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ABSTRACT 

Smallholder farming systems in Njoro are characterized by the application of sub- optimal rates 

or non-utilization of inorganic fertilizers due to their exorbitant prices vis-à-vis low financial 

returns from crops. Efficient application of natural materials in agro ecosystems, viz. the use of 

Minjingu phosphate rock (MPR) as a fertilizer is an attractive alternative to inorganic fertilizers, 

however, releases phosphorous slowly due to its low solubility. The use of the legumes apart 

from fixing nitrogen (N) can enhance MPR solubility through the release of citrate. The 

objective of the present work was to enhance phosphorus release from MPR and increase soil 

available N content using white lupin and chickpea for increased sorghum yields. The study was 

carried out at the Egerton University agricultural field experimental site during the long and short 

rain seasons of 2012 and Long rain season (LRS) of 2013. The experimental design was split 

plot arranged in a randomized complete block design. The main plots were three cropping 

systems; sorghum monocrop, legume- sorghum rotation and legume- sorghum intercrop. The 

subplots comprised two P sources; triple super phosphate (TSP) and MPR both applied at the 

rate of 60 kg P ha-1. Soil samples were collected at seedling, flowering and maturity stages of 

sorghum and analyzed for pH, organic C, and available P and N.  Plant samples were also 

collected at the same time periods as for soils and analyzed for total N and P. Sorghum grain and 

dry matter yield were determined at maturity. N and P balances were also measured at the end of 

the experiment. Results on soil pH indicated a lower plant and soil response with the use of MPR 

at a pH greater than 5.5. The use of MPR also led to a rise in soil pH due to its liming effect. The 

use of TSP resulted in a decrease in pH in the long run to below 4 and this impaired N fixation. 

TSP application resulted in significantly higher P concentrations in the soil and plant tissues than 

MPR addition in the first season since the latter has low solubility in water. Comparison of the 

two legumes showed that both were competitive in enhancing MPR solubilization, with a greater 

potential in lupin. Higher soil available P led to higher levels of soil and plant available N and 

also to higher accumulation of dry matter and grain yield and upon incorporation of crop 

residues in to the soil and their decomposition, high levels of organic C was realized. Higher 

levels of plant N and P was also realized with the use of MPR. N, P and K nutrient balances 

showed a negative balance. All the cropping systems showed significant results but intercropping 

systems was the most effective for this research by the end of the LRS 2013. There is a need for 
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more research to improve the poor performance of MPR in the first season and to identify other 

mechanisms of P mobilization from MPR. Thus MPR could be a viable alternative to TSP in 

supplying P to both soil and plants. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background Information 

Sorghum (Sorghum bicolor L. Moench) is considered the fifth most important cereal after 

wheat, rice, maize and barley (Buchanan et al., 2005). It is grown on approximately seven 

million hectares annually in Eastern Africa and is the second most important cereal crop after 

maize (FAO, 2010). It is one of the most versatile crops in terms of its importance as a food 

grain in the dry regions of the semi-arid tropics (Rai et al., 1999; Mutisya et al., 2010).  

Adequate  supply  of  phosphorus (P), the second most critical plant nutrient element, is 

required for optimum sorghum growth and reproduction  (Yu et al., 2012).  The macronutrient is 

an integral part of energy metabolism and major biological processes including photosynthesis, 

respiration, and membrane transportation (Li et al., 2011). Continuous cereal mono cropping 

coupled with application of sub-optimal rates of inorganic fertilizers has led to soil nutrient 

depletion and subsequently low crop yields in small holder farms. Modern agriculture is mainly 

dependent on regular inputs of the mineral P in water soluble chemical fertilizers for continuous 

agricultural production (Shrivastava et al., 2011). The use of inorganic fertilizers on a regular 

basis has however become a costly affair for small holder farmers and is also environmentally 

undesirable. The resultant soil fertility depletion is the fundamental biophysical root cause of 

declining per capita food production in sub Saharan Africa (Sanchez et al., 1997). 

 There is therefore an obvious necessity to develop sustainable, economical and eco-

friendly technologies with greater resource use efficiency (Jayasinghearachchi et al., 2006). The 

efficient application of natural materials in agro ecosystems, such as phosphate rocks (PRs) are 

regarded as a valuable alternative for P fertilizers for a sustainable agriculture system (Jain et al., 

2010), because they are cheaper sources of P (Vanlauwe and Giller., 2006). A promising PR is 

Minjingu phosphate rock (MPR) from Tanzania, a sedimentary/biogenic deposit which contains 

about 13% total P and 3% neutral ammonium citrate (NAC) soluble P. Besides MPR, Busumbu 

Phosphate Rock from Uganda (BPR), Tilemsi from Mali, and Matam from Senegal are other 

potential sources of P (Jama and Straaten, 2006). The P in these rocks is however, not readily 

available to plants (Park et al ., 2011). Solubility of phosphorus in these hard phosphate rocks 

may be increased by grinding, applying it in acidic soils and by use of certain plant species 

(Kifuko et al., 2007; Aria et al., 2010).  
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Evidences indicate that plants can solubilize P from PRs by releasing enzymes like 

phosphatases, phytase and carboxylates under P deficiency, allowing mobilization and utilization 

of P in soil under P deficiency stress (Li et al., 2011). Rhizosphere concentrations of carboxylic 

acids at a level high enough to mediate desorption of significant amounts of soil phosphorus 

have been reported only for a limited number of plant species, mainly cluster-rooted plants such 

as white lupin (Lupinus albus) and members of the Proteaceae (Shane and Lambers, 2006). 

Some carboxylic acids (carboxylates), for example citrate and malate, can mobilize inorganic 

phosphorus into the soil solution (Gerke et al., 2000). Chickpea (Cicer arietinum L.), like lupin, 

exudes carboxylates from its roots (Veneklaas et al., 2003) and can thus mobilize calcium-bound 

phosphate (Ca-P).  

The incorporation of these legumes in association with sorghum in rotation or 

intercropping systems with application of MPR can address soil fertility problems in farmers’ 

fields (Groote et al., 2010; Bayala et al., 2012). The legumes provide an alternative means of 

improving soil N fertility through their ability to fix atmospheric nitrogen, increase soil organic 

matter and improve general soil structure. Nitrogen is a key component of enzymes and other 

proteins essential to all growth functions (Christiansen and Graham, 2002).  

A nutrient balance is a land quality indicator that describes the rate at which soil fertility 

changes under actual management (Segala et al., 2010).  NUTMON; a Nutrient Monitoring tool, 

can be used to track nutrient input and output from production systems. It plays an important role 

in monitoring impact of applied technologies (Vlaming et al., 2001). 

1.2 Statement of the Problem 

 Phosphorus (P) is the second most critical plant nutrient after nitrogen (N). Adequate P 

and N nutrition enhances many aspects of plant development including flowering, fruiting and 

root growth. P is a non-renewable resource, unlike N, which can be assimilated from N2 into 

NH3 by free-living and symbiotic N2-fixing micro-organisms or converted into NH3, NO3
– or 

urea industrially. Worldwide soils are supplemented with inorganic P as chemical fertilizers to 

support crop production but repeated use of fertilizers deteriorates soil quality. Smallholder 

farming systems in Njoro use of suboptimal inorganic fertilizers doses in crop production due to 

their exorbitant prices vis-à-vis low financial return from crops. This has resulted in deterioration 

of soil fertility and declined crop yields leading to unsustainable crop production. MPR is 

envisaged to be a viable option to the expensive inorganic P fertilizers and additionally can build 
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the soil capital P through its residual effect. The greatest challenge in its use is however the low 

solubility hence low uptake by plants. The phosphorus from phosphate needs to be released into 

the solution before any residual phosphorus can manifest itself. There is thus an urgent need to 

test and promote crops and cropping systems that can enhance P release from MPR. This will in 

turn provide sustainable approaches of managing soil fertility and crop productivity. Chickpea, 

like lupin, exudes carboxylates from its roots (Veneklaas et al., 2003) and can thus enhance the 

solubility of phosphate rock. However, minimum research has been done on the dissolution of 

MPR by use of lupin and chickpea for enhanced availability of phosphorus to sorghum for 

improved yield. 

1.3 Objectives 

1.3.1 General Objective 

The overall objective was to enhance P release from MPR and increase soil available N by use of 

white lupin and chickpea (legumes) for increased sorghum yields. 

1.3.2 Specific Objectives 

The specific objectives were to: 

1. To determine soil available P, N, organic C and pH at seedling, flowering and harvest 

stages of sorghum in different cropping systems. 

2. To determine plant P and N at seedling, flowering and harvest stages of sorghum in 

different cropping systems. 

3. To determine sorghum grain and dry matter yields following integration of white lupin 

and chick pea with application of MRP and TSP. 

4. To calculate N and P balances in soil using NUTMON following integration of legumes 

with application of MRP and TSP. 

1.4 Hypotheses 

1. There are no differences in soil available N, P, C and pH across all sampling periods in 

the different cropping systems.  

2. There are no differences in plant N and P contents across all sampling periods in the 

different cropping systems.  

3. There are no differences in sorghum grain and dry matter yields with integration of 

legumes and application of TSP and MRP. 
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4. There are no differences in P and N balances in the soil in lupin and chickpea treatments 

with the application of TSP and MRP. 

1.5 Justification 

Sorghum is an important grain crop grown in many developing countries as a food, feed 

and energy crop. It can grow in marginal lands that do not support other cereal crops and also in 

tropical climates because of its efficiency in water usage and tolerance to drought as well as 

waterlogged and saliferous soils. 

Adequate  supply  of  P to sorghum is required  for optimum plant  growth and 

reproduction. Phosphate fertilizers, such as single superphosphate (SSP), di- ammonium 

phosphate (DAP) and triple superphosphate (TSP) have the potential to supply phosphorus to 

plants immediately after application but they are expensive due to high cost of production and 

therefore beyond the reach of many small scale farmers. Besides production of these fertilizers 

requires the use of sulphuric acid that gets slowly released in to the soil which is also 

environmentally undesirable as it results in ground and surface water pollution. 

Direct application of phosphate rock (PR) is an environmentally-friendly and foreign-

currency saving way to alleviate P deficiency. MPR has high phosphate content lasts long in the 

soil and can release locked minerals and thus increase the P level in soils. In addition phosphate 

rocks build the P capital of the soil and can be considered an investment in the natural resource 

capital since it can be released over a long period. The legumes chickpea and white lupin, exude 

carboxylates from their roots (Veneklaas et al., 2003) and can thus enhance the solubility of 

phosphate rock and consequently enhance P fertility of soil.   

The leguminous crops also have nodules and can accumulate N as NH3 through 

symbiosis with Rhizobium micro-organisms and thus biologically fix N from the atmosphere. 

This results in an increase in N fertility of soil. Solubility and uptake of P in rhizosphere of 

phosphate rock can be enhanced by intercropping of legumes with cereals. Intercropping offers 

farmers the opportunity to exploit nature’s principle of diversity on their farms and greatly 

contributes to crop production by its effective utilization of resources, as compared to the 

monoculture cropping system.  

Currently, this system is attracting increasing interest in low- input crop production 

systems and is being extensively investigated. Inter-specific root interactions affect nutrient 

mobilization in the rhizosphere and contribute efficiently to nutrient acquisition, which in turn 
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greatly increase crop yield. The integration of the legumes in the cropping system with 

application of MPR is a novel approach to increasing soil fertility for enhanced sorghum 

production in smallholder farming systems. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Growth and Distribution of Lupin, Chickpea and Sorghum. 

2.1 Lupin 

Lupin is a common name that represents four domestic species, Lupinus albus (white 

lupin), Lupinus angustifolius (narrow-leaf lupin), Lupinus luteus (yellow lupin) and Lupinus 

mutabilis (pearl lupin) (Sirtori et al., 2010). Lupin seeds (Lupinus spp.) have great potential for 

human and animal nutrition because of their high content of protein, minerals, vitamins, 

dietary fiber and oil (Porres et al., 2005). Lupin can survive in poor soils where the growth of 

other crop plants is limited (Li et al., 2011). Lupin species are well adapted to acid sandy soils 

because they are able to produce very deep roots, often more than 2.5 m deep.  

 White lupin has proven an illuminating model system for understanding plant 

adaptations to low P and N habitats. It can effectively acquire P even though it does not form a 

mycorrhizal symbiosis. Its adaptation to P stress is a highly coordinated modification of root 

development and biochemistry resulting in cluster roots that exude copious amounts of organic 

acids and acid phosphatase. Prolific release of the acids, citrate and malate, solubilize bound 

inorganic P, whereas exudation of acid phosphatase is important in solubilizing organically 

bound P (Vance, 2001). 

2.2 Chick Pea  

Chick pea (Cicer arietinum L.) is a valuable ancient leguminous plant which grows well 

in different soils and climates. It is the third most important cool-season food legume after 

common bean (Phaseolus vulgaris L.) and pea (Pisum sativum L.) (Mohammed et al., 2012). It 

is the third most important pulse crop with a total annual global production of 9.7 M tonnes from 

11.5 million hectares. 

Chick pea is grown in fifty two countries around the world, mainly in South and West 

Asia, North and East Africa, South Europe and Australia. Based on world production estimates 

(Ganjeali et al., 2011), India is the largest producer of chickpea in the world and accounts for 

approximately 69% of the total world chickpea production (Islam et al., 2012). In 2008, India 

produced 5.97 million tons of chick pea which was about 75% of the world’s production (Singh 



7 
 

et al., 2010). Half of the world production of chickpea is exported from Syria and Turkey 

(Mohammed et al., 2012).  

Chickpea serves as a source of inexpensive high-quality protein in the diets of many, and 

also contributes to the sustainability of cropping systems in cereal - legume rotations (Akem, 

1999). Chickpea is also a major source of nutrients in human diet and animal feed contributing 

about 19.21% protein and 60% carbohydrates, comparable only to beef or fish (Shahid et al., 

2008). The crop is predominantly grown in the semi-arid tropics under stored soil moisture, or in 

Mediterranean in-season rainfall systems, either as an autumn- or spring-sown crop, and 

therefore terminal drought is almost a ubiquitous stress. Low chilling tolerance in chickpea is an 

example of this, because it can delay the onset of podding and contributes to impaired 

fertilization resulting from reduced pollen function and/or ovule viability (Bergera et al., 2012). 

Chickpea is traditionally planted towards the end of the rainy season (March or April) and 

generally grown on progressively declining soil moisture residual and increasing temperature 

(Ganjeali et al., 2011).  

A large number of chickpea cultivars are grown and based on seed colour and geographic 

distribution, chickpea is grouped into two types, Desi (Indian origin) and Kabuli (Mediterranean 

and Middle Eastern origin (Singh et al.,  2010). Chickpea mainly consists of a seed coat (the 

outer most part) and cotyledons (the inner part) (Ganjeali et al., 2011). Kabuli is a large, cream-

coloured seed with a thin seed coat and Desi is a small, wrinkled, dark-coloured seed with a thick 

seed coat. Chickpea is a protein (23–24%) and starch (36–41%) rich legume, with readily 

available energy (Sanjeewa et al., 2010). Phosphorus is an important major nutrient which 

determines the productivity of chickpea in addition to N and K. Chickpea is known to respond 

positively to P application with increased yield (Patil et al., 2011).  

2.3 Sorghum 

Sorghum (Sorghum bicolor L. Moench) is a crop native to sub-Saharan Africa and has 

been cultivated for centuries in Africa and Asia. It is an important grain crop and food source in 

many developing countries (Mutava et al., 2011). It is the fourth most important world cereal 

after wheat (Triticum spp.), rice (Oryza sativa), and maize (Zea mays L.). In Kenya, sorghum 

occupies 15,000 hectares, with an annual production of 100,000 tons and mean yield of 0.7 t ha-1 

(Gateri et al., 2004). It is perennial in nature and is an erect plant, with a solid stem which can 

grow from 0.8- 5 meters. It is classified under the family of poaceae, tribe andopogoneae, sub 

http://en.wikipedia.org/wiki/Oryza_sativa
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tribe sorghinae, genus sorghum. The leaf has a prominent midrib, typical leaf blades, on average 

8- 12 cm wide and 50- 90 cm long. The leaf sheath and stem is covered with a waxy boom and 

has an extensive fibrous root system that can grow as deep as 3 meters (Prasad et al., 2004). 

It can grow with as little rainfall as 250 mm, but does best where 800- 1,200 mm is 

received annually. It grows well on light sandy soils which offer good drainage, but it can also 

withstand some waterlogging. Early maturing varieties take 3 to 4 months to be harvested while 

the late maturing varieties take 8 to 9 months to mature. The crop can also be cut for forage at 2 

months or for silage at four months. Ratooning for forage or grain production is also possible 

(Gateri et al., 2004). It has many fine roots with higher absorption capacity which helps increase 

its drought-tolerance. It has effective deep rooting system of up to 3 meters. Water and mineral 

extraction patterns allow it to be often grown in intercropping or rotational systems (Moroke et 

al., 2011).  

Root length, root absorbing area and root activity are used as important physiological 

parameters for evaluation of ion and water uptake in sorghum (Qia et al., 2012). From the 

agronomic point of view, sweet sorghum is more environmentally friendly because of its 

relatively low nitrogen needs and water requirements (Vasilakoglou et al., 2011). As a 4-Carbon 

(C4) species, it has also a high N use efficiency which may limit the fertilizer applied and reduce 

the environmental releases without compromising biomass yield (Qia et al., 2012). 

2.4 Functions and Sources of phosphorus to Plants 

Phosphorus (P) is a vital component of a number of macromolecules and is an integral 

part of energy metabolism and major biological processes including photosynthesis, respiration, 

and membrane transportation. Its genetic role in ribonucleic acid and function in energy transfers 

via adenosine triphosphateare is indispensable (Li et al., 2011).  

Absolutely necessary for all forms of life, P is found  in  all  living  beings as  part  of  

proteins,  nucleic  acids,  membranes  and  energy  molecules such  as  ATP,  GTP  and  

NADPH. Usually, it is  the  second  element limiting  plant  growth  preceded  by  nitrogen,  but  

depending  on  some environmental  and  biological  factors  it  can  be  the  main  growth-

limiting  nutrient (Azziz et al., 2012). As the life-limiting element in natural ecosystems, regular 

inputs of phosphate fertilizer to replenish the P removed by crops are one property of modern 

agriculture (Li et al., 2011). Both soluble and insoluble P compounds are used as a fertilizer 

source (Park et al., 2011).  
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Worldwide soils are supplemented with inorganic P as chemical fertilizers to support 

crop production but repeated use of fertilizers deteriorates soil quality. Production of these 

fertilizers, which involves the use of sulfuric acid are considered as extremely polluting (Jain et 

al., 2010). The use of  such imported phosphate fertilizers by the resource poor farmers has not 

been possible due to high prices (Ndakidemi et al., 2007). 

Natural phosphate rocks have been regarded as a valuable alternative for P fertilizer for a 

sustainable agriculture system and are increasingly recognized as potential fertilizers (Yu et al., 

2012). Direct application of local phosphate rock (PR) can reduce dependency on expensive, 

imported and processed fertilizers (Antunes et al., 2007). 

2.5 Phosphate rock Types and Solubility 

Phosphate rocks (PRs) are unprocessed P fertilizer of relatively low solubility. Types of 

PRs in Africa include Tundulu from Togo, Burundi and Malawi; Minjingu from Tanzania; 

Busumbu and Sukulu from Uganda; Nkombwa and Kalume from Zambia and Dorowa PR from 

Zimbabwe. PRs originate mainly from igneous or sedimentary rock sources with sedimentary 

being the most widely used in world phosphate production. In Tanzania there is a 6 million-ton 

reserve of Minjingu which can currently be mined at 100,000 tons per year.  

A number of studies have also highlighted the suitability of Minjingu PR as P source for 

crops in P deficient soils. Shisanya et al. (2003) reported that  this deposit may prove crucial to 

the amelioration of the 900,000 hectares of low-phosphorus soils in the highlands of Western 

Kenya for several years where farmers are currently cultivating several food legumes. A relative 

agronomic effectiveness (RAE) of 75% for Minjingu PR was reported in the five seasons 

following application to maize in Western Kenya. On-farm trials in P deficient soils in western 

Kenya demonstrate MPR to be as effective as triple superphosphate (TSP, 20% P) at equal P 

rates (Jama and Straaten, 2006).  

The major problem with using PR is their low solubility under non-acid soil conditions. 

PRs is not plant available where the pH of the soil is greater than 5.5 and even when conditions 

are optimal; plant yields are lower than those obtained with soluble phosphate (Singh and Reddy, 

2011). In fact, of all PR sources in Sub Saharan Africa, only the PRs from Mali, Senegal and 

Tanzania which are Tilemsi, Matam and  Minjingu  respectively have a solubility in 2% citric 

acid exceeding 10% (Vanlauwe and Giller, 2006). 
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In soils, insoluble P compounds can be solubilized by organic acids, phosphatase 

enzymes and complexing agents produced by plants and microorganism (Park et al., 2011). 

Dissolution of phosphate rock and availability of phosphorus can also be achieved by use of 

nitrogen-fixing bacteria (NFB) which are considered as prospective biofertilizers. Numerous 

studies have been conducted to evaluate different soil amendments in order to increase the 

availability of phosphorus from phosphate rocks. Organic matter and sulfur applications and 

bacterial inoculation are considered as important amendments in phosphate rock application 

(Aria et al., 2010). In some parts of Tanzania crop yields were signifiantly increased where 

organic shrubs such as Tithonia (Tithonia diversifolia ) were combined with MPR or TSP.  

2.6 Phosphate rock Solubilization by Legumes 

Evidences indicate that plants can solubilize P from PR (Badawi et al., 2011). Legumes 

can enhance PR dissolution through acidification of the rhizosphere and exudation of organic 

acids. Several studies have shown the significance of acid phosphatase exuded from legume 

roots for mineralizing organic P to allow its acquisition by plants. In this way, legumes revalue 

the PR into a more available P source (Pypers et al., 2007).  

Some plant species are known to utilize non-labile P effectively in either inorganic or 

organic forms. For instance, white lupin is highly efficient with respect to P uptake and the 

utilization of sparingly available sources of soil phosphorus. It develops proteoid (cluster) roots 

in response to phosphorus deficiency. Proteoid roots are composed of tight clusters of rootlets. 

Proteoid roots exude large quantities of malate and citrate during P deficiency, increasing the 

availability of mineral-bound P by solubilizing Ca, Fe and Al phosphates (Neumann et al., 

2000). This is mainly by mechanisms of ligand exchange, and dissolution of P sorption sites in 

the soil matrix (Neumann et al., 2000). 

On the other hand, phosphorus deficiency strongly induces the net release of protons 

from the roots of chickpea and these acidify the soil. Such release of protons determines its 

ability to utilize acid-soluble calcium phosphates in calcareous soils or PR. The acid 

phosphatases from chickpea roots has been shown to hydrolyze organic P compounds and 

release orthophosphate in the rhizosphere and this is an adaptive mechanism of  chick pea, that 

contributes to the replenishment of soil solution P (Li et al., 2004). 
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2.7 Legume- Cereal Cropping Systems 

Low  crop  yields   due   to   continuous  mono cropping  and   deteriorating  soil   health  

in   smallholder   farmers’ fields  of   sub-Saharan   Africa   have  led   to   a  quest   for   

sustainable  production  practices  with  greater  resource use efficiency. Soil fertility in farmers’ 

fields can be improved by several cereal and legume associations in rotation or intercropping 

systems (Groote et al., 2010; Bayala et al., 2012). Intercropping, through effective use of water, 

nutrients and solar energy, can significantly enhance crop yields compared with monoculture 

cropping.  

Most studies on intercropping have focused on the legume-cereal intercropping, a 

productive and sustainable system, its resource utilization (water, light, nutrients), and its effect 

on N input from symbiotic nitrogen fixation into the cropping system (Zhang and Li, 2003). 

Legumes, when integrated into cereal cropping systems either as rotational fallows or relay 

intercrops, have been shown to provide considerable amounts of organic matter and nitrogen to 

the soil. The organic matter thus added increases structural stability of the soil, resistance to 

rainfall impact, infiltration rates, and faunal and microbial activities (Sileshi et al., 2010). 

Intercropping systems have higher yield stability reduced disease severity and benefits weed 

control especially when combined with nutrient addition (Pypers et al., 2007). Smallholder 

farmers in East-Africa commonly intercrop maize (Zea mays L.) with grain legumes to maximize 

utilization of land and labor and attain larger crop yields (Muna et al., 2010). 

 Crop sequences and intercrops involving N 2 -fixing legumes have been shown to provide 

N to cereals through mineralization of the legume biomass (Nezomba et al., 2010). It has been 

well documented that an important N-transfer takes place in intercropping systems of legumes 

with cereals. These effects on P utilization are related to the release or activation of enzymes like 

acid phosphates and root exudation of carboxylates, phosphatases and phytase under P 

deficiency which improve solubility and uptake of P in rhizosphere. Plant roots release enzymes 

like phosphatases, phytase and carboxylates under P deficiency, allowing mobilization and 

utilization of P in soil under P deficiency stress (Botha et al., 2011).  

 A cereal crop following the legume can then benefit directly from the enhanced P 

availability in the soil and acquire P released from the decomposing legume residues (Pypers et 

al., 2007). Hence rotation is a key strategy for improving production and maintaining fertility of 

the soil. Growing cereals continuously in low input dry land conditions is likely to be an 
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unsustainable system in the long run due to depletion in soil fertility and development of 

unfavorable soil physical and biological conditions. There is a strong need to introduce crop 

rotation practices, to increase N supply for cereals (Patil et al., 2011). There is published 

information on the ability of inexpensive MRP from Tanzania to react with and ameliorate 

phosphorus deficient soils of Western Kenya with combined importance of intercropped legumes 

within the predominant maize-based cropping system (Woomer et al., 2003). 

2.8 Nutrient Balances 

A nutrient balance is a land quality indicator that describes the rate at which soil fertility 

changes under actual management (Segala et al., 2010).  Soil nutrient balances can be used as an 

indicator to determine nutrient use efficiency of farming systems.  The nutrient balances can 

serve as indicators for the magnitude of losses of nutrients and help to identify the causes for 

such losses (Phong et al., 2010). Soil nutrient balance studies in Africa show evidence of 

widespread nutrient mining leading to severe nutrient deficiencies across ecological zones. 

Nutrient mining has been estimated to average 660 kg of nitrogen (N), 75 kg of phosphorus (P) 

and 450 kg of potassium (K) per hectare per year during the last 30 years (Esilaba et al., 2005). 

Soil nutrient mining and the resultant soil fertility decline occurs in most areas in Kenya, as 

observed by the negative balances for N, P, and K at the farm level. 

Nutrients are annually taken away in crops or lost in processes such as leaching and 

erosion which far exceed the nutrient inputs through fertilizers, deposition and biological fixation 

(Groote et al., 2010). The nutrient balance is calculated, through the independent assessment of 

the major inputs and outputs of nutrients for the relevant land use systems. The nutrient balance 

can be calculated for different scales such as: a plot, a farm, a region or a country by simply 

subtracting the nutrient inputs from the nutrient outputs (Segala et al., 2010). Whilst these 

studies have been highly influential in raising attention to the problem of soil fertility in Africa, 

nutrient balances are often been misinterpreted and misused (Vanlauwe and Giller, 2006).  

Farm balances do not give information of internal processes, for example, soil biological 

processes and can lead to a failure in understanding the changes certain management practices 

would introduce, such as the use of legumes (Hossaina et al., 2012).With the addition of organic 

amendments, N balances tended to be positive while being generally negative with mineral 

fertilizer use in the Nitisol of Kenya Agricultural Research Institute (KARI), Kakamega. In 

contrast, P balances were highly positive with mineral fertilizers and neutral to slightly positive 
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with organic amendments. Combining zero tillage with the use of a cover crop had the largest 

positive effect on the partial balances of N and P. The largest P use efficiency occurred with the 

application of  farmyard manure (62–80%), irrespective of the soil type (Ngome et al., 2011). 

Negative nutrient balances indicate that a system is loosing nutrients and in severe or continuous 

disequilibria is not sustainable in the long term; on the contrary, nutrients are apparently 

accumulating (Cobo et al., 2010). 

NUTMON (Nutrient Monitoring) is an integrated, multidisciplinary methodology that 

targets different actors in the process of managing natural resources in general and soil nutrients 

in particular (Roy et al., 2003). The calculations of nutrient flows and balances and financial 

indicators were integrated into one calculation tool (Muna et al., 2010). The NUTMON toolbox 

(manual plus accompanying software) has been developed to integrate the assessment of nutrient 

stocks and flows with economic farm analyses. It has been tested and applied in diverse AEZs in 

close cooperation with partners from Kenya, Ethiopia, Uganda, Burkina Faso and China (Roy et 

al., 2003).  

This study uses NUTMON which has proven to be a powerful tool for assessing soil 

nutrient balances. The concept of NUTMON is based on analysis of nutrient inputs and outputs. 

Nutrient flows like fertilizers, feeds, and farm products are monitored and measured. Other flows 

like nitrogen fixation, leaching, and erosion are more difficult to measure and are estimated by 

means of regression models (Phong et al., 2010). 
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3.0 CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Site 

The study was conducted at the Agricultural Field Experimental site, Egerton University, 

Kenya (Fig. 1) during the short (SRS) and the long rain seasons (LRS) of 2012 and LRS of 2013. 

The farm lies at a latitude of 0° 23’ South, longitudes 35°35’ East in the Lower Highland III 

Agro Ecological Zone (LH3) (Jaetzold et al., 1983) with an altitude of approximately 2,238 

meters above sea level. The average maximum and minimum temperature of the area, ranges 

from 19 to 22° C and 5 to 8°C, respectively with a total annual rainfall ranging from 1200 to 

1400 mm (EMS, 2013). The rainfall distribution is bimodal. The long rains are experienced in 

April to August while short rains from September to November. The soils are predominantly 

vitric mollic Andosols (Jaetzold et al., 2006).  

 

 

Fig 1: Map of Kenya showing study site 
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Initial physical and chemical properties of soil were determined before the experiments 

were set up (Table 1). The initial soil pH for the three depths ranged from 6.34- 6.5 which was 

almost neutral. The soil had a sandy loam texture with a low amount of soil available P since the 

P range in most agricultural soils is 30- 80 mg kg-1. Soil bulk density reduced at lower soil depth. 

Cation exchange capacity was greater in the top soil, since this soil experiences direct contact 

with organic materials and even fertilizers, and decreased with depth increase. The top soil was 

richer in the nutrient levels. 

Table 1: Initial physical and chemical properties of soil 

 soil depth (cm)  soil depth (cm) 

Soil Property 0-15 15-30 30-60 Soil Property 0-15 15-30 30-60 

Ph 6.34 6.43 6.5 Exchangeable bases    

CEC (C mol kg -1) 62.9 42.5 20.4 K   (cmolckg-1)    6.0 6.55 5.44 

Total N (%) 1.67 0.63 0.63 Mg (cmolckg-1) 0.25 0.25 0.24 

Org. C (%) 1.57 1.59 1.5 Ca (cmolckg-1) 0.23 0.4 0.24 

Available P (mg kg-1) 27.3 27 24.1 Exchangeable  

Al(%) 

0.2 0.3 0.4 

Mineral N (%) 0.79 0.73 0.59 % clay 20 20 20 

Bulk density (g cm-3) 1.31 1.31 1.24 % sand 50 40 36 

Textural class sandy 

loam 

Loam Loam % silt 30 40 44 

3.2 Treatments and Experimental Design 

Two field experiments comprising either lupin or chickpea legumes were laid side by 

side. Sorghum variety Know Kanty was the test crop in both of the experiments. The experiments 

are hereafter referred to as lupin sorghum (LS) and chickpea sorghum (CS), respectively. The 

experimental set up in both experiments was a split plot in a randomized complete block design 

and had three replicates (Fig. 3.2). The main plots were three cropping systems; sorghum 

monocrop, legume - sorghum rotation and a legume- sorghum intercrop. The subplots, of size 4.8 

m × 3.75 m, comprised two P sources; TSP and MPR, both applied at the rate of 60 Kg P ha-1. 

There was a 0.5 m wide path between the split plots and a 1 m wide foot path between the main 

plots and blocks (Fig. 3.2).  
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Figure 3.2: Field Layout 

3.3 Agronomic Practices 

  Land preparation was done prior to the start of the rains, using a mould board plough. 

Harrowing was then performed twice using tractor to a depth of 30 cm so as to obtain a fine, firm 

and weed-free surface for planting. In the monocrop and rotation system, sorghum seeds were 

drilled at a depth of 1 cm in rows spaced at 75 cm by 20 cm. Chick pea seeds were planted at a 

spacing of 30 by 10 cm while lupin seeds were spaced at 50 by 30 cm. In the intercropping 

system, sorghum was spaced at 75 cm by 20 cm and lupin or chick pea seeds planted in the 

interow spaces of sorghum. Two lupin or chick pea seeds were planted per hole with a spacing of 

30 cm between the lupin seeds in the lupin sorghum experiment and 10 cm between chick pea 
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seeds in chick pea sorghum experiment. Fertilizer, both MPR and TSP, was applied by banding 

method and mixed well with soil before placement of the seeds. Calcium Ammonium Nitrate 

(CAN) was top dressed at the rate of 60 kg N ha-1 in all plots one month after planting. 

  Gapping was carried out in cases of poor germination within 7 days after sowing. After 

establishment the field was hand-weeded once every month so as to suppress weeds until a good 

canopy cover was established. The planting materials used in the study were certified sorghum, 

chick pea and lupin seeds obtained from the Kenya Seed Company. 

3.4 Soil and Plant Sampling and Analysis 

3.4.1 Soil Sampling and Analysis 

Composite soil samples were collected from six profile pits at three soil depths (0-15, 15-

30 and 30-60 cm) before set up of the experiment and was used to determine the initial physical 

and chemical properties of the soil (Table 3.1). Soil samples for the determination of soil 

available N, P, organic C and pH were thereafter collected from the top soil (0-15 cm) at 

seedling, flowering and maturity crop growth stages from at least four locations in each plot at 

random and bulked to get one composite sample. A sub sample was then taken and prepared for 

analysis. 

Air- dried soil, sieved through 2 mm mesh (Otinga et al., 2013) was analyzed for pH 

(Soil: H20: 1:2.5),  texture ( hydrometer method), total N (Kjedahl method), CEC (Chapman, 

1965), organic Carbon (Walkley– Black, 1934), mineral N and available P according to Okalebo 

et al. (2002). Exchangeable bases (K, Ca and Mg) were extracted with 1.0 M-ammonium acetate 

at pH 7. K was measured by Flame Emission Spectrophotometry, whereas Ca and Mg were 

measured by Atomic Absorption Spectrophotometry. For bulk density determination, soil 

samples were taken at 0-15 cm, 15-30 cm and 30-60 cm depth from the profile pits by use of 

core rings. The soils were oven dried and bulk density determined according to standard method 

(Okalebo, et al., 2002). 

3.4.2 Plant Sampling and Analysis 

Six sorghum plants were sampled per plot at seedling, flowering and harvest stages. The 

above ground plants were cut close to the soil surface and chopped into small pieces. Sub-

samples were taken and oven dried at 70°C, ground and wet digested for N and P analyses. 
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Nitrogen concentration was determined by semi micro-Kjeldahl digestion and distillation and P 

concentration determined by the vanadomolybdate yellow method (Okalebo et al., 2002). 

3.4.3 Residue management 

After removal of grains, crop residues were chopped into 5-20 cm small pieces spread 

across the plots and incorporated into soil, to a depth of 15 cm.  

3.4.4 Grain and dry matter yield determination 

At maturity, grain and dry matter yield was determined from three plants from the middle 

rows. A mixed sorghum plant sample of the whole plants, that is, stems, leaves, panicle axis and 

rachis branches after removing the grains was used in determination of dry matter yield. The 

plant materials were chopped into small pieces and fresh field weight taken. Sub-samples were 

then oven dried at 70°C to constant weight. The weight of the oven dry samples was recorded 

and used to calculate the total above ground dry matter yields of sorghum (Han et al., 2011). The 

grains were threshed manually, dried and weighed. Grain yield was be recorded and converted to 

t ha-1.  

3.4.5 Nutrient Balance by NUTMON  

The NUTMON-toolbox (manual plus accompanying software) has been developed to 

integrate the assessment of nutrient stocks and flows with economic farm analyses. The 

NUTMON tool is used to calculate the flow and balances of N, K and P and the economic 

performance of the farm by independently assessing the major inputs and outputs (Phong et al., 

2010).  The concept is based on five inputs and five outputs (Van den Bosch et al., 1998). 

The NUTMON-toolbox plays a central role in this phase as it quantifies the nutrient 

flows between soils, crops and livestock. Flows are expressed in kilograms of N, P and K 

(nutrient flows), but also in monetary values (financial flows). The quantified nutrient flows 

explain which activities within a farm are nutrient consuming and which are accumulating 

nutrients, and how and when nutrients flow from one activity to another. The quantified financial 

flows give insight into the profitability of activities (crops, livestock, fishponds and compost 

pits) and labour demands (FAO Fertilizer and Plant Nutrition Bulletin 14). 

The N, P and K balances are calculated from a combination of input and output 

processes. The major inputs include; mineral fertilizer (IN1), organic matter (IN2), comprising 
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manure and household refuse (IN2a), and leaf litter (IN2b), atmospheric deposition (IN3), BNF 

(IN4) and sedimentation (IN5). The major output flows include; removal in harvested products 

(OUT1), removal in crop residue OUT2), leaching (OUT3), de-nitrification (OUT4) water 

erosion (OUT5). The nutrient balance can be calculated for different scales such as: a plot, a 

farm, a region or a country by simply subtracting the nutrient inputs from the nutrient outputs to 

obtain a balance (Van den Bosch et al., 1998). 

A negative nutrient balance tells us that more nutrients are exported from the system than 

imported into the system. This situation will diminish the nutrient stock; if the stock is low then 

it will have a negative effect on production. So the nutrient balance should always be related to 

the nutrient stock to determine the sustainability of a system. 

The net partial and full nutrient balances are calculated as described below; 

Net partial balance = (input 1 +input 2) - (Output 1 + Output 2) 

Net Full balance = (Nutrients inputs) - (Nutrients Outputs) 

= (1N1 + 1N2 + 1N3 + 1N4 + 1N5)- (1N1 + 1N2 + 1N3 + 1N4 + 1N5). 

3.5 Data Analysis 

All data collected were subjected to analysis of variance (ANOVA) to detect statistical 

variation in treatment effects on measured parameters. Means that were significantly different 

according to the F-test were separated by LSD test at P≤0.05. The SPSS Statistical package was 

used in the analysis (SPSS, 1999). 
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CHAPTER 4 

RESULTS 

4.1 Soil pH as affected by fertilizer type, cropping systems at different stages of sorghum 

growth 

Fertilizer type, stage of sorghum growth and cropping systems interacted significantly to 

affect soil pH in chickpea sorghum experiment (Appendice 11). In lupin sorghum experiment, 

the interaction between cropping system and stage of growth significantly affected soil pH 

(Appendice 1).  

The initial soil pH (H2O) before the start of the experiment was slightly neutral (6.3) 

(Table 1). It declined after application of the treatments, to mean values of between 5- 5.9 in TSP 

plots and 4.9- 5.9 in MPR plots in the lupin sorghum experiment (Table 2) and 4.83- 5.9 in TSP 

plots and 4.4- 5.9 in MPR plots in chick pea sorghum experiment (Table 3).  

4.2: Soil available N as affected by fertilizer type, cropping systems at different stages of 

sorghum growth  

The main effects fertilizer type, cropping systems, stage of sorghum growth interacted 

significantly to affect the soil available N in lupin sorghum experiment and also in the chick pea 

sorghum experiment (Appendice 1&11). 

There was a higher SAN after application of P treatments compared to initial value before 

the start of the experiment (Table 1). Soil available N mean ranged from 0.03- 0.99% in TSP 

plots and 0.04- 1.2% in MPR plots for LS experiments (Table 4) and 0.06- 3% in TSP plots and 

0.12-1.44% in MPR plots for CS experiment (Table 5).  
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Table 2: Two- way interaction table for soil pH as affected by fertilizer type, cropping systems at different stages of growth 

of sorghum in lupin sorghum experiment. Values are mean ± SD  

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocroping 

TSP 5.03  

± 0.5 

5.9 

± 0.2 

5.3 

 ± 0.1 

 5.3 

± 0.01 

5.9  

±1.1 

5.0 

 ± 0. 1 

 5.0  

± 0.01 

5.7 

 ± 0.01 

5.5 

 ± 0.2 

 

MPR 5.02 

± 0.1 

5.9 

± 1.1 

5.3 

± 0.1 

 5.4 ± 

0.1 

5.9 

 ± 0.02 

5.4 

 ± 0.01 

 5.2 

 ± 0.01 

5.80 

 ± 0.01 

5.6  

± 0.2 

 

Sorghum 

intercropping 

TSP 5.3 

± 0.3 

5.6 

± 0.9 

5.5 

± 0.1 

 5.4 

± 0. 4 

5.3  

± 0.2 

5.3 

 ± 0.08 

 5.3  

± 0.01 

5.8 

 ± 0.01 

5.6  

± 0.13 

 

MPR 5.2 

± 0.7 

5.7 

± 0.4 

5.5 

± 0.1 

 5.5 

 ± 0.5 

5.9  

± 0.02 

4.9  

± 0.1 

 5.3  

± 0.01 

5.8  

± 0.1 

5.6 

 ± 0.12 

 

Sorghum 

rotation 

TSP 5.3 

± 0.7 

5.7 

± 0.6 

5.5 

± 0.1 

 5.5  

± 0.01 

5.7  

± 0.03 

5.1 

 ± 0.01 

 5.3  

± 0.01 

5.1  

± 0.01 

5.6 

 ± 0.07 

 

MPR 5.2 

± 0.7 

5.6 

± 0.5 

5.5 

± 0.1 

 5.3 

 ± 0.01 

5.80 

 ± 0.1 

5.3 

 ± 0.03 

 5.3  

± 0.1 

5.3  

± 0.01 

5.5  

± 0.17 
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Table 3: Three- way interaction table for soil pH results as affected by fertilizer type, cropping systems at different stages of growth 

of sorghum in chick pea sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocroping 

TSP 5.2  

± 0.17 

5.9 

± 1.08 

5.3 

±  0.1 

 4.86 

 ± 0.01 

5.71 

 ±  0.01 

4.83  

± 0.01 

 5.37  

± 0.01 

5.7  

± 0.1 

5.66 

 ± 0.01 

 

 MPR 5.4 

± 0.39 

5.7  

±  0.24 

5.1 

±  0.02 

 5.08  

± 0.01 

5.77 

 ±  0.01 

5.07  

± 0.01 

 5.34 

 ± 0.01 

5.72 

 ±  0.63 

5.86  

± 0.01 

 

Sorghum 

intercropping 

TSP 5.04 

± 0.03 

5.8 

 ±  0.3 

5.3 

 ± 0.1 

 4.84 

 ± 0.01 

5.3 

 ± 0.01 

4.9  

± 0.01 

 5.54 

 ± 0.01 

5.7 

± 0.63 

5.68  

± 0.01 

 

 MPR 5.0  

± 1.2 

5.7  

± 0.26 

5. 3 

± 0.1 

 5.15 

 ± 0.01 

5.5  

±  0.01 

4.68 

 ± 0.01 

 5.52  

± 0.1 

5.5 

± 0.01 

5.78 

 ± 0.01 

 

Sorghum 

rotation 

TSP 5.29 

 ± 0.1 

5.7  

± 0.62 

5.3 

 ± 0.1 

 5.03 

 ± 0.01 

5.8± 

 0.01 

4.97 

 ± 0.01 

 5.57  

± 0.01 

5.09 

± 0.2 

5.74  

± 0.01 

 

 

MPR 5.05 

 ± 0.2 

5.7 

±  0.1 

4.4 

± 0.2 

 4.86  

± 0.01 

5.67 

±  0.01 

5.06 

 ± 0.01 

 5.45 

± 0.01 

5.2 

 ± 0.17 

5.84 

 ± 0.01 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting; Fl= 50% flowering; mat= maturity 
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 Table 4: Three- way interaction table for Soil available N (%) as affected by fertilizer type, cropping systems at different 

stages of growth of sorghum in lupin sorghum experiment. Values are mean ± SD  

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocroping 

TSP 0.24 

± 0.02 

0.54 

± 0.05 

0.28 

± 0.03  

0.35 

± 0.45 

0.55 

± 0.01 

0.48 

± 0.01  

0.97 

± 0.01 

0.68 

±  0.01 

1.3 

± 0.08  

MPR 0.18 

± 0.06 

0.55 

±  0.05 

0.26 

± 0.01 

 0.04 

± 0.26 

0.53 

±  0.01 

0.59 

± 0.01  

0.6 

± 0.1 

2.27 

±  2.6 

1.06 

± 0.05  

Sorghum 

intercropping 

TSP 0.18 

± 0.02 

0.61 

± 0.17 

0.33 

± 0.17 

 0.72 

± 0.03 

0.82 

± 0.01 

0.88 

± 0.72  

0.63 

± 0.02 

0.69 

± 0.01 

0.66 

± 0.09  

MPR 0.2 

± 0.08 

0.51 

± 0.17 

0.31 

± 0.17 

 1.08 

± 0.1 

0.91 

±  0.01 

1.15 

± 0.12  

0.53 

± 0.01 

3.6 

 ± 2.6 

0.66 

± 0.01  

Sorghum 

rotation 

 

 

TSP 0.17 

± 0.02 

0.55 

± 0.05 

0.47 

± 0.04 

 0.03 

± 0.01 

0.7 

± 0.01 

0.91 

± 0.01  

0.83 

± 0.01 

0.71 

±  0.04 

0.99 

± 0.01  

MPR 0.2 

± 0.07 

0.4 

±  0.01 

0.24 

± 0.01 

 0.53 

± 0.03 

0.74 

±  0.01 

0.77 

± 0.01  

0.77 

± 0.01 

0.73 

±  0.75 

0.68 

± 0.01  
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Table 5: Three way interaction table for Soil available N(%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in chick pea sorghum experiment. Values are mean ± SD 

 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocroping 

TSP 0.17 

± 0.01 

0.83 

± 0.06 

0.26 

± 0.01 

 0.6 

± 0.1 

0.6 

± 0.1 

0.38 

± 0.01 

 0.65 

± 0.03 

2.2 

±   0.01 

1.27 

±  0.12  

 MPR 0.15 

±  0.01 

0.33 

± 0.08 

1.2 

±  0.09 

 0.6 

±  0.1 

0.75 

± 0.01 

0.6 

± 0.1 

 0.7 

± 0.1 

2.55 

±  0.01 

1.06 

±   0.49  

Sorghum 

intercropping 

TSP 0.15 

± 0.1 

0.51 

± 0.04 

0.37 

± 0.03 

 0.84 

± 0.01 

0.97 

± 0.01 

0.74 

± 0.01 

 0.54 

± 0.01 

0.24 

±   0.1 

0.99 

±  0.01  

 MPR 0.22 

± 0.08 

0.54 

±  0.02 

0.31 

±  0.08 

 1.08 

± 0.01 

0.99 

± 0.01 

0.67 

± 0.01 

 0.77 

±   0.01 

2.25 

±   0.01 

1.07 

±   0.01  

Sorghum 

rotation 

TSP 0.19 

± 0.03 

0.43 

±  0.02 

0.29 

± 0.03 

 0.72 

± 0.01 

0.77 

± 0.02 

0.06 

± 0.1 

 3.0 

±   0.06 

0.63 

±   0.01 

0.64 

±  0.01  

 

MPR 0.13 

± 0.08 

0.48 

±  0.01 

0.29 

±0.03 

 0.72 

± 0.01 

0.81 

± 0.01 

0.77 

±   0.01 

 3.15 

± 0.01 

0.58 

±  0.01 

1.44 

±   0.01  

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity  



25 
 

4.3: Soil available P as affected by fertilizer type and cropping systems at different stages of 

sorghum growth  

The main effects fertilizer type, cropping systems, stage of sorghum growth interacted 

significantly to affect the soil available P in lupin sorghum experiment and also in the chick pea 

sorghum experiment (Appendice 1 & 11). 

Soil available phosphorus (SAP) increased with application of either MPR or TSP, 

compared to the initial values at the start of the experiment (Table 1). SAP was lower for TSP 

than MPR plots in the first season but in the subsequent seasons, SAP was higher in MPR plots 

than TSP plots in both experiments (Table 6 & 7).The mean range of SAP was 14.2- 88 mg kg-1 

for TSP plots and 18- 89.7 mg kg-1 for MPR plots in LS experiment (Table 6) and 6.18- 70.8 mg 

kg-1 for TSP plots and 10.7- 71.8 mg kg -1 for MPR plots in the CS experiment (Table 7).  

4.4: Soil C as affected by fertilizer type and cropping systems at different stages of sorghum 

growth  

The main effects fertilizer type, cropping systems and stage of sorghum growth interacted 

significantly (Appendice 1&11) to affect the soil available C in lupin sorghum experiment (Table 

8) and in the chick pea sorghum experiment (Table 9). The main effects in themselves; fertilizer 

type, stage of growth were not significantly different in lupin sorghum experiment but fertilizer 

type showed significant results in chick pea sorghum experiment (Table 2&3). 

Fertilizer type had a significant effect on soil organic carbon (SOC) for the CS 

experiment only (Appendice 11).  Soil organic carbon was observed to increase when compared 

with the initial (Table 1) with the application of the treatments. MPR plots had higher Soil 

organic carbon levels than TSP plots (Table 8 & 9). The mean range of SOC was 0.61- 2.99% 

for TSP plots and 0.63- 2.97% for MPR plots in the LS experiment (Table 8) and 0.4- 2.85% for 

TSP plots and 0.47- 3%for MPR plots in CS experiment (Table 9).  
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Table 6: Three- way interaction table for Soil available P (mg kg-1) as affected by fertilizer type, cropping systems at different 

stages of growth of sorghum in lupin sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop 

TSP 31.67 

±2.9 

23.5 

± 4.4 

25.0 

± 33.5 

 75.0 

 ±1.3 

61.0 

 ± 1.6 

126.0 

± 11.59 

 83.1 

± 0.1 

2.50 

± 0.5 

6.10 

± 0.1  

MPR 16.67 

± 5.8 

31.5 

± 5.1 

33.0 

± 19.1 

 70.0 

 ± 1.4 

72.0 

±1.7 

122.0 

±  31.2 

 26.5 

±  0.1 

17.8 

± 0.98 

19.3 

± 0.1  

Sorghum  

intercropping 

TSP 20.3 

±  0.3 

19.8 

± 5.4 

2.50 

± 0.01 

 63.0 

 ± 1.5 

48.5 

± 1.6 

106.0 

± 16.5 

 73.0 

 ± 1.3 

50.0  

± 1.9 

100.7 

±  0.6  

MPR 11.3 

± 1.2 

17.0 

±  4.2 

27.0 

± 0.1 

 73.0 

 ± 1.6 

60.0 

 ±1.7 

105.0 

± 0.12 

 100.7 

± 1.15 

54.0 

± 1.5 

114.3 

±10.7  

Sorghum 

rotation 

TSP 42.67 

± 0.6 

20.2 

± 2.1 

6.10 

±   0.1 

 73.0  

± 1.3 

50.0 

 ±1.6 

100.0 

± 0.6 

 26.0  

± 1.6 

31.0 

 ± 1.5 

6.50 

± 0.2  

MPR 33.3 

±  2.9 

43.5 

±   6.1 

19.3 

± 0.1 

 100.0 

±1.2 

54.0 

 ±1.4 

114.0 

± 10.1 

 17.2 

± 0.1 

31.0 

± 1.73 

33.5 

± 19.1  
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Table 7: Three- way interaction table for Soil available P (mg kg-1) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in chick pea sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop 

T 21.5 

± 

1.32 

30.5 

± 1.3 

24.15 

±0.01 

 0.8 

±1.6 

95.0 

± 1.7 

87.0 

± 1.50 

 27.9 

± 0.1 

5.80 

 ± 0.1 

5.5 

± 0.1 

 

 M 16.0 

± 1.6 

29.8 

± 5.4 

43.67 

±1.3 

 0.4 

±1.2 

36.0 

± 1.8 

130.0 

± 1.4.0 

 11.5 

± 0.01 

5.70 

± 0.1 

5.4 

± 0.01 

 

Sorghum 

intercrop 

T 28.0 

± 2.6 

20.5 

± 2.6 

1.25 

± 0.9 

 0.67 

± 1.3 

39.8 

± 0.1 

36.5 

± 0.1 

 11.5 

±0.1 

5.57 

± 0.6 

51.9 

± 0.01 

 

 M 28.0 

± 2.6 

28.5 

± 2.6 

56.9 

± 0.88 

 0.47 

± 1.9 

56.0 

 ±1.4 

100.0  

± 1.0 

 10.8 

± 0.1 

5.60 

± 0.36 

22.5 

± 0.09 

 

Sorghum 

rotation 

T 25.0 

± 0.6 

33.5 

± 2.6 

42.5 

± 0.7 

 96.0 

± 1.1 

41.5 

± 1.6 

75.0  

± 1.5 

 9.6 

± 0.1 

3.60 

± 0.55 

5.35 

± 0.01 

 

 

M 4.0 

± 

0.92 

25.0  

±2.7 

35.5 

± 1.8 

 73.0 

± 1.4 

50.5 

± 1.3 

92.0 

 ± 1.6 

 10.5 

± 0.01 

16.2 

± 0.15 

5.35 

± 0.01 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity  
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Table 8: Three- way interaction table for Soil Carbon (%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in lupin sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  S1 S2 S3  S1 S2 S3  S1 S2 S3  

Sorghum 

monocrop 

TSP 0.99 

±0.38 

0.76 

±0.04 

1.61 

0±.04 

 2.23 

±0.04 

2.02 

±0.02 

2.0   

±0.10 

 1.75 

0±.01 

2.1  

±0.1 

2.19  

±0.06 

 

MPR 0.99 

±0.24 

0.64 

0±.01 

1.48 

±0.02 

 2.1 

±0.17 

2.37 

±0.21 

2.02 

±0.02 

 2.37 

±0.01 

2.3  

±0.1 

1.56 

±0.01 

 

Sorghum 

lupin 

intercrop 

TSP 0.61 

±0.29 

0.64 

0±.02 

1.57 

±0.03 

 1.85 

±0.06 

2.16 

±0.03 

2.16 

±0.01 

 2.04 

±0.01 

2.1  

±0.1 

2.25 

±0.01 

 

MPR 0.68 

±0.79 

0.66 

±0.04 

1.25 

±0.01 

 2.97 

±0.08 

2.02 

0±.02 

1.85 

±0.01 

 2.4 

± 0.1 

2.1 

±0.85 

2.4  

±0.07 

 

Sorghum 

lupin 

rotation 

TSP 0.9  

±0.01 

0.71 

±0.11 

1.42 

±0.34 

 2.16 

±0.19 

2.99 

±0.04 

2.41 

±0.01 

 2.34 

±0.01 

1.95 

±0.01 

0.72 

±0.01 

 

MPR 0.75 

±0.28 

0.63 

±0.02 

1.6 

±0.02 

 2.58 

±0.07 

2.24  

±0.06 

2.86 

±0.01 

 2.04 

±0.01 

2.4 

±0.35 

2.25 

0±.05 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity 



29 
 

Table 9: Three- way interaction table for Soil Carbon (%) as affected by fertilizer type, cropping systems at different stages of growth 

of sorghum in chick pea sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

 

Sorghum 

monocrop 

TSP 0.94 

±0.01 

0.66 

±0.4 

1.27 

±0.01 

 1.84 

±0.01 

2.0   

±0.04 

1.96 

±0.01 

 2.67 

±0.01 

2.1  

±0.1 

2.25 

±0.01 

 

 MPR 0.83 

±0.03 

0.47 

±0.04 

1.48 

±0.01 

 2.72 

±0.01 

2.37 

±0.01 

1.54 

±0.15 

 2.25 

0±.01 

2.31  

±0.01 

2.1  

±0.03 

 

Sorghum 

chick pea 

intercrop 

TSP 0.59 

±0.03 

0.4 

±0.34 

1.14 

±0.01 

 2.56 

±0.01 

2.07 

±0.01 

0.56 

±0.01 

 2.85 

0.01 

1.95 

±0.01 

2.1  

±0.1 

 

 MPR 0.84 

±0.01 

0.66 

±0.04 

1.4 

±0.01 

 2.8 

 ±0.01 

2.02 

±0.01 

1.66  

±0.57 

 3.0  

±0.08 

3.0 

 ±0.01 

2.55 

±0.01 

 

Sorghum 

chick pea 

rotation 

TSP 0.4 

±0.34 

0.71 

± 0.03 

1.4 

±0.01 

 2.58 

±0.01 

2.0  

±0.04 

2.21 

0±.01 

 0.75 

±0.01 

2.2  

±0.01 

2.4  

±0.1 

 

 

MPR 0.91 

±0.02 

0.61 

±0.02 

1.42 

±0.01 

 2.58 

±0.01 

1.84 

±0.01 

2.24 

±0.01 

 0.72 

±0.01 

2.55 

±0.01 

1.92  

±0.01 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity  
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4.5: Plant N as affected by fertilizer type and cropping systems at different stages of 

sorghum growth  

The main effects fertilizer type, cropping systems and stage of sorghum growth interacted 

significantly (Appendice 1&11) to affect plant N in lupin sorghum experiment (Table 10) and in 

the chick pea sorghum experiment (Table 11). The main effects in themselves; fertilizer type, 

stage of growth were not significantly different in lupin and chick pea sorghum experiments 

(Appendice 1&11)   

4.6: Plant P as affected by fertilizer type and cropping systems at different stages of 

sorghum growth 

The main effects fertilizer type, cropping systems and stage of sorghum growth interacted 

significantly (Appendice 1&11) to affect plant P in lupin sorghum experiment (Table 12) and in 

the chick pea sorghum experiment (Table 13). The main effects in themselves; fertilizer type, 

stage of growth were not significantly different in lupin and chick pea sorghum experiments 

(Appendice 1&11) but for stage of growth in lupin sorghum experiment (Table 12). 
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Table 10: Three- way interaction table for plant N (%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in lupin sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop 

TSP 4.3 

±  0.01 

1.2±   

0.01 

0.93 

±  0.07 

 2.58 

±  0.33 

1.98 

±  0.23 

2.58 

±  0.52 

 1.73 

±   0.26 

5.06 

±  0.3 

7.94 

±   0.52 

 

MPR 4.2 

± 0.06 

1.4±   

0.2 

0.98 

±  0.97 

 2.58 

±  0.09 

2.18 

±  0.33 

2.58  

±0.52 

 2.6 

±0.1 

4.62 

±  0.69 

4.69  

±0.42 

 

Sorghum 

lupin 

intercrop 

TSP 4.6 

± 0.52 

0.94 

± 0.46 

0.97 

±  0.08 

 2.38 

±  0.43 

1.79 

± 0.85 

1.77±   

± 0.21 

 1.62 

±0.4 

6.83 

±  0.41 

8.41  

±0.54 

 

MPR 4.28 

± 0.06 

1.01 

±  0.1 

1.1 

±  0.1 

 2.58 

±  0.51 

2.58 

±  0.52 

2.00 

±  0.01 

 2.52 

± 0.01 

6.28 

±  0.01 

4.74  

0.04 

 

Sorghum 

lupin 

rotation 

TSP 4.74 

± 0.25 

0.85±   

0.08 

0.89 

±  0.02 

 2.38 

±  0.43 

1.79 

± 0.85 

2.78 

± 0.23 

 2.69 

±0.01 

2.07 

±  0.13 

7.47 

±   0.83 

 

MPR 4.68 

± 0.22 

0.85 

±  0.02 

1.12 

±  0.34 

 1.19 

±  0.28 

1.79   

±0.85 

1.19 

± 0.13 

 3.45 

± 0 .01 

5.68 

±  0.49 

12.2 

±2.98 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity  
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Table 11: Three- way interaction table for plant N (%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in chick pea sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop 

TSP 4.6 

 ± 0.65 

0.98   

±0.98 

0.89       

± 0.23 

 1.1 

±  0.9 

1.59 

±  0.12 

1.45 

±  0.49 

 1.1 

±   0.9 

4.69 

± 0.42 

5.87 

± 1.1 

 

 MPR 4.8 

 ± 0.3 

1.06   

±0.11 

0.96 

 ± 0.06 

 1.31 

± 0.01 

1.98 

± 0.47 

1.0 

±  0.6 

 1.31 

±  0.01 

3.16 

± 0.24 

5.21 

± 0.21 

 

Sorghum 

intercrop 

TSP 3.18 

±   0.01 

0.79 

±  0.96 

0.95 

±  0.57 

 2.73 

±  0.15 

0.6 

± 0.36 

0.91 

± 0.01 

 2.73 

± 0.15 

4.09 

± 0.24 

6.38 

± 0.15 

 

 MPR 3.58 

±   0.3 

0.76 

±   0.05 

1.13 

±  0.5 

 2.52 

± 0.8 

2.18 

± 0.33 

1.47 

±  0.01 

 2.52 

±  0.02 

4.17 

± 0.29 

6.28 

± 0.01 

 

Sorghum 

rotation 

TSP 4.52 

±   0.58 

0.83 

±  0.01 

0.92 

±  0.07 

 3.55 

± 0.28 

2.18 

± 0.33 

1.9 

± 0.53 

 3.55 

± 0.28 

1.57 

±  0.01 

7.0 

±  2.65 

 

 

MPR 4.52 

±   0.1 

1.24 

± 0.03 

1.31 

± 0.03 

 2.13 

±  0.23 

1.98 

± 0.23 

2.06 

± 0.11 

 2.13 

±  0.22 

3.53 

± 0.55 

10.0 

±  2.7 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting; Fl= 50% flowering; mat= maturity  
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Table 12: Three- way interaction table for plant P (%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in lupin sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop 

TSP 56 

±  1.05 

67± 0.1 23.3 

±   0.4 

 24.9 

±  0.4 

29.5 

±  0.05 

18.3 

± 0.05 

 49.5 

±  0.4 

32.4 

±1.3 

26.4 

±  0.15 

 

MPR 54.3 

±0.15 

51.7 

± 0.32  

20.65 

±  0.05 

 13.5 

± 0.65 

18.5 

± 0.35 

18.5 

± 0.1 

 33.55 

±  0.35 

41.3 

±  0.1 

24.25 

±  0.15 

 

Sorghum 

lupin 

intercrop 

TSP 43.35 

± 0.4 

39.85 

±0.15 

34 

±0.2 

 7.5 

± 0.4 

12 

±0.45 

15 

±0.05 

 29.47 

±0.4 

15.65  

±0.1 

6.5 

±0.1 

 

MPR 56 

±1 

42±   

0.45 

27 

±   0.2 

 13.5 

± 0.2 

7.5 

± 0.1 

73 

± 0.01 

 7.5±   

0.2 

21.5 

±   0.35 

12 

  ± 0.03 

 

Sorghum 

rotation 

TSP 49.5 

±0.3 

25±  

0.45 

22.65±  

0.1 

 26.45 

± 0.3 

14.1 

± 0.1 

59.2 

± 0.35 

 13.4 

± 0.2 

36.9 

 ±  0.4 

33.75 

±0.1 

 

MPR 86.69±

0.15 

31.35 ± 

0.3 

36 

± 0.05 

 34.6 

± 0.2 

22.5 

±0.1 

34.3 

±   0.2 

 4.69 

±  0.42 

75.7 

±   1.14 

5.06 

±   0.46 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity  
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Table 13: Three- way interaction table for plant P (%) as affected by fertilizer type, cropping systems at different stages of 

growth of sorghum in chick pea sorghum experiment. Values are mean ± SD 

  2012 LRS 2012 SRS 2013 LRS 

  Sd Fl Mat  Sd Fl Mat  Sd Fl Mat  

Sorghum 

monocrop  

TSP 43 

±   1.25 

39.5 

±   2.1 

34 

±   2.2 

 25 

± 0.5 

34.7 

±   0.4 

21.5 

±   0 

 25.75 

±  0.66 

14.44 

±   0.8 

37.85 

±   0.7 

 

 MPR 48.65 

±   0.3 

34.65 

±  1.1 

32 

±  1.1 

 19.15 

± 3.8 

35 

±  0.1 

31.4 

±   1.3 

 32.5 

±   0.6 

28 

±   0.4 

50.53 

±   0.1 

 

Sorghum 

chick pea 

intercrop 

TSP 52.6  

±  0.5 

43.35 

±  2.5 

34 

±   4.4 

 26.1 

± 1.5 

32.4 

±   0.2 

16.5 

±   1.1 

 35 

±   0.8 

28.63 

±   0.6 

35.15 

±   0.8 

 

 MPR 42.65 

±   0.6 

46.65 

±   0.6 

38.65 

±   0.5 

 31.8 

±   4.7 

33.25 

±  0.5 

21.4 

±   0.5 

 62.8 

±   0.3 

34.9 

±   0.9 

50.77 

±   0.3 

 

Sorghum 

chick pea 

rotation 

TSP 58.6 

±   5.29 

25.75 

±   7 

35.55 

±  18.4 

 20 

±   0.1 

63.5 

±   0.3 

35.7 

±   0.3 

 51.5 

±  1.6 

24.8 

±   0.2 

30    

 ± 1.2 

 

 MPR 23.3 

±   0.75 

38.3 

±   0.17 

34.85 

±  0.64 

 11 

± 0.5 

14 

±   0.1 

17.85 

±   0.1 

 32.85 

±   0.7 

35.23 

±   0.51 

25 

 ±   0.9 

 

Key; SRS= short rain season; LRS = Long rain season; Sd= seedling, 50 days after planting ; Fl= 50% flowering; mat= maturity 
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4.7 Sorghum DM yield as affected by fertilizer type and cropping systems  

Cropping system significantly affected dry matter content in both experiments 

(Appendice 111&1V). In the LS experiment, a higher sorghum dry matter yield was obtained in 

the intercropping system (Table 14) whereas in the CS experiment, sorghum monocroping 

system had the highest dry matter yield (Table 15). 

4.8 Sorghum grain yield as affected by fertilizer type and cropping systems 

Cropping system and fertilizer type interacted significantly to affect the grain yield 

content (Appendice 111&1V) in lupin sorghum experiment (Table 16). On the other hand, 

fertilizer type significantly affected the grain yield content (Appendice 111&1V) in chick pea 

sorghum experiment (Table 17).  

A greater sorghum grain yield was obtained in MPR than TSP plots (Table 16 & 17). The 

mean range for sorghum grain yield was 10.53- 18 t ha-1 for TSP plots and 14.7- 18.3 t ha-1 for 

MPR plots in LS experiment (Table 16) and 14.3- 21.7 t ha-1 for TSP plots and 17.7- 24 t ha-1 for 

MPR plots in CS experiment (Table 17). 
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Table 14: Sorghum Dry matter yields (t ha-1) as affected by fertilizer type and cropping system in lupin sorghum experiment. 

Values are mean ± SD  

 2012 LRS 2012 SRS 2013 LRS 

 Mono Inter Rot Aver. Mono Inter Rot Aver. Mono  inter Rot Aver. 

TSP 25.3 

± 11.6 

23.0 

± 14.8 

25.3 

± 1.53 

24.5 

±9.31 

27.7 

± 11 

34.7 

± 6.5 

24.3 

± 2.1 

28.9 

±6.5 

28.3 

± 10.7 

35 

± 7.3 

24.7 

± 2.5 

29.33 

±6.7 

MRP 26.3 

± 14.6 

46.3 

± 27.9 

21.6 

± 0.6 

31.4 

±14.4 

28 

± 14 

53.7 

± 18.6 

20 

± 0.6 

33.9 

±17.5 

28.6 

± 13.7 

51 

±15.8 

21 

±1.3 

33.5  

±9.9 

 

Table 15: Sorghum Dry matter yields (t ha-1) as affected by fertilizer type and cropping system in chick pea sorghum 

experiment. Values are mean ± SD  

 2012 LRS 2012 SRS 2013 LRS 

 Mono Inter Rot  Mono Inter Rot  Mono  Inter Rot  

TSP 52.3 

± 6 

36.3 

± 6 

23.3 

± 6  

 52.7 

± 6.1 

37.3 

± 9 

23.7 

± 5 

 52 

± 7.5 

37.3 

± 9.5 

24 

± 4.6 

 

MRP 41.7 

± 12.6 

40.7 

± 4.6 

23.3 

± 3.2 

 42.3 

± 12.2 

40.7 

± 5.5 

24 

± 2.6 

 42.7 

± 13.2 

38.6 

± 3.5 

24 

± 3.5 

 

Key; Mono= Sorghum monocroping; Inter = sorghum intercropping; Rot = sorghum rotation 
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Table16: Sorghum grain yield (t ha-1) as affected by fertilizer type and cropping system in lupin sorghum experiment. Values 

are mean ± SD  

 2012 LRS 2012 SRS 2013 LRS 

  Mono Inter Rot  Mono Inter Rot  Mono  Inter Rot  

TSP 11.27 

±5.1 

16.3 

±  4.04 

12 

± 2.6 

 10.53 

± 4.7 

17.7± 

4.2 

12.7 

± 2.9 

 13 

± 6.08 

18 

± 3.5 

15 

± 2.6  

MRP 18.3 

± 3.74 

14.7 

± 9.3 

17.3 

± 3.78 

 18.3 

± 4.7 

16.7± 

7.6 

17.7 

± 3.2 

 18.3 

± 4.7 

17 

± 7 

16 

± 4.9  

Key; Mono= Sorghum monocroping; Inter = sorghum intercropping; Rot = sorghum rotation 

Table 17: Sorghum grain yield (t ha-1) as affected by fertilizer type and cropping system in chick pea sorghum experiment. 

Values are mean ± SD  

 2012 LRS 2012 SRS 2013 LRS 

  Mono Inter Rot  Mono Inter Rot  Mono  Inter Rot  

TSP 21.3 

± 1.5 

15.7 

± 5.7 

16.3 

± 5.1 

 21.7 

± 0.6 

16.7 

± 6 

14.3 

± 2.1 

 21 

± 1.73 

17.3 

± 5 

14.7 

± 3.05  

MRP 24 

± 3.5 

21.7 

± 2.5 

20.6 

± 2.3 

 23 

± 1.7 

21.7 

± 1.5 

17.7 

± 3.2 

 22 

± 2 

21.6 

± 1.5 

19.3 

± 3.05  

Key; Mono= Sorghum monocroping; Inter = sorghum intercropping; Rot = sorghum rotation
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4.9 Nutrient Balance as affected by fertilizer type and cropping systems 

Fertilizer type and cropping system significantly affected nutrient balances in the soil in 

both experiments (Appendice 111&1V). The nutrient balances generated from this research 

showed that the full balances were negative for all nutrients (N, P and K) (Table 17 & 18). 

Highest nutrient balances were observed with N, followed by P and least by K with the use of 

TSP fertilizer in both experiments. Based on the cropping systems, monocroping system showed 

the highest nutrient balances followed by intercropping and least by crop rotation as observed in 

(Table 17 & 18). 
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Table 18: N, P and K Nutrient Balances (Kg ha-1yr-1) as affected by fertilizer type and 

cropping system in lupin sorghum experiment. Values are mean ± SD  

Cropping 

System 

Area (ha)  N P K 

    Kgha-1  

      

MONO 0.0018 TSP -411 -133 -130 

  MPR -400 -144 -137 

INTER 0.0018 TSP -207 -204 -106 

  MPR -137 -233 -112 

ROT 0.0018 TSP -213 -113 -99 

  MPR -144 -117 -93 

Key; Mono= Sorghum monocroping; Inter = sorghum intercropping; Rot = sorghum rotation 

Table 19: N, P and K Nutrient Balances (Kg ha-1yr-1) as affected by fertilizer type and 

cropping system in chickpea sorghum experiment. Values are mean ± SD  

C.S Area (ha) P SOURCE N P K 

    Kgha-1  

      

MONO 0.0018 TSP -360 -144 -112 

  MPR -381 -133 -100 

INTER 0.0018 TSP -316 -106 -96 

  MPR -300 -100 -99 

ROT 0.0018 TSP -286 -100 -100 

  MPR -245 -117 -99 

      

Key; Mono= Sorghum monocroping; Inter = sorghum intercropping; Rot = sorghum rotation 
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  CHAPTER 5 

  DISCUSSION 

5.1: Soil pH as affected by P source, sorghum growth stage and cropping system 

The higher soil pH obtained with application of MPR than TSP in the LS experiment was 

due to its liming effect.  MPR contains sizeable quantities of lime, equivalent to 38.3% CaO 

(Nekesa et al., 2005). The dissolution of apatite in PR consumes H+ ions and thus, it can increase 

soil pH, depending on PR reactivity (Nekesa et al., 2005). In a five-year field trial conducted in 

an Oxisol fertilized with various PR sources, soil pH increased from 4.1 with the control to 4.7-

5.0 with the PR treatments.  

The lower soil pH resulting from use of TSP in the 2012 SRS could have been due to 

slow release of the acid it contains after application to soil.  Production of TSP fertilizers 

requires the use of sulfuric acid that gets slowly released into the soil resulting into low soil pH 

(Jain et al., 2010; Shrivastava et al., 2011). In a laboratory investigation in Jimma research 

Center, Ethiopia, chemical fertilizers applied long term to the soil were reported to cause 

depletion of some plant nutrients and  excess deposition of others in soil, and consequently 

caused increased acidity of soil (Kebede, et al., 2005). 

Soil pH increase at flowering stage may have been due to release CaCO3 from MPR 

which may have peaked at this growth stage. Legumes acidify the surrounding rhizosphere by 

acid secretion (Weisskopf et al., (2006). MPR contains calcium carbonate which has a liming 

effect on soil (Szilas et al., 2007).  

A decrease in soil pH at the maturity could be due to inefficiency of the roots due to 

aging. As plant roots age they release accumulated acids in the nodules leading to a low soil pH. 

Weisskopf et al., (2006) observed fastest citrate excretion at mature stage of lupin cluster roots.  

Lower soil pH in the intercropping system in both CS and LS experiments was due 

exudation of carboxylates from legume roots. Chickpea like lupin, exudes carboxylates from its 

roots (Veneklaas et al., 2003). White lupin is well known to exude large amounts of citric and 

malic acids, which are especially, released from cluster or proteoid roots. These acids were 

capable of lowering the soil pH. Soil pH was also low in the crop rotation system due to the 
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carboxylate exudation as legumes followed sorghum crop in succession (Mimmoa et al., 2011). 

A study conducted by Dakora et al. (2002) showed that, legumes release a net excess of protons. 

These protons can markedly lower rhizosphere pH. 

 5.2: Soil available N as affected by Fertilizer type, Cropping systems and Stage of growth  

The expected N range in the soil is 0.02- 0.5% and results obtained in this study (Table 

4.2) show that the soil was sufficient in SAN after application of treatments. The higher SAN 

observed in the MPR compared to TSP plots was due to increased availability of P to legumes 

which caused proper root development, nodule formation and consequently a higher N fixed 

(Christiansen and Graham, 2002). This can also justified from (Appendix XV111) where the root 

length and number of cluster roots was observed to be greater in MPR experiments compared to 

TSP experiments. Legumes can release locked P from MPR (Badawi et al., 2011). Besides, MPR 

has a liming effect to the soil as it contains calcium carbonate (Szilas et al., 2007) and thus raised 

the soil pH creating suitable environment for the survival of rhizobium bacteria responsible for N 

fixation (Dakora et al., 2002).  

The higher SAN observed in the intercropping system and rotation systems than 

monocropping could have resulted from N fixed by the legume component (Zhang and Li, 2003) 

combined with CAN top dress. This is in addition to mineralization of incorporated legumes 

residues after harvest of grains. Most studies on intercropping have focused on the legume-cereal 

intercropping, and its effect on N input from symbiotic nitrogen fixation. Rotational fallows or 

relay intercrops have been shown to increases N input and structural stability of the soil (Sileshi 

et al., 2010).  

The higher SAN observed at the flowering stage in both experiments could have resulted 

from the CAN top dress and also the N fixation process by legume component in the rotation and 

intercropping systems (Zhang and Li, 2003). At crop seedling stage, there was no N fertilizer 

applied and at harvest stage, much of the N had been used in seed formation. N is a key 

component of enzymes and other proteins essential to all growth functions (Christiansen and 

Graham, 2002). This may explain the lower amounts of SAN at these two growth stages. 
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5.3: Soil available P as affected by Fertilizer type, Cropping systems and Stage of growth  

The higher SAP after fertilizer application compared to that at the start of the experiment 

(Table 3.1) signifies the importance of P fertilization in enhancing soil P fertility. The mean 

range of SAP of 14.2- 88 mg kg-1 for TSP plots and 18- 89.7 mg kg-1for MPR plots in LS 

experiment and 6.18- 70.8 mg kg-1 for TSP plots and 10.7- 71.8 mg kg-1 for MPR plots in CS 

experiment shows the soil was sufficient in soil available P. In most agricultural soils, organic P 

comprises 30–80 mg kg-1 of the total P range for sufficiency (Li et al., 2004).  

Lower SAP values for TSP than MPR plots in the first season was because TSP is water 

soluble thus availed its P easily in soil, which was subsequently taken up by the crop. Low 

amounts were thus left in the soil. Higher soil available P in MPR than TSP plots in the 

subsequent seasons was possible since MPR has high phosphate content (28-32% P205), last long 

in the soil and can release locked and bound minerals and build the capital P which can be 

released over a long period of time. 

Low SAP at seedling stage in both experiments was because much of the P was taken in 

by the plant for root growth and development (Kimiti and Jacinta, 2011). Low amounts at the 

flowering stage were because much of the phosphorus was taken up for legumes nodule 

formation and N fixation as N fixation is a P requiring process (Christiansen and Graham, 2002). 

This left insignificant amounts in the soil at this stage. The higher P in the soil at harvest stage 

could be due to less P uptake by the plant after grain filling, thus higher amounts of P were 

accumulated in the soil at the harvest stage. The MPR also had residual effects (Nekesa et al., 

2005). 

In both of experiments, SAP was lowest in the intercropping and crop rotation system in 

all the seasons, because much of the P was taken in by the plants for root development and 

growth and also nodule formation (Li et al., 2011) leaving insignificant amounts in the soil. The 

legumes in these two systems also required P for N fixation as N fixation is a P requiring process 

(Christiansen and Graham, 2002).  Legumes acidify the rhizosphere changing the pH from 7.5 to 

4.8 and cereal crops sown mixed with lupin could increase the absorption efficiency of P from 

PR (Ligaba et al., 2004). 
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SAP was slightly higher in the monocroping system in both legume experiments. This 

was because sorghum crop was the sole crop at a stand unlike in the other two systems where P 

was required by the legume component for nodulation. In addition, there was low competition 

for P unlike in the other two systems, resulting in greater levels of SAP.  

Higher SAP in MPR plots in the LRS 2013, with the intercropping system could have 

been due to the release of locked P MPR by legumes.  Legumes are known for their potential in 

P solubilization (Badawi et al., 2011). Legumes can enhance PR dissolution through 

acidification of the rhizosphere and exudation of organic acids (Pypers et al., 2007). Chickpea 

like lupin, exudes carboxylates from its roots and can thus mobilize calcium-bound phosphate 

(Veneklaas et al., 2003). Beside, white lupin was able to develop proteoid roots that exude large 

quantities of malate and citrate during P deficiency, increasing the availability of mineral-bound 

P by solubilizing Ca, Fe and Al phosphates (Neumann et al., 2000) which made P available (Li 

et al., 2004).  

5.4: Soil organic C as affected by Fertilizer type, Cropping systems and Stage of growth 

  Results obtained indicate that soil was sufficient in SOC. In most agricultural 

soils, SOC ranges between 0.5- 10% for sufficiency (Chan et al., 2008). SOC is important for all 

three aspects of soil fertility, chemical, physical and biological fertility. SOC obtained upon plant 

dry matter decomposition releases N, P and a range of other nutrients for plant growth. SOC on 

other hand promotes soil structure thus leading to proper root growth and ease of cultivation and 

these in turn result in to proper plant overall growth, higher dry matter accumulation and a higher 

SOC upon decomposition (Chan et al., 2008).   

The higher SOC content with MPR than TSP application could be due to higher phosphate 

content in MPR (28-32% P2O5). This led to proper root growth and development, which in turn 

led to proper overall plant growth and development and a resultant high dry matter accumulation 

(Table 4.7). The plants residues incorporated in the soil after harvesting increased in soil organic 

matter content and thus boosted the SOC level in the soil (Abbasi et al., 2012). Residue 

decomposition provides soil organic matter which plays an important role in nutrient cycling and 

availability, assisting in root growth and plant nutrient uptake (Chan et al., 2008). 
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 Intercropping system with application of MPR led to a higher SOC in both legume 

experiments. This could be due to the effect of legumes in MPR solubilization and thus availing 

P to the soil for proper plant growth and development, higher dry matter accumulation and thus 

higher SOC content in the soil as aforementioned. Besides in intercropping, two plants are 

involved thus the bulk of the dry matter content was greater when compared with the other 

systems. 

5.5: Plant N as affected by Fertilizer type, Cropping systems and Stage of growth  

 Both experiments show that the plants had adequate levels of plant N. The average range 

of plant N in sorghum is usually 2.4- 4% (Southern Cooperative Series Bulletin #394). This 

could have been due to adequate supply of N in the soil through N fixation and CAN application 

thus plants were able to take up higher levels of N.  

 Lack of significant differences in fertilizer types used in plant N content in both 

experiments showed that MPR was equally competitive as TSP in supplying of P for proper root 

development and nodule formation and N fixation (Jama and Straaten, 2006). This resulted in 

higher N levels in the soil was in turn taken up by the plant.)  

 A higher plant N in the intercropping system and rotation could have resulted from the 

presence of accumulated N levels after fixation by legume component as well as mineralization 

of incorporated residues (Saleem et al., 2011). This was taken up by sorghum. This may also 

explain higher plant N in the rotation system. Residue management by incorporating plant 

residues in soil led to decomposition and release of N back into the soil which was taken up by 

the succeeding plant. Absence of legumes for N fixation partly led to the lower plant N in the 

monocroping system. Growing cereals continuously in low input dry land conditions is likely to 

be an unsustainable system in the long run due to depletion in soil fertility and development of 

unfavorable soil physical and biological conditions. There is thus a strong need to introduce crop 

rotation practices as well as intercropping so as to increase N supply for cereals (Patil et al., 

2011).   

  Increase in soil N in the subsequent seasons after LRS of 2012 could have been caused 

by an increase in soil N levels due to residue incorporation, decomposition and release of N 

which was in turn taken up by the plants. Legumes, when integrated into cereal cropping systems 
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either as rotational fallows or relay intercrops, have been shown to provide considerable amounts 

of organic matter and nitrogen to the soil (Sileshi et al., 2010). 

 5.6: Plant P as affected by Fertilizer type, Cropping systems and Stage of growth  

The observed lack of significant differences in plant P with use of either TSP or MPR 

shows that both were equally competitive. MPR can become a viable alternative nutrient source 

for P (Sahrawat et al., 2001).  The effectiveness of MPR was enhanced by the use of legumes 

(Pypers et al., 2007). Legumes crops exude acids from their roots providing an acidic 

environment that allows for MPR solubilization.  MPR works best in low pH soils of less than 

5.5 (Singh and Reddy, 2011). Besides, upon harvesting of the crop, the residues were 

incorporated in to the soil and due to decomposition; they were able to release acids that lowered 

soil pH. This caused MPR solubilization and increased P availability (Waigwa et al., 2003). 

A higher plant P realized at the seedling stage and also at flowering stage was due to P 

requirement for root growth and nodule formation and N fixation respectively (Christiansen and 

Graham, 2002). A lower plant P was observed at the harvest stage since there was a low plant P 

requirement by the plant after grain filling and thus a lower uptake. 

A higher plant P in the monocroping system was due to lack of competition for P since 

there was only one standing crop. The lower plant P in the intercropping system in both legumes 

and seasons could have been due to a competition for P by the two different crops standing on 

the field at the same time. The higher plant P in the rotation system was due to enhanced P 

availability from decomposing legume residues grown previously (Pypers et al., 2007). 

5.7: Sorghum dry matter as affected by Fertilizer type, Cropping systems and Stage of 

growth 

The results obtained indicate a higher sorghum dry matter content. The expected dry 

matter (DM) range for sorghum under optimal growth conditions ranges from 20- 75 t ha-1. The 

lack of significant differences in sorghum DM with fertilizer type and interaction between 

cropping systems and fertilizer types in both experiments implies that both MPR and TSP were 

equally competitive in their effect on dry matter accumulation. Thus MPR, a cheaper source 

(Vanlauwe and Giller, 2006) can become a viable alternative to TSP as a source of P as 

described by (Jain et al., 2010).  
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Highest DM in monocroping system with application of MPR was possible because 

sorghum was the only standing crop and therefore received no competition for the various 

nutrients in the soil. This led to higher uptake of the N and P for proper plant growth and 

development and accumulation of dry matter. On the other hand, competition of resources by the 

component crops in the intercropping system led to a lower DM yields. 

5.8: Sorghum grain yield as affected by Fertilizer type, Cropping systems and Stage of 

growth 

Fertilizer type had no influence on grain yield in LS experiment, implying that both 

fertilizer sources were effective in their supply of P to sorghum for increased sorghum grain 

yield. MPR could thus serve as a viable alternative to TSP as it is also cheaper and 

environmentally friendly. Some grain yield losses may have also occurred due to bird infestation. 

Although cropping systems did not significantly affect sorghum grain yield in both experiments 

the intercropping system may be best system on focus compared to the other two systems. 

Intercropping system is well known for its opportunity to exploit nature’s principle of diversity 

farms as well as contributing to crop production by its effective utilization of resources (Zhang 

and Li 2003). 

5.9 Nutrient balances by NUTMON 

There was a significant effect on type of fertilizer used on nutrient balances in both 

experiments. The higher negative values for nutrient balances with the use of TSP as opposed to 

MPR could be attributed due to the negative effect of mineral fertilizers on soil pH. At a low soil 

pH P undergoes fixation making it though present in the soil but un available to plants. BNF on 

the other hand is impaired. This is because most bacteria responsible for N fixation cannot thrive 

at a low soil pH (Dakora et al., 2002).  

Besides, in Jimma research Center, Ethiopia, chemical fertilizers applied long term to the 

soil caused depletion of some plant nutrients and excess deposition of others in soil, and 

consequently caused increased acidity of soil. This could be the sure reason as to the effect of 

greater negative values of nutrient balances in the soil with the use of TSP. This situation if 

continued will diminish the nutrient stock; and this farm will have a negative effect on crop 

production (De Jager et al., 1998; Vlaming et al., 2001). Thus with the use of TSP, more nutrient 
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elements are exported from the system than imported into the system resulting in a net 

imbalance. This was justified by Kebede, et al. (2005). 

The greater negative nutrient balance in the soil with element N, at this farm, reflects a 

high outflow of N as opposed to inflow. The outflow could be through removal of harvested 

produce (OUT1), removal of crop residues (OUT2), leaching (OUT3), de-nitrification and 

volatilization (OUT5) and erosion (OUT 5). The inputs included inorganic fertilizer; CAN (IN1), 

incoporation of crop residues (IN2) and BNF (IN4). The outflows out balanced the inflows 

resulting in a net imbalance. 

Outflow of inputs exceeded inflow in P nutrient element causing a negative balance. The 

outflow could be through removal of harvested produce (OUT1), removal of crop residues 

(OUT2) and soil erosion (OUT 5). The inputs included inorganic fertilizer; TSP or MPR (IN1), 

incoperation of crop residues (IN2) and sedimentation (IN5). In K, a negative balance was also 

observed. The outflow could be through removal of harvested produce (OUT1), removal of crop 

residues (OUT2) and soil erosion (OUT 5). The inputs included; incoperation of crop residues 

(IN2) and sedimentation (IN5).  

There was a significant effect on nutrient balances with the cropping systems used. In 

both experiments, monocroping system showed the highest negative nutrient balances in N, P 

and K, followed by intercropping and least by crop rotation as observed in (Table 4.9). The 

greater negative values in the monocroping system could be due to absence of legumes for BNF 

to boost on the inputs. Besides, there was a low quantity of dry matter (crop residues) 

incoperated into the soil (IN2) as sorghum was the only standing crop at a time. Thus 

monocroping system was not thus a sustainable system.  

To counter these negative nutrient balances, this farm could be compensated for lower 

mineral fertilizer inputs by intensive soil enriching and nutrient conserving practices, including: 

rational use of manure; systematic management and recycling of crop residues; collection and 

inco-operation of leaf litter; and improved soil conservation.  

Besides, a judicious manipulation of nutrient stocks and flows in a way that leads to 

satisfactory and sustained production through integrated nutrient management (INM) could also 

be the way forward. This could be achieved through comprehensive solutions in the field of 
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integration of organic and inorganic fertilizers (IN1 & 2), integration of livestock (IN2d), soil 

water conservation (OUT 3& 5), and integration of leguminous plants that have ability for BNF 

(IN4), agricultural policies and marketing (Van den Bosch et al., 1998). 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

The following conclusions and recommendations were drawn from this research 

1) Legume crops due to their release and accumulation of carboxylic acids 

lowered the soil pH to below 5.5 and this enhanced solubilization of MPR and thus 

availability of P. Residue incorporation into the soil and decomposition also led to release 

of acids during the decomposition process. This led to a low soil pH. MPR has a potential 

for liming due to the presence of calcium carbonate and this positively affected soil pH 

creating a suitable environment for survival of bacteria responsible for N fixation. The 

use of TSP lowered the soil pH to below 4 and this impaired N fixation. Thus MPR was a 

preferred fertilizer to TSP as it influenced soil pH positively. A higher soil available P, N 

and Carbon was observed with the use of TSP fertilizer as compared to MPR in the first 

season. Subsequent seasons showed that soil available P, N and Carbon in MPR plots 

approached that of TSP plots and even exceeded in the long run. Since MPR is cheaper 

than TSP, combining legume crops; white lupin and chickpea with the use of MPR was 

thus preferable in availing P, N and Carbon to the soil. 

2) Significant differences in plant N and P were observed in the various 

cropping systems. Intercropping system had the highest plant P and N followed by crop 

rotation and finally monocroping. The legumes in these cropping systems enhanced MPR 

mobilization thus availing P in soil which was in turn taken up by the plant. Higher levels 

of SAP led to improved root growth, proper nodulation and increased N fixation and 

accumulation of N. This was subsequently taken up by the plant resulting to higher levels 

of plant N. 

3) Fertilizer type and interaction between cropping systems and fertilizer 

types in both experiments did not significantly affect sorghum dry matter. This implies 

that both MPR and TSP were equally competitive in their effect on dry matter 

accumulation. Thus MPR, a cheaper source became a viable alternative to TSP as a 

source of P. Monocroping followed by intercropping system with application of MPR 

showed the highest sorghum dry matter content. In monocroping system, there was less 

competition of resources as sorghum was the only standing crop. Thus it took up all the 

available nutrients especially N and P from the soil. This led to proper root growth and 
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development and subsequently high dry matter accumulation. Intercropping system also 

had a higher dry matter content due to the presence of the two crops at a time, thus the 

bulk of the dry matter was greater. This was however, slightly lower than in the 

monocroping system due to the competition of resources by the two crops. Sorghum 

grain yield increased with season with the highest observation in LRS 2013. The various 

cropping systems and fertilizer types had no significant effect on sorghum grain yield in 

both experiments. This implied that all the cropping systems and fertilizer types were 

equally important in their effect on grain yield accumulation and hence either could be 

adopted. Some yield losses may however have occurred through bird infestation. 

4) Negative nutrient balances were observed with N, P and K. This shows 

that more nutrients were exported from this farm than imported. This situation if 

continued would diminish the nutrient stock, and this will have a negative effect on 

production. Therefore an increase in inputs is expected for this farm for increased crop 

production. This could be attributed through increased incorporation of legume crops for 

increased BNF, use of manure, leaf litter, household refuse and the use of both organic 

and in organic fertilizers and also through INM. 

5) Thus, the type of fertilizer had a great influence on SAP, SAN, SC, soil 

pH, plant P and N, dry matter content and grain yield, NB and the overall plant growth. 

MPR in the presence of legumes and the employment of intercropping system led to a 

better performance in the long run as compared to TSP. There is a need for more research 

to improve the poor performance of MPR in the first season and to identify other 

mechanisms of P mobilization from MPR. Thus MPR could be a viable alternative to 

TSP in supplying P to both soil and plants. 
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APPENDICE 

Appendice 1: Summary of Anova Results for Parameters Analyzed in Lupin Sorghum Experiment 

Source of 

Variation 

DF soil pH Soil 

available 

N 

Soil 

available 

P 

Soil 

Carbon 

Total  

Plant N  

Total plant P 

Fertilizer (F) 1 0.065  

NS 

0.821 

* 

676.92 

* 

0.462 

NS 

0.175 

NS 

1138.12 

NS 

Stage (S) 2 2.641 

NS 

2.597 

* 

2865.77 

* 

0.342 

NS 

10.12 

NS 

2768011.42 

* 

S × F 2 0.034 

NS 

1.243 

* 

1498.36 

* 

0.180 

NS 

2.065 

NS 

4331.14 

NS 

Cropping 

System (CS) 

8 0.277 

* 

2.035 

* 

16417.87

* 

6.756 

* 

39.098* 1554053.45* 

CS × F 8 0.023 

NS 

0.524 

* 

308.76 

* 

0.177 

* 

6.921 

* 

42291.026 

* 
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CR× S 16 * 0.533 

* 

1950.71 

* 

0.601 

* 

26.44 

* 

216715.51 

* 

CR × S × F 16 0.065 

NS 

0.677 

* 

505.61 

* 

0.446 

* 

2.551 

* 

5217.81 

* 

Key: * = significant at P ≤ 0.05 level (LSD test); NS= non-significant at P ≤ 0.05 level (LSD test)  
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Appendice 11: Summary of Anova Results for Parameters Analyzed in Chick Pea Sorghum Experiment 

Source of 

Variation 

DF soil pH Soil available 

N 

Soil 

available P 

Soil 

Carbon 

Total 

plant N  

Total plant 

P 

Fertilizer (F) 1 1297.89 

* 

0.335 

* 

604.90 

* 

0.985 

* 

0.686 

NS 

651.611 

NS 

Stage (S) 2 6002.79 

* 

1.468 

* 

3998.60 

* 

0.178 

NS 

15.518 

NS 

1107915.3 

NS 

S × F 2 3714.69 

* 

0.163 

* 

3371.81 

* 

0.021 

NS 

1.571 

NS 

15922.51 

NS 

Cropping System 

(CR) 

8 19727.64

* 

4.128 

* 

12135.51 

* 

7.951 

* 

25.648 

* 

620912.61 

* 

CR × F 8 967.14 

* 

0.037 

* 

654.45 

* 

0.255 

* 

1.375 

* 

42059.244 

* 

CR × S 16 1292.99 

* 

2.409 

* 

925.13 

* 

1.658 

* 

21.27 

* 

439464.29 

* 



64 
 

CR × S × F 16 642.15 

* 

0.148 

* 

580.26 

* 

0.263 

* 

1.287 

* 

9121.24 

* 

Key: * = significant at P ≤ 0.05 level (LSD test); NS= non-significant at P ≤ 0.05 level (LSD test) 



65 
 

Appendice 111: Summary of Anova Results for Parameters Analyzed in Lupin Sorghum Experiment 

 

Source of 

Variation 

DF Dry Matter 

Yield 

 Grain yield Nutrient 

Balances 

Fertilizer (F) 1 394.741 

Ns 

135.692 

Ns 

* 

Stage (S) 2 - - - 

S × F 2 - - - 

Cropping System 

(CR) 

8 430.741 

* 

31.769 

Ns 

* 

CR × F 8 179.241 

Ns 

4.269 

* 

- 

CR× S 16 - - - 

CR × S × F 16 - - - 

Key:  * = significant at P ≤ 0.05 level (LSD test); ns= non-significant at P ≤ 0.05 level (LSD test);  
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Appendice 1V: Summary of Anova Results for Parameters Analyzed in Chick Pea Sorghum Experiment 

Source of Variation DF Dry Matter 

Yield 

 Grain yield Nutrient 

balance 

Fertilizer (F) 1 73.5 

Ns 

177.852 

* 

* 

Stage (S) 2 - - - 

S × F 2 - - - 

Cropping System 

(CR) 

8 638.375 

* 

31.769 

Ns 

* 

CR × F 8 54.458 

Ns 

4.269 

Ns 

- 

CR × S 16 - - - 

CR × S × F 16 - - - 

Key:  * = significant at P ≤ 0.05 level (LSD test); ns= non-significant at P ≤ 0.05 level (LSD test); 

 

Appendice V: Legume Data on Root Length and Number of Cluster Roots 
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Cropping 

system  INTER  ROT  INTER  ROT  INTER  ROT  

Crop P 

source N.O RL N.O RL N.O RL N.O RL N.O RL N.O RL 

Chickpea TSP 12 15 10 12 7 10 18 16.

8 

8 12 16 

14.3 

 MRP 13 16.

7 

10 15.

3 

9 13.7 19 16.

3 

11 12.

7 

19 

14 

Lupin TSP 13 14.

4 

15 15.

7 

12 24.7 9 19.

7 

11 20 12 

24 

 MRP 13 17.

5 

17 16.

5 

14 27.3 11 19.

7 

15 24 15 

26 

Chickpea TSP 20 15 20 15 25 19.7   13 12.

7 

 

 

 MPR 24 16 24 16 29 25   15 14   

Lupin TSP 11 19.

3 

11 19.

3 

14 19   9 11  
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 MPR 13 21 13 21 14 23.7   9 10   

Key; INTER= intercropping; ROT = Rotation; N.O = Number of cluster roots; RL= Root length; MPR= Minjingu phosphate rock; 

TSP= triple superphosphate.  

 

 


