is only in the panicle 

weight and total seed weight that the variation doubled the differences between the soils; and 

seed weight is a component of yield, which reflects relationship between source and sink of 

photosynthate during seed filling stage (Jabereldar et al., 2017). Thus, the loam soil appears to 

be a better nutrient sink for improving sorghum yield as compared to the sandy loam soil.  

For total seed weight, it was evident that the 10 t/ha (25.03 g/panicle), 20 t/ha (31.22 g/panicle), 

40 t/ha (42.7 g/panicle), 80 t/ha (49.32 g/panicle) and the 160 t/ha (28.41 g/panicle) P-rich 

compost rates (Figure 3.1) gave more yield than the inorganic NPK (20.68 g/panicle) fertilizer. 

The biomass accumulation in the inorganic NPK fertilizer rate was the highest of all the rates. 

Hence, this shows that even though the inorganic NPK fertilizers may show good plant growth 

it does not guarantee good yields. This may be because the compost contains plant macro- and 

micro- nutrients, which can fill almost all the necessary gaps in the plant reproduction cycle; 

and plays additional roles of improved soil water retention and aeration for achieving healthy 

plant growth (Bot & Benites, 2005; Sinha, 2009; Edwards & Araya, 2011). Compost can 

increase the sorghum grain yield by about 142%, compared with a 65% increase due to mineral 

fertilizers (Zougmore et al., 2003).  

The soil and treatment interactions show the least yields to be found in the sandy loam soil 

when considering the panicle weight results. The control, 10 t/ha and 5 t/ha treatments did not 

even exceed the 20 g mark in the sandy loam soil which is poorer because from the loam soil 

the lowest measured panicle weight was 40.03 g in the 5 t/ha treatment. This loam soil shown 

good reaction to the P-rich compost and also having better cohesive forces on the soil P 

exchange, thus the toxicity of higher application rates was not severe and the affected treatment 

recovered from the initial disturbances making it a good soil. Even though both soils had clay 

content in the range of 10% to 30% for sorghum production (DAFF, 2010), the loam with 20 
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% clay content was better than the sandy loam with 15% clay content for sorghum. The data 

also suggest the consideration of the percentage silt, which also seems to have a major impact 

on sorghum response.  

In Table 3.8, the N in the 40 t/ha (4.4 %) fertilizer rate is directly proportional to the protein 

content (27.48 %), thus in order to harvest protein rich sorghum grain, the 40 t/ha treatment 

may be better for farmers when seeking a more protein rich sorghum. This will help address 

the problem of malnutrition, which is not only a result of poor dietary intake but also the nature 

of the nutrient content of the diet (Saunders and Smith, 2010). This 40 t/ha fertilizer rate may 

be useful in providing adequate nutrients for consumers because failure to provide regular 

nutritious meals is one of the contributors to the occurrence of food insecurity (Du Toit et al. 

2011; Kutu, 2012).  The grain P content was higher in the 10 t/ha compost application rate 

suggesting possible optimum compost rates close to the recommended range of between 3 t/ha 

and 7 t/ha (Edwards & Araya, 2011).  

The post-harvest soil pH in sandy loam soil was in the moderately alkaline range at 7.95 (pH 

H2O) and 7.91 (pH KCl) which was higher than in the loam soil at 7.38 (pH H2O) and 7.54 (pH 

KCl), these are pH values in a range where P in the soil is prone to fixation. Even though the 

pH does not directly affect the crop, it affects the chemical properties and behaviour of soil 

elements, which in turn affect crop growth. The higher available P content (281.81 mg/kg) 

recorded in the sandy loam than in loam soil (204.81 mg/kg) at post-harvest, may be attributed 

to the presence of more water-stable aggregates, the possible presence of mycorrhizal 

colonization and a higher cumulative respiration than in the heavy textured soils (Duong et al., 

2012). The post-harvest soil P was affected by the variation in soil texture and compost 

application rate. The 160 t/ha compost application rate gave the highest residual P of 533.0 

mg/kg in the sandy loam soil, this suggests that for more residual P then more compost should 

be used in that soil. The comparison of the residual available P content at 160 t/ha in the sandy 

loam soil with the 10 t/ha in the loam soil suggests that farmers may not necessarily need more 

than 10 t/ha in heavy textured soils which then represents the recommended compost rates. 

Thus the compost application recommendations of 3 – 7 t/ha by Edwards and Araya (2011) 

may be mostly for heavy textured soils while for light textured soils there may be a need for 

more compost to attain adequate available P to maintain healthy crop growths and high yields.  
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3.5. Conclusion 

The application of the P-rich compost had positive effects on the grain yield of sorghum as 

well as giving higher yields than that of the inorganic NPK fertilizer. The 80 t/ha compost rate 

gave the overall best sorghum growth and grain yield. The soil textural class showed an 

influence on the growth, yield and nutrient uptake of sorghum, with the loam-textured soil 

giving twice as much total sorghum grain yield per panicle than that of the sandy loam textured 

soil. Post-harvest residual P in the soil was impacted by the rate of application and soil texture. 

In the sandy loam soil the 160 t/ha compost gave the highest residual P of 533 mg/kg while in 

the loam soil the 10 t/ha compost rate gave the highest residual P of 619 mg/kg. This suggests 

that to get higher P content for the next crop in sandy loam soil the farmer may need to apply 

higher rates like the 160 t/ha and in the loam soil the farmer may need to rely on the 

recommended rates. 
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Chapter 4  

Response of sorghum to variable phospho-compost application under field conditions 

Abstract 

There are intensive efforts worldwide to use organic manures to enhance productivity with less 

fossil fuel-based inorganic fertilisers. Crop productivity is limited by P deficiency on more than 

40% of the world’s arable land. The huge P fertilizers often applied by farmers due to the 

complex chemistry of P along with a low crop uptake often cause ecological imbalance, 

pollution and entail huge costs. The layout of the field experiment was in a randomized 

complete block design (RCBD) with four replicates. The study consisted of six co-composted 

GPR rates (0, 5, 10, 20, 40, and 80 t/ha) and an inorganic P-fertiliser treatment was included 

as a standard positive control. Each plot measured 5 m × 3.6 m and the layout of the experiment 

was on a total area of 879.8 m2. P-rich compost application produced no significant effect on 

sorghum growth, it exerted positive effect on yield with the 10 t/ha rate producing the highest 

yield, which is closer to the recommended compost application rate of 3 – 7 t/ha. The bulk 

density (1.46 g.cm-3) recorded from the 5 t/ha compost rate plot gave the best result. The higher 

bulk density promoted reduced porosity (45.13%) and EC value (138.73 µS) while lower bulk 

promoted higher total porosity (49.27%) and higher EC (235.67 µS). These conditions made 

the P-rich compost a suitable supplement over inorganic fertilizers, because it did not only add 

the much needed macro- and micro- elements, but also promoted soil life which participate in 

nutrient cycling where there is nutrient lockup and optimum soil physical properties. 

4.1. Introduction 

There are intensive and extensive efforts worldwide to use organic manures to provide the same 

amount of food with less fossil fuel-based inorganic fertiliser (Siddiqui et al., 2011). Intensive 

human activity, improper farming and poor management practices constitute serious threats to 

the sustainability of natural resources and agricultural production. The rising challenges and 

consequences faced by farmers relate to improper cultivation, over-cultivation, soil erosion and 

a decline in soil fertility (Zhang et al., 2017). South African soils need careful management to 

obtain high crop yields because they are fragile and infertile (Fey & Mills, 2003; Odhiambo, 

2011; Chauke, 2014). More than 90% of South African land falls within dryland areas where 

rainfall is low and the potential evaporation is high. Yet, the land used for agricultural purposes 

in the country is 80% with only 13.5% of the total land considered arable (Hoffman and 

Ashwell, 2001).  
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The phosphorus (P) fertilizer applied on crop fields accumulates in the soil as residual P after 

the general crop uptake of only 10-20% in the first year (Sattari et al., 2012). Khan et al. (2007) 

suggested that this residual P in agricultural soils would be sufficient to sustain maximum crop 

yields worldwide for about 100 years if it were available. Microbial immobilization, 

precipitation or sorption can cause more than 80% of applied P fertilizer to become unavailable 

for plant uptake shortly after application (Gustafsson et al., 2012; Yadav & Verma, 2012; 

Roberts & Johnston, 2015; Zhu et al., 2018). Balemi and Negisho (2012) estimated that crop 

productivity is limited by P deficiency on more than 40% of the world’s arable land. The huge 

P fertilizers often applied by farmers due to the complex chemistry of P along with a low crop 

uptake often causes ecological imbalance, pollution and entails huge cost (Sarkar et al., 2018).  

Resource use efficiency that includes the recycling of waste materials containing P and other 

minerals, and reducing runoff and erosion, will be crucial for sustaining the P cycle and other 

minerals (Sattari et al., 2012). The demand for agricultural commodities throughout the world 

put pressure on land resources for higher yields and this demand is pushing global fertilizer 

prices up (Zhu et al., 2018). Phospho-compost is one of the resource efficient strategies, which 

incorporate ground phosphate rock in organic wastes to supplement the P content in the product 

of composting process of these organic wastes.  The objectives of this chapter are to (i) assess 

growth, yield, nutrient and nutritional contents of grain sorghum following application of P-

enriched composts, and (ii) assess residual effects of each treatment on physical and chemical 

properties of the soil. 

4.2. Materials and methods 

4.2.1. Pre-planting experimental preparations and research design 

Ploughing of fields, using a disc plough, was done early enough for sorghum planting after the 

rains at Molelwane experimental farm. The field was clean and level for seed sowing. Prior to 

planting, pre-planting soil sampling was carried out at the top soil (surface) depth (0-15 cm) 

for physical and chemical characterization, the results of this soil’ chemical and physical 

analysis are presented in table 4.1 and the soil used in the field trial was the Hutton soil.  
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Table 4.1: Pre-planting soil physical and chemical characteristics 

Soil characteristics Hutton soil 

Clay (%) 15 

Silt (%) 10 

Sand (%) 75 

Textural class Sandy loam 

pH (KCl) 1:2.5 6.77 

N-NO3 (mg/kg) 4.00 

N-NH4 (mg/kg) 2.95 

P (Bray 1) (mg/kg) 80 

K (mg/kg) 235 

Ca (mg/kg) 555 

Mg (mg/kg) 293 

Na (mg/kg) 10 

 

The layout of the field experiment was in a randomized complete block design (RCBD) with 

four replicates. The study consisted of six co-composted GPR rates (0, 5, 10, 20, 40, and 80 

t/ha) that served as plot factor. Preparation of the compost used was as previously explained in 

chapter 3 (subsection 3.2.1) while the chemical characteristics of the compost were as indicated 

in Table 3.4. Inorganic fertiliser rate treatment of 143 kg N/ha based on the soil test results was 

included as a standard positive control. The addition of compost to the soil per plot was based 

on the specific treatment.  The compost was lightly worked into the soil manually using a hoe 

a week before seed sowing. There was split application of inorganic N fertiliser treatment, 

applied as urea (46% N), first at planting and later as a top-dress at the seventh leaf growth 

stage (7 weeks after emergence). Application of single-superphosphate (10.5% P) as inorganic 

P fertilizer treatment and potash (50% K) as inorganic K fertilizer treatment were done at 

planting. Guidelines for inorganic NPK fertilizer application were based on Tables 3.2 and 3.3 

(chapter 3). Thus, the field trial contained seven treatments replicated four times resulting in 

28 plots: each plot measuring 5 m × 3.6 m. The layout of the experiment was on a total area of 

879.8 m2. 
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4.2.2. Trial planting, monitoring, data collection and termination 

Sorghum seeds (cv: PAN 8816) were sown in five rows per plot at intra row spacing of 30 cm 

and inter row spacing of 90 cm. Replanting of this study was done three times due to regular 

infestation of squirrel at seedling emergence. Monitoring of the study and manual weeding 

using hand hoes, spades and rakes were regularly done when needed to reduce crop and weeds 

competition. Karate Zeon was sprayed using a knapsack for pest control. Sprinkler irrigation 

was used for the duration of the trial and the source of water was municipal water combined 

with borehole water.  

Growth data were collected on five plants tagged as data plants throughout the duration of the 

trial.  The vegetative stage data was collected at five weeks after emergence and for flowering 

the data was collected when 50% of the plants had flowered. The growth data collected 

included the number of leaves, stem thickness in cm (collected using Grip GV9370 venier 

calipers), plant height in cm (collected using a plastic measuring tape) and chlorophyll content 

in CCI (collected using a CCM-200 plus OPTI-SCIENCES chlorophyll content meter). The 

remaining portion of urea for the NPK treatment was top-dressed, due to the volatile character 

of N elements in the soil. Due to the vulnerability of sorghum to bird attack, the researcher 

recycled compost storage bags and cut them to fitting sizes to make sachets that would help in 

preventing the crop from bird attack. When the crop cycle was finished, it was then harvested 

and sun-dried. Harvesting of the tagged plants was done separately and data collected from 

them, that data included: biomass yield, panicle weight, panicle length, number of spikelet and 

thresh weight. Seed yield per plot collected after threshing the harvest per plot. Post-harvest 

soil samples done and analysed for P and selected soil physical properties including the soil 

bulk density (using a core ring method) and percent pore space. 

 

4.3. Results 

4.3.1. Growth data  

Of the three measured growth parameters during vegetative and flowering stages, only 

chlorophyll content showed significant (p<0.05) response to the P-fertilizer application, (Table 

4.2).  During the vegetative growth stage, the NPK treatment was the lowest in chlorophyll 

content and the control treatment was the highest. At flowering the 80 t/ha treatment had the 

highest chlorophyll content and the 40 t/ha treatment had the lowest chlorophyll content. 
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4.3.2. Days to 50% flowering 

The treatment on sorghum had a significant impact or effect on the number of days to flowering 

(p<0.05) (Table 4.3). The 80 t/ha treatment was the first to reach flowering followed by the 

NPK treatment. Four treatments were significantly different from the control treatment namely 

80 t/ha, NPK, 10 t/ha and 40 t/ha, respectively. The remaining two treatments did flower earlier 

than the control but they were non-significant. 

4.3.3. Yield and yield attributes 

4.3.3.1. Yield per plot 

The seed weight per hectare showed significant difference (p<0.05) and the 10 t/ha yielded 

higher than all the other treatments followed by the control, (Table 4.4). The lowest yields were 

observed in the 40 t/ha and NPK treatments. However, for 100-seed weight, the 40 t/ha had 

heavier seed followed by the NPK. The 80 t/ha treatment had the lightest weight in the 100-

seed category. 
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Table 4.2: Mean sorghum growth as affected by fertilizer rates 

 Vegetative Stage  Flowering stage 

Fertilizer rates, F 

No of 

leaves 

Plant 

height 

(cm) 

Chlorophyll 

(CCI) 

Stem 

thickness 

(cm) 

 No of 

leaves 

Plant 

height 

(cm) 

Chlorophyll 

(CCI) 

Stem 

thickness 

(cm) 

5 10.05a 107.50a 31.95ab 1.93a  9.85a 127.80a 52.31ab 2.71a 

10 10.10a 103.85a 32.18ab 1.83a  10.05a 128.65a 45.59b 2.54a 

20 9.95a 105.75a 36.58ab 1.86a  10.00a 129.15a 50.45ab 2.57a 

40 10.45a 107.15a 34.86ab 1.85a  10.10a 130.80a 49.99b 2.62a 

80 10.40a 110.40a 32.52ab 2.04a  9.70a 127.05a 59.99a 2.51a 

Control 10.15a 110.60a 38.42a 1.97a  9.75a 125.30a 54.49ab 2.74a 

NPK 10.20a 106.40a 29.74b 1.97a  9.40a 129.95a 53.25ab 2.47a 

F (p<0.05) 0.86 8.42 7.68 0.32  1.02 6.92 9.63 0.30 

Compost treatments expressed in t/ha and the inorganic NPK treatment is in kg/ha. Mean values with the same alphabets are non-significant and 

mean values with different alphabets are significant 

 

Table 4.3: Mean sorghum number of days to flowering as affected by fertilizer rates 

Treatment Control 5 t/ha 10 t/ha 20 t/ha 40 t/ha 80 t/ha NPK CV % 

Days to flowering 61.75a 58.75ab 57.75b 59.5ab 58.5b 57b 57.5b 2.29 
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Table 4.4: Mean sorghum yield and 100 seed weight as affected by fertilizer rates 

Fertilizer rates, F Total seed weight (kg/ha) 100 seed weight (g) 

5 5301.6ab 3.85ab 

10 5490.1a 3.79ab 

20 5108.4abc 3.76b 

40 4725.4c 3.91a 

80 5283.6ab 3.49c 

Control 5465.5ab 3.84ab 

NPK 4793.0c 3.88ab 

F (p<0.05) 433.42 0.12 

Compost treatments expressed in t/ha and the inorganic NPK treatment is in kg/ha. Mean 

values with the same alphabets are non-significant and mean values with different alphabets 

are significant 

 

 

 

Figure 4.1: Total seed weight as affected by different fertilizer rates. Mean values with the 

same alphabets are non-significant and mean values with different alphabets are significant 
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4.3.3.2. Yield and yield attributes per plant 

The biomass weight, panicle weight, panicle length, seed weight, number of spikelets and chaff 

weight of sorghum panicles per plant at harvest showed no significant difference (p<0.05) 

across the various fertilizer treatments (Table 4.5).  

 

Table 4.5: Mean sorghum yield and yield attributes data per plant as affected by fertilizer rates 

Fertilizer 

rates, F 

Biomass 

weight 

(g/plant) 

Panicle 

weight 

(g/panicle) 

Panicle 

length 

(cm) 

Seed 

weight 

(g/plant) 

No. of 

spikelet 

per 

panicle 

Chaff 

weight (g) 

 

5 147.73a 199.06a 37.95a 170.01a 63.50a 34.89a  

10 132.38a 198.96a 38.30a 167.08a 63.95a 33.80a  

20 125.26a 204.14a 37.70a 172.31a 62.40a 30.03a  

40 124.04a 193.38a 38.40a 163.57a 59.70a 31.99a  

80 128.23a 198.72a 37.55a 166.42a 63.00a 29.88a  

Control 141.90a 198.24a 37.95a 164.64a 63.05a 32.54a  

NPK 126.40a 215.64a 37.85a 182.14a 65.25a 33.26a  

F (p<0.05) 24.16 27.83 2.19 25.16 9.67 5.75  

Compost treatments expressed in t/ha and the inorganic NPK treatment is in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant 

 

4.3.4. Total N, crude protein and P contents from leaf, stover and grain samples  

4.3.4.1. Total N, crude protein and P contents in leaf and stover 

The total N, P and crude protein contents of leaf samples taken at flowering showed no 

significant difference across fertilizer treatment means. The same was true with the results of 

postharvest analysis of stover tissue samples (Table 4.6).   
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Table 4.6: Percent total N, Crude protein, P in sorghum leaf samples and stover tissues as 

affected by fertilizer P application 

Compost treatments expressed in t/ha while inorganic NPK treatment is in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant 

 

4.3.4.2. Grain sample analysis 

Total N, crude protein, P, ADF fibre and NDF fibre of grain samples showed significance 

across the various fertilizer treatments with the highest total N and P as well as crude protein 

contents being obtained at 80 t/ha phospho-compost application rate (Table 4.7). The obtained 

highest ADF content was from 20 t/ha phospho-compost rate while the NPK treatments gave 

the highest NDF content. The ADF content obtained from 40 t/ha P-rich compost was 

statistically the same as the measured content from the NPK treatment. On the other hand, the 

measured NDF contents from 40 and 80 t/ha rates were the same as from the NPK rate. 

Table 4.7: Total N, crude protein, P and fibre content in sorghum grain samples 

Compost 

rates, F 

Total N 

(%) 

Crude protein 

(%) 

P (%) ADF (%) NDF (%) 

5 1.80bc 11.28bc 0.37c 7.56c 16.05ab 

10 1.68bc 10.50bc 0.38bc 9.94b 15.55ab 

20 1.65c 10.40c 0.40abc 12.67a 14.50ab 

40 1.83bc 11.60bc 0.45a 7.62c 18.73a 

80 2.05a 12.90a 0.46a 8.32bc 18.50a 

Control 1.93ab 12.05ab 0.41ab 7.56c 13.17b 

NPK 1.68bc 10.40bc 0.40abc 12.02a 19.55a 

F (p<0.05) 0.26 1.63 0.07 1.77 5.22 

Compost treatments expressed in t/ha while inorganic NPK treatment is in kg/ha. Mean values 

with the same alphabets were non-significant and mean values with different alphabets were 

significant; ADF implies Acid Detergent Fibre while NDF implies Neutral Detergent Fibre 

 Leaf samples at flowering  Stover at harvest 

Fertilizer 

rates, F 
Total N 

(%) 

Crude 

protein 

(%)  

P (%)   Total N 

(%) 

Crude 

protein 

(%) 

P (%) 

5 3.75a 22.60a 0.38a  1.40a 8.60a 0.19a 

10 2.93a 16.85a 0.27a  1.05a 6.75a 0.22a 

20 3.73a 24.05a 0.33a  1.40a 8.60a 0.22a 

40 2.55a 15.88a 0.25a  0.73a 4.50a 0.17a 

80 4.15a 21.78a 0.36a  1.25a 7.73a 0.23a 

Control 3.40a 17.88a 0.34a  1.13a 7.18a 0.17a 

NPK 3.88a 23.50a 0.29a  1.18a 7.40a 0.16a 

F (p<0.05) 1.98 12.85 0.25  0.74 4.71 0.14 
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4.3.5. Post-harvest selected soil physical and chemical properties 

Soil bulk density, total porosity, pH and EC at post-harvest showed significant differences 

(p<0.05) across the different fertilizer treatments, which was evident at both sampling depths 

(Table 4.8).  The 80 t/ha gave the lowest bulk density across all the treatments and resulted in 

the highest percentage porosity. In the top 15 cm soil layer, the measured soil pH values in the 

5 t/ha, 40 t/ha and NPK treatments were alkaline. The pH at the 15 – 30 cm soil depth was 

neutral in the 80 t/ha and 40 t/ha treatments while the pH readings of the other treatments were 

found to be alkaline. In the 0 – 15 cm and the 15 – 30 cm layers the 80 t/ha treatment was 

higher in EC than the other treatments.  

The measured soil pH (KCl), available P and exchangeable K, Ca and Zn content showed no 

significant differences (p<0.05) across the fertilizer treatments (Table 4.9). Nonetheless, there 

was a significant difference in K content across soil sampling depths with higher content 

measured at the lower depth of 15-30 cm. 

 

Table 4.8: Mean post-harvest selected soil physical properties, pH and Electrical 

conductivity 

Fertilizer 

rates, F 

Bulk 

density 

(g/cm3) 

Total 

porosity 

(%)  

pH 

 

EC (µS) 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 

5 1.46a 45.13c  7.64a 7.57ab  138.73c 127.90b 

10 1.42ab 46.60bc  7.29bc 7.55ab  161.55bc 149.85b 

20 1.42ab 46.33bc  7.40abc 7.88a  211.60ab 150.68b 

40 1.38bc 48.17ab  7.57ab 7.08bc  220.50ab 160.50b 

80 1.35c 49.27a  7.42abc 6.93c  235.67a 227.25a 

Control 1.42ab 46.56bc  7.08c 7.66ab  139.00c 145.05b 

NPK 1.41ab 46.55bc  7.53abc 7.61ab  155.70bc 141.40b 

F (p<0.05) 0.05 2.03  0.26 0.29  31.30 37.19 

Compost treatments expressed in t/ha and the inorganic NPK treatment expressed in kg/ha. 

Mean values with the same alphabets are non-significant and mean values with different 

alphabets are significant. 
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Table 4.9: Treatment effects on selected soil chemical properties after harvest 

Treatment pH (KCl) Bray P 

(mg/kg) 

Exch. K 

(mg/kg) 

Exch. Ca 

(mg/kg) 

Exch. Zn 

(mg/kg) 

Sampling depth (D)      

0 – 15 cm 7.12a 186.25a 418.46b 1170.1a 7.41a 

15 – 30 cm 6.90a 151.21a 530.14a 1004.5a 6.55a 

D (p<0.05) 0.24 47.75 105.55 206.21 2.59 

Compost rates,  F      

Control 7.06a 162.88a 449.00a 850.6a 4.19a 

5  7.14a 117.75a 449.13a 888.0a 7.30a 

10  6.95a 183.75a 435.63a 1198.9a 6.56a 

20  7.00a 140.63a 418.75a 1155.9a 3.85a 

40  7.15a 172.75a 535.75a 1182.7a 11.34a 

80  7.07a 237.50a 644.75a 1419.6a 8.29a 

NPK 6.69a 165.88a 387.12a 915.4a 7.33a 

F (p<0.05) 0.70 137.36 303.59 593.15 7.44 

Compost treatments expressed in t/ha and the inorganic NPK treatment in kg/ha. Mean values 

with the same alphabets are non-significant and mean values with different alphabets are 

significant. 

 

4.4 Discussion 

The non-significant effect of most of the measured variables during the vegetative and 

flowering growth stages may be attributed to the limited nutrient release from the P-enriched 

compost treatments, which require conversion from organic to inorganic form. The 40 and 80 

t/ha treatments gave high chlorophyll readings at flowering suggesting possible high N 

mineralization and a supply to the growing plants from the P-rich compost at these higher 

application rates. This attributed to the study that incorporating poultry manure with other 

organic wastes stabilizes N loss from this manure (Steiner et al. 2010). Phosphorus-rich 

compost helps the crop to attain flowering faster when applied in higher amounts, and has 

comparable effectiveness as the inorganic NPK fertilizer. During flowering stage, sorghum 

plants were sensitive to any type of stress including temperature extremes, nutrient deficiency, 

water deficits or excess (Cartwright et al., 2016). Thus, for this study, which focused on 

fertility, P-rich compost can also be an effective source for sorghum nutrition.     

It is worth mentioning from this study that the five t/ha and 10 t/ha treatments gave the highest 

yields, suggesting that possible nutrients that were in this plot were probably enough to sustain 

the current crop’s higher yields as obtained. These five t/ha and 10 t/ha fertilizer rates fall 

within and/or closer to the recommended compost application rate by Edwards and Araya 

(2011) of 3 – 7 t/ha.  Previous situations of using sole inorganic NPK fertilizers on the field 
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used for this study suggest that (mainly 3-2-1) they may have had residual effects on the planted 

crop and possibly masked the positive effect of the phospho-compost addition. The long-term 

use of inorganic fertilizers exerts negative impact on crop yield due to potential nutrient build-

up, which needs correction. Ladenburger (2016) revealed that excessive inorganic fertilizer 

application rate could lead growers down a potentially dangerous path because of possible salt 

build-up that can eventually cause unwanted problems, such as nutrient lockout. This suggests 

that applying smaller rates frequently would be advantageous to the grower than a once off 

higher amount, though higher rates may be an option in the future when the accumulated 

nutrient element are at a balance and the soil sink is reducing.  

The higher total N, crude protein and P content from grain samples from the 80 t/ha treatment 

suggests that the supply of these nutrients was adequate for the nutrition of sorghum plants. 

The ADF fibre content in the 20 t/ha P-enriched compost treatment implies the promotion of 

high cell-wall digestibility that would favour easier nutrient release. The lowest NDF content 

in the grain was from the 80 t/ha treatments which is a desired feature at the time when the 

crops mature this form of fibre increases, lower values enhance intake of the grain. In the 80 

t/ha treatment the bulk density was ideal for plant growth. According to the USDA (2008), the 

optimum bulk density for plant growth is 1.33 g/cm3 where there is a balance between the soil 

pores and soil solids. Higher bulk density (1.46 g.cm-3) was recorded in the five t/ha compost 

plot than in the 80 t/ha rate (1.35 g.cm-3). The higher bulk density promotes reduced porosity 

(45.13%) and EC value (138.73 µS) while lower bulk promotes higher total porosity (49.27%) 

and EC 235.67 µS. These observations are in agreement with earlier findings (Pagliai et al., 

2004; Grisso et al., 2005; Azarmi et al., 2008) that reported higher total porosity and increased 

electrical conductivity. The 80 t/ha P-rich compost treatment could release more dissolvable 

nutrients for the next crop in the top 30 cm layer and thus exert positive impact on creating 

better balance between the soil solids and soil pores. Increasing the compost application rate 

exerted a directly proportional effect on soil porosity, bulk density and EC although the effect 

on exchangeable P, K and Ca as well as extractable Zn at both soil depths was not significant. 

Nevertheless, the residual effects of compost applications resulted in a significant EC increase, 

which was highly undesirable as soil EC build up represents major concerns from long-term 

compost applications affecting the crop productivity (Mylavarapu and Zinati, 2009).  
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4.5. Conclusion 

Even though P-rich compost application produced no significant effect on sorghum growth, it 

exerted positive effect on yield with the 5 t/ha rate produced the second highest yield and is 

statistically same as the highest yield at the 10 t/ha compost rate. Hence, the 5 t/ha compost 

rate is recommended based on the potential positive effect on yield for the farmer and reduced 

production risk associated with EC build-up in soil when used. This rate is also within the 3 to 

7 t/ha compost application rate recommended by Edwards and Araya (2011). Although the 80 

t/ha compost rate resulted in increased sorghum grain P uptake, reduced bulk density and 

favourably improved soil total porosity, the potential risks of EC build-up following short and 

long term application of such rate makes it undesirably. Nevertheless, the beneficial effects of 

low application rate of P-rich compost make it a suitable supplement over inorganic fertilizers. 

Not only did it add the much needed macro- and micro- elements, it also promotes soil life, 

which participate in nutrient cycling where there is nutrient lockup and optimum soil physical 

properties. 
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Chapter 5  

Response of sorghum for variable dilution rates of P-rich compost tea extract grown on 

two different soils under greenhouse conditions 

Abstract 

Compost tea is a liquid soil amendment obtained when compost is soaked and extracted in 

water for a period of time. It contains microbial biomass, fine particulate organic matter, 

organic acids, plant growth regulator-like substances and soluble mineral nutrients for plant 

surfaces and soils. The purpose of this study was to assess the response of grain sorghum to 

variable dilution rates of compost tea from P-enriched compost. The study factors consisted of 

two soil types (Hutton and Coega soils) and seven (0, 250 ml bi-weekly, 250 ml weekly, 250 

ml fortnightly, 500 ml bi-weekly, 500 ml weekly, and 500 ml fortnightly) compost tea 

dilutions. The soil type affected the sorghum’s stem thickness and plant height. The Hutton 

soil had no shrink and swelling properties while the Coega soil had shrink and swell properties 

that may have severely hindered growth and performance of this crop. The Coega soil did not 

favour grain sorghum production because of delayed attainment of plant maturity, and in 

sorghum, ideal soil conditions had a strong effect on the yield by influencing seed setting. 

Based on the results of this study, sole application of compost tea may possibly sustain the 

nutrient growth requirements of grain sorghum underpinning the potential benefits of compost 

tea extract for crop production. Compost tea application had significant effects on sorghum 

growth and yield, the 500 ml bi-weekly compost tea enhanced sorghum growth parameters 

better than the other rates in both soils. It can be useful as a fertilizer source for sorghum as it 

showed the potential of enhancing growth and supporting the crop to maturity. 

5.1. Introduction 

Compost tea is a liquid soil amendment obtained when compost is soaked and extracted in 

water (Haller et al., 2016) for a period of time with the aim of transferring soluble organic 

matter, beneficial micro-organisms and macro- and micro-nutrients into solution (Hargreaves 

et al., 2009; Haller et al., 2016). It represents a cold brewing process (Ingham, 2005); and the 

product is gaining popularity amongst farmers that seek substitutes to agrochemicals (Shrestha 

et al., 2011). Studies (Scheuerell & Mahaffee, 2002, 2004; Edwards et al., 2006; Pant et al., 

2012) have shown that compost tea may supply microbial biomass, fine particulate organic 

matter, organic acids, plant growth regulator like substances and soluble mineral nutrients to 

plant surfaces and soils. Compost teas are being evaluated worldwide as an effective tool to 
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provide valid biological alternatives to agrochemicals for plant protection and to enhance 

sustainability of crop management (Pane et al., 2016).  The efficacy of compost tea varies with 

feedstock, crop type and management’s goal (Pant et al., 2012). An increasing quantity of data 

has confirmed the ability of aerated compost teas to suppress a number of both air- and soil-

borne plant pathogens (Haller et al., 2016).  Compost teas used to correct nutrient deficiency 

during crop production, protect the cultivation on the phyllosphere and add microorganisms to 

the rhizosphere of the plant (Islam et al., 2016). In aerobic process of compost tea extraction, 

there is a benefit of also having a complex set of extracted organisms needed to establish all 

the full benefits of a healthy food web in soil, potting mix or on the surface of plants (Ingham, 

2005). Siddiqui et al. (2009) also found that aerobic compost teas extracted from agro-wastes 

were able to enhance the growth and yield of okra. The current study aims at assessing the 

response of grain sorghum to variable dilution rates of compost tea from P-enriched compost. 

5.2. Materials and methods 

5.2.1. Compost tea preparation and pre-planting experimental preparations 

The phospho-compost used for tea extraction was the one prepared in chapter 3 subsection 

3.2.1. A compost tea extract done at an extraction ratio of 1:25 (w/v), that is, for every 1 

kilogram of compost 25 litres of water used to make a tea extract (Ngakou et al., 2014). The 

contents were mixed in a sealed 75-L bucket. A bag was used to introduce the compost inside 

the bucket and suspend it in water. The bag was tied to a stick so as not to allow it to be 

completely immersed in water, every 2-3 days the bag would be elevated, using the stick from 

the suspension to stir the mixture and to aerate it (Ingham, 2005). The extraction process lasted 

for 2 weeks. When extraction had been carried out, the extract was then transferred into airtight 

25-L containers for storage under cold-room conditions for future use with a sample also taken 

for detailed chemical characterization. The collected pre-planting composite surface soil 

samples (0 – 15 cm depth) from North-West University were air dried in the laboratory, sieved 

using a 2-mm sieve, labelled appropriately and stored for future use. Sub-sample sent to Dohne 

Analytical Services laboratory for detailed chemical characterisation while a portion used in 

the Crop Science laboratory for particle size analysis, pH and EC determination as described 

by Estefan et al. (2013). 
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Table 5.1: Compost tea chemical characteristics 

Parameter pH EC (µS) 
Total content (%)  Total content (mg kg-1) 

N P K Ca Mg  Na Cu Fe Mn Zn 

Values 6.90 2.90 1.3 0.05 0.76 0.09 0.22  180 13 274 2 3 

 

Soils for planting that was collected from North-West University Molelwane experimental 

farm was classified as Hutton (Materechera and Gaobope, 2007) and that collected from the 

farm behind the Animal Health Clinic of North-West University Mafikeng campus was 

classified as Coega. Soils taken were in enough quantities to prepare for the study. The 

collected soils were passed through a 2-mm sieve to ensure uniformity, to remove stones and 

plant debris prior to use for the pot experiment. Then 12 kg of soil was weighed into a 30 cm 

pot.  

 

Table 5.2: Pre-planting soil physical and chemical characteristics 

Soil characteristics Hutton soil Coega soil 

Clay (%) 15 20 

Silt (%) 10 25 

Sand (%) 75 55 

Textural class Sandy loam Sandy clay loam 

pH (KCL) 1:2.5 6.77 6.21 

Total N (g/kg) 13.08 15.24 

P(Bray 1) (mg/kg) 80 15 

K (mg/kg) 235 256 

Total C (g/kg) 7.23 10.85 

Ca (mg/kg) 555 2296 

Mg (mg/kg) 293 468 

Na (mg/kg) 10 nd 

nd implies not determined 
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5.2.2. Research design, treatments, experimental layout and monitoring 

The dilutions comprised of seven treatments (0, 250 ml bi-weekly, 250 ml weekly, 250 ml 

fortnightly, 500 ml bi-weekly, 500 ml weekly, and 500 ml fortnightly). This greenhouse study 

consisted of 2x7 factorial investigations fitted into a randomised complete block design 

(RCBD) with three replications. The factors consisted of two soil types (Hutton and Coega) 

and seven compost tea dilution treatments resulting in fourteen treatment combinations that 

were replicated three times. Three seeds were sown per pot at a depth of 5 cm. The compost 

tea extract was applied from two weeks after seedling emergence until grain filling stage at 15 

weeks. The various compost tea treatments applied and the concentrations of added N, P and 

Zn over the 13 weeks’ period are as presented in Table 5.3. Thinning was carried out three 

weeks after emergence and only one plant remained per pot. Pots were monitored and weeding 

done manually starting from two weeks after planting. The study ran for about 16 – 20 weeks.  

 

Table 5.3: Total quantity of compost tea used and also total P, N and Zn added based on tea 

quantity. 

Rate of 

application 

Total amount of tea 

extract applied in 13 

weeks (L) 

Total P 

applied in 

13 weeks 

(mg) 

Total N 

applied in 

13 weeks 

(mg) 

Total Zn 

applied in 

13 weeks 

(mg) 

250 ml Fortnightly 1.625 812.5 21 13 4.875 

250 ml weekly 3.250 1 625 42 25 9.75 

250 ml bi-weekly 6.500 3 250 84 500 19.50 

500 ml fortnightly 3.250 1 625 42 250 9.75 

500 ml weekly 6.500 3 250 84 500 19.50 

500 ml bi-weekly 13.000 6 500 169.000 39.00 

 

Calculation of P (Table 5.1) concentration in added compost tea 

0.05% P x 10000 = 500 mg/L; Total P applied = 500 mg/l * total tea applied 

1.625 L of tea * 500mg/l = 812.5 mg P 

3.250 L of tea * 500 mg/l = 1626 mg P 

6.500 L of tea * 500 mg/l = 3250 mg P 

3.250 L of tea * 500 mg/l = 1625 mg P  

6.500 L of tea * 500 mg/l = 3250 mg P 

13.000 L of tea * 500 mg/l = 6500 mg P 
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Calculation of N (Table 5.1) concentration in added compost tea 

1.3% N x 10000 = 13000 mg/L; Total N applied = 13000 mg/l * total tea applied 

1.625 L of tea * 13000 mg/l = 21125 mg N 

3.250 L of tea * 13000 mg/l = 42250 mg N 

6.500 L of tea * 13000 mg/l = 84500 mg N 

3.250 L of tea * 13000 mg/l = 42250 mg N 

6.500 L of tea * 13000 mg/l = 84500 mg N 

13.000 L of tea * 13000 mg/l = 169000 mg N 

 

Calculation of Zn (Table 5.1) concentration in added compost tea 

mg/kg = ppm = mg/L.   

Total Zn applied = 3 mg/l * total tea applied 

1.625 L of tea * 3 mg/l = 4.875 mg Zn 

3.250 L of tea * 3 mg/l = 9.75 mg Zn 

6.500 L of tea * 3 mg/l = 19.5 mg Zn 

3.250 L of tea * 3 mg/l = 9.75 mg Zn 

6.500 L of tea * 3 mg/l = 19.5 mg Zn 

13.000 L of tea * 3 mg/l = 39 mg Zn 

 

5.2.3. Data collection 

5.2.3.1. Growth data 

The stem thickness, plant height, chlorophyll content and the number of leaves per plant were 

collected at 5 weeks after emergence and at flowering. A straightedge wooden meter stick was 

used for measuring plant height, stem thickness was measured at 10 cm above the ground using 

a vernier caliper and the chlorophyll content was measured using CCM-200 plus Opti-sciences 

chlorophyll content meter. During the vegetative growth, the chlorophyll content measured 



64 
 

from any fully developed leaf on the plant and during flowering; it was measured on the flag 

leaf.  

 

5.2.3.2. Phenological data 

Number of days to flowering was recorded by observing plants that start to flower and counting 

the days it took from the planting date to the date of observed flowers in the pot. 

5.2.3.3. Yield and yield attributes data 

The yield data collected included panicle weight before and after threshing, panicle length 

measured using a measuring tape and number of spikelet by counting. Other features included 

seed weight per plant, 100-seed weight and plant biomass yield estimated from oven dried (at 

65 °C) for 72 hours’ biomass.  

5.2.3.4. Post-harvest sorghum stover analysis  

Stover samples were ground after data collection, packaged, and couriered to Dohne analytical 

services for total N determination using Kjeldahl method (Estefan et al., 2013), P determination 

using calorimetric reaction with molybdovanadate reagent (Okalebo et al., 2002) and crude 

protein was calculated from the equation: Wp = 6.25 * Wn 

Where: Wp is the crude protein content; Wn is the N content of the test sample as used by Van 

Zijderveld (2011) 

5.2.3.5. P-use efficiency 

The P-use efficiency defined as the ratio of P product output and P stock to the total P input to 

crop farming (Zheng et al., 2018) was calculated using the following formula:   

P-use efficiency = [Y (+P) – Y (-P)]/amount of P added 

Where: Y (+P) = yield with P addition, Y (-P) = yield with no P addition  

e.g. P-use efficiency (grain) = (Grain yield from fertilised treatment – Grain yield from control 

treatment) / amount of P added 

 

5.2.3.6. Post-harvest soil samples 

Soils samples were collected after the crop cycles, roots were sieved out, packaged, couriered 

to Dohne analytical services laboratory in the Eastern Cape Province for total P, K, Ca, Mg and 

Zn determination. 
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5.3. Results 

5.3.1. Growth attributes 

Stem thickness and plant height were not significantly affected (p>0.05) by compost tea 

dilution rates but differed significance (p<0.05) across the soil types for stem thickness (Table 

5.4). The number of leaves and chlorophyll content measured during the vegetative stage 

differed significantly (p<0.05) across the various compost tea dilution rates. None of the 

measured growth parameters showed significant differences across the compost tea rates. The 

mean stem thickness and plant height measured in Hutton soil at vegetative stage were of higher 

values from Coega soil also higher mean number of leaves per plant were measured in 

treatments that received 500 ml fortnightly, and 500 and 250 ml bi-weekly compost tea rates 

relative to control treatment.  
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Table 5.4: Mean sorghum growth attributes as affected by soil type and compost tea rates and their interaction 

 Vegetative stage  Flowering stage 

Treatment factors Stem thickness 

(cm) 

No. of 

leaves 

Plant height 

(cm) 

Chlorophyll 

content (CCI) 

 Stem 

thickness (cm) 

No. of 

leaves 

Plant height 

(cm) 

Chlorophyll 

content (CCI) 

Soil type, S          

Hutton  1.08a 7.19a 93.62a 20.14a  1.44a 4.38a 102.81a 12.51a 

Coega 0.40b 7.43a 68.57b 19.55a  1.13b 4.77a 98.34a 12.41a 

p-value at 5% 0.15* 0.49NS 6.45* 3.34NS  0.17* 0.48NS 7.85NS 1.31NS 

Compost tea dilution rates, F         

Control 0.82a 6.00b 71.50a 13.82b  1.27a 4.87a 92.01a 10.28a 

250 ml fortnightly 0.68a 7.00ab 77.33a 16.13ab  1.22a 4.33a 101.83a 11.63a 

250 ml weekly 0.92a 7.33ab 84.83a 20.15ab  1.35a 4.83a 101.33a 12.98a 

250 ml bi-weekly 0.78a 7.67a 85.83a 23.50ab  1.37a 4.50a 106.00a 12.87a 

500 ml bi-weekly 0.65a 8.00a 78.17a 21.22ab  1.27a 4.33a 99.17a 13.27a 

500 ml weekly 0.60a 7.33ab 81.67a 19.93ab  1.20a 4.50a 103.83a 12.15a 

500 ml fortnightly 0.73a 7.83a 88.33a 24.18a  1.33a 4.67a 99.83a 14.08a 

p-value at 5% 0.44NS 1.41* 18.78NS 9.70*  0.51NS 1.46NS 23.90NS 4.42NS 

S x F interaction 0.72* 2.31* 30.66* 15.84*  0.91NS 2.60NS NS NS 

Mean values with the same alphabet are non-significant and mean values with different alphabets are significant. * implies significant at 

5%probability level; NS implies non-significant at 5% probability level 
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5.3.2. Number of days to flowering as affected by compost tea rates and soil type  

There were significant (p<0.05) differences in the mean number of days to flowering across 

the compost tea dilutions and the soil type (Table 5.5). Sorghum plants grown on Coega soil 

attained flowering after a much longer time as compared to those grown on Hutton soil with a 

difference of more than a week. The compost tea rates applied exerted significant effect on the 

number of days to flowering with unamended control treatment attaining flowering after a 

much longer number of days.  Especially in the Coega soil, the plants in the control treatment 

took an averaged gap of more than 20 days to reach flowering when other treatments had 

already flowered. 

 

Table 5.5: Mean number of days to flowering for sorghum as affected by soil type and compost 

tea rates as well as their interaction effect 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level 

  

Treatment factors No. of 

days to 

flowering 

 Soil type, S Compost tea 

dilution rates, F 

No. of days to 

flowering 

Soil type, S   Hutton Control 67de 

Hutton 67.95b  Hutton 250 ml fortnightly 69.33bcde 

Coega 75.41a  Hutton 250 ml weekly 64.67e 

p-value at 5% 1.62*  Hutton 250 ml bi-weekly 68.67cde 

Compost tea dilution rates, F  Hutton 500 ml bi-weekly 70bcde 

Control 81.90a  Hutton 500 ml weekly 68.67cde 

250 ml fortnightly 72.17b  Hutton 500 ml fortnightly 67.33de 

250 ml weekly 70.33b  Coega Control 95.18a 

250 ml bi-weekly 60b  Coega 250 ml fortnightly 75bc 

500 ml bi-weekly 71b  Coega 250 ml weekly 76b 

500 ml weekly 69b  Coega 250 ml bi-weekly 69.33bcde 

500 ml fortnightly 69.17b  Coega 500 ml bi-weekly 72bcd 

p-value at 5% 4.92*  Coega 500 ml weekly 69.3bcde 

S*F interaction 8.77*  Coega 500 ml fortnightly 71bcde 



68 
 

5.3.3. Yield and yield attributes  

The panicle length, number of spikelet and 100-seed weight differed significantly (p<0.05) 

across the compost tea dilution rates while the same was true for biomass yield across the soil 

types (Table 5.6). The mean panicle length, total seed weight and biomass yield at harvest were 

not significantly affected by the different compost tea rates. The control treatment gave the 

lowest mean values in the panicle length, number of spikelet and 100-seed weight. The biomass 

yield in Hutton soil was 26% higher than in Coega soil.   

 

Table 5.6: Mean sorghum yield and yield attributes as affected by soil type and compost tea 

rates 

Treatment factors Panicle 

wt. (g) 

Panicle 

length (cm) 

No. of 

spikelet 

Total seed 

wt. (g) 

100 seed 

wt. (g) 

Biomass 

wt. (g) 

Soil type, S       

Hutton 16.61a 20.81a 49.52a 11.07a 2.33a 26.48a 

Coega 14.71a 20.29a 44.76a 9.34a 2.15a 19.72b 

p-value at 5% 4.25NS 2.16NS 5.29NS 3.40NS 0.27NS 2.99* 

Compost tea dilution rates F     

Control 9.91a 13.33b 35.17b 6.44a 1.50b 21.50a 

250 ml fortnightly 12.59a 22.33a 49.17ab 7.49a 2.43a 23.03a 

250 ml weekly 17.68a 22.50a 52.17a 11.71a 2.32a 25.89a 

250 ml bi-weekly 19.49a 21.83a 53.33a 12.87a 2.45a 25.03a 

500ml bi-weekly 13.54a 21.33a 45.67ab 8.21a 2.28a 22.13a 

500 ml weekly 16.44a 21.50a 46.67ab 11.04a 2.32a 21.59a 

500 ml fortnightly 19.98a 21.00a 47.83ab 13.67a 2.40a 22.55a 

p-value at 5% 12.38NS 6.29* 15.39* 9.90NS 0.78* 8.70NS 

S x F interaction 20.21* 10.27* 25.12* 9.03* 1.28* 14.20* 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level; NS implies non-

significant at 5% probability level 

 

5.3.4. Soil type and dilution rates interaction effects on growth, yield and yield attributes  

5.3.4.1. Growth 

The soil and compost tea dilution rates’ effect on sorghum growth showed significant (p<0.05) 

differences at the vegetative growth stage (Table 5.7). The Hutton soil had an overall higher 

mean values on stem thickness as compared to the Coega soil. Application of 250 ml compost 

tea weekly recorded the highest stem thickness of 1.47 cm in the Hutton soil as well as the 

highest plant height of 100.67 cm at the vegetative stage. The control rate had an average of 
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5.67 leaves and 8.56 CCI chlorophyll content in the Coega soil at the vegetative stage, which 

were the lowest as compared to all the other treatment interactions. The chlorophyll content 

was highest at 25.50 CCI in the 500 ml bi-weekly rate in the Coega soil as compared to all the 

other treatment interactions.   

 

Table 5.7: Soil type x compost tea rates effect on sorghum growth attributes  

Treatment interaction effect Vegetative stage 

Soil type Compost tea 

dilution rates 

Stem thickness 

(cm) 

No. of 

leaves 

Plant height 

(cm) 

Chlorophyll 

(CCI) 

Hutton Control 1.30ab 6.33ab 96.67ab 19.067ab 

Hutton 250 ml fortnightly 1.07abc 7.00ab 93.33ab 15.767ab 

Hutton 250 ml weekly 1.47a 7.67ab 100.67a 21.100ab 

Hutton 250 ml bi-weekly 0.93abcd 7.33ab 91.67abc 24.267ab 

Hutton 500 ml bi-weekly 0.97abcd 8.00a 86.00abc 16.933ab 

Hutton 500 ml weekly 0.90abcd 6.33ab 91.33abc 15.700ab 

Hutton 500 ml fortnightly 0.90abcd 7.67ab 95.67ab 24.033ab 

Coega Control 0.33d 5.67b 46.33d 8.567b 

Coega 250 ml fortnightly 0.30d 7.00ab 61.33cd 16.500ab 

Coega 250 ml weekly 0.37cd 7.00ab 69.00bcd 19.200ab 

Coega 250 ml bi-weekly 0.63bcd 8.00a 80.00abc 22.733ab 

Coega 500 ml bi-weekly 0.33d 8.00a 70.33abcd 25.500a 

Coega 500 ml weekly 0.30d 8.33a 2.00abcd 24.167ab 

Coega 500 ml fortnightly 0.57cd 8.00a 81.00abc 24.333ab 

p-values at 5% 0.72* 2.31* 30.66* 18.84* 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level 

 

5.3.4.2. Yield and yield attributes 

The panicle weight, panicle length, number of spikelets, total seed weight, 100 seed weight and 

biomass yield showed significant (p<0.05) differences as affected by soil and compost tea 

dilution rates’ interactions (Table 5.8). The panicle weight of 23.12 grams was the heaviest in 

the 250 ml weekly rate in the Hutton soil and the lowest panicle weight of 2.53 g was in the 

control on the Coega soil. In all measured yield and yield attribute parameters, the unfertilized 

control performed more poorly than all the other treatments under Coega soil. Panicle length, 

number of spikelet and 100-seed weight measured did not differ significantly (p>0.05) across 

all treatments but they all differed from the control in the Coega soil. The 250 ml weekly rate 
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gave the heaviest total seed weight of 16.93 g/panicle on the Hutton soil (Figure 5.1) and the 

second highest biomass weight of 30.26 grams as compared to all the other rates while biomass 

weight was highest in the control at 30.30 gram under Hutton soil. 

 

 

Figure 5.1: Sorghum yield per panicle (g/panicle) as affected by soil type and compost tea 

dilution rates interactions. S1 = Hutton soil; T1 = control; T2 = 250 ml fortnightly; T3 = 250 

ml weekly; T4 = 250 ml bi-weekly; T5 = 500 ml bi-weekly; T6 = 500 ml weekly; T7 = 500 ml 

fortnightly; S2 = Coega soil; Mean values with the same alphabet are non-significant and mean 

values with different alphabets are significant 
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Table 5.8: Sorghum yield and yield attributes as affected by the interaction between soil type and compost tea rates  

Mean values with the same alphabets are non-significant and mean values with different alphabets are significant. * implies significant at 

5%probability level 

 

 

 

Treatment interaction effect Yield and yield attributes 

Soil type Compost tea 

rates 

Panicle wt. 

(g) 

Panicle length 

(cm) 

No. of spikelet Total seed 

wt. (g) 

100 seed 

wt. (g) 

Biomass wt. 

(g) 

Hutton Control 17.29ab 20.33a 55.33a 11.61abcd 2.25a 30.30a 

Hutton 250 ml fortnightly 10.53ab 21.33a 49.00a 5.96de 2.27a 26.20ab 

Hutton 250 ml weekly 23.12a 21.33a 57.67a 16.93a 2.53a 30.26a 

Hutton 250 ml bi-weekly 18.55ab 21.67a 51.00a 12.40abcd 2.46a 24.46ab 

Hutton 500 ml bi-weekly 12.56ab 20.33a 45.33a 7.43bcde 2.28a 24.43ab 

Hutton 500 ml weekly 11.54ab 20.33a 43.00a 6.82cde 2.34a 23.82ab 

Hutton 500 ml fortnightly 22.68ab 20.33a 45.33a 16.32ab 2.22a 25.90ab 

Coega Control 2.53b 6.33b 15.00b 1.28e 0.75b 12.69b 

Coega 250 ml fortnightly 14.65ab 23.33a 49.33a 9.01abcde 2.59a 19.85ab 

Coega 250 ml weekly 12.23ab 23.67a 46.67a 6.49cde 2.11a 21.52ab 

Coega 250 ml bi-weekly 20.43ab 22.00a 55.67a 13.33abcd 2.44a 25.59ab 

Coega 500 ml bi-weekly 14.52ab 22.33a 46.00a 9.00abcde 2.28a 19.83ab 

Coega 500 ml weekly 21.34ab 22.67a 50.33a 15.27abc 2.30a 19.37ab 

Coega 500 ml fortnightly 17.27ab 21.67a 50.33a 11.02abcd 2.58a 19.21ab 

p-values at 5% 20.21* 10.27* 25.12* 9.03* 1.28* 14.20* 
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5.3.5. Soil type, compost tea rates and growth stage interaction effect on sorghum 

growth parameters  

The stem thickness, number of leaves, plant height and chlorophyll content showed significant 

(p<0.05) differences as affected by growth stage (Table 5.9). Number of leaves and chlorophyll 

content recorded high values at the vegetative stage, while stem thickness and plant height at 

flowering. The interaction between soil type and growth stage showed significant differences 

on stem thickness, number of leaves, plant height and chlorophyll content (Table 5.10). The 

recorded stem thickness and plant height on the Hutton soil during vegetative and flowering 

stages were higher than in the Coega soil. Stem thickness of sorghum plant during the 

vegetative stage in the Hutton soil was similar to that of the flowering stage on the Coega soil. 

There were higher mean values recorded for leaf numbers in the vegetative stage on both 

Hutton and Coega soils, and less at flowering on both soils. At the flowering stage, the mean 

sorghum plant height was tallest on the Hutton soil at 102.81 cm and the lowest mean plant 

height values were found on the Coega soil during the vegetative growth stage at 68.57 cm. 

The mean chlorophyll content values were high during the vegetative growth stage in both soil 

types at 19.55 CCI on the Hutton soil and 20.14 CCI on the Coega soil. 

The interaction between compost tea dilutions and growth stage showed significance (p<0.05) 

on stem thickness, number of leaves, plant height and chlorophyll content (Table 5.10). The 

stem thickness recorded higher mean values at flowering stage in all the treatments and lower 

value stem thickness observed in the 500 ml weekly treatment in the vegetative growth stage. 

The number of leaves recorded lower mean values at flowering stage in all treatments as 

compared to that of the vegetative stage and the highest mean number of leaves was found 

from the 500 ml bi-weekly treatment at the vegetative stage. Plant height recorded the highest 

mean values in the 250 ml bi-weekly compost tea dilution during the flowering stage than all 

the other compost tea dilution rates and growth stages; the least mean plant height was recorded 

in the control treatment at the vegetative stage. The highest mean chlorophyll content values 

were from the 500 ml fortnightly compost tea rate at the vegetative stage followed by the 250 

ml bi-weekly and 500 ml bi-weekly compost tea rates in the same vegetative growth stage, 

respectively. The lowest mean chlorophyll content was in the control treatment at the flowering 

stage.  
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Table 5.9: Sorghum growth attributes as influenced by the different treatment factors  

Treatment factors 

Stem thickness 

(cm) 

No. of 

leaves 

Plant height 

(cm) 

Chlorophyll 

(CCI) 

Soil type, S     

Hutton 1.26a 5.79a 98.21a 16.03a 

Coega 0.77b 6.02a 83.22b 15.94a 

p-value at 5% 0.11* 0.38NS 4.88* 1.87NS 

Compost tea dilution rates, F    

Control 1.06ab 5.16b 80.95b 10.87c 

250 ml fortnightly 0.95ab 5.67ab 89.58ab 13.88bc 

250 ml weekly 1.13a 6.08a 93.08a 16.57ab 

250 ml bi-weekly 1.08ab 6.08a 95.92a 18.18a 

500 ml bi-weekly 0.96ab 6.17a 88.67ab 17.24ab 

500 ml weekly 0.90b 5.92ab 92.75a 16.04ab 

500 ml fortnightly 1.03ab 6.25a 94.08a 19.13a 

p-value at 5% 0.20* 0.73* 9.29* 3.56* 

Growth stage, G     

Vegetative 0.74b 7.31a 81.10b 19.85a 

Flowering 1.29a 4.50b 100.34a 12.13b 

p-value at 5% 0.11* 0.38* 4.88* 1.87* 

Interactions     

S x F 0.30* 0.38* 13.64* 5.23* 

S x G 0.15* 1.07* 6.90* 2.65* 

G x F 0.30* 0.54* 13.64* 5.23* 

S x G x F NS NS NS NS 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level; NS implies non-

significant at 5% probability level.  
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Table 5.10: Sorghum growth attributes as affected by the interaction between soil texture and 

growth stage as well as interaction between compost rates and growth stage  

Treatment interaction effect 

Parameters 

Stem thickness 

(cm) 

No. of 

leaves 

Plant height 

(cm) 

Chlorophyll 

(CCI) 

Soil type, S Growth stage, G     

Hutton Vegetative 1.08b 7.19a 93.62b 19.55a 

Hutton Flowering 1.44a 4.38b 102.81a 12.51b 

Coega Vegetative 0.40c 7.43a 68.57c 20.14a 

Coega Flowering 1.14b 4.62b 97.88ab 11.75b 

p-values at 5% 0.15* 1.07* 6.90* 2.65* 

Compost tea rates Growth stages     

Control Vegetative 0.82bc 6.00c 71.50e 13.82c 

250 ml fortnightly Vegetative 0.68bc 7.00b 77.33de 16.13bc 

250 ml weekly Vegetative 0.92b 7.33ab 84.83d 20.15ab 

250 ml bi-weekly Vegetative 0.78bc 7.67ab 85.83d 23.50a 

500 ml bi-weekly Vegetative 0.65bc 8.00a 78.17de 21.22a 

500 ml weekly Vegetative 0.60c 7.33ab 81.67de 19.93ab 

500 ml fortnightly Vegetative 0.73bc 7.83ab 88.33cd 24.18a 

Control Flowering 1.31a 4.32d 90.40bcd 7.92d 

250 ml fortnightly Flowering 1.22a 4.33d 101.83ab 11.63cd 

250 ml weekly Flowering 1.35a 4.83d 101.33ab 12.98cd 

250 ml bi-weekly Flowering 1.37a 4.50d 106.00a 12.87cd 

500 ml bi-weekly Flowering 1.26a 4.33d 99.17abc 13.27cd 

500 ml weekly Flowering 1.20a 4.50d 103.83ab 12.15cd 

500 ml fortnightly Flowering 1.33a 4.67d 99.83abc 14.08c 

p-values at 5% 0.30* 0.54* 13.64* 5.23* 

Mean values with the same alphabets are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level 

  



75 
 

5.3.6. Post-harvest sorghum stover analysis 

The total N and crude protein on sorghum stover showed significance (p<0.05) as affected by 

soil type and compost tea dilution rates, and P showed significance (p<0.05) as affected by soil 

type while compost tea dilution rates which showed non-significance (Table 5.11). These 

nutrients were more in the Hutton than in the Coega soil. Interactions between soil type and 

compost tea dilution rates showed significance (p<0.05) for total N and crude protein (Table 

5.12). All the other treatments in both soils showed significance to the control in the Hutton 

soil for the total N and crude protein. The P was significantly different based on soil type; 

treatment interaction with soil was significant to soil type and not to dilution rates.  

 

Table 5.11: Selected nutrient parameters on sorghum stover as affected by soil type and 

compost tea rates 

Treatment factors Total N (%) Crude Protein (%) P (%) 

Soil type, S    

Hutton 0.19a 1.18a 0.10a 

Coega 0.11b 0.71b 0.04b 

p-value at 5% 0.06* 0.35* 0.02* 

Compost tea dilution rates, F   

Control 0.43a 2.75a 0.09a 

250 ml fortnightly 0.13b 0.68b 0.06a 

250 ml weekly 0.15b 1.05b 0.07a 

250 ml bi-weekly 0.10b 0.60b 0.05a 

500 ml bi-weekly 0.08b 0.48b 0.08a 

500 ml weekly 0.08b 0.45b 0.06a 

500 ml fortnightly 0.08b 0.60b 0.07a 

p-value at 5% 0.19* 1.05* 0.06NS 

S x F interaction 0.31* 1.73* 0.10* 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant; * implies significant at 5% probability level; NS implies not 

significant at 5% probability level 
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Table 5.12: Selected nutrient parameters on sorghum stover as affected by the interaction 

between soil type and compost tea rates  

Treatment interaction effect 
Total N (%) Crude Protein (%) P (%) 

Soil type, S  Compost tea rates, F 

Hutton Control 0.65a 4.15a 0.09ab 

Hutton 250 ml fortnightly 0.10b 0.60b 0.11ab 

Hutton 250 ml weekly 0.10b 0.80b 0.08ab 

Hutton 250 ml bi-weekly 0.10b 0.65b 0.08ab 

Hutton 500 ml bi-weekly 0.15b 0.75b 0.15a 

Hutton 500 ml weekly 0.10b 0.60b 0.11ab 

Hutton 500 ml fortnightly 0.10b 0.70b 0.10ab 

Coega Control 0.20b 1.35b 0.10ab 

Coega 250 ml fortnightly 0.15b 0.75b 0.02b 

Coega 250 ml weekly 0.20b 1.30b 0.05ab 

Coega 250 ml bi-weekly 0.10b 0.55b 0.02b 

Coega 500 ml bi-weekly 0.00b 0.20b 0.01b 

Coega 500 ml weekly 0.05b 0.30b 0.02b 

Coega 500 ml fortnightly 0.05b 0.50b 0.04b 

p-values at 5% 0.31* 1.73* 0.10* 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. * implies significant at 5%probability level 

 

5.3.7. P use efficiency  

The P-use efficiency showed significance (p<0.05) across the soil type treatment on both the 

grain and biomass yields, however the compost tea dilution treatments showed non-

significance for both the grain and biomass yields (Table 5.13). The P-use efficiency appeared 

to have higher mean values on the Coega soil at 4.66 (grain PUE) and 4.23 (biomass PUE) as 

compared to -0.44 (grain PUE) and -0.208 (biomass PUE) on the Hutton soil.  

The treatment interactions on P-use efficiency showed significance (p<0.05) on grain yield and 

they showed non-significance on biomass yield. P-use efficiency on the Coega soil at the 250 

ml fortnightly compost tea rate recorded the highest mean value as compared to the other 
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treatments, and the least observed on the Hutton soil at the same compost tea rate of 250 ml 

fortnightly.  

Table 5.13: P use efficiency on sorghum grain and biomass yield 

Treatment factors PUE on 

grain 

PUE on 

biomass 

 Treatment interaction effect PUE on 

grain 

PUE on 

biomass  

Soil type, S    S * F   

Hutton -0.44b -2.08b  Hutton 250 ml Fortnightly -6.95c -5.05a 

Coega 4.66a 4.23a  Hutton 250 ml weekly 3.28ab -0.03a 

p-value at 5% 1.83* 3.13*  Hutton 250 ml bi-week 0.24bc -1.80a 

Compost tea rates (F)   Hutton 500 ml Fortnightly -0.64bc -0.90a 

250 ml Fortnightly 1.29a 1.88a  Hutton 500 ml weekly -1.47bc -1.99a 

250 ml weekly 3.24a 2.71a  Hutton 500 ml bi-weekly 2.90ab -2.71a 

250 ml bi-week 1.98a 1.09a  Coega 250 ml Fortnightly 9.52a 8.81a 

500 ml Fortnightly 0.27a 0.10a  Coega 250 ml weekly 3.21ab 5.44a 

500 ml weekly 1.42a 0.03a  Coega 250 ml bi-week 3.71ab 3.97a 

500 ml bi-weekly 4.45a 0.65a  Coega 500 ml Fortnightly 1.19b 1.10a 

F-value (p<0.05) 4.76NS 8.14NS  Coega 500 ml weekly 4.30ab 2.05a 

FxS interaction 7.86* 13.45NS  Coega 500 ml bi-weekly 6.00ab 4.01a 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant; * implies significant at 5% probability level; ns implies not significant 

at 5% probability level 

 

5.3.8. Post-harvest soil analysis 

Post-harvest measured soil pH, P, exchangeable Ca and exchangeable Zn showed significant 

(p<0.05) difference across the two soil types while exchangeable K showed non-significance 

on soil type (Table 5.14). Conversely, pH, Bray P1, exchangeable Ca and extractable Zn 

contents showed non-significance across the different compost tea rates while exchangeable K 

showed significant response to compost tea rates. The Coega soil contained higher 

concentration of exchangeable Ca but lower available P and exchangeable Zn concentration as 

compared to the Hutton soil. The measured pH value in the Hutton soil revealed that it was 

slightly alkaline while in the Coega soil it was slightly acidic to neutral. Unamended control 

treatment contained the least concentration of exchangeable K content with the highest value 
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found in the 500 ml fortnightly dilution rate nearly four times higher than that of the unamended 

control treatment.  

 

Table 5.14: Treatment effect on selected soil chemical properties after crop harvest  

Treatment factors pH (KCl) Bray P 

(mg/kg) 

Exch. K 

(mg/kg) 

Exch. Ca 

(mg/kg) 

Exch. Zn 

(mg/kg) 

Soil type, S      

Hutton 7.62a 221.86a 769.43a 1092.6b 17.31a 

Coega 6.85b 28.29b 730.79a 2218.4a 0.95b 

p-value at 5 % 0.33* 75.45* 191.84NS 146.39* 4.29* 

Compost tea dilution rates, F     

Control 7.19a 88.00a 296.0b 1583.8a 8.40a 

250 ml fortnightly 7.30a 115.75a 620.0ab 1590.3a 9.08a 

250 ml weekly 6.97a 125.00a 720.8ab 1751.0a 8.80a 

250 ml bi-weekly 7.36a 196.50a 944.5a 1896.8a 14.28a 

500 ml bi-weekly 7.33a 93.00a 745.5ab 1486.7a 5.68a 

500 ml weekly 7.11a 123.00a 889.5a 1698.3a 9.43a 

500 ml fortnightly 7.38a 134.25a 1034.5a 1582.0a 8.25a 

F-value (p<0.05) 0.99NS 225.45NS 573.24* 437.43NS 12.81NS 

S x F interaction NS NS NS NS NS 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant 

 

5.4. Discussion 

The sorghum’s stem thickness and plant height as affected by soil type may have been due to 

differences in the soil’s inherent characteristics such as mineralogy and fertility. The Hutton 

soil had no shrink and swelling properties while the Coega soil showed shrinking and swelling 

properties that may have severely hindered growth and performance of this crop. This effect 

was readily visible on the stem thickness parameter at both growth stages with the poor stem 

thickness possibly contributing to increase the vulnerability to damage by severe wind or high 

pressure from running water and reduced yields when grown on the open field. In Africa, 

sorghum is mostly grown on sandy oxisols and alfisols that are deficient in nitrogen and 
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phosphorous and low in organic matter (Mundia et al., 2019), Hutton is an example of an oxisol 

and the oxisols make up more than 60% of the North West province (Fey, 2010).  Coega soils 

are calcitic in nature and represent 30 – 60% of soils found around Mahikeng area but 

constitutes less than 10% soil types found in the North West province recommended mostly 

for grazing (Fey, 2010). Because farmers often extend into marginal lands as opposed to 

intensive production of the existing field (Mundia et al., 2019), the Coega soil type in the 

Mahikeng area may be a limitation because it is inherently low in available P and trace 

elements; and also contains toxic levels of Boron (Fey, 2010).  

The bi-weekly application of 500 ml treatment represents the most frequent and highest 

application rate resulting in a lot of leaves per plant. This suggests that the rate may have 

possibly supplied higher nutrients including N that resulted in the better promotion of this 

growth attribute. Nitrogen is often regarded as one of the most limiting nutrients in grain 

sorghum as it is reported to use close to 60% of the total N as at 60 days after planting and 

beyond (Cartwright et al., 2016). Hence, the 500 ml bi-weekly treatment was able to supply 

the crop with sufficient nutrients including N at the plant’s peak demand. The Hutton soil was 

shown to be a better soil to use compost tea for sorghum growth than the Coega soil because 

in the Hutton soil there is better response of sorghum in terms of most of these growth 

parameters. The reduced stem thickness and plant height observed from the Coega soil resulted 

in higher number of leaves formation that resulted in extended maturity period (Gerik et al., 

2003). At the flowering stage, the plant height and stem thicknesses in the Coega soil were not 

significantly different from the measured values during the vegetative stage in the Hutton soil. 

The Coega soil did not favour grain sorghum production because of delayed attainment of plant 

maturity, and in sorghum, the ideal soil conditions have a strong effect on the yield by 

influencing seed setting (Daba & Zewedie, 2001). In addition, this delay in maturity in the 

Coega soil type is accompanied by a mild P deficiency (Knott et al., 2016). 

The massive drop in the number of leaves and the chlorophyll content from the vegetative stage 

to the flowering in both soil types and dilution rates may be due to leaf senescence where 

nutrients translocated from the lower leaves to supplement the upper leaves. The translocation 

occurs because fertilizer utilization by sorghum is rapid after it reaches the five-leaf stage, with 

65 to 75% of the nutrients accumulated already by the time of flowering (Prasad & 

Staggenborg, 2010). Based on the results of this study, sole application of compost tea may 

possibly sustain the nutrient growth requirements of grain sorghum underpinning the potential 

benefits of compost tea extract for crop production. However, Siddiqui et al. (2011) reported 
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that application of compost tea (CT) and inorganic fertiliser (NPK) at 50:50 rate resulted in 

enhanced vegetative growth, yield and antioxidant content of the medicinal herb (Centella 

asiatica (L.)). The implication is that the effectiveness of compost tea use improved when co-

applied with inorganic fertilizers. Future research work may include but may not be limited to 

extraction (aerobic or anaerobic) method, compost:water (w/v) extraction ratio and the 

extraction period. The positive effect of compost tea extract to enhance flowering on sorghum 

plants, especially in the Coega soil where sorghum plants in the un-amended control treatment 

flowered when most of the plants in other treatments were already at grain filling stage, also 

enhanced faster maturation.  

The high content of sorghum stover N in the control on the Hutton soil attributed to the 

historical use of this soil that may have led to the accumulation of more nutrients in this soil, 

on this soil inorganic 3:2:1 NPK was previously used without soil analysis. Such practices lead 

to nutrient lockout in the soil and this risk of nutrient lockout increases if the pH drifts outside 

the optimal range (Karadjov, 2012). None of the treatments exceeded the critical tissue N and 

P levels of 3-5% and 0.25-0.5%, respectively (Jones et al 1991) but were consistent with the 

findings reported by Masowa (2015).  

The positive response on P-use efficiency by sorghum grain on the Coega soil was attributed 

to the presence of more silt and clay content in this soil type as compared to that in the Hutton 

soil. Even though the initial P content in the Coega soil was lower than that on the Hutton soil, 

its pH level did not affect the P phyto-availability (Grant et al., 2005). In the Hutton soil, it 

shows that soil phosphorus levels had built up over time to increase production and this made 

a proportion of the applied phosphorus to become sparingly available to plants (AWI, 2018). 

The negative PUE values in the Hutton soil did not reflect “efficiency” per se but suggested 

higher degree of P starvation (Rose & Wissuwa, 2012). Previous studies (Gunes et al., 2006; 

Sepehr et al., 2009; Rose et al., 2011) also found such negative correlations in PUE. The higher 

P-use efficiency in the 250 ml fortnightly compost tea rate related to the P concentration in this 

compost tea rate, as this was the lowest rate. The high nutrient concentrations on selected soil 

chemical properties in the Hutton soil may be attributed to the historic use of the field, and it 

also shows that even though there may be more nutrients in the soil it does not mean that the 

crop can access it.  This was taken into account in the next planting season in order to achieve 

better resource utilisation and improving farm profits by reducing expenditure on fertiliser 

(Torma et al., 2018). 

https://www.sciencedirect.com/science/article/pii/B9780123942777000051#bb0185
https://www.sciencedirect.com/science/article/pii/B9780123942777000051#bb0435
https://www.sciencedirect.com/science/article/pii/B9780123942777000051#bb0420
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5.5. Conclusion 

Compost tea application had significant effects on sorghum growth and yield, the 500 ml bi-

weekly compost tea rate enhanced sorghum growth parameters better than the other rates in 

both soils. Sorghum growth was slower in the Coega soil type as compared to the Hutton soil, 

which in turn resulted in lower sorghum yields. These growth limitations in the Coega soil on 

sorghum growth attributed to its mineralogy and its inherent low fertility, but it is a better soil 

in terms of P-use efficiency as compared to the Hutton soil. Compost tea application can be 

useful as a fertilizer source for sorghum as it showed the potential of enhancing growth and 

supporting the crop to maturity.  
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Chapter 6 

Laboratory incubation study on phosphorus release from P-enriched co-composted 

manures 

Abstract 

Mineralization expresses a decrease in organic matter content and an increase in available 

nutrients previously immobilized in the organic form. Availability of P to plant roots is 

controlled by two main factors namely phosphate ions concentration in the soil solution and 

the ability of the soil to replenish these ions when plant roots remove them. This chapter 

quantifies and compares P availability from co-composted GPR in soils with variable textural 

characteristics. The study consisted of two soil textural types (sandy loam and loam soils), four 

soil-compost mix ratios (w/w) (control, 90:10, 75:25 and 50:50) and seven sampling dates (1, 

2, 3, 4, 5, 6 and 7 weeks) during 49-days incubation period as treatment factors. The P release 

over the 49-days sampling period showed similar trends in the first two weeks and in the third 

to the sixth week both soils showed a different trend in the P content in which the loam soil 

decreased in P from the third week to the fifth week. Moreover, the sandy loam soil showed a 

continuous increase in P from the first week until the fourth week and a steady decrease started 

in the fifth week. In addition, there was generally more cumulative P in the sandy loam soil as 

compared to the loam soil. The compost rate and soil texture appeared to play an important 

role in compost mineralization.  

6.1. Introduction 

Soil is a matrix through which water and nutrients flow. Mineralization expresses a decrease 

in organic matter content and an increase in available nutrients previously immobilized in the 

organic form (Masunga et al., 2016; Zhang et al., 2017). The recycling of nutrients from 

vegetation and animal wastes is crucial to soil development and plant growth. Available 

literatures show that soils generally have a C: N: P ratio of 186:13:1 with phosphorus (P) being 

generally less abundant than the other macronutrients (Cleveland & Liptzin, 2007; Weihrauch 

& Opp, 2018). Soils generally do not contain P as a single element but as orthophosphate that 

acts as a buffer in many cells thus keeping pH constant at approximately 7 (Pasek, 2008). The 

primary origin of P in soils is the soil parent material which is released by weathering. On the 

surface of the earth, P exists as orthophosphate mineral, in a non-reduced oxidation state P 

compound under terrestrial redox condition (Pasek et al., 2014; Weihrauch & Opp, 2018). 

Other phases of P exist through geologic processes albeit in low concentrations and are not in 
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thermodynamic equilibrium; but hydrolyse or oxidize slowly to form orthophosphate (Pasek, 

2008). Availability of P to plant roots is controlled by two main factors namely phosphate ion 

concentration in the soil solution and the ability of the soil to replenish these ions when plant 

roots remove them, a phenomena described as P-buffer capacity (Sattari et al., 2012).  

Unlike nitrogen (N), there is no large atmospheric source with biologically available P (Khan 

et al., 2009).  Soil texture, age and stage of development strongly have an influence on the P 

content found in the soil (Weihrauch & Opp, 2018). Soil texture can slightly change P 

equilibrium and availability due to the physicochemical properties which influence phosphate 

adsorption – desorption – diffusion processes, and through soil organic matter mineralization-

immobilization by microbial activity (Suner and Galatini, 2015). This chapter quantifies and 

compares P availability from co-composted GPR in soils with variable textural characteristics. 

 

6.2. Materials and Methods 

6.2.1. Study preparation, layout and termination    

The soils and compost used for this study are as described in chapter 3. The water holding 

capacity of both the soil and compost was measured as described by George et al. (2013). The 

study consisted of a 2x4x7 factorial experiment fitted into a randomised complete block design 

(RCBD) with three replicates. The factors consisted of two soil textural types (sandy loam and 

loam soils), four soil-compost mix ratios (1 kg) and seven sampling dates during 49 days’ 

incubation period as treatment factors.  The soil-compost mix ratios (w/w) comprising of the 

control, 90:10, 75:25 and 50:50 were each thoroughly mixed and transferred into 1.2 kg pot; 

with each treatment replicated three times. Thus, the trial consisted of 168 filled pots arranged 

in a completely randomized design. The pots were kept in an air-conditioned room with 

temperature maintained at 25℃. The moisture content of the soil-compost mixture was 

maintained at 70% field capacity throughout the incubation period. There was destructive 

sampling every 7 days and the study lasted for 49 days. 

6.2.2. Statistical analysis 

The obtained data on pH, EC and P were subjected to analysis of variance (ANOVA) using 

Statistix 10.0 software. Mean separation at 5% probability level was through Turkey’s 

Honestly Significant Difference (HSD) and Fisher’s Least Significant Difference (LSD) tests. 
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6.3. Results   

The pH (KCl and H2O), EC and P mean values showed significance (p<0.05) across the two 

soil textural classes (Table 6.1). The mean values of these measured parameters were higher in 

the sandy loam soil as compared to that of the loam soil. The pH (H2O) and EC showed 

significant (p<0.05) differences on sampling date whereas in the same treatment the pH (KCl) 

and P showed non-significance (Table 6.1). The obtained lowest EC value was in the seventh 

week while the highest values were in the fourth week followed by the fifth weeks, 

respectively. There were also significant differences on pH (H2O and KCl), EC and P across 

the compost rates (Table 6.1). The highest mean pH (H2O) value was in the control while the 

same control recorded the lowest mean pH (KCl) value. The 10% treatment recorded the 

highest mean EC values as compared to the other compost combinations.  Mean P values 

showed an increasing trend with the control having the lowest in P and the 50% treatment 

giving the highest mean P content.  

Table 6.1: Mean soil pH, electrical conductivity and P as affected by soil texture, sampling 

date and compost rates.   

Treatments Measured parameters 

 pH (H20) pH (KCl) EC (µS) Bray P (mg/kg) 

Soil texture, S      

Sandy loam 7.98a 7.68a 324.61a 561.67a 

Loam 7.64b 7.17b 206.48b 475.05b 

p-value at 5% 0.10* 0.08* 7.35* 54.685* 

Sampling date, T     

1 week 7.37b 7.50a 208.70d 473.54a 

2 weeks 7.96a 7.44a 190.83d 513.71a 

3 weeks 7.89a 7.35a 195.58d 478.83a 

4 weeks 7.79a 7.35a 521.37a 538.54a 

5 weeks 7.85a 7.40a 413.12b 488.79a 

6 weeks 7.82a 7.42a 259.68c 561.38a 

7 weeks 7.98a 7.50a 69.54e 573.71a 

p-value at 5% 0.28* 0.23ns 20.84* 153.85ns 

Compost rates, F     

Control 8.18a 6.80c 190.89b 240.33d 

10% 7.72b 7.47b 860.09a 441.02c 

25% 7.67b 7.64a 4.14c 583.05b 

50% 7.64b 7.77a 7.07c 809.02a 

p-value at 5% 0.18* 0.15* 13.69* 101.34* 

Interaction     

S x T 0.45* NS 33.64* NS 

S x F 0.31* 0.25* 22.92* 169.08*** 

T x F 0.71* NS 52.90* NS 

S x T x F 1.10* NS 81.72* NS 
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Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. Treatment % denotes the quantity of compost in the soil and compost 

mixture e.g. 10% = 90 % soil mixed with 10 % compost. * & *** implies significant at 5% and 

0.1%, respectively; NS = non-significant. 

 

Table 6.2: Soil pH, electrical conductivity and available P contents as affected by the 

interaction between soil texture and compost rates 

Treatment interactions pH (H20) pH 

(KCl) 

EC (µS) Bray P 

(mg/kg) 

Soil texture, 

S 

Compost rates, F     

Sandy loam Control 8.55a 7.28b 97.8d 263.14de 

Sandy loam 10% 7.92b 7.73a 1189.8a 487.95c 

Sandy loam 25% 7.81bc 7.85a 3.9e 652.71b 

Sandy loam 50% 7.65bc 7.84a 7.0e 842.86a 

Loam Control 7.82bc 6.32c 284.0c 217.52e 

Loam 10% 7.53c 7.22b 530.4b 394.10cd 

Loam 25% 7.57c 7.43b 4.4e 513.38bc 

Loam 50% 7.63bc 7.70a 7.1e 775.19ab 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. Treatment % denotes the quantity of compost in the soil and compost 

mixture e.g. 10% = 90 % soil mixed with 10 % compost. 

 

The interaction between the soil type and compost combination exerted significant (p<0.05) 

effect on pH (H2O and KCl), EC and P (Table 6.2). The control in the sandy loam soil had the 

highest pH (H2O) while the lowest pH values was in the 10% in loam soil. While the mean pH 

(KCl) values was lowest in the unamended control for the loam soil, the recorded highest mean 

pH (KCl) values are in the sandy loam soil at the 25-, 50- and 10% treatments. The mean EC 

values were higher in the 10% treatment in the sandy loam soil followed by the same treatment 

in the loam soil while the 25% and 50% recorded the lowest EC values in both soils. In the 

50% compost blend in both soils, the mean P values were the highest as compared to the other 

treatments. 

The P release from the P-rich compost over the 49-day sampling period showed different trends 

as affected by soil type (Figure 6.1). The release showed similar trends in the first two weeks 

and on the third to the sixth week the two soils showed different trends in the P content while 

on the loam soil P decreased from the third week to the fifth week. Moreover, the sandy loam 

soil showed a continuous increase in P from the first week until the fourth week and a steady 
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decrease started in the fifth week. In the sixth week, the loam soil then started to increase in P 

and nearly equalling that of the sandy loam soil. 

  

  

Figure 6.1: the trend of P release over sampling period based on measured P 

Soil 1 = Sandy loam; Soil 2 = loam 

 

The cumulative P release as affected by soil texture (figure 6.2) showed non-significance 

(p>0.05) while compost rates (Figure 6.3) and the interaction between soil texture and compost 

rates (Figure 6.4) showed significance (p<0.05) on cumulative P. The higher the compost rate 

the higher the cumulative P, thus the 50% rate had the highest cumulative P followed by the 

25% rate and then lastly the 10% combination. The interaction between soil texture and 

compost rates showed that there was generally more cumulative P in the sandy loam soil as 

compared to the loam soil. The 10% rate in the sandy loam soil was non-significant (p>0.05) 

to the 25% rate in both soils while the same rate in the loam soil was significant (p<0.05) to 

the 25% in the sandy loam soil but not in the loam soil.  
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Figure 6.2: Mean cumulative P (mg/kg) as affected by soil texture  

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant.  

 

 

Figure 6.3: Mean cumulative P (mg/kg) as affected by compost rates 

Mean values with the same alphabet are non-significant and mean values with different 

alphabets are significant. Treatment designated in percentage (X%) denotes the amount of 

compost in the soil and compost mixture e.g. R10% = 90% soil mixed with 10% compost. 
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Figure 6.4: Mean cumulative P as affected by soil texture and compost rate interactions 

Mean values with the same alphabets are non-significant and mean values with different 

alphabets are significant. Treatment % denotes the quantity of compost in the soil and compost 

mixture e.g. R10% = 90 % soil mixed with 10 % compost 

 

6.4. Discussion 

The high pH, EC and P in the sandy loam soil may be that there were more exchange sites in 

the loam soil than the sandy loam soil. These exchange sites hold nutrients more effectively 

and because soil texture is another factor through which Fe/Al-oxyhydroxides, the major P 

sorption sites in soils, affect P sorption through the clay fraction in the soil (Holzmann et al., 

2016). Thus, more P sorption occurs in fine/clayey soils than in coarse soils. The observed soil 

P release was directly proportional to the rate of application; hence, the higher amounts of 50 

and 25% had the highest mean P values (Table 6.1). The addition of the P-rich compost to both 

soils increased the P content in both soils because raising the soil solution P concentration by 

fertilization fosters increased P sorption (Ehlert et al., 2003; Reddy et al., 2005). And the lower 

mean EC values in the seventh week may be that the quantity of free soluble salts from the 

previously added inorganic fertilizers in the soil reacted with the added compost and an 

exchange of cations occurred which then reduced/ buffered the EC. The EC values obtained 

in the first 4 weeks after the addition of compost may sometimes be misleading to the farmer 
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as they may not represent soil conductivity but rather reflect variations in manure/biosolid 

applications (Grisso et al., 2005). 

The two soils reach the state of equilibrium in different processes, in figure 6.1, there is a 

different trend observed because of the interaction between the soil textures and sampling date. 

Adsorption and desorption would be equal and the soil solution's P concentration would be 

steady in the equilibrium state (Reddy et al., 2005) because these reactions are mostly too slow 

for equilibrium to build up and also texture dependent (Glaesner, 2011). In the third week to 

the fifth week there is more desorption in the sandy loam soil while in the same period, there 

is more adsorption in the loam soil. This suggests that in this sandy loam soil the farmer may 

have to apply the compost and wait for more than 5 weeks before planting his crops because in 

that time the soil solution P concentration may be approaching the equilibrium state.    

The addition of more P-rich compost in the sandy loam soil shows that this soil had more P 

when compared to the loam soil because when the soil becomes saturated then it cannot hold 

back P (Ulén et al., 2013; Kruse et al., 2015). Hence, the energy level of bonding is high in the 

loam soil as compared to the sandy loam soil (Manning et al., 2006). This then resulted in high 

cumulative P as the sandy loam soil interacts with compost rates.  

6.5. Conclusion 

The compost combination and soil texture appeared to play an important role in compost 

mineralization. The more the compost added the higher P released, thus the 50% compost rate 

had more cumulative P than the other application rates however the degree of P saturation 

varied in both soils with the sandy loam soil showing to be more saturated with P than the loam 

soil. From this study, we can accept the hypothesis that states that the P availability in the co-

composted GPR is higher in the light textured soil as compared to the heavy textured soil.  
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Chapter 7  

General conclusion 

The P-enriched compost had only one trace element (Cd) that was above the threshold level 

(39 mg/kg), which may pose serious threats for agricultural soils. However, apart from Cd, the 

other trace elements fell below the recommended threshold critical levels for contamination in 

soils. In addition, the addition of ground phosphate rock led to an increase in the P content of 

the P-enriched compost and high levels of Ca, which may contribute in counteracting the threat 

of Na in the soil.  

Under greenhouse conditions following direct application of P-rich compost on two soils with 

different textural classes, sorghum growth, days to flowering and yield was better under loam 

soil than the sandy loam. The application of inorganic NPK fertilizers favoured biomass 

accumulation but did not give good yields as compared to P-rich compost rates, thus, P-rich 

compost appeared to be effective in promoting food security. The P-rich compost will promote 

food security not only in terms of higher yield but also in a more nutritious sorghum grain. The 

40 t/ha treatment appeared to be better for a protein rich sorghum grain whereas grain P content 

was higher in the 10 t/ha treatment. In the field trial, the P-rich compost appeared to outperform 

the inorganic NPK fertilizer in terms of grain yield. The five (5) t/ha compost rate is 

recommended based on the potential positive effect on yield for the farmer and reduced 

production risk associated with EC build-up in soil when used. This rate is also within the 3 to 

7 t/ha compost application rate recommended by Edwards and Araya (2011).  

The 500 ml bi-weekly compost tea dilution rate enhanced sorghum growth parameters better 

than the other rates in both soils. This 500 ml bi-weekly rate appeared to sustain sorghum crop 

cycle even in times of peak nutrient demand and it is the highest most frequent rate in this 

study. This may also suggest that for a better sorghum growth, the farmer will need more 

compost tea but this is open for further investigation. Although sorghum growth was slower in 

the Coega soil as compared to the Hutton soil, the soil was better because of its positive P-use 

efficiency by sorghum grains and biomass than the Hutton soil. The potential of enhancing 

growth and supporting sorghum to maturity makes compost tea application useful as a fertilizer 

source. The compost rate and soil texture appeared to play an important role in compost 

mineralization. The more the compost added the higher P released, and P saturation is 

dependent on soil texture.  Thus, the P availability in the co-composted GPR is higher in the 

light textured soil as compared to the heavy textured soil. The limitation to this study is that 
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only one cultivar had been used. Future repeat study should consider the use of two or more 

cultivars.  

 

The key findings in this study include:  

1. Sorghum performed differently in terms of growth, yield and selected nutritional 

content in response to the interaction between soil type and compost application.  

2. P-rich compost application performed better than inorganic NPK fertilizer on sorghum 

yield and selected nutritional content. 

3. There is a potential to use the tea extract from the P-rich compost to increase sorghum 

growth and yields as a fertilizer source. 

4. The amount of P release from the P-rich compost is dependent on soil texture and 

compost rate of application. 
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APPENDICES 

Appendix 1: Summarized ANOVA Table for sorghum growth attributes grown under greenhouse conditions following inorganic fertilizer and 

compost applications 

Source of 

variance 

Vegetative stage Flowering stage 

No. of 

leaves 

Chlorophyll Stem 

thickness 

Plant 

height 

No. of 

leaves 

Chlorophyll Stem 

thickness 

Plant 

height 

Soil type (S) 0.56NS 297.13* 88.52* 588.67* 3.52NS 423.85* 62.37* 2061.16* 

Fertilizer (F) 0.82NS 132.30* 15.51* 657.55* 0.85NS 493.03* 10.81* 104.32* 

(S x F) 0.49NS 62.92NS 3.14NS 126.02* 1.37NS 116.77* 2.64* 84.52NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 2: Summarized ANOVA Table for sorghum yield and yield attributes grown under greenhouse conditions following inorganic 

fertilizer and compost applications 

Source of variance Panicle weight 

(g/panicle) 

No. of Spikelet 

per panicle 

Panicle length 

(cm) 

Seed weight 

(g/panicle) 

100-seed weight 

(g) 

Oven dry biomass 

(g/plant) 

Soil type (S) 11033.4* 600.25* 65.02* 6037.89* 1.21* 899.25* 

Fertilizer (F) 1647.2* 19.67* 58.34* 1057.44* 1.31* 221.28* 

S*F 245.9NS 41.43NS 3.66* 172.46NS 0.10* 47.19* 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 3: Summarized ANOVA Table for sorghum tissue analysis grown following inorganic fertilizer and compost applications 

Source of variance Total N Crude Protein P Acid Detergent Fibre Neutral Detergent Fibre 

Soil type (S) 13.26* 512.00* 0.17* 5.35NS 156.56NS 

Fertilizer (F) 3.95* 152.86* 0.05* 8.82NS 57.57NS 

S*F 4.31* 168.77* 0.04* 9.04NS 51.42NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 4: Summarized ANOVA Table for post- harvest greenhouse soil analysis following inorganic fertilizer and compost applications  

Source of variance pH (H2O) pH (KCl) EC P Exch. K Exch. Ca Exch. Zn 

Soil type (S) 2.59* 1.03* 408292* 47432.0* 976154NS 262813* 56.71NS 

Fertilizer (F) 0.10* 0.13* 185037* 66487.9* 2875634* 833125* 90.15NS 

S*F 0.01 0.04* 40963* 46957.1* 2773402* 380629* 55.42NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 5: Combined ANOVA Table for sorghum growth attributes grown under field conditions 

Source of 

variance 

Vegetative stage Flowering stage 

No. of 

leaves 

Chlorophyll Stem 

thickness 

Plant 

height 

No. of 

leaves 

Chlorophyll Stem 

thickness 

Plant 

height 

Fertilizer  0.66NS 181.31* 0.12NS 118.78NS 1.20NS 395.61* 0.21NS 68.59NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 6: Combined ANOVA Table for sorghum yield and yield attributes under field conditions 

Source of 

variance 

Panicle 

weight 

(g/panicle) 

No. of 

Spikelet per 

panicle 

Panicle 

length (cm) 

Seed 

weight 

(g/panicle) 

100-seed 

weight (g) 

biomass 

(g/plant) 

Seed 

weight 

(kg/ha) 

fertilizer 1009.52NS 58.21NS 1.86NS 806.39NS 0.08* 1664.3NS * 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 7: Combined ANOVA Table for sorghum tissue analysis from field samples 

Source of 

variance 

Leaf samples at flowering Stover at post-harvest Grain samples 

Total N Crude 

Protein 

P Total N Crude 

Protein 

P Total N Crude 

Protein 

P ADF NDF 

Fertilizer 1.28NS 43.45NS 0.01NS 0.13NS 4.84NS 4.48NS 0.09* 3.65* 4.73* 19.29* 22.97* 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 8: Combined ANOVA Table for post-harvest soil physical analysis from field trial 

Source of variance Bulk Density Total Porosity 

Fertilizer 0.01* 7.33* 

* implies significant at 5%probability level 

 

 

Appendix 9: Combined ANOVA Table for post- harvest field soil chemical analysis  

Source of variance pH (KCl) P Exch. K Exch. Ca Exch. Zn 

Fertilizer (F) 0.20NS 11203.1NS 61712* 349238NS 51.58NS 

Soil Depth (D) 0.66NS 17185.0NS 174609NS 384291NS 10.46NS 

F*D 0.13NS 9329.0NS 18368NS 239295NS 31.49NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 10: Summarized ANOVA Table for sorghum growth attributes grown under greenhouse conditions following compost tea application 

rates 

Source of variance Vegetative stage Flowering stage 

No. of leaves Chlorophyll Stem 

thickness 

Plant 

height 

No. of 

leaves 

Chlorophyll Stem 

thickness 

Plant 

height 

MS soil type (S) 0.59NS 3.66NS 4.73* 6587.5* 1.40NS 0.09NS 0.89* 182.03NS 

MS fertilizer (F) 2.69* 84.28* 0.07NS 203.94NS 0.24NS 6.58NS 0.03NS 77.01NS 

MS (S x F) 1.26* 64.87* 0.13* 284.75* 1.36NS 3.38NS 0.07NS 121.49NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 11: Summarized ANOVA Table for sorghum growth at different growth stages following compost tea application rates 

Source of variance No. of leaves Chlorophyll Stem thickness Plant height 

Soil type (S) 1.12NS 0.16NS 4.72* 4489.03* 

MS fertilizer (F) 1.42* 80.10* 0.08* 245.61* 

Growth stage (G) 157.81* 1189.90* 6.08* 7400.10* 

S*F 0.24* 49.82* 0.16* 241.77* 

S*G 2.98* 9.23* 0.68* 2020.31* 

F*G 1.02* 13.65* 0.01* 53.84* 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 12: Summarized ANOVA Table for sorghum stover analysis following compos tea 

application 

Source of variance Total N Crude Protein P 

Soil type 0.04* 1.56* 0.03* 

Fertilizer 0.06* 2.70* 0.00* 

S*F 0.03* 1.17* 0.00* 

* implies significant at 5%probability level 

 

Appendix 13: Summarized ANOVA Table for sorghum yield and yield attributes following 

compost tea application 

Source of 

variance 

Panicle 

weight 

(g/panicle) 

No. of 

Spikelet 

per 

panicle 

Panicle 

length 

(cm) 

Seed 

weight 

(g/panicle) 

100-seed 

weight 

(g) 

Oven 

dry 

biomass 

(g/plant) 

MS soil type 37.91NS 238.10NS 2.88NS 31.25NS 0.35NS 479.76* 

MS fertilizer 84.96NS 213.97* 62.43* 47.59NS 0.67* 17.59NS 

MS soil type x 

fertilizer 

115.23* 422.54* 53.71* 76.77* 0.61* 48.55* 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 
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Appendix 14: Summarized ANOVA Table for sorghum P-use efficiency 

Source of variance Biomass P-use efficiency Grain P-use efficiency 

Soil type 358.47* 233.73* 

Fertilizer 6.65NS 13.57NS 

S*F 24.56* 52.17NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 15: Summarized ANOVA Table for post- harvest soil analysis following compost 

tea application 

Source of variance pH (KCl) P Exch. K Exch. Ca Exch. Zn 

Soil type 4.16* 262289* 10453NS 8871754* 1872.89* 

Fertilizer 0.09NS 5120NS 241415* 74956NS 26.61NS 

S*F 0.12NS 4794NS 42574NS 64574NS 33.30NS 

* implies significant at 5%probability level; NS implies non-significant at 5% probability level 

 

Appendix 16: Summarized ANOVA Table for soil pH (H2O & KCl), EC and P on phosphorus 

release from P-enriched co-composted manures 

Source of variance pH (H2O) pH (KCl) EC P 

Sampling week (T) 1.01670*  0.0901NS  557533*   39152NS 

Soil type (S) 5.02669* 10.9089*  586172*  315120* 

Fertilizer (F) 2.68072*  7.9251* 6918757* 2407295* 

T*S 0.37315*  0.0637NS  292284*   55734NS 

T*F 0.11562*  0.0906NS  610678*   46608NS 

S*F 0.92164*  1.2151* 1447545*   17050*** 

* & *** implies significant at 5% and 0.1%, respectively; NS implies non-significant at 5% 

probability level 

 

 


