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                                                                ABSTRACT  

                 Investigations were conducted with four pot and two field 

experiments on the influence of vesicular arbuscular mycorrhiza (VAM), and 

fertilization on chili pepper, Capsicum annuum var. tatase (Yoruba) in 

different cropping systems. All experiments were factorial in a randomized 

complete block design (RCBD) and each treatment was replicated three times. 

             The first two pot experiments carried out in the Department of Botany 

and Microbiology, University of Ibadan under natural solar illumination and 

daily temperature, consisted of three types of VAM inoculation (Glomus 

mosseae, Glomus etunicatum and control), two levels of cropping systems 

(sole chili pepper and chili pepper intercropped with cowpea) and two levels of 

single superphosphate (0kg P/ha and 60kg P/ha) simultaneously in sterile and 

non-sterile soils. The third pot experiment consisted of three types of VAM 

inoculation (Glomus fasciculatum. Glomus mosseae and control), three levels 

of cropping systems (sole chili pepper, chili pepper with soybean intercrop and 

chili pepper with cowpea intercrop) and two levels of rock phosphate 

supplement (0kg P/ha and 60kg P/ha) in sterile. Finally the fourth pot 

experiment consisted of three species of VAM (Glomus mosseae, Glomus 

etunicatum and Glomus fasciculatum) three levels of organic fertilization 

(control, soybean intercrop and 5% organic manure) and three levels of rock P 

(0kg P/ha, 30kg P/ha and 60kg P/ha) also in sterile soil. The latter two pot 

experiments and the field experiments were located at National Horticultural 

Research Institute Ibadan, a derived savanna and transition zone between a 



 

5 

 

tropical rain forest and southern guinea savanna.  The first field experiment 

consisted of three types of VAM inoculation (Glomus mosseae, Glomus 

fasciculatum and control) three levels of cropping systems (sole chili pepper, 

chili pepper with cowpea intercrop and chili pepper with soya bean intercrop) 

and two levels of rock P (0kg P/ha and 60kg P/ha). The second field 

experiment consisted of three species of VAM fungi  (Glomus mosseae, 

Glomus fasciculatum and Glomus etunicatum), three levels of organic 

fertilization (control, soya bean intercrop and 5% organic manure) and three 

levels of rock P (0kg P/ha, 30kg P/ha and 60kg P/ha).  

                 The soil pH (6.5) was significantly (P<0.05) reduced with Glomus 

mosseae inoculation while there was significantly (P<0.05) higher %C and Ca 

at 60kg P/ha than 0kg P/ha inorganic P supplement in non-sterile soil. Apart 

from P, the uptake of N, K, Ca, Mg, Zn and Fe were significantly (P<0.05) 

improved by mycorrhizal inoculation. The dry matter yield of mycorrhizal 

plant was significantly (P<0.05) higher than non-mycorrhizal plant with 

Glomus mosseae performing best in sterile soil. However, there was a 

significant drop (16%) in dry matter yield with the addition of 60kg P/ha single 

superphosphate. Mycorrhizal inoculated pepper plants had a twofold increase 

in fruit weight over uninoculated-mycorrhizal pepper plants. The use of rock P 

with organic manure in the presence of VAM enhanced fruit yield for chili 

pepper. There were significant (P<0.05) variations in the performance of 

mycorrhizal species in both pot and field experiments subject to soil 

environment and cropping systems. The experiment has provided the basis for 
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the recognition of the fact that mycorrhizal activity is not only a component of 

plant system but also a soil-plant system improver. 

   Key words: Vesicular arbuscular mycorrhiza, fertilization, chili pepper,  

 cropping systems 
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                                           CHAPTER 1 

                   INTRODUCTION  

1.1            Introduction   

            In the developing world, food production by many small-scale farmers 

is based on intercrop systems. A yield benefit from sole cropping is subject to 

system stability. Hence farmers intercrop to stabilize productivity, reduce risk 

of crop failure due to ephemeral factors and spread labour peaks for cost 

efficiency (Ofori and Stern, 1987; Peoples and Herridge, 1990). Traditional 

farmers, though ignorant of the process of nitrogen fixation, had earlier noted 

that the practice of rotating legume cover crop with cereals often result in 

dramatic yield increases. Even in revolutionized or modern agricultural 

practice and with the advent of chemical fertilizers, relay or inter-cropping of 

legume with non-leguminous crop especially as an excellent alternative to 

optimize cost remains dominant (Alom et al., 2009).  

           Large areas of humid and sub-humid tropical Africa are dominated by 

low activity clay (LAC) consisting mainly of Alfisols and Ultisols (Kang et al., 

1990). These soils have major constraints for intensive horticultural and arable 

crop production. They are characterized by low nutrient status, low to medium 

phosphorus sorption capacity and high residual effect from applied phosphorus 

(Sobulo and Osiname, 1985; Kang et al., 1990). The soils in sub-Saharan 

African have not received adequate nutrient replenishment i.e. have the lowest 

fertilizer consumption in the world (10kg/ha) in comparison to India – 70kg/ha 
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and China – 260kg/ha. Phosphorus has been observed as one of the most 

limiting nutrient elements in tropical soils (Ahn, 1970). Even when P fertilizer 

is added to supplement its deficiency there is the problem of P fixation by 

sesquioxide. However in soils where P deficiencies are frequent, Arbuscular 

mycorrhizal (AM) fungi have been found to play a beneficial role (Sieverding, 

1991; Osonubi et al., 1995). The main component of the soil microbiota in 

most agro ecosystems is the AM fungi. These obligate mutualistic symbionts 

colonize the roots of vast majority of plants, including most crop plants (Smith, 

and Read, 1997). By forming an extended, intricate hyphal network, AM fungi 

efficiently absorb mineral nutrients from the soil and deliver them to their host 

plants in exchange for carbohydrates. Facilitated nutrient uptakes, particularly 

with respect to immobile nutrients, such as phosphorus, constitute the main 

benefit of the mycorrhizal symbiosis for plants (George et al., 1995; Kurle and 

Pfleger, 1996).  

            AM fungi form symbiotic roots association with the majority of species 

of land plants (Fitter et al., 2000). As such, AM fungi roots are a normal 

occurrence in all but some terrestrial ecosystem types e.g. boreal forest and 

heathlands (Read, 1991) and all but few plant families e.g. Brassicaceae. AM 

fungi exist naturally in tropical ecosystems (Miller, 1979; Skujins and Allen, 

1986). In agricultural systems, legumes are known for their ability to increase 

soil nitrogen content through symbiotic relationship with N-fixing Rhizobia in 

their root nodules. They are rarely in pure culture but found as catch crops with 

major staples in traditional farming systems. Leaves pruned or shed increase 
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soil fertility status. AM fungi extensively colonize many legumes to such 

extent that some are obligatorily mycorrhizal under natural conditions.  

            Certain factors affect the growth of plants and also severely hinder 

biological nitrogen fixation. A common example in many soils in Africa is 

phosphorus deficiency. The application of P fertilizer to correct such 

deficiency is usually very expensive, at times non-available and often beyond 

the reach of peasant farmers. Nitrogen also appears to be the most limiting 

nutrient element in tropical soils.  The potential benefits of the symbiotic 

interactions among the AM fungi, legumes and non-leguminous plants are well 

known. These include increasing growth and uptake of P and relatively other 

immobile nutrients in the host plants (Stribley et al., 1980; Osonubi, 1994; Ali 

and Saleh, 1997).  

            There are some biological factors identified as causing rapid decline in 

productivity. These include weeds, insects, pest and disease infestation, soil 

degradation and pollution changes in the rhizosphere and microenvironment of 

the farmland (Agboola, 1987). Rapid decline in soil fertility often accompanies 

horticultural crop production because of the intensive nature of cultivation. 

AM fungi have been found capable of alleviating problems resulting from 

some of these factors (Osonubi, 1999). Also the involvement of a legume 

component for the improvement of N, and mycorrhiza, for efficient P 

utilization in the system would in no doubt enhance the sustainability of the 

system. Thus the triple symbiosis viz; Rhizobium – plant – mycorrhiza when 
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brought into play is found capable of providing N and increasing P utilization 

particularly in the tropics. 

 

 1.2     Objectives of the Study 

            Experiments were carried out to evaluate the potential of AM fungi – 

legume – Rhizobium tripartite association as a complementary component for 

sustainable grain legume–pepper cropping systems with different P sources 

having the following objectives:  

1. Study the effect of AM fungi inoculation and P- fertilizer application on soil 

physico-chemical properties in different cropping systems.           

2. Investigate the effect of AM fungi inoculation and P-fertilizer application on 

uptake and growth of Capsicum annum var. Tatase, in different cropping 

systems. 

3.  Evaluate the agronomic effectiveness of rock phosphate in combination 

with organic manure on the performance of Capsicum annuum in different 

cropping systems. 

4. Monitor the influence of AM fungi – legume – Rhizobium tripartite 

associations in the presence of soil amendments on growth and nutrient uptake 

of chili pepper. 
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                                  CHAPTER 2  

                               LITERATURE REVIEW  

2.1 Sustainable food production and its problems in the tropics 

           The production of adequate food to meet the need of increasing 

population has become a challenge for many developing countries especially 

the tropical Africa. Some of the problems identified that limit the growth of 

food production in sub-Saharan Africa include but not limited to the following; 

(a) Low crop yields and limited adoption of new and improved technology. 

(b) Degradation of the natural environment because of expansion of cultivated 

areas, shorter fallow periods, lack of appropriate land conservation practices, 

increasing farming pressure on fragile land and extension of agriculture into 

marginal lands. 

(c) Inadequate marketing structures and unstable national agricultural policies. 

(d) Inadequate and unsatisfactory rural welfare support. 

           Agricultural production in the past mainly increased by expanding the 

area for planting crops i.e. cultivation of more land or shifting cultivation. Such 

practice however has its limitations like shortening the length of fallow periods 

often results in over exploitation of the fragile lands and gradual depletion of 

soil nutrients. The possibility of increasing agricultural productivity in the 

tropics under the present land and population pressure is via aggressive, 

intensive and continuous cropping of cultivated land. A successful continuous 

and intensive cropping may be achieved with improved multiple cropping 
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systems in standard agricultural systems as well as in marginal lands for which 

pressure is continuously mounting all over the world.  

            Large parts of the uplands of the humid and sub humid tropics are 

dominated by Ultisols, Inceptisols, Alfisols and Oxisols. In this area, alternate 

cropping and bush fallowing characterized by low nutrient input, low yield, 

short cropping cycles and relatively long fallow periods used to be the 

traditional form of agricultural practice for food production. A major setback 

in this system is the shortening or eliminating of the fallow period that form a 

major ingredient for soil fertility restoration as a result of increasing population 

and land pressure. Both the Oxisols and Ultisols commonly found in the humid 

region are highly weathered and leached. The clay mineral is dominated by 

kaolinite and oxides of iron and aluminum (Juo, 1981). Generally they are 

characterized by strong acidity, low levels of exchangeable potassium, calcium 

and magnesium. Deficiencies of nitrogen, phosphorus, potassium, calcium and 

magnesium are common occurrence (Sanchez, 1981; Kang and Juo, 1983). 

           Alfisols are less leached, with low surface charge and kaolinitic 

mineralogy. It is found in the sub-humid tropics. Though it has moderate 

fertility, deficiencies of nitrogen and phosphorus are common (Kang and Fox 

1981). Under intensive and continuous cropping, deficiency of potassium can 

also emerge. Alfisols derived from acidic soils has low phosphate fixing 

capacity (Juo and Fox, 1977), low phosphorus requirement for crop production 

and high residual effect of applied phosphorus (Kang and Osiname, 1979; 

Sobulo and Osiname 1985; Bationo et al., 1986; Kang et al., 1990). 
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            Nitrogen is the most mobile and most easily exhausted nutrient in the 

soil. Crop yield levels to a large extent depend on soil nitrogen status since it is 

recognized as the key element for crop production. Traditional farmers usually 

depend on fallow periods or use of legumes to restore soil nitrogen status. 

Also, through the application of intercropping system, the nitrogen status of the 

soil is improved.  The application of mycorrhiza to develop integrated nitrogen 

management systems capable of full exploits of biologically fixed N2 in 

production systems offers an advantage. 

2.2    Intercropping 

 Intercropping is an age-long technique of growing a minimum of two crop 

species simultaneously in the same plot. Nitrogen - fixing plants especially 

legume-Rhizobium symbiosis usually forms key components of intercropping 

systems. Legumes are known for their ability to increase soil nitrogen content 

through symbiotic relationship with N-fixing bacteria in their root nodules. The 

benefit could be to the succeeding phases of the cropping sequence or effect 

direct transfer of N to companion plants by sharing some of the fixed N with 

them (Haynes, 1980). 

            In traditional agriculture, cassava/maize intercrops are usually 

combined with low growing crops such as Citrullus lunatus (melon), 

Abelmoscus esculentus (okra), Vigna unguiculata (cowpea), Amaranthus spp 

(amaranths), Arachis hypogea (groundnut) and several leafy vegetables. 

Companion crops like legumes usually improve the nitrogen economy of the 

soil. In multiple cropping systems, non-legumes can benefit from inclusions of 
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legumes in the production system. Intercropping of grain legumes with 

horticultural crops affords opportunity for the improvement of both protein 

diets and mineral supplements for the family. Generally, legumes intercropped 

with other crops, apart from allowing better exploitation of soil and 

environmental resources for plant growth, have been associated with higher 

yields, more efficient land use per unit area, and soil fertility improvement 

(Lal, 1987; Ofori and Stern, 1987; Peoples and Herridge, 1990). Most 

herbaceous legumes of the Papillionoideae are symbiotic with both nodules 

forming Rhizobium and AM fungi. The movement of nutrients and water 

between the root zones of associated plants is enhanced by AM fungi, whose 

hyphae colonize and connect the roots of adjacent plants (Francis and Read, 

1984; Van Kessel et al., 1985). 

 

2.3   Arbuscular mycorrhizal (AM) fungi 

            Five types of endomycorrhizae can be recognized of which  arbuscular 

mycorrhiza (AM) is the most widespread. They were formerly classified into 

the order Endogonales but now belong to the order Glomales (Morton and 

Benny, 1990).  

            Arbuscular mycorrhizal fungi (AMF) are ubiquitous but species 

abundance and diversity differ among soils (Harley and Smith, 1983; Abbott 

and Robson, 1989). Although, plant host may be facultative or obligate in their 

relationship to mycorrhiza fungus, the AM fungi being obligate biotrophs do 

not grow on synthetic media. The fungi form an obligate symbiosis with host 
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plant i.e. the host plant provides carbon for AM growth in return for plant 

nutrients especially phosphorus provided by AM fungi from the labile pool 

(Mosse, 1973; Ross and Harper, 1976; Harley and Smith 1983). 

            Over one hundred and fifty species have been described and are all 

grouped in a single family - the Endogonaceae. The six genera that constitute 

the family apart from Endogone (which forms zygospores but not known to 

produce AM fungi) are Glomus, Gigaspora, Acaulospora, Sclerocystis, 

Entrophospora and Scutellospora (Morton, 1988; Sieverding, 1991). 

           AM fungi type predominates in the roots and soils of agricultural crop 

and weed plants (Hayman, 1980; Trappe, 1987).  In more recent times, 

Vesicular arbuscular mycorrhiza (VAM) have been referred to as arbuscular 

mycorrhizae (AM) because many non-mycorrhizal fungi contain vesicles but 

without arbuscules (Morton and Bentivenga, 1994; Bonfante and Perotto, 

1995) while the two genera Scutellospora and Gigaspora do not form vesicles 

(Morton 1990). The AM fungi are geographically ubiquitous occurring in 

arctic, temperate and tropical plants (Powell and Bagyaraji, 1984). Arbuscular 

mycorrhizae are not individual organisms but rather symbiotic interactions 

among soil, plant and fungi. Agriculture overtly manages all these three 

components of mycorrhizal systems. 

            They constitute an important group of soil-borne microorganisms that 

contribute immensely to the productivity and durability of cultivated 

ecosystems (Harley and Smith, 1983). These fungi are non-septate.  They are 

peculiarly specialized that they cause little or no damage to their hosts. 
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Arbuscular mycorrhizal association in plants is a necessary mutualistic one for 

the survival of both symbionts. 

            The AM symbiosis begins with germination of large spores or some 

other forms of inoculum propagules such as infected root pieces. Infection 

processes by AM are basically in two stages:  

(i) The extraradical or external soil phase with extramatrical hyphae and 

external vesicle or spores scattered in the surrounding soil; and 

(ii) The intraradical phase with intercellular unbranched hyphae and branched 

intercellular hyphae (arbuscules) and vesicles. The arbuscules serve as the 

preferential site for fungus/plant metabolite exchange (Cox et al., 1975; 

Scannerini and Bonfate-Fasolo, 1983). The major structures used to identifying 

AM infection in roots are hyphae, arbuscules and sometimes vesicles. 

            A natural infection of host plants by AM fungi is usually initiated 

through the germination of spores present in the soil into a germ tube (Sanders 

and Sheikh, 1983). Within a period of three weeks to six months depending on 

the species, arbuscular mycorrhizal fungi form resting spores on the external 

mycelium.  These spores are capable of survival for several years in the soil. In 

virtually all cases of mycorrhizal associations, the symbionts are heterotrophic 

and obtain their carbon and energy supply from the host plant (Ho and Trappe, 

1973; Cox et al., 1975; Bethlenfalvay, 1982; Harley and Smith, 1983; Finlay 

and Soderstrom, 1992). The host plant in return obtains inorganic nutrients and 

water supply drawn from the surrounding soil via the extensive hyphae 

network (Gianinazzi-Pearson et al., 1981; Bledsoe and Zasoski, 1983; Sanders 
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and Sheikh, 1983; George et al., 1992). The germ tube develops into a hypha 

that penetrates the epidermal surface of the roots via the formation of the 

appressorium, usually between or through sub-epidermal cells where hyphal 

coils may result. The hyphae grow longitudinally in the inner layers of the 

cortex in a bi-directional way along the intercellular spaces and sometimes 

pass from cell to cell forming specialized haustoria-like structures within the 

cells called arbuscules within 2-3 days (Mosse, 1981; Sanders and Sheikh, 

1983). Metabolite exchanges between fungus and host cytoplasm normally 

take place within the arbuscules. Characteristic sac-like swellings known as 

vesicles may also form in the cortical cells and function as nutrient storage 

organs or as propagules in root fragments (Mosse, 1981; Harley and Smith, 

1983; Sanders and Sheikh, 1983; Jackson and Mason, 1984). At the onset of 

infection by AM fungi, the host plant cells appear similar to that of a healthy 

plant cell reacting to an invading pathogenic fungus (Readhead, 1975). Thus 

the anatomical observation of cells at this stage normally reveals structures 

similar to a parasitic invasion.  

 The production of pure AM inoculum normally starts from a single spore 

and the source of inoculum for starter cultures is the rhizosphere of 

endomycorrhizal plants in the field. Spores are obtained by wet sieving method 

followed by decanting rhizosphere soil samples taken from 0-15cm depths. 

The spores are screened on soil sieves of various mesh sizes (Gerdemann and 

Nicolson, 1963). After species identification, spores can be isolated from soil 

by density gradient centrifugation, surface disinfested (Tommerup and Kidby, 
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1980) and used in a sterilized soil by placing them near the root (Menge and 

Timmer, 1982). These spores can be used for the establishment of new pot 

cultures with the inoculum placed in close contact with actively growing roots 

and where seeds are sown in pots, inoculum has to be layered 2-3cm below the 

seed. Monocots have proved better than the dicots for the propagation of AM 

(Strubble and Skipper, 1988) however, some AM species cannot be multiplied 

using monocots as host. Different mechanisms stimulate the formation of AM 

spores and the root plays an inductive role by supplying nutrients (root 

exudates) and also maintaining gas balance in which carbon dioxide (CO2) 

appears to play a key role before, during and after colonization, (Becard et al., 

1989). 

            Differences in AM fungi response to the environment and vis-a-vis the 

host–plant response to the AM fungi are influenced by intraspecific variability 

within the endophyte. Quite a large number of fungal species can associate 

with a single plant species, however, the possibility of preferential associations 

of host fungus species in different ecological set ups exist (Abbot and Robson, 

1985).  This often results in differential compatibility of mycorrhizal 

associations.  Selectivity or preference between symbionts may be due to 

ecological and physiological interactions between fungi and host. Companion 

plants for example, can influence whether neighbouring plants form AM, the 

degree of AM colonization and competitive interactions (Miller, 1987).  Also, 

the interaction between AM and other symbionts in the rhizophere, e.g. 

Rhizobium strains and AM species on legumes (Azcón et al., 1991), may 
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influence functional compatibility of the symbiosis.  The term ecological 

specificity, a term coined by Harley and Smith (1983) expressed the aspect of 

competition in different field conditions capable of altering significantly the 

results of mycorrhizal associations induced in the laboratory experiments.  

            Other biotic and abiotic factors that affect the ability of plants to form 

or alter functional mycorrhizal associations include the interactions between 

roots and fungal propagules, between fungi that restrict or enhance growth or 

restrict certain associations and rhizosphere microorganisms that influence 

differential host-fungus associations (Molina et al., 1992). Quite often, there is 

differential effectiveness in host nutrition enhancement by these associations. 

Development of infection is also influenced by some other factors.  For 

example, the raising of partial pressure of oxygen from zero to 21% result in 

the increase on the level of infection and the development of vesicles (Saif, 

1981).  Hall and Armstrong (1979) traced the occurrence of mycorrhizae under 

waterlogged conditions to satisfactory pathways for gaseous oxygen transfer 

through tissues. Soil P level is yet another important factor.  High P level in the 

soil will hinder effective colonization. Soil with low P is usually preferred 

(Mosse, 1973; Jasper et al., 1989).  Other factors that have to be monitored for 

effective propagation of inoculum include adequate moisture (Saif, 1981), 

pruning or defoliation of the host plant (Daft and El-Giahmi, 1978) and 

chemical applications (Chandreshekara et al., 1995). 

 Colonization can be characterized in various ways.  The quantitative model 

of AM fungal colonization establishes a relationship between propagule 
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density and colonization unit and not the rate of fungal growth within the roots.  

This implies that there may be differences in colonization unit established by 

different propagules in an ecosystem however, the rate of growth has no 

bearing with the colonization unit.  Somehow, research finding is yet to 

ascertain which of the two is more important in promoting the symbiotic 

relationship between the fungi and the hosts.    Bayne and Bethlenfalvay 

(1987) defined infectivity as the capability of a given set of propagules 

(adjudged to be viable) to establish a certain level of infection within a given 

length of time. This also is dependent on the type of inoculum applied as 

spores which are found to produce higher infection than hyphal fragments.  

The medium of storage and condition of inoculum (Abbott and Robson, 1989), 

quantity of inoculum as well as temperature (Schenck et al., 1975) equally 

affect the level of infection produced.  Another major factor suggested to 

regulate AM formation is membrane permeability. AM formation usually 

increase with increase in root exudates  (Graham et al., 1981) however, soluble 

sugar exudates have been found to be weakly associated with the host 

response, giving that not all the root exudates are important to AM 

colonization (Azcón and Ocampo, 1981). 

            AM ability to increase plant growth has been attributed primarily to 

increased phosphorus uptake (Jakobsen, 1992). Improved phosphate uptake via 

the mycorrhizal hyphae also forms the basis for enhanced growth and yield in 

mycorrhizal plants (Gianinazzi-Pearson and Gianinazzi, 1983). Many soils are 

P deficient (Jeffries, 1987), and P depletion zones rapidly develop in the 
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immediate vicinity of the roots (Nye and Tinker, 1977; Mosse, 1981). The low 

mobility of phosphate ions in the soil however limits replenishment. AM 

hyphae extend and exploit beyond the root zones to absorb and transport 

phosphorus to the host roots (Cooper and Tinker, 1981; Sieverding, 1991). 

Also quite a large proportion of the soil P is bound as ester phosphate in 

complex organic compounds (Anderson, 1980).  Such organic P needs be 

hydrolysed to inorganic P before being utilized by plants and AM fungi have 

been implicated in the production of acid and alkaline phosphatases at the 

arbuscules for hydrolysis of P delivered by the hyphae (Tarafdar and 

Marschner, 1994). The efficient mediation of P input by AM fungi to the 

symbiotic association is dependent on the greatly improved exploitation of 

bulk soil by the soil mycelium (Abbott and Robson, 1985). That also depicts 

its ability to deplete P from more dilute solutions than is possible for non-AM 

roots (Thompson et al., 1990). 

            In addition to P uptake, AM association has been found to improve 

nutrient uptake and nutritional status of host plants for the following elements; 

N (Nielsen and Jensen, 1983; Ames et al., 1983), K (Nielsen and Jensen, 1983; 

Sieverding and Toro, 1988; Osonubi et al., 1995), Mg (Sieverding, 1991), Zn 

and Cu (Benson and Covey, 1976; Cooper and Tinker, 1981), S (Rhodes and 

Gerdemann, 1978; Buwalda et al., 1983), Bo and Mo (Sieverding, 1991), Fe, 

Mn and Cl (Buwalda et al., 1983).  There have been reported cases, where 

VAM did not increase the uptake of some of these elements (Krikun and Levy, 

1980; Nielsen and Jensen, 1983). Whenever there is enhanced uptake, it has 
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been attributed to increased soil exploration by the extramatrical hyphae 

(Jenny, 1961).  

            There are also secondary influences (Rhodes and Gerdemann, 1978) by 

which AM symbiosis may affect plant nutrition. This includes altered stomata 

response and xylem transport (Allen and Allen, 1986), changes in 

concentrations of growth regulating compounds such as auxin, cytokinins and 

gibberellins (Allen et al., 1980), which may affect nutrient mobilization and 

uptake (Singh et al., 1986). There is increased root exudate that may affect 

chelation of soil nutrients and changes in root: shoot ratios that may affect 

rooting density (Hunt et al., 1975). 

            Another widely demonstrated benefit of AM association to the host 

plant is improved resistance to drought (Huang et al., 1985; Puppi and Brass, 

1990; Osonubi, 1994). AM plants are observed to be less sensitive to 

temporary periods of water stress than non-mycorrhizal ones.  Increase in 

hydraulic conductivity of host plants reported by Hardie and Leyton, (1981), 

has been attributed to greater length and diameter of the roots induced by AM.  

The occurrence of higher hydraulic conductivity or lower resistance per unit 

length of mycorrhizal root has been traced to improved host nutritional status 

during stress  (Bolgiano et al., 1983; Fitter, 1988).  Some other attributes of 

AM association capable of improving drought tolerance include changes in 

leaf elasticity (Auge et al., 1987a), improved leaf water and turgor potentials 

and maintenance of stomatal opening and transpiration (Auge et al., 1987b). 
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Also applicable is increased rooting length and depth (Ellis et al., 1985; 

Kothari et al., 1990). 

           The role of AM association in soil conservation forms an important 

aspect of sustainable agriculture. The extraradical or external soil phase of the 

AM association is an important contributor to the process of establishing a 

stable soil aggregate structure (Tisdall and Oades, 1982; Bethlenfalvay et al., 

1988; Miller and Jastrow, 1990). The process of packaging soil particles into 

stable aggregates helps soils to accrue organic matter as organic residues are 

protected from the actions of microbes when encapsulated by clays and silts 

during aggregate formation (Oades, 1984; Elliot and Coleman, 1988). 

Arbuscular mycorrhizal fungi improved plant growth in marginal soils 

(Espinoza et al., 1993).  They are referred to as biological fertilizers due to 

their effects on plant P nutrition (Azcón-Aguilar et al., 1979).  For this reason, 

it is imperative to apply AM association‘s role in plant productivity to 

sustainable food production in a resource poor oriented agro-ecological zone in 

the tropics. 

           AM fungi influence the transfer of nutrients between the root zones of 

associated plants with the hyphae colonizing and connecting the roots of 

adjacent plants (Francis and Read, 1984; Ritz and Newman, 1984; van Kessel 

et al., 1985). Their broad host range nature (Chanway, et al., 1991) permits 

them to form underground networks of external hyphae that link together roots 

of different plants growing within the same area (Hamel et al., 1991). AM 

association is involved in interspecific nitrogen transfer as well as other 
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nutrients (Newman, 1988). The potential of AM fungi to mediate nutrient 

fluxes between plants is of particular importance in legume-non-legume 

relationships (van Kessel et al., 1985). Legumes serve as a provider of 

biologically fixed N to non-legumes (Haynes, 1980). They are also important 

in absorbing and translocating nutrients from dying plants to living plants 

through this same network (Newman and Eason, 1989). 

 Other benefits from AM association include increase in chlorophyll 

concentration (Allen et al., 1981) and promotion of nitrogen fixation by 

symbiotic or associating nitrogen fixing bacteria (Smith et al., 1979; Pacovsky 

et al., 1986; Barea et al., 1992) and increased resistance to pathogens (Graham, 

1983; Fitter and Garbaye 1994). Reports on AM performance on the severity 

of diseases caused by root pathogenic fungi, bacteria, and nematodes varied. 

AM fungi appear to decrease plant susceptibility or buildup tolerance against 

the attack of root pathogens.  Inoculation with AM has resulted in the 

reduction of the diseases or its impact on the productivity of the plant even 

when the symptom was not reduced. The suggested mechanisms of AM 

prophylaxis include improved nutrient uptake capable of enhancing plant 

resistance by a more balanced nutritional status, and induced physiological 

changes in the plant that deter the pathogen or compete with it for 

colonization/infection site (Newsham et al., 1995; Dodd, 2000). Glomus 

mosseae in particular, induced local and systemic resistance to P. parasitica 

and was effective in reducing symptoms produced by this pathogen (Pozo et 

al., 2002). In some other instances, mycorrhizal plants were found to be more 
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susceptible to root pathogens than the non-mycorrhizal plants (Larsen and 

Bodker,2001; Ryan et al.,2002).  Viral infection was also found to have 

increased titre in mycorrhizal plants than in non-mycorrhizal plants (Daft and 

Okusanya, 1973). There are other instances where there is no correlation 

between the disease incidence and mycorrhizal infection (Weaver and Wehnut, 

1975). 

 

2.4 Mycorrhiza integration for sustainable food production          

The interdependence of a healthy plant-soil system that forms the base of a 

sustainable agricultural system is dependent on a myriad of microorganism that 

inhabits the rhizosphere (interface between plant and soil). An identified 

organism, mycorrhiza, capable of penetrating the living cells of plants with 

little or no harm stands out among the host of microbes in this regard. The 

roots of most flowering plants live associated in a form of mutual symbiosis 

with mycorrhiza. In 1885, Frank coined the word mycorrhiza (myco-fungus, 

rhiza-root) with the description of a symbiotic association between plant roots 

and fungi (Powell and Bagyaraj, 1984). Mycorrhizae are peculiarly specialized 

that they cause morphologically no damage to their host.  

          Mycorrhizal fungi are divided into four very different types namely 

ectomycorrhiza, arbuscular mycorrhiza (AM mycorrhiza), ericaceous 

mycorrhiza, and orchidaceous mycorrhiza. As indicated by their names, 

ericaceous mycorrhiza and orchidaceous mycorrhiza are associated with 

ericaceous plants (blueberries, cranberries, azaleas.) and orchidaceous plants 
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(orchids), respectively. The fungus biotrophically colonizes the root epidermis 

and cortex, becoming an integral part of these organs with the development of 

an extrametrical (soil) mycelium, which the plants utilize to acquire mineral 

nutrients from the soil.   

           Some hyphae grow out of the root and the rhizosphere into the soil to 

form external mycelium.  This young root-like external mycelium is non-

septate and consists of dichotomously branched, coarse, principal hyphae, 5-20 

mm in diameter and thin, secondary hyphae, 1-5 mm in diameter (Friese and 

Allen, 1991).  The external mycelium forms the primary channel for taking 

elemental nutrient to the root. The hyphae also range deep into the bulk soil 

with ability of establishing intimate contact with the microbiota of soil 

aggregates and microsites. Mycorrhizae have impact on both crop production 

and soil conservation in sustainable agriculture. They are recognized as playing 

a key role in plant survival and nutrient recycling in the ecosystem. 

          Based on fungal hyphae arrangement in relation to host root tissues, 

mycorrhizae have been classified into two basic groups viz; ectotrophic or 

ectomycorrhiza and endotrophic or endomycorrhiza. In the case of the 

ectomycorrhizae, the fungal hyphae form a dense network around the roots 

penetrating the host cells to a limited extent whereas in endomycorrhizae, a 

loose network of hyphae appears on the root surface while there is an extensive 

development within the root cortex (Harley and Smith, 1983; Jackson and 

Mason, 1984).    
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          The presence of mycorrhiza in plants has become as a rule, a normal 

occurrence while the absence is viewed as unusual in plants (Jackson and 

Mason, 1984). These unusual species consist of the families of Cruciferae, 

Chenopodiaceae, Caryophyllaceae and Cyperaceae (Hirrel et al., 1978), 

Resedaceae (Jackson and Mason, 1984), Amaranthaceae, Sapotaceae, 

Commelinaceae, Lecythidaceae, Portulacaceae and Proteaceae (Sieverding, 

1991) where only few species have been found to be mycorrhizal (Davidson 

and Christensen, 1977; Allen, 1983). The physiology of the plant is greatly 

affected by the presence of the fungal symbionts (Harley and Smith, 1983; 

Smith and Gianinazzi-Pearson, 1988).  

          The study of mycorrhiza in the past traditionally focused on the potential 

of mycorrhizal fungi to improve crop yield and minimize the use of fertilizers 

(Bagyaraj and Verma, 1995).  Minimal attention was paid to the association of 

mycorrhizal fungi with soil (Hayman, 1982; Sylvia, 1992) and its impact on 

soil structure has only recently been articulated (Miller and Jastrow, 1992; 

Gianinazzi et al., 2005). However Chanway et al., (1991) reviewed extensively 

the activities of rhizosphere microorganisms and the positive effects on plant 

productivity through improved plant nutrition. 

           Mycorrhiza is a symbiotic association between plant roots and fungi 

performing in a way of improving soil texture, providing adequate nutrition 

and uptake of essential nutrients especially phosphorus (Mosse, 1977; 

Newbould and Rangeley, 1984).  The low phosphorus requirement for crop 

productivity on Alfisols may be traced to abundance of mycorrhizal infections 
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that enhance phosphorus uptake by the crops grown on the Alfisols (Ayanaba 

and Sanders, 1981).   The importance of mycorrhizal fungi in sustainable food 

production is based on their role as a link between plant and soil. The 

recognition of the critical importance of soil in sustainable food production 

(Reganold et al., 1990) avails a new outlook on the study and application of 

mycorrhizal fungi (Sieverding, 1991).   

           When plants become mycorrhizal, changes occur in concentrations of 

growth regulating compounds such as auxins, cytokinins and gibberellins.  The 

photosynthetic rates increase and partitioning of photosyntate to roots and 

shoots changes. It is apparent that almost all legumes with Rhizobium nodules 

grow better if mycorrhizal (Barea and Azcón-Aguilar, 1985; Linderman, 

1991). 

 

2.5 Host Plant 

           Most plants are mycorrhizal and about 95% of these are believed to be 

of the Arbuscular type (Meyer, 1973) with the exception of Cruciferae and 

Chenopodiacea families. The AM fungi are cross compatible between major 

crop families such as the Gramineae, Leguminosae, Solanaceae, and Rosaceae. 

The acquisition of plant nutrient and growth response to AMF colonization, are 

dependent on several inherent morphological and physiological characteristics 

of the plant (Azcón and Ocampo, 1981; Hetrick et al., 1988; Koide et al, 1988; 

Manjunath and Habte, 1990; Bryla and Koide, 1990). Furthermore, various 

reports have indicated that host-plant genotype is an important criterion to be 
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considered when screening or selecting for efficient AM symbiosis in any 

specific soil or climatic condition (Krishna et al., 1985; Rao et al., 1990).  

According to Mercy et al., (1990), this host-dependent mycorrhizal 

colonization is heritable.  This is a good advantage in that once a strain that has 

efficient infection is obtained, it can be propagated and made use of 

continuously. 

           The host plant benefits immensely from the symbiotic association in the 

areas of nutrient and water uptake.  The external mycelia of the fungi extend 

up to 7-8cm from the root surface (Rhodes and Gerdemann, 1975; Owusu-

Bennoah and Wild, 1979; Sieverding, 1991).  The extension increases the 

rhizophere of the host plant and enables the roots to explore the soil far beyond 

the zone the root hairs could have explored (Mosse, 1981).  The arbuscular 

mycorrhizal plants thus have the advantage of enhanced nutrient and water 

uptake over non-mycorrhizal plants. 

          It is accepted that AM plants draw most of their phosphate from the 

soluble pool although more efficiently than non-mycorrhizal plants. Plants 

benefit most from AMF symbiosis under nutrient poor conditions particularly 

when P is limiting in soil (Smith, 1980; Cooper, 1984; Barea, 1991) and also 

respond even at high soil tested P levels (Khalil et al., 1992). Extraradical 

hyphae of AM fungi often help to increase host‘s efficiency of nutrient uptake 

and water absorption from the soil even beyond the root zone. 
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2.6 Chili pepper 

         Chili pepper (Capsicum annuum) is a popular vegetable valued around 

the world for the color, flavor, spice, and nutritional value it contributes to 

many meals. Early voyagers to the Americas, including Central America, 

Mexico, Peru, and Chile, found many forms of peppers, including them the hot 

ones. Most of the varieties of pepper referred to as chili peppers belong to C. 

annuum L. However, some varieties with "chili" included in their name are 

actually C. frutescens L.  Precise categorization of this particular type of 

pepper is difficult because of the large number of varieties, and the constant 

creation of new ones by hybridization. Forms sold or grown by one name in 

certain areas of the country may not be the same elsewhere, even though the 

names are the same. Chili constitutes one of the three main commercial types 

of hot-fleshed (pungent) peppers. The other two are cayenne and tabasco. In 

Spain the hot peppers are called chili, meaning from Chile, while in the United 

States, certain varieties of the hot peppers are called chili peppers. However in 

India, peppers in general are called chilies.  

              The most popular chili varieties range from 7.5-16 cm long and have a 

maximum diameter of 2.5-5 cm. Other varieties of chili peppers range from 

cherry size to conical forms.  

 

2.6 .1 Types 

                 There are many different types of peppers grown in Nigeria. Peppers 

grown commercially belong to two species; Capsicum annuum which includes 
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all sweet peppers and hot chili peppers, and Capsicum frutescens. When the 

Portuguese first arrived in Nigeria in the late 15th century, it was Oyo empire 

that controlled trade with them, first in goods such as peppers, which were 

secured from the northern interior lands and transferred to the southern coast, 

and later in slaves. Among the pepper varieties of wide acceptance in Nigeria 

is ‗Tatase‘.  

 

2.6 .2 Usage 

            Consequent upon their extreme pungency, chili pepper pods usually are 

not eaten alone, but are used for flavoring other foods. They may be picked red 

ripe and dehydrated (dried), or picked green (or red) for fresh use (cooking or 

canning). Drying can be accomplished by sunlight or in one of the many home 

dehydrating units on the market. Also, they are quite often pickled. Pungency 

is due to the presence of capsaicin, a colourless, odourless alkaloid that is 

concentrated in the placental tissue. Peppers can be classified based on their 

relative hotness. Scoville Heat unit is a measure of pepper pungency. Pure 

capsaicin is approximately 16,000,000 Scoville units.  

 

2.6 .3 Agronomy 

            Chili pepper grows best in a loam or silt loam soil with good water-

holding capacity, but can tolerate many soil types, as long as the soil is well 

drained.  Chili peppers require moderate to high rates of fertilization. Pre-plant 

phosphorus application of 60 to 200 kg/ha is common. Relay or intercropping 
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also may provide extra income from the same piece of land, and reduce insect 

and disease problems. It takes about 55–60 days after flowering for fruits to 

fully form. Chili peppers can be harvested either at the green immature or red 

mature stage. 

 

2.7   Legumes 

            The family leguminosae forms the third largest family of flowering 

plants and contains 650 genera and 18,000 species  (Polhill and Paul, 1981) 

showing variation in sizes from large trees to small herbaceous ephemera. 

They are of great importance in standard agricultural systems as well as in 

marginal lands for which pressure is continuously mounting all over the world. 

Most herbaceous legumes of the Papillionoideae are symbiotic with both 

nodules forming Rhizobium and AM fungi. The mycorrhizal nitrogen-fixing 

legumes of importance in both temperate and tropical climate include clover, 

lucerne, beans (Phaseolus and Vicia), peas, soybeans, cowpea, pigeon pea, 

chickpea, groundnut, Stylosanthes, Pueraria and Centrosema. These forages 

and grain legumes form endomycorrhiza of the arbuscular mycorrhizal type. 

            The AM fungi do not fix atmospheric N2 but definitely enhance N 

fixation by nodule producing bacteria. Colonization of roots by AM fungi 

favours nodulation by Rhizobium (Osonubi et al., 1992; Smith et al., 1979). 

Inoculation of lablab bean and soybean with AM fungi (Glomus mosseae) both 

in the field and pot experiments enhanced nodulation, dry matter yield, tissue 

N, and phosphorus content (Mahdi and Atabani, 1992). Some soybean 
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cultivars inoculated with Bradyrhizobium japonicum in combination with soil 

inoculated Glomus fasciculatum exhibited increased root colonization, 

nodulation, shoot P and N concentration and seed yield (Screenivasa et al., 

1995). 

            Most legumes that grow in natural soils are symbiotic with both 

Rhizobium and AM fungi.  Plants with both symbiosis generally grow better 

than plants with either alone (Linderman, 1991).  Literature further indicates 

that nitrogen fixation by Rhizobium nodules is greatly enhanced by the 

presence of compatible strains of AMF (Barea and Azcón-Aguilar, 1985), 

while incompatible strains may have little or no effect on nodulation 

(Bethlenfalvay et al., 1985; Bayne and Bethlenfalvay 1987). 

            Legumes have a high phosphorus requirement for their optimum 

growth and nodulation (Van Schreven, 1958). The greater benefit of 

mycorrhiza to the P nutrition of some legumes compared to other plant species 

can affect plant competition and survival in mixed plantings (Crush, 1974). 

Tarafdar and Rao (1997) in a field study conducted to determine the effect of 

AM fungi on growth and nutrient uptake of the drought hardy legumes 

observed that concentrations of N, P, Cu and Zn in shoot were significantly 

higher in inoculated plants. However, K, Ca, Mg, Na, Fe and Mn remained 

unaffected. Ali and Saleh (1997) also observed that AMF could enhance the 

dry matter, uptake of P, Zn and Fe and N2 - fixation by B. japonicum. AM - 

inoculated Capsicum annum dry weight and mean P concentration in the five 
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youngest matured leaves were greater than in uninoculated plants (Olsen et al., 

1996). 

 

2.8 Arbuscular mycorrhizal interaction in the Rhizosphere 

   AM fungi formation of symbiotic association with the host plant occurs 

within and external to the root thus providing an opportunity to have 

interactions with other soil organisms.  Various levels of interactions have 

been reported between rhizosphere organisms and mycorrhizal fungi. Among 

the notable of all the interactions between AM fungi and rhizosphere microbes 

is that between AM and nitrogen-fixing bacteria. According to various reports 

(Crush, 1974; Mosse, 1977; Redente and Reeves, 1981), nodulating plants 

have their growth strongly stimulated by AM and Rhizobium.  

            Some soil and rhizosphere bacteria have been found to produce 

phosphatase enzymes that solubilize phosphorus from mineral sources (Barea 

et al., 1975). Positive interactions between phosphate solubilizing bacteria 

(PSB) and AM fungi on plants have been reported (Lindahl and Olsson, 2004; 

Toljander et al., 2005,).  However, it is yet to be resolved whether the increase 

plant growth is due to hormonal secretion by PSB rather than P solubilization 

(Barea et al., 1976; Baya et al., 1981). The co-inoculation of these bacteria 

with AM fungi has resulted in plant growth enhancement. AM fungi however, 

do not produce phosphatase enzymes but enzyme levels are elevated in their 

presence (Dodd et al., 1987).  Sequel to say that AM fungi do not add 

phosphate to the soil but only improve its availability to the plants. AM fungi 
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are obligate symbionts and depend solely on the host plant for their carbon 

needs (Fitter and Merryweather, 1992).  

 

2.9 The tripartite relationship of Host-Rhizobium-AM 

             All strains of Rhizobium or strains or species of AM fungi neither 

affect their host plant in the same manner nor to the same degree.  Suggestion 

was made (Bayne and Bethlenfalvay, 1987) from some studies that inter 

endophyte compatibility may play a role in the combined effect on plant role. 

 A study (Bethlenfalvay et al., 1985) has shown that advance formation of 

AM inhibited nodulation, which may be due to competition.  However, when 

AM fungi have not significantly increased number of nodules, the size and N2 

fixing activity has been shown to increase (Pacovsky et al., 1986). 

 Mycorrhizal infection usually causes increased translocation of carbon to 

the infected roots due to irreversible conversion of plant assimilates to fungal-

specific carbohydrates (Lewis and Harley, 1965). This reaction creates a fungal 

sink (Finlay and Soderstrom, 1992) of which demand in turn raises the 

photosynthetic rate.  The photosynthates of the host plant are absorbed by the 

AM fungi in the root system for development, functional activity and spore 

formation (Sieverding, 1991) leading to growth depression of the host plant 

(Buwalda and Goh, 1982).   
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2.10     AM and the rhizosphere 

             Earlier studies focused on mycorrhiza as a component of only the plant 

system, whereas the production base is a healthy plant - soil system (Hayman, 

1982; Sylvia, 1992). It is now recognized that the unity and interdependence of 

this system including its health and resilience, in the face of natural and 

cultural stresses, is based to a large but little known and appreciated extent on a 

myriad of microorganisms. These microorganisms inhabit the interface 

between plant and soil i.e. the rhizosphere. AM fungi become unique among 

this myriad of microbes and have been identified as both agents of plant 

nutrition as well as soil nutrition (Reid, 1984; Elliot and Coleman, 1988; 

Bethlenfalvay and Newton, 1991). 

             AM fungi optimize the successful coupling of plants with rhizosphere 

microbial processes. The AM fungi form a symbiotic relationship with plant 

roots, which becomes a major interface between the soil and the plant 

(Bagyaraj and Menge, 1978; Ames et al., 1984; Linderman, 1988). The 

germination of spores or other forms of inoculum propagule results in 

specialized haustoria-like structures within the cells termed arbuscules where 

metabolite exchanges take place between fungus and host cytoplasm. Vesicles 

also form in the cortical cells functioning as nutrient storage organs or as 

propagules in root fragments. Mycorrhizal plants are found capable of 

increasing photosynthetic rates, altering nutritional status levels of growth–

regulating substances and patterns of root exudation due to changes in 

membrane permeability. The above physiological changes in addition to 
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physical and chemical presence of external hyphae of the AM fungi 

significantly affect the chemical, physical, and microbiological composition of 

the Rhizosphere soil (Meyer and Linderman, 1986; Schisler and Linderman, 

1989). Mycorrhizal fungi release powerful chemicals into the soil that dissolve 

hard to capture nutrients such as P, Fe and other tightly bound soil nutrients 

(Lester, 2009). 

 

2.11 Soils and Fertilizer Input 

             The more environmentally conservative traditional forms of 

agriculture practiced in the past are no longer sustainable because of increased 

population densities and developmental pressures on land. The last four 

decades have witnessed great interest in the development of farming systems 

characterized by a relatively inexpensive level of input, a high efficiency of 

internal resource use and hence more sustainable production in both economic 

and ecological terms. Soil P nutrient status is a key factor in plant response to 

mycorrhiza (Hayman, 1983; Uyanoz et al., 2007), however the amount of root 

infection is not indicative of endophyte's ability to enhance plant growth. 

Species and strains of AM fungi although capable of infecting a wide range of 

legumes and non legumes vary greatly in their infective potential and 

symbiotic effectiveness as they exhibit preferences for particular soils and host 

plants (Ross and Ruthencutter, 1977; Schenck and Smith, 1982; Ollivier et al., 

1983).  
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            Studies with low cost partially acidulated rock phosphate sources have 

given inconsistent results and no obvious advantage over conventional sources 

(Bationo et al., 1986). Owing to low phosphate fixing capacity of Alfisols 

derived from acidic rocks (Juo and Fox, 1977), phosphorus placement is only 

advantageous at very low rates of phosphorus application i.e. initial dressing of 

30kgP/ha followed by maintenance dressing of 15 - 20kgP/ha. Slightly higher 

dressing is required on soils derived from basic rocks. Sanchez (1981) 

suggested the use of cheaper phosphorus sources as one of the ways to 

overcome the phosphorus problem.  

            Studies have shown that cultural practices influence the presence of 

AM fungi both quantitatively and qualitatively (Evans and Miller, 1990; Jasper 

et al., 1991; Land et al., 1993). The negative effect of fertilizer input on AM in 

crops is well known, however, AM fungi vary in their sensitivity to fertilizer 

application. Examples are N (Porter and Beute, 1972; Hayman, 1975; 

Chambers et al., 1980; Wang and Hayman, 1982) and P (Sanders, 1975; 

Crush, 1974; Porter et al., 1978; Hayman, 1984). 

            The amount of P fertilizer applied annually is second only to the 

amount of nitrogen. Phosphorus plays a major role in all plant life, functions as 

part of the energy reactions ATP and ADP (Westheimer, 1987).  It is required 

by plant in large amount (Hayman, 1975; Tinker, 1980). Despite high levels of 

phosphorus in the soil, most of it is stored within the soil and not available for 

plant use. P fertilizers when added to most tropical soils (Oxisols and Ultisols) 

are rendered unavailable because of the high P-fixing power of these soils. 
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Even though an expensive agricultural input, its use efficiency by crops may be 

as low as 10-25% (Bahl and Singh, 1986). Both mycorrhizal and non-

mycorrhizal roots take up phosphate ions from the same soil fraction. 

However, mycorrhizal roots possess by virtue of external mycellium a larger 

and better-distributed absorbing surface. Improved P nutrition has been shown 

to increase in both infertile and P-fixing soils of the tropics (Dodd, 2000). 

            The soils mostly used for agriculture in Nigeria include the well 

drained upland Alfisols and Ultisols.  Major upland soils in the humid and 

subhumid zones particularly in West Africa consist of low activity clays (LAC) 

– Alfisols, Ultisols and Oxisols.  Alfisols that are less leached, slightly acidic 

and derived from pre-cambrian crystalline basement complex rock (Harpstead, 

1973) have a high base saturation and are predominant in the subhumid zone.  

The Ultisols and Oxisols are more prevalent in the humid zone.  Low nutrient 

status, low phosphorus sorption capacity and high residual effects from applied 

P characterize the Alfisols and associated soils.  The LAC soils are defined as 

soils with effective cation exchange capacity (ECEC) of < 16meq/100g clay in 

the subsoil (Juo and Adams, 1986).  Observations in West Africa have shown 

that the majority of LAC soils have ECEC < 8meq/100g.  The clay fraction 

consists mainly of kaolinite and halloysite, with oxides and hydrous oxides of 

Fe and Al.  

            After N, phosphorus is apparently the most limiting plant nutrient in 

most agricultural soils of Nigeria.  The savanna soils are inherently deficient in 

P, which limits crop production to a great extent.  The organic P constitutes 
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about 20-50% of the total P in soils.  The savanna values range from 20-40% 

while higher values 30-54% have been reported for forest soils (Olaitan and 

Lombin, 1985).  For soils all over Nigeria, Enwezor and Moore (1966) found a 

range of 17-72% organic P and Adepetu (1970) also observed total soil P 

contained 47% organic P in forest soils and 57% in savanna soils. 

            Fertilizer consumption in Nigeria is in the increase since 1990.  The 

price per bag has also increased for more than six folds (from N200 to N1, 200 

– N1, 500 per 50kg bag) due to deregulation of fertilizer market.  Nigeria 

imports about 200,000 tonnes of SSP and about 600,000 – 8,000,000 tonnes 

compound fertilizers containing P are used annually.  This translates to about 

N16 billion including transportation.  This high cost of phosphate source has 

initiated investigation into local alternative – Sokoto rock phosphate and Ogun 

rock phosphate (Nehikhare, 1987; Sobulo, 1990).  In Nigeria, phosphate 

deposits were found in Sokoto, Ifo and Oja Odan in Ogun State and part of 

Bendel State.  Sokoto deposit was put at about 10million tonnes while about 

half a million tonne P2O5 were estimated for Ogun State.  Rock phosphate can 

be used on unlimed acid soil as an inexpensive and efficient way of supplying 

P to acid tolerant crops (Juo and Kang, 1979; Srivastava et al., 2009). 

            Acid soils of the tropics are usually deficient in available P as a result 

of low P reserves and the dominance of occluded and organic forms over more 

active forms of P.  The roots of non-acid tolerant species can only explore a 

limited volume of soil, thereby contributing to inefficient or limited use by 

such plants of P reserves in acid soils.  The Alfisols and associated soils have 
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low P fixation and high residual effects from applied P.  AMF are inhabitants 

of tropical ecosystems (Miller 1979; Skujins and Allen, 1986).  The potential 

benefits of these obligate symbionts in increasing growth and uptake of P and 

other relatively immobile nutrients in the host plants are well known (Stribley 

et al., 1980;  Hardie and Leyton,  1981;  Nelsen and Safir,  1982;  Harley and 

Smith,  1983;  Hayman, 1986;  Osonubi et al., 1991; Linderman, 1992) 

particularly in low P soils. However, more attention has been focused on 

inorganic source of P and its uptake. It has also been suggested that one of the 

major functions of AM fungi is to lower the P requirements and increase P 

uptake in soils low in available P (Harley and Smith, 1983; Sieverding, 1991). 

The chief phosphorus containing rock mineral is apatite, the most soluble of 

which is fluorapatite 3[Ca3(PO4)2]CaF2. The apatites are generally insoluble as 

to be of little immediate agricultural importance but do decompose with time 

to simpler and more soluble forms such as tricalcium phosphate Ca3(PO4)2 and 

its derivatives. Organic matter has been shown to increase phosphate 

availability by the mechanism of solubilization (Webley et al., 1960; 

Bromfield, 1959; Gerretson, 1948;  Srivastava et al., 2009) and chelation 

(Nagarajah et al., 1979). 

            Phosphate rocks are non-renewable resource but capable of meeting the 

requirement of slow growing crops like oil palm, rubber, cocoa etc. In 

Malaysia, it is a major source of P for rubber and tree crops. In West African 

countries e.g. Burkina Faso and Niger, it is a feasible farming fertilizer practice 

(Nehikhare, 1987; Sobulo, 1990; Adediran and Sobulo, 1995). However, for 
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rapid growing arable legumes and vegetables, a promising strategy to achieve 

maximum efficiency in their use is through research into appropriate 

combination with mycorrhiza and organic manure for rapid solubilization and 

plant uptake. 

 

2.12 Farming Systems 

             Modern-day farms in the tropics seem to be moving away from their 

integrated pasts. In the past, farms raised a number of diversified products 

ranging from vegetables to grains to livestock. These integrated systems 

enabled farmers to make complete use of their diversified resources. Rather 

than purchase fertilizers, farmers used cover crops and the manure from their 

livestock to fertilize their fields. The use of crop rotations and companion 

planting serve to minimize pest damage instead of applying pesticide. In 

addition, rather than raise just one product, farmers raise a variety of crops to 

help meet the homestead‘s needs as well as the needs of the marketplace. All 

these techniques have been, for the most part, lost to the current generation of 

farmer. In the current farming system, farmers purchase chemical fertilizers 

and pesticides and focus their production on monoculture. This monoculture 

production may be efficient in the short run, with regards to revenue generation 

for the farmer, but it leaves much to be desired in terms of a healthy farm 

community (Barea and Jeffries, 1995) and a healthy farm ecosystem.  

                                     



 

52 

 

                                            CHAPTER 3  

GENERAL MATERIALS AND METHODS 

3.1   Soil Sample collection and sterilization 

                  Surface soil samples (0-15cm) of Alfisols (Iwo series) were 

collected from undisturbed plot (over twenty years) except for annual removal 

of underbrush behind Botany and Microbiology Department, University of 

Ibadan. The bulked sample was air-dried, pulverized and passed through a 

2mm sieve and was divided into two equal halves. The first half was then 

steam sterilized at 100 °C for 48 hours, allowed to cool before being bagged 

and made ready for use for the experiments that required sterilized soil. The 

other half remained unsterilized. These two different categories of soil samples 

served as growing media for the first two pot experiments.   

            The same sterilization procedure was followed for another set of soil 

samples collected at the National Horticultural Research Institute, Ibadan 

vegetable plots where the field experiments were sited. The samples that were 

collected here served for two additional sets of pot experiments. 

 

    3.2   Production of arbuscular mycorrhiza inoculum 

            Soil inoculum consisting of external hyphae, mycorrhizal root 

fragments and spores of Glomus mosseae, Glomus etunicatum or Glomus 

fasciculatum each obtained from the Department of Botany, University of 

Ibadan was used for propagation. Soil inoculum is considered to be more 
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infective than spore inoculum. Fifteen-liter size plastic buckets already 

perforated at the bottom were each filled with 10kg of sterilized soil. Two 

seeds each of maize (trap plants) were sown in the sterilized soil contained in 

the plastic buckets with 50g-soil inoculum carefully layered 2-3cm below the 

seeds. After emergence, seedlings were thinned out to one per pot and allowed 

to grow under greenhouse management conditions for three months. During 

this period the seedlings were adequately watered routinely. The maize plant 

was disallowed from fruiting as the stamens were carefully removed prior to 

fertilization process. After two months, the plants were drought-stressed and 

aerial part of the plant cut off. The dried soils with the infected maize roots cut 

into small bits were thoroughly mixed together and stored in sterilized plastic 

bags for use as mycorrhizal inoculum.  

 

 3.3   Seed preparation 

            Seeds of Vigna unguiculata var. Ife Brown (cowpea), Glycine max 

(soybean), Cajanus cajan (pigeon pea) and Capsicum annuum var. ―Tatase‖ 

(chili pepper) were surface sterilized for five minutes with 65ml of 70% (v/v) 

ethanol plus 1.2% (w/v) sodium hypochlorite solution and subsequently 

washed with distilled water several times. Seeds of chili pepper were 

germinated in plastic trays containing sieved sterilized soil and then 

transplanted after four weeks. The cowpea, soybean and pigeon pea seeds were 

directly sown in experimental pots for greenhouse studies or field plots. 
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3.4    Soil Physical and Chemical Analysis 

3.4.1   Moisture content determination   

            A sub sample of the air-dried, sieved soil (100g) was measured into 

moisture cans of known tare weights. The sub sample in duplicate was oven 

dried at 105
0
C to constant weights. Moisture content was calculated thus: 

 Moisture content (%) = wt of air dry soil - wt of oven dry soil     x   100 

            wt of oven dry soil 

 

3.4.2.    Field Moisture Capacity (FMC) 

            Air-dry soil sample of known moisture content was filled up to the 

1000ml mark of a graduated cylinder. A capillary tube was inserted for 

exhaustion of air. Added to the soil was 150ml H2O after which the cylinder 

was plugged with cotton wool to prevent loss of water through evaporation. 

After the stoppage of water movement, an average reading was taken at the 

wetting front to calculate the field moisture capacity. 

FMC = ml  H2O added + ml of H2O already in soil       x      100 

           Oven-dry weight of wetted soil 

 

3.4.3.          Particle size analysis 

            Particle size analysis was determined according to the hydrometer 

method (Bouyoucos, 1962). Air-dry soil (51g) sample was transferred into a 

milkshake mix cup. Sodium hexametaphosphate (5.0%) was added along with 

100ml distilled H2O.The sample was mixed with a stirring rod and allowed to 
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set for 30mins.The soil suspension was then stirred for 15mins with multimix 

machine and transferred to a glass cylinder. With the hydrometer in the 

suspension, distilled H2O was added to the lower blue line (1130ml). The first 

reading was taken at 40secs and subsequent reading at 3hrs. 

 

3.4.4.         pH 

           Soil pH was determined potentiometrically with soil solution ratio of 

1:1 in H2O. Using the standard scoop (10ml), one level scoop of soil sample 

was transferred into extraction cups and 10ml distilled water added. It was 

allowed to stand for 15mins and stirred for 5mins. After stirring, it was allowed 

to stand for another 10mins. The pH was read on the pH meter standardized 

with buffer solution of pH 4.0 and 7.0. 

  

3.4.5 Organic carbon 

            This was by the chromic acid digestion method of Walkley and Black 

(1934).  Air-dried soil (1.00g) sample was weighed in a weighing boat and 

transferred to the bottom of a clean and dry 250ml conical flask. The procedure 

was followed using the reagents; Potassium Dichromate solution and 

concentrated Sulfuric acid. The solution was filtered (No 2 Whatman filter 

paper) into 50ml vials. Readings were taken on the Brinkman probe 

colorimeter.  
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3.4.6     Exchangeable cations 

            Exchangeable cations were extracted using neutral ammonium acetate 

solution (IN NH4OAC). Potassium and Sodium were determined using a flame 

photometer. Calcium, Magnesium and Manganese were read using Perkin 

Elmer Atomic Absorption Spectrophotometer. The determination of Zn and Cu 

in soil was also by atomic absorption spectrophotometry while that of Fe in 

soil extracts was by orthophenanthroline method. 

 

3.4.7     Total Nitrogen in soil 

             The quantitative determination of total nitrogen in soil involved the 

digestion of organic matter using the Tecator Digestor followed by 

measurement of ammonium produced. The ammonium was determined 

colorimetrically using the Berthelot reaction following the procedure of 

Technicon autoanalyzer (AA11). 

 

3.4.8     Available P in soil 

             Available P in soils was determined by Bray No.1 method. 

Ammonium molybdate reacts in an acid medium to form molybdophosphoric 

acid that is reduced to the molybdenum blue complex read on colorimeter by 

reaction with ascorbic acid. 
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3.5   Plant tissue analysis 

3.5.1     Total Nitrogen in plant tissue 

             The quantitative determination of total nitrogen in plant involved the 

digestion of organic matter using the Tecator Digestor followed by 

measurement of ammonium produced as obtained in soil. 

 

3.5.2     Total P in plant tissue 

  The colorimetric determination of P in plant tissue followed that of 

Vanado-molybdate method. The practice of colorimetry operates on two basic 

principles that when a ray of monochromic light enters an absorbing medium, 

its intensity decreases exponentially with an increase in the 

thickness/concentration of the medium traversed. The complex is measured 

colorimetrically at 420nm. 

 

3.5.3    Total Cations in plant material 

 The determination of total cations in plant material was preceded by 

digesting plant material using Tecator Digestor and reading concentration with 

Perkin Elmer Atomic absorption Spectrometer. 
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3.6. Pot experiments 

3.6.1 Experiment 1: Effect of AM fungi, different cropping systems and P- 

       fertilization on chili pepper in non-sterilized soil 

             This experiment was performed within the premises of Botany and 

Microbiology Department University of Ibadan under natural solar 

illumination and daily temperature (25 – 28
0
C).  

             Six-kilogram (6kg) portions of sieved soil were weighed into plastic 

buckets (15L size) with perforated bottom but plugged with cotton wool. 4kg 

soil and 100g of mixed inoculums consisting of infected roots, spores and 

mycelium were spread over and finally topped with additional 2kg soil. Each 

plastic bucket (totaling fifty-four in number) containing the soil sample and the 

mixed inoculum was well watered before introducing the test crops.  Roots of 

Capsicum annuum var. Tatase, germinated in sterilized soil contained in flat 

nursery trays (about 5cm deep) were rinsed thoroughly in distilled water. Four 

seedlings per pot were transplanted. These were later thinned down to two 

plants per pot. The cowpea seeds (two per pot) were planted directly into 

experimental pots where required.  The treatments were arranged on raised 

platform (to break contact with the ground) in a 3x2x2 factorial experiment 

with randomized complete block design. The treatments consisted of AM 

inoculation (Glomus mosseae, Glomus etunicatum and un-inoculated control); 

cropping systems (sole pepper, and mixture); and P-fertilization (0kg Pha
-1

 and 

60kg Pha
-1

 single super phosphate). Each treatment was replicated thrice. The 

treatment combinations were as shown in Table 3.1. Routine cultural 
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operations and observations were carried out during experimentation. These 

included the maintenance of adequate soil moisture and weekly data record of 

growth parameters such as height, stem diameter, number of leaves and 

number of branches. 

 

3.6.2   Experiment 2:  Effect of AM fungi, different cropping systems and  

  P-fertilization on chili pepper on sterilized soil. 

                  The experiment was also performed within the premises of Botany 

and Microbiology Department, University of Ibadan under similar natural solar 

illumination and daily temperatures as with non-sterilized soil.  

                  Six-kilogram (6kg) portions of sieved sterilized soil were weighed 

into plastic buckets (15L size) with perforated bottom and same treatments as 

obtained with non-sterilized soil applied. This second experiment was different 

from the previous pot experiment because of the reduction or removal of 

indigenous microbes through sterilization procedure.   
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Table 3.1.   Treatment combinations 3x2x2 applied to chili pepper with  

                   mycorrhiza, cropping system and P-fertilization on non-sterilized soil. 

 

Mycorrhiza                                                                  P-fertilization                     Cropping systems 

Sole pepper Pepper+Cowpea 

Glomus mosseae 0kg Pha
-1

 

60kg Pha
-1

 

 

x 

x 

x 

x 

Glomus etunicatum 0kg Pha
-1

 

60kg Pha
-1

 

x 

x 

x 

x 

Un-inoculated 0kg Pha
-1 

60kg Pha
-1

 

x 

x 

x 

x 

 

 

 

 

 

 

 

 

 

 



 

61 

 

Table 3.2.   Treatment combinations 3x2x2 applied to chili pepper with  

                   mycorrhiza, cropping system and P-fertilization on sterilized soil. 

 

Mycorrhiza                                                                  P-fertilization                    Cropping systems 

Sole pepper Pepper+Cowpea 

Glomus mosseae 0kg Pha
-1

 

60kg Pha
-1

 

x 

x 

x 

x 

Glomus etunicatum 0kg Pha
-1

 

60kg Pha
-1

 

x 

x 

x 

x 

Nonmycorrhizal 0kg Pha
-1 

60kg Pha
-1

 

x 

x 

x 

x 
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3.6.3 Experiment 3: Effect of mycorrhizal inoculation, grain legume intercrops 

and rock phosphate addition on growth and yield of chili   pepper.  

                  This experiment that commenced on May 1999 was conducted 

within the premises of National Horticultural Research Institute‘s greenhouse 

under natural light intensity and daily temperature (25 – 28
0
C). Six kilogram 

portions of sieved sterilized soil were weighed into plastic buckets (15L size) 

perforated and plugged with cotton wool at the bottom. The perforated buckets 

was filled initially with 4kg sterilized soil, 100g of mixed inoculum consisting 

of infected roots, spores and mycelium was spread over the 4kg sterilized soil 

and finally topped with additional two kilogram (2kg) sterilized soil. Each 

plastic bucket containing the sterilized soil and the mixed inoculum was well 

watered to provide adequate moisture regime for germination and emergence 

before introducing the test crop. 

 Vigna unguiculata var. Ife Brown, Glycine max and Capsicum annum 

var. Tatase seeds were surface sterilized for 5mins with 65ml of 70% (v/v) 

ethanol and 1.2% (w/v) sodium hypochlorite solution before rinsing 

thoroughly in distilled water. Roots of pepper seedlings (Capsicum annum var. 

Tatase), germinated in sterilized soil were rinsed thoroughly in distilled water 

before transplanting. Four seedlings were transplanted per pot where 

applicable. These were later thinned to two plants per pots. The treatments 

were arranged on benches in a 3 x 3 x 2 factorial experiment with randomized 

complete block design consisting of mycorrhiza; Glomus fasciculatum, 

Glomus mosseae, and non-mycorrhizal control, cropping systems; cowpea + 



 

63 

 

pepper, soybean + pepper and pepper only and P fertilization; 0kg P/ha and 

60kg P/ha rock phosphate. Each treatment consisted of three replicates. 

Routine cultural operations were carried out during experimentation. These 

included growth maintenance and weekly data record of growth parameters 

such as height, stem diameter, number of leaves and number of branches. 
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Table 3.3 Treatment combinations 3x3x2 applied to chili pepper with 

                  mycorrhiza, cropping system and rock P-fertilization on sterilized soil. 

 

Mycorrhiza                                                                               Rock P-fertilization                         Cropping systems 

                          Cowpea+pepper Soybean+pepper Pepper only 

Glomus mosseae 0kg Pha
-1 

60kg Pha
-1 

0kg Pha
-1

 

60kg Pha
-1

 

0kg Pha
-1 

60kg Pha
-1

 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x  

G. etunicatum 

 

x 

x 

Non mycorrhizal x 

x 
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3.6.4  Experiment 4: Effect of mycorrhizal inoculation, organic manure 

and rock phosphate amendments on growth and yield of chili pepper.  

            This experiment was also conducted within the premises of National 

Horticultural Research Institute‘s greenhouse under natural light intensity and 

daily temperature (25 – 28
0
C). Six kg portions of sieved sterilized soil were 

weighed into plastic buckets (15L size) perforated and plugged with cotton 

wool at the bottom. The initial filling of the perforated buckets with sterilized 

soil and 100g of mixed inoculum followed the same procedure as reported in 

previous experiments.  

  Roots of pepper seedlings (Capsicum annum var. ―Tatase‖), 

germinated in sterilized soil were rinsed thoroughly in distilled water before 

transplanting. Four seedlings were transplanted per pot initially which were 

later thinned to two plants per pot. The treatments were arranged on benches in 

a 3 x 3 x 2 factorial experiment with randomized complete block design 

consisting of mycorrhiza; Glomus fasciculatum, Glomus mosseae, and Glomus 

etunicatum, organic manure; nil, 2% and 5% metric tons per ha and P 

fertilization; 0kg P/ha and 60kg P/ha rock phosphate. Each treatment consisted 

of 3 replicates. Routine cultural operations were carried out during 

experimentation and data collected included weekly record of growth 

parameters such as height, stem diameter, number of leaves and number of 

branches. 

. 
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Table 3.4: Treatment combinations 3x3x2 applied to chili pepper with  

                 mycorrhiza, organic manure and rock P-fertilization on sterilized soil. 

 

Mycorrhiza                                                                                 Rock P-fertilization                Organic manure 

 Nil 2% 5% 

Glomus mosseae 

 

0kg Pha
-1

 

60kg Pha
-1

 

0kg Pha
-1

 

60kgPha
-1

 

0kgPha
-1

 

60kgPha
-1

 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Glomus etunicatum x 

x 

Non mycorrhizal x 

x 
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3.7. Field experiments                            

3.7.1   Background history of the experimental location 

                  The two field experiments were established at National 

Horticultural Research Institute, Ibadan on May 1998. National Horticultural 

Research Institute covers approximately 586 hectares and is situated directly 

on the West of Ibadan city. It falls within longitudes 3
0
 50

1 
and 3

0
 52

1
 east and 

latitudes 7
0
 23

1
 and 7

0
 25

1
 north. The wet season with high rainfall intensity is 

usually between March and September while the dry season is between 

October and February annually. The annual rainfall is about 1226.8mm.   

                  The soils in the area fall into three major soil associations namely 

Iwo, Egbeda and Okemesi (Smyth and Montgomery, 1962).  The soils also fall 

into three main drainage classes defined as follows;   (i) well-drained soils in 

which the water table is always below a depth of about 120 cm at any period of 

the year (ii) poorly drained soils in which the water table may lie within a 

depth of 25 cm to 120cm and (iii) swampy soils in which the water table may 

rise within either the top 0 – 25 cm or above the soil surface (Jaiyeola, 1974). 

The area selected is the well-drained soils in which the water table is always 

below a depth of about 120 cm at any period of the year. This area served as 

the vegetable plots for the Institute since its inception and has been under 

intensive continuous cultivation for close to three decades.  
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3.7.2. Experiment 5:  Effect of mycorrhizal inoculation, organic manure 

 and rock phosphate amendments on growth and yield of chili  

 pepper under field conditions  

          The first field experiment was conducted on the vegetable plot of 

National Horticultural Research Institute Ibadan, Nigeria (3
0
 50

1 
and 3

0
 52

1
 

east and latitudes 7
0
 23

1
 and 7

0
 25

1 
north). Roots of pepper seedlings 

(Capsicum annum var. ―Tatase‖), germinated in sterilized soil were rinsed 

thoroughly in distilled water before transplanting. Two seedlings were 

transplanted per stand initially which were later thinned to one plant per hole. 

The plot size was 2x2m
2 

and
 
treatments were laid out in a 3 x 3 x 3 factorial 

experiment with randomized complete block design (Tables 3.5 and 3.6) 

consisting of mycorrhiza; Glomus fasciculatum, Glomus mosseae, and Glomus 

etunicatum, organic amendment; nil, grain legume intercrop and farmyard 

manure and P-fertilization; 0kg P/ha, 30kgP/ha and 60kg P/ha single super 

phosphate. Each treatment consisted of 3 replicates. Routine cultural 

operations were carried out during experimentation. Data collection including 

weekly record of growth parameters such as height, stem diameter, number of 

leaves and number of branches began two weeks after field establishment. 
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Table 3.5. Treatment combinations 3x3x3 applied to chili pepper with  

                  mycorrhiza,  organic amendments and rock P-fertilization on field 

 “A”. 

 

Mycorrhiza Rock P-fertilizer                Soil organic amendments 

                                                 Legume Manure Nil 

Glomus etunicatum 0kg P/ha x x x 

30kg P/ha x x x 

60kg P/ha x x x 

Glomus fasciculatum 0kg P/ha x x x 

30kg P/ha x x x 

60kg P/ha x x x 

Glomus mosseae 0kg P/ha x x x 

30kg P/ha x x x 

60kg P/ha x x x 
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Table 3.6. Experimental field “A” lay out in a randomized complete block  

                  design. 

  

10 6 7  25 11 23  26 13 6 

14 15 23 3 13 16 3 25 1 

16 21 13 2 6 10 7 12 9 

20 11 3 15 5 1 4 23 11 

17 5 26 21 7 9 20 2 10 

18 25 22 20 24 4 19 24 27 

4 8 24 26 19 12 21 16 8 

2 1 12 27 17 8 15 22 18 

27 9 19 18 14 22 17 5 14 

 Rep 1                                  Rep 2        Rep 3              

No Treatments No Treatments 

1 G.etunicatum only 15 G.fasiculatum+legumemixture+60kgP/ha 

2 G.etunicatum +30kgP/ha 16 G.fasiculatum+org. manure 

3 G.etunicatum +60kgP/ha 17 G.fasiculatum+org. manure+30kgP/ha 

4 G.etunicatum +legume mixture 18 G.fasiculatum+org. manure+60kgP/ha 

5 G.etunicatum+legumemixture+30kgP/ha 19 G.mosseae only  

6 G.etunicatum+legumemixture+60kgP/ha 20 G.mosseae+30kgP/ha 

7 G.etunicatum+org. manure 21 G.mosseae+60kgP/ha 

8 G.etunicatum +org. manure+30kgP/ha 22 G.mosseae+legume mixture  

9 G.etunicatum +org. manure+60kgP/ha 23 G.mosseae+legumemixture+30kgP/ha 

10 G.fasiculatum only 24 G.mosseae+legumemixture+60kgP/ha  

11 G.fasiculatum +30kgP/ha 25 G.mosseae+org. manure   

12 G.fasiculatum+60kgP/ha 26 G.mosseae+org. manure+30kgP/ha  

13 G.fasiculatum+legume mixture 27 G.mosseae+org. manure+60kgP/ha 

14 G.fasiculatum+legumemixture+30kgP/ha   
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3.7.3 Experiment 6:   Effect of mycorrhizal inoculation, cropping systems 

 and rock phosphate amendments on growth and yield of chili 

 pepper under field conditions  

          The second field experiment was also conducted on the vegetable plot of 

National Horticultural Research Institute Ibadan, Nigeria (3
o
 46‘E and 7

o
 

27‘N). The plot size was 2x2m
2 

and
 
treatments were laid out in a 3 x 3 x 2 

factorial experiment with randomized complete block design (Tables 3.7 and 

3.8) consisting of mycorrhiza; Glomus etunicatum, Glomus fasciculatum, and 

Glomus mosseae, cropping systems; cowpea+pepper, soybean+pepper, pepper 

only  and P-fertilization; 0kg P/ha and 60kg P/ha rock P. Each treatment 

consisted of 3 replicates. Routine cultural operations were carried out during 

experimentation. Data collection including weekly record of growth 

parameters such as height, stem diameter, number of leaves and number of 

branches also began two weeks after field establishment. 
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Table 3.7. Treatment combinations 3x3x2 applied to chili pepper with  

                   mycorrhiza,  cropping systems and rock P-fertilization on field “B”. 

 

Mycorrhiza Rock P                           Cropping systems 

 Cowpea+pepper Soybean+pepper Pepper only 

G.etunicatum 0kg P/ha x x x 

60kg P/ha x x x 

G.fasciculatum 0kg P/ha x x x 

60kg P/ha x x x 

G.mosseae 0kg P/ha x x x 

60kg P/ha x x x 
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Table 3.8. Experimental field “B” lay out in a randomized complete block  

                 design.  

 

6 9 17  8 11 2  4 5 15 

13 18 16 5 16 9 6 16 12 

4 8 5 17 4 1 7 14 2 

7 10 11 3 7 6 20 2 10 

12 15 3 12 18 14 18 3 17 

1 2 14 13 15 10 10 13 1 

 Rep 1                                  Rep 2        Rep 3          

     

No Treatments No Treatments 

1 G. mosseae  only 10 G. fasiculatum+ cowpea  + 60kgP/ha 

2 G.mosseae + 60kgP/ha 11 G.fasiculatum+cowpea/soybean  

3 G. mosseae  + cowpea   12 G.fasiculatum+cowpea/soybean 

+60kgP/ha 

4 G. mosseae  + cowpea  + 60kgP/ha 13 Control 

5 G. mosseae +cowpea soybean mixture  14 +60kgP/ha 

6 G.mosseae+cowpea/soybean 

+60kgP/ha 
15 + cowpea   

7 G. fasiculatum only 16 + cowpea  + 60kgP/ha 

8 G. fasiculatum+ 60kgP/ha  17 +cowpea soybean mixture 

9 G. fasiculatum + cowpea   18 +cowpea soybean mixture + 60kgP 
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3.8.   Estimation of AM infection 

                 The AM infection was carried out for pepper only. This was done 

after the plants were cut at the onset of flowering. Two grams (fresh weight) of 

susceptible feeder roots from each plant sample were stored in 50% alcohol 

contained in Mac-Carthney bottle after being thoroughly washed with distilled 

water. The primary site for AM to develop is in the cortical region of the 

terminal feeder roots. This serves as the most active site for nutrient uptake. 

These root samples were later stained with trypan blue dye. 

                 The ethanol was decanted and the roots washed in water. This was 

followed by clearing in 10% KOH at 90
0
C for one hour and subsequent 

bleaching in 10% H2O2 for 30 minutes under room temperature. The roots 

were rinsed in at least three changes of water and acidified in 1% HCl for 30 

minutes. Later the 1% HCl was decanted and the roots were stained in trypan 

blue dye (Sigma chemical Co. St Louis, USA). Trypan blue dye was prepared 

by mixing 500ml of glycerol, 450ml of H2O2, 50ml of HCl and 0.5g trypan 

blue. The stained roots were kept in an oven at 90
0
 C for 30 minutes and left 

overnight before the stain was decanted. The treated samples were stored 

inside glycerol to prevent excessive distaining prior to determining root 

colonization percentage. 

             The percentage root colonization was estimated by grid line intersect 

method (Giovanetti and Mosse, 1980). Samples were spread on a grid line 

plate and presence of root colonization was scored at each point where stained 
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root with hyphae, vesicles or arbuscles intersects with a line. The percentage 

colonization was calculated as: 

No of root/gridline intersects with colonization          x     100% 

Total no. of root/gridline intersects counted 

            

3.9.          Data collection 

                  Routine observations and data collections commenced two weeks 

after seed emergence and terminated at the onset of flowering.  From the sixth 

week after planting, height (cm), leaf number, number of branches and stem 

diameter were determined weekly. Stem diameter was taken at 2cm above the 

soil level using the digital Vernier calliper (Mituoyo Corporation, Japan) while 

height was determined above soil level using a meter rule. 

                     At onset of flowering (applicable only to pot experiments), plants 

were harvested i.e. cut above soil level, carefully packed in large labeled 

brown envelopes and transferred to the oven for drying at a temperature of 70
0 

C in 48hrs. The dry matters were determined and samples safely preserved for 

tissue analysis. For the field experiments data were taking until full maturity 

and final harvest. 

      Analysis of Variance was performed on all data. Duncan's multiple range 

test was used to separate the means of the significant measured parameters 
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                                              CHAPTER 4 

   

                                             RESULTS  

4.1.          Pre-experimental physical and chemical properties of soil 

                The physical and chemical properties of unsterilized soil samples for 

the container medium greenhouse experiment analyzed prior to experiment 

initiation, are shown in Table 4.1.  The soil is a loamy sand of moderately high 

fertility, slightly acidic with a pH (H2O) of 6.3.  The soil was moderately 

supplied with organic matter at 3.61%.  The total nitrogen content was medium 

and rarely exceeded 0.19%.  The dominant clay mineral is kaolinite but the 

cationic nutrients are considered moderately high, except K which is below the 

critical 0.15cmol/kg.   
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Table 4.1.   The physical and chemical properties of unsterilized soil  

 
Parameters Values 

Sand  % 86.6 

Silt  % 8.0 

Clay  % 5.4 

pH 6.3 

Carbon % 2.1 

Organic matter % 3.61 

Total N % 0.19 

Available P kg/ha 21.5 

Exchangeable cations (cmolc/kg)  

Ca 19.6 

Mg 1.3 

K 0.1 

Na 0.6 

Zn  (mg/kg) 1.90 

Cu 1.0 

Mn 3.81 

Fe 7.0 
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4.2.           The chemical properties of unsterilized soil after harvest  

                  There were significant (P < 0.05) variations among the treatments 

in soil pH, %C, available P and exchangeable Ca at the two levels of inorganic 

P additions in the different cropping systems (Table 4.2). However, the 

treatments were not significantly different from each other in the case of 

exchangeable Mg and Zn (Table 4.2). Treatment with Glomus mosseae at 

60kgPha
-1

 showed significantly (P < 0.05) lower pH (6.5) than all other 

treatments.  Uninoculated treatments contained significantly (P < 0.05) higher 

% soil organic carbon (1.65%) at 60kgPha
-1

 than all other treatments except 

treatment with Glomus mosseae (1.63%) at the same level of P-fertilization 

(Table 4.2). Soil available P was consistently low with Glomus etunicatum 

inoculation at the two levels of P-fertilizer application.  However, the soil Mg 

and Zn did not vary significantly by treatments.  Soil calcium was significantly 

(P< 0.05) higher in uninoculated treatment (34.37meq100g
-1

soil) at 60kg P/ha 

addition than others in sole chili pepper (Table 4.2). There were significant 

interactions between mycorrhiza and P-fertilization in soil pH, available P, Ca, 

Mg and Zn (Table 4.2) and between cropping systems and P-fertilization in 

soil organic carbon content. There was also a three-way significant interaction 

among mycorrhiza,  cropping system and P-fertilization in soil available P 

(Table 4.2).   
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Table 4.2.  Post-experimental effect of mycorrhiza and P-fertilizer application          

on chemical properties of non sterilized soil under different cropping                                                                                                     

systems with Capsicum  annuum var. Tatase 

   
Treatments pH %C Av P  

(ppm) 

Ca                     Mg 

        (meq/100g) 

Zn 

(ppm) 

Nil P 

Glomus mosseae 6.8ab 1.51c 9.16a 29.64b 2.26a 0.8a 

Glomus etunicatum 6.7b 1.51c 6.57b 29.74b 2.13a 0.96a 

Un-inoculated 6.9a 1.54bc 9.13a 31.15b 2.3a 1.3a 

60kgP/ha 

Glomus mosseae 6.5c 1.63ab 7.72ab 31.03b 2.28a 0.91a 

Glomus etunicatum 6.8ab 1.54bc 6.11b 31.42b 2.11a 2.27a 

Uninoculated 6.9a 1.65a 7.65ab 34.37a 2.47a 0.54a 

Main effect(P values) 

AM 0.001** 0.024* <.001*** <.001** <.001** .001** 

Cropping systems 0.467 0.924NS 0.229NS 0.150NS 0.298NS 0.152NS 

P-fertilization 0.016* <0.001 <0.001 <0.001** 0.006 0.101 

Interactions (P values) 

AM x Crop syst. 0.942NS 0.536NS 0.225NS 0.991NS 0.963NS 0.536NS 

AM x Pfert 0.003** 0.214NS 0.044* 0.115* 0.122* 0.001** 

Crop syst x Pfert 0.518NS 0.039** 1.00NS 0.756NS 0.233NS 0.665NS 

AM xCrop syst x Pfert 1.00NS 0.216NS 0.996* 0.743NS 0.908NS 0.490NS 

Means within each column followed by different letters are significantly different at 

P<0.05 according Duncan Multiple Range Test. * P<0.05, * P<0.01, NS, not significant 
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4.3.   Effect of AM inoculation, cropping systems and SSP-fertilization on

 growth characteristics of Capsicum annuum var. Tatase under 

   non-  sterilized soil condition 

                        Table 4.3 shows the effects of AM, cropping systems and 

Single super phosphate (SSP) fertilization on growth characteristics of 

Capsicum annuum var. Tatase on non sterilized soil. Mean heights of pepper 

in pots treated with Glomus mosseae (12.63cm) and Glomus etunicatum 

(12.57cm) although  appeared similar were significantly (P≤0.001) different 

and shorter than height of plants in the un-inoculated pot (13.19cm). 

Difference between the two cropping systems was significant at (P≤0.001) 

with the blend (pepper-cowpea mixture) showing a higher height (15.25cm) 

over the sole pepper (10.34cm). SSP fertilizer enhanced the height of pepper; 

height at 60kgP/ha of 13.23cm was significantly (P≤0.001) higher than the 

height of plants (12.36cm) in pots that were not fertilized with SSP.  Height 

of pepper in pots that received inoculation treatments were significantly 

(P≤0.001) influenced by cropping systems. Also the effect of P fertilization 

on the height of pepper was significantly influenced by inoculation treatment. 

This was evidenced by the significant (P≤0.001) interaction between 

arbuscular mycorrhiza inoculation treatment and SSP fertilization. The three 

factor interaction was significant, indicating that the effect of SSP 

fertilization on the height of pepper plant under the two cropping systems 

was significantly (P≤0.001) influenced by the arbuscular mycorrhiza 

treatment. 
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                      Results of the analysis of the greenhouse data for stem diameter 

(Table 4.3) show significant difference among all traits. Averaged over 

cropping systems and SSP fertilization treatments, plant stem diameter of 

Capsicum annuum var. Tatase were 3.76mm for Glomus mosseae, 3.35mm for 

Glomus etunicatum and 3.22mm for the un-inoculated treatments. Differences 

among the Arbuscular mycorrhizal treatments were significant at (P≤0.05). 

The difference between the two cropping systems was significant (P≤0.001) 

with the blend showing a larger stem diameter (3.64mm) over the sole pepper 

(3.25mm).  

The addition of SSP brought a significant (P≤0.05) decrease on stem diameter;  

stem diameter at 0kgP/ha of 3.54mm was significantly larger than the stem 

diameter of plants in plots that were fertilized with 60kgP/ha (3.41mm) of 

single super phosphate. The effect of cropping systems was influenced by AM 

inoculation treatments as evidenced by the significant (P≤0.001) interaction 

between arbuscular mycorrhiza and cropping system treatment. A similar 

pattern was observed for other two-way interactions namely AM inoculation 

x single super phosphate and cropping system x single super phosphate 

respectively.   Also, a three-way significant (P≤0.001) interaction was 

observed among mycorrhizal inoculation, cropping systems and single super 

phosphate application.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

                  Arbuscular mycorrhizal inoculation significantly (P≤0.001) reduced 

dry matter yield of pepper; results of Glomus mosseae and Glomus etunicatum 

were 2.50g/plant and 2.49g/plant respectively and significantly (P≤0.001) less 
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than dry matter yield (3.1g/plant) of pepper plants in pots that were not 

inoculated (Table 4.3). The difference between the two cropping systems was 

significant at (P≤0.001); dry matter yield of pepper was significantly 

(P≤0.001) increased more in pepper-cowpea mixture (3.59g/plant) than in sole 

pepper (1.80g/plant). The addition of 60kgP/ha single super phosphate 

produced a significant reduction in dry matter yield (2.58g/plant) in 

comparison with pots where single super phosphate was not added 

(2.81g/plant). The effect of inoculation on dry matter yield was influenced 

significantly (P≤0.001) by cropping systems and likewise by single super 

phosphate treatment. However cropping systems and single super phosphate 

treatments exercised no significant influence on each other on dry matter 

yield. Evidence of three-way interaction was shown by the effect of single 

super phosphate fertilization treatment on dry matter yield of Capsicum 

annuum var. Tatase under two cropping systems significantly (P≤0.001) 

influenced by arbuscular mycorrhiza treatment. 
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Table 4.3. Post experimental effect of AM, cropping systems and P-fertilization on  

                 growth characteristics of Capsicum annuum var.Tatase on non-sterilized soil 

 

Arbuscular mycorrhiza Cropping systems Single-super 

phosphate-

fertilization 

Height 

  (cm) 

Stem diameter       

(mm) 

Dry matter yield 

(g/plant) 

Glomus mosseae Sole pepper 0kg P/ha 10.16f 3.84b 1.01b 

  60kg P/ha 9.33h 3.44d 2.32ab 

 Blend 0kg P/ha 16.16a 3.74bc 4.86a 

  60kg P/ha 14.90b 4.05a 1.83ab 

      

Glomus etunicatum Sole pepper 0kg P/ha 10.00fg 3.44d 1.89ab 

  60kg P/ha 10.83e 2.94e 1.06b 

 Blend 0kg P/ha 13.30c 3.65c 3.56ab 

  60kg P/ha 16.15a 3.39d 3.46ab 

      

Un-inoculated Sole pepper 0kg P/ha 9.76g 2.89e 1.10b 

  60kg P/ha 12.00d 2.96e 3.45ab 

 Blend 0kg P/ha 14.83b 3.33d 4.48ab 

  60kgP/ha 16.20a 3.72bc 3.37ab 

      

ANOVA      

AM inoculation (I)   *** * *** 

Cropping systems (Cs)   *** *** *** 

SSP fertilization(Pf)   *** * *** 

      

Interactions      

I x Cs   *** *** *** 

I x Pf   *** *** *** 

Pf  x Cs   NS *** NS 

I x Cs x Pf   *** *** *** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS  non- 

significant. 
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4.4. Effect of AM inoculation, cropping systems and SSP-fertilization on 

 nutrient uptake N, P and K of Capsicum annuum var. Tatase 

 under non sterilized soil condition 

                Table 4.4 shows the effect of AM inoculation, cropping systems and 

P-fertilization on N, P and K uptake by Capsicum annum var. Tatase on non-

sterilized soil.  Mean N uptake of pepper in pots treated with Glomus mosseae 

(4.52mg/plant) and Glomus etunicatum (4.15mg/plant) were significantly 

(P≤0.001) different and lower than N uptake of plants in the un-inoculated 

pot (5.81mg/plant). N uptake was significantly (P≤0.001) higher in blend 

cropping of pepper (7.69mg/plant) than in sole cropping of pepper plant 

(1.94mg/plant).  Single super phosphate fertilizer effect, even though 

significant (P≤0.001) failed to enhance N uptake at 60kgP/ha; N uptake at 

zero single super phosphate addition (4.99mg/plant) was significantly higher 

than N uptake at 60kgP/ha (4.65mg/plant). The effect of inoculation 

treatment on N uptake of Capsicum annum var. Tatase was significantly 

(P≤0.001) influenced by the two cropping systems. Evidence of significant 

(P≤0.001) interaction was equally shown between arbuscular mycorrhiza 

inoculation treatment and single super phosphate fertilization but non 

between cropping systems and single super phosphate application treatment. 

The three factor interaction was significant, showing that the effect of single 

super phosphate fertilization on N uptake of pepper plant under the two 

cropping systems was significantly (P≤0.001) influenced by the arbuscular 

mycorrhiza treatment.                                       
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                 Statistical analysis for P uptake (Table 4.4) shows significant 

difference among all traits except for single super phosphate fertilization 

treatment. Differences among the Arbuscular mycorrhizal treatments for P 

uptake were significant at (P≤0.001). Averaged over cropping systems and 

single super phosphate fertilization treatments, P uptake of Capsicum annuum 

var. Tatase were 1.17mg/plant for Glomus mosseae, 0.72mg/plant for Glomus 

etunicatum var. Tatase and 1.12mg/plant for the un-inoculated treatments. The 

difference between the two cropping systems was significant (P≤0.001) with 

the blend showing a bigger P uptake of 1.43mg/plant over the sole pepper of 

0.58mg/plant. The treatments of single super phosphate brought no significant 

difference on P uptake of Capsicum annuum var. Tatase (Table 4.4).   

 The effect of inoculation on P uptake of the pepper plant was significantly 

(P≤0.001) influenced by the interaction between arbuscular mycorrhiza and 

cropping systems treatments. The same significant influence was observed 

between cropping systems and single super phosphate treatments. The three-

way interaction was evident, indicating that the effect of single super 

phosphate fertilization on P uptake of Capsicum annum var. Tatase under the 

two cropping systems was significantly (P≤0.001) influenced by the 

arbuscular mycorrhiza treatment (Table 4.4). 

                 Results of K uptake of pepper were both similar in pots treated 

with Glomus mosseaa (4.24mg/plant) and un-inoculated (4.23mg/plant) but 

significantly (P≤0.001) higher than K uptake of plants in the Glomus 

etunicatum treated pot (3.74mg/plant). K uptake was significantly (P≤0.001) 
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higher in blend cropping of pepper (6.20mg/plant) than in sole cropping of 

pepper plant (1.94mg/plant).  SSP fertilizer effect, even though significant 

(P≤0.001) failed to enhance K uptake at 60kgP/ha on non-sterilized soil; K 

uptake without single super phosphate addition (4.36mg/plant) was 

significantly higher than K uptake at 60kgP/ha (3.78mg/plant). Effect of 

inoculation treatment on K uptake of Capsicum annum var. Tatase was not 

influenced by the two cropping systems. There was evidence of significant 

(P≤0.05) interaction shown between arbuscular mycorrhiza inoculation 

treatment and SSP fertilization. Also significant (P≤0.001) interaction was 

observed between cropping systems and SSP application treatment. The three 

factor interaction was significant, indicating that the effect of single super 

phosphate fertilization on K uptake of Capsicum annum var. Tatase under the 

two cropping systems was significantly (P≤0.001) influenced by the 

arbuscular mycorrhiza treatment (Table 4.4).                                       
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Table 4.4. Post experimental effect of AM, cropping systems and P-fertilization on  

                 N, P and K uptakes by Capsicum annuum var.Tatase on non-sterilized soil 

 

Arbuscular mycorrhiza Cropping systems Single-super 

phosphate-

fertilization 

N uptake 

(mg/plant) 

P uptake 

(mg/plant) 

K uptake 

(mg/plant) 

 

Glomus mosseae Sole pepper 0kg P/ha 2.91e 0.54g 2.50d 

  60kg P/ha 1.32h 0.16h 1.53de 

 Blend 0kg P/ha 7.26c 2.57a 6.61ab 

  60kg P/ha 6.60d 1.43b 6.32b 

      

Glomus etunicatum Sole pepper 0kg P/ha 1.40h 0.22h 1.24c 

  60kg P/ha 1.73gh 0.80ef 2.29d 

 Blend 0kg P/ha 7.04c 0.87e 7.47a 

  60kg P/ha 6.40d 1.02d 3.97c 

      

Un-inoculated Sole pepper 0kg P/ha 2.22f 0.75f 1.99de 

  60kg P/ha 2.11fg 1.01d 2.09e 

 Blend 0kg P/ha 9.14b 1.20c 6.38b 

  60kgP/ha 9.75a 1.54b 6.48b 

      

ANOVA      

AM inoculation (I)   *** *** * 

Cropping systems (Cs)   *** *** *** 

SSP fertilization(Pf)   *** NS ** 

      

Interactions      

I x Cs   *** *** NS 

I x Pf   *** *** * 

Cs x Pf   NS *** *** 

I x Cs x Pf   *** *** *** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS  non- 

significant. 
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4. 5.   Effect of AM inoculation, cropping systems and SSP-fertilization on

  Ca and Mg uptake by Capsicum annuum var. Tatase under non 

 sterilized soil condition 

             Table 4.5 shows the effect of AM inoculation, cropping systems and 

P-fertilization on Ca and Mg uptake by Capsicum annum var.Tatase on non 

sterilized soil. Data analysis for Ca uptake of pepper shows significant 

differences among all traits and was significant at P≤0.001. Averaged over 

cropping systems and single super phosphate fertilization treatments, Ca 

uptake of Capsicum annuum var. Tatase was 3.39mg/plant for Glomus 

mosseae, 4.31mg/plant for Glomus etunicatum and 4.87mg/plant for the un-

inoculated treatments. The difference between the two cropping systems was 

significant (P≤0.001) with the blend showing a bigger Ca uptake of 

7.02mg/plant over and above the sole pepper of 1.37mg/plant. The treatments 

of single super phosphate also brought significant (P≤0.001) difference on Ca 

uptake of Capsicum annuum var. Tatase (Table 4.5). The data values for Ca 

uptake of zero and 60kgP/ha SSP additions were 3.54mg/plant and 

4.85mg/plant respectively. The effect of inoculation on Ca uptake of the 

pepper plant was significantly (P≤0.001) influenced by the interaction 

between arbuscular mycorrhiza and cropping systems treatments. The same 

significant influence was observed between cropping systems and single 

super phosphate treatments as well as the three-way interaction of the 

treatments. 
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                             Arbuscular mycorrhizal inoculation significantly (P≤0.001) 

enhanced the uptake of Mg; results of Glomus mosseae and Glomus 

etunicatum were 0.88mg/plant and 0.93mg/plant respectively and were 

significantly (P≤0.001) higher than Mg uptake (0.79mg/plant) of Capsicum 

annuum var. Tatase in pots that were not inoculated (Table 4.5). The 

difference between the two cropping systems was significant at (P≤0.001); Mg 

uptake of pepper was significantly (P≤0.001) increased more in pepper-

cowpea mixture (1.35mg/plant) than in sole pepper (0.39mg/plant). Single 

super phosphate treatments produced no significant reduction in Mg uptake of 

pepper plants. Effect of inoculation on Mg uptake was influenced significantly 

(P≤0.001) by cropping systems and likewise by single super phosphate 

treatments. There was also significant (P≤0.05) difference between cropping 

systems and single super phosphate treatments. The three factor interaction 

was significant, indicating that the effect of single super phosphate 

fertilization on the Mg uptake of pepper plants under the two cropping 

systems was significantly (P≤0.001) influenced by the AM treatments. 
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Table 4.5. Post experimental effect of AM, cropping systems and P-fertilization on  

                Ca and Mg uptake by Capsicum annuum var.Tatase on non-sterilized soil 

 

Arbuscular mycorrhiza Cropping systems Single-super 

phosphate-

fertilization 

Ca uptake 

(mg/plant) 

Mg uptake 

(mg/plant) 

Glomus mosseae Sole pepper 0kg P/ha 1.65fg 0.41e 

  60kg P/ha 1.38gh 0.37e 

 Blend 0kg P/ha 6.64d 1.62a 

  60kg P/ha 3.92e 1.14c 

     

Glomus etunicatum Sole pepper 0kg P/ha 0.71i 0.20f 

  60kg P/ha 1.46g 0.45e 

 Blend 0kg P/ha 7.77b 1.56a 

  60kg P/ha 7.33c 1.53a 

     

Un-inoculated Sole pepper 0kg P/ha 0.98hi 0.40e 

  60kg P/ha 2.05f 0.51e 

 Blend 0kg P/ha 3.52e 0.91d 

  60kgP/ha 12.96a 1.37b 

     

ANOVA     

AM inoculation (I)   *** *** 

Cropping systems (Cs)   *** *** 

SSP fertilization(Pf)   *** NS 

     

Interactions     

I x Cs   *** *** 

I x Pf   *** *** 

Pf x Cs   *** * 

I x Cs x Pf   *** *** 

     

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS  non- 

significant. 
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4.6.    Effect of AM inoculation, cropping systems and SSP-fertilization on 

 growth characteristics of Capsicum annuum var. Tatase under 

 sterilized soil  condition 

                 Table 4.6 shows the effect of AM inoculation, cropping systems 

and P-fertilization on growth characteristics of Capsicum annum var. Tatase on 

sterilized soil.  Result of the data analysis for height of pepper shows 

significant (P≤0.001) difference among all traits. Averaged over cropping 

systems and single super phosphate fertilization treatments, mean heights of 

Capsicum annuum var. Tatase were 31.62cm for Glomus mosseae, 24.51cm 

for Glomus etunicatum and 20.54cm for the non mycorrhizal treatments. 

Pepper height under sole pepper which averaged 22.59cm was significantly 

(P≤0.001) lower than pepper-cowpea mixture which averaged 28.52cm. The 

average height of pepper in pots not augmented by single super phosphate 

addition was 26.65cm and significantly (P≤0.001) taller than pepper in pots 

receiving 60kgP/ha of single super phosphate. The effect of AM treatment on 

height of Capsicum annum var. Tatase was significantly ((P≤0.001)) 

influenced by the two cropping systems. Evidence of significant (P≤0.001) 

interaction was equally shown between AM treatment and single super 

phosphate fertilization.  The effect of single super phosphate fertilization on 

height of pepper was significantly (P≤0.001) influenced by the cropping 

systems. The three factor interaction was significant at P≤0.001, showing that 

the effect of single super phosphate fertilization on height of pepper plant 
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under the two cropping systems was significantly (P≤0.001) influenced by 

the arbuscular mycorrhiza treatment (Table 4.6).                                       

               Average stem diameters of Capsicum annuum var. Tatase in pots 

having AM treatments were significantly (P≤0.001) different; Glomus 

mosseae and Glomus etunicatum were 3.72mm and 3.32mm respectively and 

significantly (P≤0.001) larger than non mycorrhizal pepper  which was 

2.77mm. No significant difference was established for cropping systems as 

well as single super phosphate application treatments (Table 4.6). AM 

inoculation treatment effect on stem diameter of Capsicum annuum var. Tatase 

on sterilized soil was significantly (P≤0.001) influenced by the two cropping 

systems. There was no significant three factor interaction effect on stem 

diameter of Capsicum annuum var. Tatase on sterilized soil (Table 4.6).  

               Results of the analysis of the greenhouse data for dry matter yield on 

sterilized soil (Table 4.6), show significant difference among all traits. 

Averaged over cropping systems and single super phosphate fertilization 

treatments, plant dry matter yield of Capsicum annuum var. Tatase were 

1.89g/plant for Glomus mosseae, 1.47g/plant for Glomus etunicatum and 

0.85g/plant for non mycorrhizal treatments. The difference between the two 

cropping systems was significant (P≤0.001) with the blend showing a bigger 

dry matter yield (2.41g/plant) than sole pepper (0.39g/plant). SSP treatment 

did not enhance the dry matter yield of pepper; dry matter yield at 60kgP/ha 

(1.28g/plant) was significantly (P≤0.001) lower than pepper plants in pot 

treated without single super phosphate (1.53g/ plant) (Table 4.6). All 
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interaction effects on dry matter yield of Capsicum annuum var. Tatase on 

sterilized soil were significantly different at P≤0.001. The effect of cropping 

systems on dry matter yield was influenced by AM inoculation treatments as 

evidenced by the significant (P≤0.001) interaction between arbuscular 

mycorrhiza and cropping system treatments. A similar effect was observed 

for the other two-way interactions namely AM inoculation by single super 

phosphate and cropping system by single super phosphate.  Also, a three-way 

significant (P≤0.001) interaction was observed among mycorrhizal 

inoculation, cropping systems and single super phosphate application.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
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Table 4.6.  Post experimental effect of AM, cropping systems and SSP-fertilization on  

                 growth characteristics of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems P-fertilization Height 

  (cm) 

Stem diameter       

(mm) 

Dry matter yield 

(g/plant) 

Glomus mosseae Sole pepper 0kg P/ha 27.23c 4.04a 0.52e 

  60kg P/ha 27.20c 3.89ab 0.50e 

 Blend 0kg P/ha 41.35a 3.29cd 3.23b 

  60kg P/ha 30.73b 3.69b 3.31b 

      

Glomus etunicatum Sole pepper 0kg P/ha 21.46h 3.72ab 0.22e 

  60kg P/ha 24.42f 3.10cd 0.45e 

 Blend 0kg P/ha 25.86e 3.11cd 3.68a 

  60kg P/ha 26.32d 3.38c 1.55c 

      

Non mycorrhizal Sole pepper 0kg P/ha 19.75i 2.44e 0.38e 

  60kg P/ha 15.51j 2.45e 0.29e 

 Blend 0kg P/ha 24.30f 2.98d 1.15d 

  60kgP/ha 22.61g 3.23cd 1.58c 

      

ANOVA      

AM inoculation (I)   *** *** *** 

Cropping systems (Cs)   *** NS *** 

P-fertilization (Pf)   *** NS ** 

      

Interactions      

I x Cs   *** *** *** 

I x Pf   *** NS *** 

Pf  x Cs   *** *** *** 

I x Cs x Pf   *** NS *** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.7.     Effect of AM inoculation, cropping systems and SSP fertilization on

  nutrient uptake N, P and K under sterilized soil condition  

 

                Result of the effect of AM inoculation, cropping systems and SSP 

fertilization on N, P and K uptake by Capsicum annum var. Tatase on sterilized 

soil was as shown on Table 4.7.  Mean N uptakes of pepper in pots treated 

with Glomus mosseae (3.76mg/plant) and Glomus etunicatum (3.14mg/plant) 

were significantly (P≤0.001) different and higher than N uptake of plants in 

non mycorrhizal pot (2.11mg/plant). N uptake was significantly (P≤0.001) 

higher in blend cropping of pepper (5.12mg/plant) than in sole cropping of 

pepper plant (0.89mg/plant).  Single super phosphate fertilizer effect, 

although significant at P≤0.001, did not enhance N uptake at 60kgP/ha; N 

uptake at no P addition (3.20mg/plant) was significantly (P≤0.01) higher than 

N uptake at 60kgP/ha (2.82mg/plant). The effect of inoculation treatment on 

N uptake of Capsicum annum var. Tatase was significantly (P≤0.001) 

influenced by the two cropping systems. Evidence of significant (P≤0.001) 

interaction between arbuscular mycorrhizal inoculation treatment and SSP 

fertilization was observed. The effect of the two cropping systems on N 

uptake of pepper was significantly (P≤0.01) influenced by SSP fertilization 

treatment. The three factor interaction was significant, showing that the effect 

of single super phosphate fertilization on N uptake of pepper plant under the 

two cropping systems was significantly (P≤0.001) influenced by the 

arbuscular mycorrhizal treatment (Table 4.7).                                       
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                  Differences among the Arbuscular mycorrhizal treatments for P 

uptake were significant at (P≤0.001) among all traits (Table 4.7). Averaged 

over cropping systems and SSP fertilization treatments, P uptake of Capsicum 

annuum var. Tatase was 1.23mg/plant for Glomus mosseae, 0.92mg/plant for 

Glomus etunicatum and 0.41mg/plant for non mycorrhizal treatment. The 

difference between the two cropping systems was significant (P≤0.001) with 

the blend showing a bigger P uptake of 1.50mg/plant over the sole pepper of 

0.21mg/plant. Single super phosphate fertilizer effect, although significant at 

P≤0.001, failed to enhance P uptake; P uptake at zero P addition 

(1.05mg/plant) was significantly (P≤0.01) higher than P uptake at 60kgP/ha 

(0.66mg/plant). The effect of AM inoculation treatment on P uptake of 

Capsicum annum var. Tatase was significantly (P≤0.001) influenced by 

cropping system treatments. There was evidence of significant (P≤0.001) 

interaction between arbuscular mycorrhiza inoculation treatment and single 

super phosphate fertilization. The effect of the two cropping systems on P 

uptake of pepper was also significantly (P≤0.01) influenced by SSP 

fertilization treatment. The three-way factor interaction was significant, 

indicating that the effect of single super phosphate fertilization on P uptake 

of pepper plant under the two cropping systems was significantly (P≤0.001) 

influenced by the arbuscular mycorrhizal treatment (Table 4.7). 

                   Averaged over cropping systems and SSP fertilization treatments, 

K uptakes of Capsicum annuum var. Tatase were significantly (P≤0.01)  

different; 6.46mg/plant for Glomus mosseae, 7.41mg/plant for Glomus 
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etunicatum and were both significantly (P≤0.01) higher than 4.42mg/plant for 

the non mycorrhizal treatments. K uptake under sole pepper which averaged 

2.34mg/plant was significantly (P≤0.001) lower than pepper-cowpea mixture 

which averaged 9.85mg/plant. There was no significant difference in K 

uptake of pepper plants treated with single super phosphate under sterilized 

soil condition. The effect of AM inoculation treatment on K uptake of 

Capsicum annum var. Tatase was significantly (P≤0.01) influenced by 

cropping system treatments. K uptake by Capsicum annum var. Tatase was not 

influenced by interaction between cropping systems and single super 

phosphate application treatment. The three factor interaction was significant 

at P≤0.01, indicating that the effect of single super phosphate fertilization on 

K uptake of Capsicum annum var. Tatase under the two cropping systems was 

significantly (P≤0.001) influenced by the arbuscular mycorrhizal treatment 

(Table 4.7).         
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Table 4.7. Post experimental effect of AM, cropping systems and P-fertilization on  

                 N, P and K uptakes by Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems P-fertilization N uptake 

(mg/plant) 

P uptake 

(mg/plant) 

K uptake 

(mg/plant) 

Glomus mosseae Sole pepper 0kg P/ha 1.06f 0.22d 2.53de 

  60kg P/ha 1.17f 0.32d 3.08de 

 Blend 0kg P/ha 5.66c 2.62a 9.06bc 

  60kg P/ha 7.16b 1.79b 11.18b 

      

Glomus etunicatum Sole pepper 0kg P/ha 0.56f 0.12d 1.44e 

  60kg P/ha 1.01f 0.24d 2.80de 

 Blend 0kg P/ha 8.02a 2.50a 16.12a 

  60kg P/ha 3.00e 0.83c 9.29bc 

      

Non mycorrhizal Sole pepper 0kg P/ha 0.95f 0.19d 2.51de 

  60kg P/ha 0.62f 0.18d 1.72e 

 Blend 0kg P/ha 2.90e 0.62c 6.13bc 

  60kgP/ha 3.99d 0.65c 7.33bc 

      

ANOVA      

AM inoculation (I)   *** *** ** 

Cropping systems (Cs)   *** *** *** 

P-fertilization (Pf)   ** *** NS 

      

Interactions      

I x Cs   *** *** ** 

I x Pf   *** *** NS 

Pf x Cs   ** *** NS 

I x Cs x Pf   *** *** ** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS. non- 

significant. 
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4.8.     Effect of AM inoculation, cropping systems and SSP fertilization on 

 nutrient uptake Ca and Mg under sterilized soil condition                   

                Table 4.8 shows the effect of AM inoculation, cropping systems and 

P-fertilization on Ca and Mg uptake by Capsicum annum var.Tatase under 

sterilized soil.  Averaged over cropping systems and single super phosphate 

fertilization treatments, Ca uptakes of Capsicum annuum var. Tatase were 

significantly (P≤0.001)  different; 2.73mg/plant for Glomus mosseae, 

2.08mg/plant for Glomus etunicatum and were both significantly (P≤0.001) 

higher than 0.98mg/plant for the non mycorrhizal treatments. Ca uptake under 

sole pepper which averaged 0.43mg/plant was significantly (P≤0.001) lower 

than pepper-cowpea mixture which averaged 3.43mg/plant.  Single super 

phosphate fertilizer effect, even though significant (P≤0.001) did not enhance 

Ca uptake at 60kgP/ha; Ca uptake at no addition (2.30mg/plant) was 

significantly higher than Ca uptake at 60kgP/ha (1.47mg/plant). The effect of 

inoculation treatment on Ca uptake of Capsicum annum var. Tatase was 

significantly (P≤0.001) influenced by the two cropping systems. Evidence of 

significant (P≤0.001) interaction was equally shown between arbuscular 

mycorrhiza inoculation and single super phosphate fertilization treatments. 

Same significant influence was observed between cropping systems and 

single super phosphate application treatment effect on Ca uptake of Capsicum 

annum var. Tatase. The three factor interaction was significant, showing that 

the effect of single super phosphate fertilization on Ca uptake of pepper plant 
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under the two cropping systems was significantly (P≤0.001) influenced by 

the arbuscular mycorrhiza treatment.                                       

                 ANOVA results for the effect on Mg uptakes of Capsicum annum 

var. Tatase (Table 4.8) show significant (P≤0.001) difference among all traits. 

Mean Mg uptake of pepper in pots treated with Glomus mosseae 

(0.68mg/plant) and Glomus etunicatum (0.46mg/plant) were significantly 

(P≤0.001) different and higher than Mg uptake of plants in non mycorrhizal 

pot (0.24mg/plant). Mg uptake was significantly (P≤0.001) higher in blend 

cropping of pepper (0.74mg/plant) than in sole cropping of pepper plant 

(0.14mg/plant).  Single super phosphate fertilizer effect, although significant 

at P≤0.001, did not enhance Mg uptake; Mg uptake at no SSP addition 

(0.5mg/plant) was significantly (P≤0.001) higher than Mg uptake at 60kgP/ha 

(0.43mg/plant). The effect of AM inoculation on Mg uptake of pepper plant 

was significantly (P≤0.001) influenced by the cropping systems treatments 

and likewise between AM inoculation and SSP treatments. The same 

significant (P≤0.001) influence was observed between cropping systems and 

single super phosphate treatments. There was also evidence of a three-way 

interaction for Mg uptake among the treatments (Table 4.8). 
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Table 4.8 Post experimental effect of AM, cropping systems and P-fertilization on  

                  Ca and Mg uptake by Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems P-fertilization Ca uptake 

(mg/plant) 

Mg uptake 

(mg/plant) 

Glomus mosseae Sole pepper 0kg P/ha 0.48g 0.18f 

  60kg P/ha 0.76f 0.24e 

 Blend 0kg P/ha 5.92a 1.16a 

  60kg P/ha 3.76b 1.16a 

     

Glomus etunicatum Sole pepper 0kg P/ha 0.22h 0.08g 

  60kg P/ha 0.48g 0.16f 

 Blend 0kg P/ha 5.96a 1.15a 

  60kg P/ha 1.67d 0.48b 

     

Non mycorrhizal Sole pepper 0kg P/ha 0.34gh 0.11g 

  60kg P/ha 0.33gh 0.11g 

 Blend 0kg P/ha 1.40e 0.34d 

  60kgP/ha 1.87c 0.43c 

     

ANOVA     

AM inoculation (I)   *** *** 

Cropping systems (Cs)   *** *** 

P-fertilization (Pf)   *** *** 

     

Interactions     

I x Cs   *** *** 

I x Pf   *** *** 

Pf x Cs   *** *** 

I x Cs x Pf   *** *** 

For  each  variate,  values followed by the same letters in the same column are not significantly different 

at P≤0.05 according to Duncan‘s  Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.9.     Effect of AM inoculation, cropping systems and rock P fertilization

  on growth characteristics of Capsicum annuum var. Tatase under 

 sterilized soil condition 

 

                     Table 4.9 shows the effects of AM, cropping systems and rock P 

fertilization on growth characteristics of Capsicum annuum var. Tatase on 

sterilized soil. Mean number of leaves of pepper in pots treated with Glomus 

fasciculatum was 15.10 and significantly (P≤0.05) higher than those of 

Glomus mosseae (12.66) and on mycorrhizal treated pepper plant (12.21). 

Difference between the two cropping systems was not significant on the 

number of leaves. Rock P fertilizer enhanced the number of leaves of pepper; 

number of leaves at 60kgP/ha of rock phosphate was 14.70 and significantly 

(P≤0.01) higher than number of leaves of pepper plants (11.96) in pots that 

were not fertilized with rock P.  Considering the interaction effect, only the 

cropping systems influenced rock P fertilization to show significant (P≤0.05) 

impact on number of leaves of Capsicum annuum var. Tatase under sterilized 

soil condition (Table 4.9). 

                      Results of the analysis of the greenhouse data for dry matter yield 

(Table 4.9) show significant difference among all traits. Averaged over 

cropping systems and rock P fertilization treatments, plant dry matter yields of 

Capsicum annuum var. Tatase were 0.71g/plant for Glomus fasciculatum, 

1.03g/plant for Glomus mosseae, and 0.64g/plant for non mycorrhizal plant 

treatments. Differences among the AM treatments were significant at P≤0.001. 
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The difference between the cropping systems was significant (P≤0.05) with 

the cowpea-pepper mixture showing a significantly (P≤0.05) heavier dry 

matter yield of 0.85g/plant than both soybean-pepper mixture and sole pepper 

having 0.77g/plant and 0.75g/plant respectively (Table 4.9). Mean dry matter 

yield of pepper (0.83g/plant) at 60kgP/ha rock P fertilization was significantly 

(P≤0.05) higher than dry matter yield of pepper (0.76g/plant) at 0kgP/ha of 

rock P application. The effect of cropping systems on dry matter yield of 

Capsicum annuum var. Tatase under sterilized soil condition (Table 4.9) was 

influenced by AM inoculation treatments and significant at P≤0.001.  AM 

inoculation significant (P≤0.01) impact on dry matter yield of pepper was 

influenced by rock P treatments. Rock P application effect on dry matter yield 

of pepper was also influenced by the different cropping systems and significant 

at P≤0.001. A three-factor significant (P≤0.001) interaction was observed 

among mycorrhizal inoculation, cropping systems and rock P application 

(Table 4.9) under sterilized soil condition.       
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Table 4.9. Post experimental effect of AM, cropping systems and rock P application on  

                 growth characteristics of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems Rock-P 

fertilization 

No of  leaves        Dry matter yield 

(g/plant) 

Glomus fasciculatum Cowpea+pepper 0kg P/ha 12.66bc 0.44hi 

  60kg P/ha 19.66a 1.05b 

 Soybean+pepper 0kg P/ha 12.00bc 0.55fgh 

  60kg P/ha 15.00ab 0.61efgh 

 Sole pepper 0kg P/ha 14.00abc 0.82cde 

  60kg P/ha 17.33ab 0.82cde 

     

Glomus mossae Cowpea+pepper 0kg P/ha 12.00bc 1.01bc 

  60kg P/ha 16.33ab 1.66a 

 Soybean+pepper 0kg P/ha 11.33bc 1.64a 

  60kg P/ha 11.00bc 0.65efgh 

 Sole pepper 0kg P/ha 14.00abc 0.47ghi 

  60kg P/ha 11.33bc 0.76def 

     

Nonmycorrhizal Cowpea+pepper 0kg P/ha 7.66c 0.29i 

  60kg P/ha 14.33abc 0.68efg 

 Soybean+pepper 0kg P/ha 13.33abc 0.66efgh 

  60kg P/ha 13.00bc 0.55fgh 

 Sole pepper 0kg P/ha 10.66bc 0.96bcd 

  60kg P/ha 14.33abc 0.71f 

     

ANOVA     

AM inoculation (I)   * *** 

Cropping systems (Cs)   NS * 

Rock P-application (rP)   ** * 

     

Interactions     

I x Cs   NS *** 

I x rP   NS ** 

Cs x rP   * *** 

I x Cs x rP   NS *** 

For  each  variate,  values followed by the same letters in the same column are not significantly different 

at P≤0.05 according to Duncan‘s  Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.10.    Effect of AM inoculation, cropping systems and rock P fertilization 

 on nutrient uptake N, P and K, under sterilized soil condition  

 

                Result of the effect of AM inoculation, cropping systems and rock P 

fertilization on N, P and K uptake by Capsicum annum var. Tatase on sterilized 

soil was as shown on Table 4.10.  Mean N uptakes of pepper in pots treated 

with Glomus fasciculatum (0.98mg/plant), Glomus mosseae (1.72mg/plant) 

and non mycorrhiza (0.99mg/plant) were significantly different at P≤0.001. 

AM inoculation with Glomus mosseae (1.72mg/plant) performed better than 

Glomus fasciculatum (0.98mg/plant) with a rather lower value than non 

mycorrhizal pepper plant (0.99mg/plant) on N uptake. No significant effect on 

N uptake by Capsicum annum var. Tatase was observed in cropping systems 

and rock P fertilization. The effect of inoculation treatment on N uptake of 

Capsicum annum var. Tatase was significantly (P≤0.001) influenced by the 

cropping systems. Evidence of significant interaction was absent between 

arbuscular mycorrhizal inoculation treatment and rock phosphate 

fertilization. The effect of the cropping systems on N uptake of pepper was 

significantly (P≤0.001) influenced by rock phosphate fertilization treatment. 

The three factor interaction was significant, showing that the effect of rock 

phosphate fertilization on N uptake of pepper plant under the different 

cropping systems was significantly (P≤0.001) influenced by the arbuscular 

mycorrhizal treatment (Table 4.10).                                       
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                  Differences among the Arbuscular mycorrhizal treatments for P 

uptake were significant among all traits (Table 4.10). Averaged over cropping 

systems and rock P fertilization treatments, P uptake of Capsicum annuum var. 

Tatase was 0.26mg/plant for Glomus fasciculatum, 0.19mg/plant for Glomus 

mosseae and 0.14mg/plant for non mycorrhizal treatment. Significant 

(P≤0.001) differences were observed among the cropping systems with sole 

pepper having a bigger P uptake (0.24mg/plant) than soybean-pepper mixture 

(0.19mg/plant) and cowpea-pepper mixture (0.17mg/plant). Rock phosphate 

fertilizer effect, although significant at P≤0.05, failed to enhance P uptake; P 

uptake at zero P addition (0.21mg/plant) was significantly (P≤0.05) higher 

than P uptake at 60kgP/ha (0.19mg/plant). The effect of AM inoculation 

treatment on P uptake of Capsicum annum var. Tatase was significantly 

(P≤0.001) influenced by cropping system treatments. There was evidence of 

significant (P≤0.01) interaction between arbuscular mycorrhiza inoculation 

treatment and rock phosphate fertilization on P uptake of pepper under 

sterilized soil condition. The effect of the cropping systems on P uptake of 

pepper was significantly (P≤0.01) influenced by rock P fertilization 

treatment. The three-way factor interaction was significant at (P≤0.001), 

indicating that the effect of rock phosphate fertilization on P uptake of pepper 

plant under the different cropping systems was significantly (P≤0.001) 

influenced by the arbuscular mycorrhizal treatment (Table 4.10). 

                   Averaged over cropping systems and single super phosphate 

fertilization treatments, K uptakes of Capsicum annuum var. Tatase were 
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significantly (P≤0.001) different; 1.29mg/plant for Glomus fasciculatum, 

1.88mg/plant for Glomus mosseae and were both significantly (P≤0.001) 

higher than 1.12mg/plant for the non mycorrhizal treatments. K uptake under 

sole pepper which averaged 1.52mg/plant was significantly (P≤0.01) higher 

than pepper-cowpea mixture which averaged 1.42mg/plant and pepper-

soybean mixture which averaged 1.35mg/plant. Mean rock P fertilization 

effect at 60kgP/ha on K uptake of pepper under sterilized soil condition 

averaged 1.48mg/plant and was significantly (P≤0.01) higher than zero rock 

P addition which averaged 1.39mg/plant. Effect of inoculation treatment on 

K uptake of Capsicum annum var. Tatase was significantly (P≤0.001) 

influenced by the different cropping systems. There was evidence of 

significant (P≤0.001) interaction between arbuscular mycorrhiza inoculation 

treatment and rock phosphate fertilization on K uptake of pepper. The three 

factor interaction was significant at P≤0.001, indicating that the effect of rock 

phosphate fertilization on K uptake of Capsicum annum var. Tatase under the 

different cropping systems was significantly (P≤0.001) influenced by the 

arbuscular mycorrhizal treatment (Table 4.10).         
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Table 4.10. Post experimental effect of AM, cropping systems and rock P application on  

                 N, P and K uptake of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems Rock-P 

fertilization 

N-uptake 

mg/plant 

P-uptake 

mg/plant 

K-uptake  

mg/plant 

Glomus fasciculatum Cowpea+pepper 0kg P/ha 0.68de 0.250bcde 0.68jk 

  60kg P/ha 1.67bcd 0.246cde 1.51de 

 Soybean+pepper 0kg P/ha 0.70de 0.176efg 1.11ghi 

  60kg P/ha 0.73de 0.263abcde 0.93hij 

 Sole pepper 0kg P/ha 1.05de 0.333ab 1.53de 

  60kg P/ha 1.06de 0.330abc 2.03c 

      

Glomus mossae Cowpea+pepper 0kg P/ha 1.38cde 0.130fgh 1.93c 

  60kg P/ha 3.76a 0.236de 3.10a 

 Soybean+pepper 0kg P/ha 2.53b 0.316abcd 2.82b 

  60kg P/ha 0.78de 0.210ef 1.18fgh 

 Sole pepper 0kg P/ha 0.87de 0.210ef 0.85ijk 

  60kg P/ha 1.03de 0.093gh 1.45ef 

      

Non mycorrhizal Cowpea+pepper 0kg P/ha 0.38e 0.073h 0.55k 

  60kg P/ha 0.84de 0.106gh 0.77jk 

 Soybean+pepper 0kg P/ha 0.81de 0.120gh 1.29efg 

  60kg P/ha 0.91de 0.093gh 0.82jk 

 Sole pepper 0kg P/ha 2.16bc 0.340a 1.76cd 

  60kg P/ha 0.86de 0.140fgh 1.54de 

      

ANOVA      

AM inoculation (I)   *** *** *** 

Cropping systems (CS)   NS *** ** 

Rock P-application (rP)   NS * * 

      

Interactions      

I x CS   *** *** *** 

I x rP   NS ** *** 

CS x rP   *** *** *** 

I x CS x rP   *** *** *** 

For  each  variate,  values followed by the same letters in the same column are not significantly different 

at P≤0.05 according to Duncan‘s  Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.11.    Effect of AM inoculation, cropping systems and rock P fertilization 

 on nutrient uptake of Ca and Mg under sterilized soil condition  

 

                  Table 4.11 shows the effect of AM inoculation, cropping systems 

and rock P fertilization on Ca and Mg uptake by Capsicum annum var.Tatase 

on sterilized soil.  Averaged over cropping systems and rock phosphate 

fertilization treatments, Ca uptakes of Capsicum annuum var. Tatase were 

significantly (P≤0.001)  different; 4.03mg/plant for Glomus fasciculatum, 

5.50mg/plant for Glomus mosseae and were both significantly (P≤0.001) 

higher than 3.20mg/plant for the non mycorrhizal treatments. Ca uptake under 

sole pepper which averaged 4.33mg/plant and pepper-cowpea mixture which 

averaged 4.88mg/plant were both significantly (P≤0.001) higher than pepper-

soybean mixture which averaged 3.51mg/plant. Rock phosphate fertilizer 

treatment had no significant effect on Ca uptake of pepper plant. The effect 

of inoculation treatment on Ca uptake of Capsicum annum var. Tatase was 

significantly (P≤0.001) influenced by the different cropping systems. Evidence 

of significant interaction was absent between arbuscular mycorrhiza 

inoculation and rock phosphate fertilization treatments. Same significant 

(P≤0.001) influence as seen between mycorrhizal inoculation treatment and 

cropping systems was observed between cropping systems and rock P 

application treatment. The three factor interaction was significant (P≤0.001), 

showing that the effect of rock phosphate fertilization on Ca uptakes of 

pepper plant under different cropping systems were significantly (P≤0.001) 

influenced by the arbuscular mycorrhiza treatment (Table 4.11).                                       
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                 ANOVA results for the effect on Mg uptake of Capsicum annum 

var. Tatase (Table 4.11) show significant (P≤0.001) difference among 

mycorrhizal inoculation treatments. Mean Mg uptake of pepper in pots treated 

with Glomus fasciculatum (0.55mg/plant) and Glomus mosseae 

(0.46mg/plant) were significantly (P≤0.001) different and higher than Mg 

uptake of plants in non mycorrhizal pot (0.35mg/plant). No significant 

difference was observed between the different cropping systems as well as the 

rock P treatments. The effect of AM inoculation on Mg uptake of pepper plant 

was significantly (P≤0.001) influenced by the cropping systems treatments. 

AM inoculation effect on Mg uptake of Capsicum annum var. Tatase was 

significantly (P≤0.01) influenced by rock P treatment (Table 4.11). The same 

significant (P≤0.01) influence was observed between cropping systems and 

rock phosphate treatments. There was also evidence of a three-way 

interaction for Mg uptake among the treatments (Table 4.11).  
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Table 4.11. Post experimental effect of AM, cropping systems and rock P application on  

                 Ca and Mg uptake of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Cropping systems P-fertilization Ca-uptake 

mg/plant 

Mg  uptake  

mg/plant 

Glomus fasciculatum Cowpea+pepper 0kg P/ha 3.71def 0.49cdef 

  60kg P/ha 5.87bc 0.57bcde 

 Soybean+pepper 0kg P/ha 3.39ef 0.52cdef 

  60kg P/ha 1.45gh 0.52cdef 

 Sole pepper 0kg P/ha 5.20bcd 0.58bcd 

  60kg P/ha 4.57cde 0.62bcd 

     

Glomus mossae Cowpea+pepper 0kg P/ha 5.47bcd 0.66bc 

  60kg P/ha 10.64a 1.52a 

 Soybean+pepper 0kg P/ha 6.42b 0.87b 

  60kg P/ha 3.99def 0.71bc 

 Sole pepper 0kg P/ha 3.37ef 0.38cdef 

  60kg P/ha 3.12efg 0.51cdef 

     

Nonmycorrhizal Cowpea+pepper 0kg P/ha 1.24h 0.20f 

  60kg P/ha 2.38fgh 0.24ef 

 Soybean+pepper 0kg P/ha 2.81efg 0.32def 

  60kg P/ha 3.02efg 0.24ef 

 Sole pepper 0kg P/ha 6.58b 0.66bc 

  60kg P/ha 3.17efg 0.48cdef 

     

ANOVA     

AM inoculation (I)   *** *** 

Cropping systems (Cs)   *** NS 

Rock P-application (rP)   NS NS 

     

Interactions     

I x Cs   *** *** 

I x rP   NS ** 

rP x Cs   *** ** 

I x Cs x rP   *** ** 

For  each  variate,  values followed by the same letters in the same column are not significantly different 

at P≤0.05 according to Duncan‘s  Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.12.    The effects of AM fungi, soil organic amendment and rock P  

 fertilization on growth characteristics of Capsicum annuum var.

  Tatase on the field                        

                                  Table 4.12 shows the effects of AM fungi, soil organic 

amendment and rock P fertilization on growth characteristics of Capsicum 

annuum var. Tatase on the field. Mean heights of pepper in plots treated with 

AM fungi were significantly (P≤0.001) different with Glomus etunicatum, 

Glomus fasciculatum and Glomus mosseae having 45.55cm, 37.12cm and 

30.92cm respectively. Difference among the soil organic amendment effect 

on height of Capsicum annuum var. Tatase was not significant. Rock P 

fertilizer enhanced the height of pepper; height at 30kgP/ha of 39.80cm was 

significantly (P≤0.001) higher than the height of plants (36.71cm) in plots 

that were not fertilized with rock P and the height of plants (37.08cm) in 

plots that were fertilized with rock P at 60kgP/ha.  Height of pepper in plots 

that received organic amendment treatments were significantly (P≤0.001) 

influenced by rock P application. However, no interaction effect was 

observed between mycorrhizal inoculation and organic amendment treatment, 

as well as between mycorrhizal inoculation and rock P treatments. The three 

factor interaction effect was not significant for the height of Capsicum 

annuum var. Tatase on the field (Table 4.12).  

                                     ANOVA results for the effect of AM fungi, soil organic 

amendment and rock P fertilization on number of leaves of Capsicum annum 

var. Tatase (Table 4.12) show significant (P≤0.001) difference among all traits. 
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Averaged over soil organic amendment and rock phosphate fertilization 

treatments, number of leaves of Capsicum annuum var. Tatase were 

significantly (P≤0.001) different; 45.97/plant for Glomus etunicatum, 

56.22/plant for Glomus fasciculatum and 50.76/plant for Glomus mosseae. 

Difference among the soil organic amendment effect on number of leaves of 

Capsicum annuum var. Tatase on the field was significant at P≤0.001; 

number of leaves of pepper without organic amendment, with legume 

mixture and with compost were 57.48, 51.26 and 44.21 respectively. Rock P 

application effects at 0, 30 and 60kgP/ha were significant at P≤0.001 and 

were 43.38, 53.06 and 56.51 respectively. Effect of AM inoculation treatment 

on number of leaves of Capsicum annum var. Tatase was significantly 

(P≤0.001) influenced by the soil organic amendments. There was evidence of 

significant (P≤0.001) interaction between AM inoculation treatment and rock 

phosphate fertilization on number of leaves of pepper. The effect of the soil 

organic amendments on number of leaves of pepper was significantly 

(P≤0.001) influenced by rock P fertilization treatment. The three factor 

interaction was significant at P≤0.001, indicating that the effect of rock 

phosphate fertilization on number of leaves of Capsicum annum var. Tatase 

under the different soil organic amendment was significantly (P≤0.001) 

influenced by the arbuscular mycorrhizal treatment (Table 4.12).         
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Table 4.12. Post experimental effect of AM fungi, different soil organic amendments and rock P on 

       growth characteristics of Capsicum annuum var.Tatase on  the field 

Arbuscular mycorrhiza Soil Organic 

amendment 

Rock P application Height 

  (cm) 

Number of 

leaves 

Glomus etunicatum nil 0kg P/ha 62.36a 35.90ij 

  30kgP/ha 59.76ab 58.60c 

  60kgP/ha 41.00cde 58.36c 

 legume mix 0kg P/ha 31.00def 34.53j 

  30kgP/ha 43.10cde 55.33cd 

  60kgP/ha 40.16cde 79.10a 

 compost 0kg P/ha 41.00cde 21.26k 

  30kgP/ha 39.86cde 35.90ij 

  60kgP/ha 51.73abc 34.80j 

     

Glomus fasciculatum nil 0kg P/ha 47.00bcd 77.86a 

  30kgP/ha 38.30cdef 79.53a 

  60kgP/ha 32.50def 48.33ef 

 legume mix 0kg P/ha 33.73def 34.03j 

  30kgP/ha 39.86cde 43.83fgh 

  60kgP/ha 37.26cdef 64.83b 

 compost 0kg P/ha 35.26def 57.56c 

  30kgP/ha 34.60def 55.06cd 

  60kgP/ha 35.60cdef 45.00fg 

     

Glomus mosseae nil 0kg P/ha 28.96ef 40.16ghi 

  30kgP/ha 33.63def 54.76cd 

  60kgP/ha 31.83def 63.90b 

 legume mix 0kg P/ha 23.13f 37.86ij 

  30kgP/ha 37.56cdef 55.23cd 

  60kgP/ha 28.53ef 56.66c 

 compost 0kg P/ha 28.03ef 51.33de 

  30kgP/ha 31.56def 39.33hij 

  60kgP/ha 35.13def 57.66c 

     

 

ANOVA 

    

AM inoculation (I)   *** *** 

Organic amend. (Om)   ** *** 

Rock P application(rP)   NS *** 

     

Interactions     

I x Om   NS *** 

I x rP   NS *** 

Om  x rP   ** *** 

I x Om x rP   NS *** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.13. The effects of AM fungi, soil organic amendment and rock P 

 fertilization on yield characteristics of Capsicum annuum var. 

 Tatase on the field               

                     Table 4.13 shows the effects of AM, soil organic amendment 

and rock P fertilization on yield characteristics of Capsicum annuum var. 

Tatase on the field. Mean number of fruits of pepper in plots treated with 

Glomus etunicatum, Glomus fasciculatum and Glomus mosseae appeared 

similar but significantly different at P≤0.05. They were 4.9/plant, 5.48/plant 

and 5.45/plant respectively. Soil organic amendment enhanced the number of 

fruits of pepper; number of fruits at nil addition of soil organic amendment 

was 4.9 and was significantly (P≤0.001) lower than the number of fruits of 

pepper plants (5.45) in plots that were amended with legume mixture and 

number of fruits of pepper plants (5.48) in plots that were amended with 

compost (Table 4.13).  Difference among the rock P application effect on 

mean number of fruits of Capsicum annuum var. Tatase was not significant 

on the field. Effect of inoculation treatment on fruit of Capsicum annum var. 

Tatase was significantly (P≤0.001) influenced by the soil organic amendments. 

There was evidence of significant (P≤0.001) interaction between arbuscular 

mycorrhiza inoculation treatment and rock phosphate fertilization on number 

of fruits of pepper. The effect of the soil organic amendments on number of 

fruits of pepper was significantly (P≤0.001) influenced by rock P fertilization 

treatment. The three factor interaction was significant at P≤0.001, indicating 

that the effect of rock phosphate fertilization on number of fruits of Capsicum 
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annum var. Tatase under the different soil organic amendment was 

significantly (P≤0.001) influenced by the arbuscular mycorrhizal treatment 

(Table 4.13).    

                                  ANOVA results for the effect on yield of Capsicum annum 

var. Tatase (Table 4.13) show significant difference among all traits. Averaged 

over soil organic amendment and rock phosphate fertilization treatments, fruit 

yields of Capsicum annuum var. Tatase were significantly (P≤0.01) different; 

14.71g/plant for Glomus etunicatum, 18.66g/plant for Glomus  fasiculatum and 

20.04g/plant for Glomus mosseae. Difference among the soil organic 

amendment effect on fruit yield of Capsicum annuum var. Tatase on the field 

was significant at P≤0.001; fruit yield of pepper without organic amendment, 

with legume mixture and with compost were 17.29g/plant, 19.18g/plant and 

16.94g/plant respectively. Rock P application effects on fruit yield of 

Capsicum annuum var. Tatase at 0, 30 and 60kgP/ha were significantly 

(P≤0.001) different and were 13.57g/plant, 21.54g/plant and 18.30g/plant 

respectively. Effect of inoculation treatment on fruit yield of Capsicum 

annum var. Tatase was significantly (P≤0.001) influenced by the soil organic 

amendments. There was evidence of significant (P≤0.001) interaction 

between arbuscular mycorrhiza inoculation treatment and rock phosphate 

fertilization on fruit yield of pepper. The effect of the soil organic 

amendments on fruit yield of pepper was significantly (P≤0.001) influenced 

by rock P fertilization treatment. The three factor interaction was significant 

at P≤0.001, showing that the effect of rock phosphate fertilization on fruit 
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yield of Capsicum annum var. Tatase under the different soil organic 

amendment was significantly (P≤0.001) influenced by the arbuscular 

mycorrhizal treatment (Table 4.13).         
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Table 4.13. Post experimental effect of AM fungi, rock P and different soil organic   

              amendments on yield characteristics of Capsicum annuum var.Tatase on  

              the field 

 

Arbuscular mycorrhiza Soil Organic 

amendment 

Rock P application  number of 

fruits 

Yield (g/plant) 

Glomus etunicatum nil 0kg P/ha 7.83bcd 1.86m 

  30kgP/ha 5.56fgh 17.40h 

  60kgP/ha 5.00fgh 8.68k 

 legume mix 0kg P/ha 3.00ijk 15.46i 

  30kgP/ha 5.56fgh 25.26cd 

  60kgP/ha 4.83fghi 18.03h 

 compost 0kg P/ha 6.16defg 12.76i 

  30kgP/ha 6.23def 11.96j 

  60kgP/ha 5.16fgh 21.00g 

     

Glomus fasciculatum nil 0kg P/ha 2.00k 18.93h 

  30kgP/ha 4.16ghij 17.76h 

  60kgP/ha 4.83fghi 14.56i 

 legume mix 0kg P/ha 4.50fghi 23.50ef 

  30kgP/ha 9.06abc 26.10cd 

  60kgP/ha 7.50cde 24.60de 

 compost 0kg P/ha 4.00hij 12.43j 

  30kgP/ha 5.86efg 22.46fg 

  60kgP/ha 2.00k 7.66kl 

     

Glomus mosseae nil 0kg P/ha 4.16ghij 18.53h 

  30kgP/ha 5.00fgh 23.16ef 

  60kgP/ha 5.56fgh 34.76a 

 legume mix 0kg P/ha 2.33jk 6.66l 

  30kgP/ha 10.00a 26.76c 

  60kgP/ha 2.33jk 6.26l 

 compost 0kg P/ha 1.66k 12.06j 

  30kgP/ha 9.50ab 23.00ef 

  60kgP/ha 8.76abc 29.20b 

 

ANOVA 

 

 

 

 

 

 

 

 

AM inoculation (I)   * ** 

Organic amend. (Om)   *** *** 

Rock P application(rP)   NS *** 

     

Interactions     

I x Om   *** *** 

I x rP   *** *** 

Om x rP   *** *** 

I x rP x Om   *** *** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.14   The effects of AM, cropping systems and rock P fertilization on 

 growth and yield characteristics of Capsicum annuum var. Tatase 

 on the field  

                               Table 4.14 shows the effects of AM, cropping systems 

and rock P fertilization on growth and yield characteristics of Capsicum 

annuum var. Tatase on the field. Mean heights of pepper in plots having 

arbuscular mycorrhizal treatments were significant at P≤0.001 with Glomus 

mosseae highest (40.49cm) and Glomus etunicatum (34.81cm) lower than 

uninoculated pepper plant (36.45cm). Difference among the cropping 

systems on height of Capsicum annuum var. Tatase was not significant. Rock 

P fertilizer significantly (P≤0.01) enhanced the height of pepper; height at 

60kgP/ha of 37.97cm was significantly (P≤0.01) taller than pepper plants 

(36.54cm) in plots that were not fertilized with rock P.  Heights of pepper in 

plots that received inoculation treatments were significantly (P≤0.001) 

influenced by cropping systems. Also the effect of P fertilization on the 

height of pepper was significantly influenced by inoculation treatment. This 

was evidenced by the significant (P≤0.001) interaction between arbuscular 

mycorrhiza inoculation treatment and rock P fertilization. The three factor 

interaction was significant, indicating that the effect of rock P fertilization on 

the height of pepper plant under the three cropping systems was significantly 

(P≤0.001) influenced by the arbuscular mycorrhiza treatment. 

                      Results of the analysis on the field data for number of fruits 

(Table 4.14) show significant difference among the traits. Differences among 
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the Arbuscular mycorrhizal treatments were significant at (P≤0.001). Averaged 

over cropping systems and rock P fertilization treatments, number of fruits of 

Capsicum annuum var. Tatase were 5.82 for Glomus mosseae, 6.17 for Glomus 

etunicatum and 4.49 for the un-inoculated treatments. The difference among 

the cropping systems was not significant. The addition of rock P brought a 

significant (P≤0.001) increase on number of fruits; number of fruits at 

0kgP/ha of 5.19 was significantly (P≤0.001) smaller than the number of fruits 

of plants in plots that were fertilized with 60kgP/ha (5.79) of rock P.  

The effect of AM inoculation number of fruits of pepper plants was influenced 

by cropping system treatments as evidenced by the significant (P≤0.001) 

interaction between arbuscular mycorrhiza and cropping system treatment. A 

similar pattern was observed for other two-way interactions namely AM 

inoculation x rock P and cropping system x rock P respectively.   However, 

there exist no three factor interaction effect among the treatments (Table 4.14).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                  Arbuscular mycorrhizal inoculation significantly (P≤0.001) 

increased fruit yield of pepper; results of Glomus mosseae and Glomus 

etunicatum were 18.81g/plant and 16.91g/plant respectively and significantly 

(P≤0.001) higher than fruit yield (10.83g/plant) of pepper plants in plots that 

were not inoculated (Table 4.14). The difference among the cropping systems 

was significant at (P≤0.001); fruit yield of pepper was significantly (P≤0.001) 

increased more in sole pepper (16.85g/plant) than in pepper-cowpea mixture 

(15.58g/plant) than pepper-soybean mixture (14.12g/plant). The addition of 

rock Phosphate produced no significant result in fruit yield. The effect of 
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inoculation on fruit yield was influenced significantly (P≤0.001) by cropping 

systems and likewise by rock P addition. Cropping systems and rock P 

treatments also exercised significant (P≤0.001) influence on each other on 

fruit yield. The three-way interaction was significant showing that the effect 

of rock P fertilization treatment on fruit yield of Capsicum annuum var. 

Tatase under the cropping systems was significantly (P≤0.01) influenced by 

the arbuscular mycorrhiza treatment (Table 4.14).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

122 

 

Table 4.14. Post experimental effect of AM, rock P and cropping systems on growth and yield 

        characteristics of Capsicum annuum var.Tatase on the field 

 

Arbuscular mycorrhiza Cropping systems Rock P-application Height 

  (cm) 

 number of 

fruits 

Yield  

(g/plant) 

Glomus mosseae Pepper only 0kg P/ha 46.46a 4.73ef 15.03ef 

  60kg P/ha 44.36ab 5.00def 19.66bc 

 Cowpea+pepper 0kg P/ha 35.73efg 5.66cde 20.10b 

  60kg P/ha 38.80cde 5.70cde 19.43bcd 

 Soybean+pepper 0kg P/ha 36.23efg 4.83ef 16.26ef 

  60kg P/ha 41.40bc 9.00a 22.43a 

      

Glomus etunicatum Pepper only 0kg P/ha 27.26i 6.10bcd 16.60ef 

  60kg P/ha 32.26h 6.23bc 17.20de 

 Cowpea+pepper 0kg P/ha 29.23i 6.50bc 16.40ef 

  60kg P/ha 40.36cd 6.33bc 17.16de 

 Soybean+pepper 0kg P/ha 41.26bc 4.66ef 14.60f 

  60kg P/ha 38.53cde 7.23b 19.53bcd 

      

Uninoculated Pepper only 0kg P/ha 37.00def 6.26bc 17.53cde 

  60kg P/ha 33.03gh 5.00def 15.10ef 

 Cowpea+pepper 0kg P/ha 38.96cde 4.93def 15.13ef 

  60kg P/ha 38.53cde 3.23g 5.30g 

 Soybean+pepper 0kg P/ha 36.76ef 3.10g 5.16g 

  60kg P/ha 34.46fgh 4.43f 6.76g 

      

ANOVA      

AM inoculation (I)   *** *** *** 

Cropping systems (CS) 

RockP application (RP) 

  NS 

** 

NS 

*** 

*** 

NS 

      

Interactions      

I x CS   *** *** *** 

I x RP   *** *** *** 

CS xRP   *** *** *** 

I x CS x RP   *** NS ** 

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.15.    Effect of AM, organic manure applications and rock P on growth

    characteristics of Capsicum annuum var.Tatase on sterilized soil 

                            Table 4.15 shows the effects of AM, organic manure and 

rock P fertilization on growth characteristics of Capsicum annuum var. 

Tatase on sterilized soil. Effect of AM inoculation treatment on height of 

Capsicum annum var. Tatase was not significant. Manure application 

treatment enhanced height of pepper; height at nil addition of manure was 

29.21cm and significantly (P≤0.001) lower than the height of pepper plants 

(38.15cm) in pots that were amended with 2% organic manure and height of 

pepper plants (34.10cm) in pots that were amended with 5% organic manure 

(Table 4.15).  Difference among the rock P application effect on mean height 

of Capsicum annuum var. Tatase was not significant under sterilized soil 

condition. Effect of AM inoculation treatment on height of Capsicum annum 

var. Tatase was significantly (P≤0.001) influenced by organic manure 

treatments. There was evidence of significant (P≤0.001) interaction between 

arbuscular mycorrhiza inoculation treatment and rock phosphate fertilization 

on height of pepper. The effect of organic manure treatments on height of 

pepper was significantly (P≤0.001) influenced by rock P fertilization 

treatment. The three factor interaction was significant at P≤0.001, indicating 

that the effect of rock phosphate fertilization on height of Capsicum annum 

var. Tatase under the different organic manure treatment was significantly 

(P≤0.001) influenced by the arbuscular mycorrhizal treatment (Table 4.15).    
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                                  ANOVA results for the dry matter yields of Capsicum annum 

var. Tatase were significant at P≤0.001. Mean dry matter yields of pepper in 

pots having arbuscular mycorrhizal treatments were significantly different at 

P≤0.001 with Glomus fasciculatum having 3.37g/plant, Glomus mosseae 

2.80g/plant and Glomus etunicatum 3.15g/plant (Table 4.15). Averaged over 

AM inoculation and rock phosphate fertilization treatments, dry matter yields 

of Capsicum annuum var. Tatase were significantly (P≤0.001) different; 

3.20g/plant for plants without  organic manure addition which was 

significantly (P≤0.001) higher than pepper plants with 2% organic manure 

(3.18g/plant) and 5% organic manure (2.94g/plant) addition. Rock P 

application effect although significant at P≤0.01  did not improve the mean 

dry matter yield of Capsicum annuum var. Tatase; dry matter yield at nil rock 

P addition (3.19g/plant) was significantly (P≤0.01) higher than dry matter 

yield at 60kgP/ha of rock P which was 3.02g/plant under sterilized soil 

condition. Effect of inoculation treatment on dry matter yield of Capsicum 

annum var. Tatase was significantly (P≤0.001) influenced by organic manure 

treatment. There was evidence of significant (P≤0.001) interaction between 

arbuscular mycorrhiza inoculation treatment and rock phosphate fertilization 

on dry matter yield of pepper. The effect of the organic manure treatment on 

dry matter yield of pepper was significantly (P≤0.001) influenced by rock P 

fertilization treatment. The three factor interaction was significant at 

P≤0.001, showing that the effect of rock phosphate fertilization on dry matter 

yield of Capsicum annum var. Tatase under the different soil organic manure 
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treatment was significantly (P≤0.001) influenced by the arbuscular 

mycorrhizal inoculation treatment (Table 4.15).         
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Table 4.15. Post experimental effect of AM, rock P and organic manure applications on  

                 growth characteristics of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Organic manure Rock P-application Height 

 (cm) 

Dry matter 

  (g/plant) 

Glomus fasciculatum Nil 0kg P/ha 

60kgP/ha 

33.40cde 

28.60efgh 

2.33de 

5.22b 

 2% 0kgP/ha 

60kgP/ha 

43.00b 

36.33c 

2.22e 

2.75d 

 5% 0kgP/ha 

60kgP/ha 

34.16cd 

31.40cdefg 

5.27b 

2.43de 

     

Glomus mossae Nil 0kg P/ha 

60kgP/ha 

33.16cde 

28.36efgh 

1.57f 

5.41b 

 2% 0kgP/ha 

60kgP/ha 

36.50c 

44.33b 

3.32c 

1.75f 

 5% 0kgP/ha 

60kgP/ha 

25.93gh 

27.40fgh 

2.34de 

2.45de 

     

Glomus etunicatum Nil 0kg P/ha 

60kgP/ha 

23.76h 

28.00efgh 

1.39f 

3.29c 

 2% 0kgP/ha 

60kgP/ha 

36.46c 

32.33cdef 

7.71a 

1.34f 

 5% 0kgP/ha 

60kgP/ha 

34.83c 

50.93a 

2.61de 

2.58de 

     

ANOVA     

AM inoculation (I)   NS *** 

Organic manure (M)   *** *** 

Rock P-application (RP)   NS ** 

 

Interactions 

 

 

 

 

 

 

 

 

I x M   *** *** 

I x RP   *** *** 

RP x M   *** *** 

I x RP x M   *** *** 

     

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

127 

 

4.16.     Effect of AM, organic manure applications and rock P on N, P and

  K uptake of Capsicum annuum var.Tatase on sterilized soil 

 

                                       Result of the effect of AM inoculation, organic manure 

and rock P fertilization treatments on N, P and K uptake by Capsicum annum 

var. Tatase on sterilized soil was as shown on Table 4.16.  N uptake by 

Capsicum annum var. Tatase in pots inoculated with mycorrhiza was 

significantly (P≤0.001) different; mean N uptake of pepper in pots treated 

with Glomus fasciculatum was 7.49mg/plant and significantly (P≤0.001) 

higher than that of Glomus mosseae (6.46mg/plant) or Glomus etunicatum 

(6.49mg/plant). Organic manure treatment effect enhanced N uptake of 

pepper plant significantly at (P≤0.001) in the increasing order of 

4.16mg/plant, 7.92mg/plant and 8.36mg/plant with nil, 2% and 5% organic 

manure application respectively. Rock P application had significant 

(P≤0.001) effect; pot with zero rock P addition has higher N uptake 

(7.67mg/plant) than pot with 60kgP/ha rock P addition (5.96mg/plant).  The 

effect of inoculation treatment on N uptake of Capsicum annum var. Tatase 

was significantly (P≤0.001) influenced by the organic manure treatment. There 

was evidence of significant (P≤0.001) interaction between arbuscular 

mycorrhiza inoculation treatment and rock phosphate fertilization on N 

uptake of pepper. The effect of the organic manure treatment on N uptake of 

pepper was significantly (P≤0.001) influenced by rock P fertilization 

treatment. The three factor interaction was significant at P≤0.001, showing 

that the effect of rock phosphate fertilization on N uptake of Capsicum annum 
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var. Tatase under the different soil organic manure treatment was 

significantly (P≤0.001) influenced by the arbuscular mycorrhizal inoculation 

treatment (Table 4.16).   

                         Differences among the Arbuscular mycorrhizal treatments for P 

uptake were significant among all traits (Table 4.16). Averaged over organic 

manure and rock P fertilization treatments, P uptake of Capsicum annuum var. 

Tatase was 0.44mg/plant for Glomus fasciculatum, 0.62mg/plant for Glomus 

mosseae and 0.37mg/plant for Glomus etunicatum treatment and was 

significantly different at P≤0.001. Significant differences were observed 

among the manure applications with nil addition having a significantly 

(P≤0.001) higher P uptake of 0.51mg/plant than 2% addition which was 

0.43mg/plant and for 5% addition which was 0.49mg/plant. Rock phosphate 

fertilizer effect, significant at P≤0.05, enhanced P uptake; P uptake at zero P 

addition (0.45mg/plant) was significantly (P≤0.05) less than P uptake at 

60kgP/ha (0.50mg/plant). The effect of AM inoculation treatment on P 

uptake of Capsicum annum var. Tatase was significantly (P≤0.001) influenced 

by organic manure treatments. There was evidence of significant (P≤0.01) 

interaction between arbuscular mycorrhiza inoculation treatment and rock 

phosphate fertilization on P uptake of pepper under sterilized soil condition. 

The effect of the organic manure treatment on P uptake of pepper was 

significantly (P≤0.001) influenced by rock P fertilization treatment. The 

three-way factor interaction was significant at (P≤0.001), indicating that the 

effect of rock phosphate fertilization on P uptake of pepper plant under the 
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different manure treatment was significantly (P≤0.001) influenced by the 

arbuscular mycorrhizal treatment (Table 4.16). 

                   Averaged over manure treatment and rock phosphate fertilization 

treatments, K uptake of Capsicum annuum var. Tatase was significantly 

(P≤0.01) different; 9.59mg/plant for Glomus fasciculatum, 10.13mg/plant for 

Glomus mosseae and 10.78mg/plant for Glomus etunicatum, all significant at 

P≤0.01. K uptake under the different manurial applications was significantly 

different at P≤0.001; nil manure addition was 5.58mg/plant, at 2% manure 

addition was 11.21mg/plant and at 5% addition was 9.42mg/plant. Mean rock 

P fertilization effect at 60kgP/ha on K uptake of pepper under sterilized soil 

condition averaged 9.80mg/plant and was significantly (P≤0.05) less than 

zero rock P addition which averaged 10.54mg/plant. Effect of inoculation 

treatment on K uptake of Capsicum annum var. Tatase was significantly 

(P≤0.001) influenced by the manurial treatment. There was evidence of 

significant (P≤0.001) interaction between arbuscular mycorrhiza inoculation 

treatment and rock phosphate fertilization on K uptake of pepper. The effect 

of the manurial treatment on P uptake of pepper was significantly (P≤0.001) 

influenced by rock P fertilization treatment. The three factor interaction was 

significant at P≤0.001, indicating that the effect of rock phosphate 

fertilization on K uptake of Capsicum annum var. Tatase under the different 

manurial treatment was significantly (P≤0.001) influenced by the arbuscular 

mycorrhizal treatment (Table 4.16).         
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Table 4.16  Post experimental effect of AM, rock P and organic manure applications on  

                 N, P and K uptake of Capsicum annuum var.Tatase on sterilized soil 

 

Arbuscular mycorrhiza Organic manure Rock P-application N-uptake 

(mg/plant) 

P uptake 

  (mg/plant) 

K-uptake 

(mg/plant) 

Glomus fasciculatum Nil 0kg P/ha 

60kgP/ha 

4.28fg 

5.22ef 

0.25gh 

0.54cde 

6.63fg 

12.98c 

 2% 0kgP/ha 

60kgP/ha 

6.12de 

7.44c 

0.30fgh 

0.47def 

7.57efg 

8.41efg 

 5% 0kgP/ha 

60kgP/ha 

15.47a 

6.46cd 

0.68bc 

0.44def 

 

14.60c 

7.39efg 

Glomus mossae Nil 0kg P/ha 

60kgP/ha 

1.97h 

6.93cd 

0.33fgh 

1.19a 

4.42hi 

20.90b 

 2% 0kgP/ha 

60kgP/ha 

9.30b 

4.67fg 

0.75b 

0.37efg 

12.63c 

6.18gh 

 5% 0kgP/ha 

60kgP/ha 

6.60cd 

9.30b 

0.61bcd 

0.54cde 

8.25efg 

8.45ef 

      

Glomus etunicatum Nil 0kg P/ha 

60kgP/ha 

2.45h 

4.14fg 

0.33fgh 

0.53cde 

3.71i 

10.61d 

 2% 0kgP/ha 

60kgP/ha 

16.35a 

3.66g 

0.54cde 

0.19h 

28.17a 

4.35hi 

 5% 0kgP/ha 

60kgP/ha 

6.49cd 

5.85de 

0.34fgh 

0.33fgh 

8.92de 

8.94de 

      

ANOVA      

AM inoculation (I)   *** *** ** 

Organic manure (M)   *** *** *** 

Rock P-application (RP)   *** * * 

 

Interactions 

 

 

 

 

  

 

 

 

I x M   *** *** *** 

I x RP   *** ** *** 

RP x M   *** *** *** 

I x RP x M   *** *** *** 

      

For each  variate,  values followed by the same letters in the same column are not significantly different 

at P≤0.05 according to Duncan‘s  Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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4.17.   Effect of AM, organic manure applications and rock P on Ca and

  Mg uptake of Capsicum annuum var.Tatase on sterilized soil 

                                 Table 4.17 shows the effect of AM inoculation, organic 

manure and rock P fertilization on Ca and Mg uptake by Capsicum annum 

var.Tatase on sterilized soil.  Averaged over organic manure and rock 

phosphate fertilization treatments, Ca uptakes of Capsicum annuum var. Tatase 

were significantly (P≤0.001) different; 10.9mg/plant for Glomus fasciculatum, 

8.01mg/plant for Glomus mosseae and 9.04mg/plant for Glomus fasciculatum 

treatments. Ca uptake under the different  manurial applications was highly 

significant at P≤0.001;  mean  manurial fertilization effect at 0%  on Ca 

uptake of pepper under sterilized soil condition averaged 12.45mg/plant and 

was significantly (P≤0.001) higher than 2%  manurial addition which 

averaged 9.66mg/plant or 5%  manurial addition which averaged 

7.35mg/plant. Rock phosphate fertilizer effect, was not significant on Ca 

uptake of pepper plant. The effect of inoculation treatment on Ca uptake of 

Capsicum annum var. Tatase was significantly (P≤0.001) influenced by the 

different organic manure treatment. Evidence of significant (P≤0.001) 

interaction was seen between arbuscular mycorrhiza inoculation and rock 

phosphate fertilization treatments. Same significant (P≤0.001) influence as 

observed between mycorrhizal inoculation treatment and organic manure was 

observed between organic manure and rock P application treatment. The 

three factor interaction was significant (P≤0.001), showing that the effect of 

rock phosphate fertilization on Ca uptake of pepper plant under different 
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organic manure was significantly (P≤0.001) influenced by the arbuscular 

mycorrhiza treatment (Table 4.17).                                       

                 ANOVA results for the effect of Mg uptake of Capsicum annum 

var. Tatase (Table 4.17) show significant (P≤0.01) difference among 

mycorrhizal inoculation treatment. Mean Mg uptake of pepper in pots treated 

with Glomus fasciculatum was 2.70mg/plant, Glomus mosseae was 

2.16mg/plant and Glomus etunicatum was 2.22mg/plant. Mg uptakes under 

the different  manurial applications were significant at P≤0.001;  mean  

manurial fertilization effect at 0%  on Mg uptake of pepper under sterilized 

soil condition averaged 2.29mg/plant and was significantly (P≤0.001) less 

than 2%  manurial addition which averaged 2.81mg/plant but higher than 5%  

manurial addition which averaged 1.98mg/plant. Rock phosphate fertilizer 

effect on Mg uptake of pepper plant was not significant. The effect of 

inoculation treatment on Mg uptake of Capsicum annum var. Tatase was 

significantly (P≤0.001) influenced by the different organic manure treatment. 

Evidence of significant (P≤0.001) interaction was observed between 

arbuscular mycorrhiza inoculation and rock phosphate fertilization 

treatments. Same significant (P≤0.001) influence as seen between 

mycorrhizal inoculation treatment and organic manure was observed between 

organic manure and rock P application treatment. The three-way interaction 

was significant (P≤0.001), showing that the effect of rock phosphate 

fertilization on Mg uptake of pepper plant under different organic manure 
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treatment was significantly (P≤0.001) influenced by the arbuscular 

mycorrhiza treatment (Table 4.17). 
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Table 4.17. Post experimental effect of AM, rock P and organic manure applications on  

                 Ca and Mg uptake of Capsicum annuum var.Tatase on sterilized 
 

Arbuscular mycorrhiza Organic manure Rock P-application Ca-uptake 

(mg/plant) 

Mg uptake 

  (mg/plant) 

Glomus fasciculatum Nil 0kg P/ha 

60kgP/ha 

7.12de 

21.58a 

1.42fg 

3.22bc 

 2% 0kgP/ha 

60kgP/ha 

11.18c 

11.20c 

2.40cdef 

3.71b 

 5% 0kgP/ha 

60kgP/ha 

17.22b 

6.10ef 

3.73b 

1.76efg 

 

Glomus mossae Nil 0kg P/ha 

60kgP/ha 

7.21de 

18.96b 

1.60efg 

3.75b 

 2% 0kgP/ha 

60kgP/ha 

8.52d 

5.21fg 

2.81bcd 

1.84efg 

 5% 0kgP/ha 

60kgP/ha 

3.98g 

4.22fg 

1.16g 

1.81efg 

     

Glomus etunicatum Nil 0kg P/ha 

60kgP/ha 

7.78de 

12.05c 

1.32g 

2.47cde 

 2% 0kgP/ha 

60kgP/ha 

18.48b 

3.39g 

5.20a 

0.90g 

 5% 0kgP/ha 

60kgP/ha 

7.93de 

4.65fg 

1.91defg 

1.54efg 

     

ANOVA     

AM inoculation (I)   *** ** 

Organic manure (M)   *** *** 

Rock P-application (RP)   NS NS 

 

Interactions 

 

 

 

 

 

 

 

 

I x M   *** *** 

I x RP   *** *** 

RP x M   *** *** 

I x RP x M   *** *** 

     

For each variate, values followed by the same letters in the same column are not significantly different at 

P≤0.05 according to Duncan‘s Multiple Range Test. * P≤0.05. ** P≤0.01. *** P≤0.001. NS non- 

significant. 
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                                              CHAPTER 5 

                                               DISCUSSION 

                    The significant variations observed in some of the chemical 

properties of soil (sterilized or non-sterilized) established the fact that earlier 

study focused on mycorrhiza as a component of only the plant system was not 

adequate. The pH of soil (sterilized/non-sterilized) was 6.3 at the 

commencement of experiments. At the end of the experiments the pH range 

was between 6.6 - 6.9 for sterilized soil and 6.5 - 6.9 for non-sterilized soil. 

The clay minerals are dominated by kaolinite and oxides of iron and aluminum 

which are generally characterized by strong acidity, low levels of exchangeable 

potassium, calcium and magnesium. Deficiencies of nitrogen, phosphorus, 

potassium, calcium and magnesium are common occurrence (Sanchez, 1981; 

Kang and Juo, 1983). In this study, the experimentation began with a weak 

acid soil and ended with a further decrease in soil acidity thereby increasing 

the levels and availability of exchangeable N, P, K, Ca and Mg in the soil. 

There was a highly significant interaction between AM and P-fertilization in 

this regard which was also applicable to soil Mg and Zn in the sterilized soil. 

There was significant interaction for soil available P, Ca and Mg and Zn in 

non-sterilized soil at the end of the experiment. Similar to previous findings, it 

was evident that the presence of mycorrhiza undoubtedly effected 

physiological changes in host plants and the chemical presence of external 

hyphae of the AM fungi affected the chemical, physical, and microbiological 

composition of the rhizosphere (Linderman, 1988, Schisler and Linderman, 
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1989). AM fungi has thus become unique among the myriad of microbes and 

have been identified as both agents of plant nutrition as well as soil nutrition 

(Reid, 1984; Elliot and Coleman, 1988; Bethlenfalvay and Newton, 1991) 

usually with a production base of an improved soil-plant system.   The 

importance of mycorrhizal fungi in sustainable agriculture is also based on 

their primary role as agents of nutrient transport providing links between plants 

and soil. 

                 The study further examines the effect of AM inoculation, cropping 

systems and SSP-fertilization on nutrient uptake of Capsicum annuum var. 

Tatase under both sterilized and non sterilized soil conditions.  Glomus 

mosseae consistently performed best on P uptake of Capsicum annuum var. 

Tatase in both sterilized and non sterilized soil when compared to other AM 

species. However, there were variations in other uptakes as well as 

inconsistency in performance of other AM species subject to soil conditions. 

Ealier studies have shown that cultural practices influence the presence of AM 

fungi both qualitatively and quantitatively (Jasper et al., 1991; Land et al., 

1993), results from present study further reiterate the performance of AM fungi 

subject to soil chemical conditions.  The variations may also be due to 

antagonistic behaviour of other microbes in the soil as clearly shown with 

results obtained with non mycorrhizal pots under sterilized soil condition.   

              AM inoculation treatment on pepper plants were observed to have 

consistently higher nutrient uptake of N, P, K, Ca and Mg than non 

mycorrhizal pepper plants in sterilized soil as opposed to inconsistency 
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observed in the data obtained from unsterilized soil. This is similar to the 

results of other studies in Nigeria and around the globe (Siddique and 

Mahmood, 1996; Ryan and Graham, 2002; Uyanoz, 2007). This also suggests 

that other factors apart from introduced AM fungi come into play under non 

sterilized soil condition. However with pepper plants, addition of 60kg P/ha 

of SSP resulted in a lot of variation on nutrient uptake; a decrease for N and 

Ca uptake in both sterilized and unsterilized soils, P and Mg in sterilized soil 

only and K uptake in unsterilized  soil. 

            The apparent improved growth of Capsicum annuum var. Tatase on 

height, stem diameter and dry matter yield in both sterilized and unsterilized 

soil suggests the ability of the introduced AM fungi to enhance water and 

nutrient uptake thereby increasing growth rate. The effect was more obvious 

on sterilized soil particularly for indigenous AM fungi Glomus mosseae to 

manifest these growth enhancement characteristics on pepper. Mean heights 

and dry matter yield of pepper in pots treated with AM in soil not sterilized, 

although appeared similar, were significantly different and lower than plants 

in the un-inoculated pots. Results from AM fungi studies have revealed that 

variation in plant responses depend on host plant species (Rao et al., 1990). 

The negative response for AM on height and dry matter yield of Capsicum 

annuum var. Tatase on unsterilized soil as opposed to what obtained under 

sterilized soil in the present investigation may imply high effectiveness, 

competitiveness or abundance of indigenous AMF in the soil.   Also in 

growth parameters, Glomus fasciculatum enhanced higher leaf number and 
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dry matter yield than other mycorrhizal treatments under different cropping 

system with rock P additions.    

            AM inoculation is a promising fertilizer because it is inexpensive, easy 

to handle and improves plant growth. The types of treatments used 

considerably enhanced the macro and micronutrients in the pepper plant when 

compared with the control. There was an improved growth of Capsicum 

annuum var. Tatase having AM treatments on leaf number and dry matter 

yield over non mycorrhizal pepper plants in sterilized soil. This also confirms 

the ability of the introduced AM fungi to enhance water and nutrient uptake. 

                        This observation supports ealier findings that apart from P 

uptake, AM association has been found to improve nutrient uptake and 

nutritional status of host plants for other elements; N (Nielsen and Jensen, 

1983; Ames et al., 1983), K (Nielsen and Jensen, 1983; Sieverding and Toro, 

1988; Osonubi et al., 1995), Mg (Sieverding, 1991), Zn and Cu (Benson and 

Covey, 1976; Cooper and Tinker, 1981), S (Rhodes and Gerdemann, 1978; 

Buwalda et al., 1983), Bo and Mo (Sieverding, 1991), Fe, Mn and Cl 

(Buwalda et al., 1983). Also, there have been reported cases, where AM did 

not increase the uptake of some of these elements (Krikun and Levy, 1980; 

Nielsen and Jensen, 1983).  A variety of agricultural practices are known to 

impact on AMF. Apart from effect of AM on nutrient uptake being influenced 

by either cropping systems or single superphosphate fertilizer treatments, there 

is clear evidence of tripartite interaction among these factors. This is an area 

where not much has been reported. 
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             In both sterilized and unsterilized soil, the difference between the two 

cropping systems was significant with the pepper in the blend showing a 

greater height and dry matter yield over the sole pepper. Similar to other 

findings, legumes intercropped with other crops have been associated with 

higher yields, more efficient land use per unit area and soil fertility 

improvement (Eaglesham et al., 1981). Such benefit could be to the succeeding 

phases of the cropping sequence or effect direct transfer of N to companion 

plants by sharing some of the fixed N with them (Haynes, 1980). This also 

corroborates with earlier findings that greater benefit of mycorrhiza to the P 

nutrition of some legumes in comparison to other plant species can affect plant 

competition and survival in mixed cropping (Crush, 1974; Uyanoz et al., 

2007). 

                The apparent improved nutrient uptake of Capsicum annuum var. 

Tatase on N, P, K, Ca and Mg in blend for both unsterilized and sterilized 

soil suggests the beneficial effect of mixed cropping over sole cropping in 

agreement with earlier findings (Van der Heijden et al., 1988; Kabir et al., 

1998; Thingstrup et al., 1998). Among the cropping system treatments, the 

combination of cowpea with pepper gave the highest dry matter yield for 

pepper plant.            

             The study also examines the effect of AM inoculation, cropping 

systems and rock P fertilization on growth characteristics and nutrient uptake 

N, P, K, Ca and Mg of Capsicum annuum var. Tatase under sterilized soil 

condition. There was an upward trend of nutrient uptake from non 

http://scialert.net/fulltext/?doi=ajps.2010.241.248&org=11#223521_ja
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mycorrhizal to mycorrhizal pepper plants with Glomus fasciculatum taking 

the lead for P uptake and Glomus mosseae having the highest uptake of N, K, 

Ca and Mg.. Addition of rock P at 60kgP/ha had a depression on P uptake but 

a significant increase on K uptake. The effects of microbial activities on the 

biogeochemical cycling of plant nutrients are essential for sustainable 

ecosystems (Jeffries and Barea, 1994). The results of this study of the 

interaction between a biotechnological practice (microbial inoculation) and a 

low-input technology (rock P application) have demonstrated the effectiveness 

of such combined practices in improving sustainable nutrient supply to plants. 

The introduction of rock P at 60kgP/ha produced significant improvement in 

both number of leaves and dry matter yield of pepper over non addition of 

rock P in sterilized soil. The addition of SSP brought a significant increase on 

height and dry matter yield of pepper on both sterilized and unsterilized soil 

while significant increase on stem diameter of Capsicum annuum var. Tatase 

was only visible in unsterilized soil. 

               The study focuses on the effect of AM, organic manure applications 

rock P and on growth characteristics and nutrient uptake N, P, K, Ca and Mg 

of Capsicum annuum var.Tatase on sterilized soil. However, the use of 

organic amendment did not increase the number of leaves above where no 

application was made. The integrated nutrition showed a positive impact on 

fruit size and beneficial effect on yield similar to pevious result (Srivastava et 

al., 2009).  Generally, apart from N uptake, there was an upward trend for 

other nutrient uptake for both Glomus mosseae and Glomus fasciculatum 
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against non mycorrhizal pepper plants on the sterilized soil. Both number of 

fruits and yields were also exceptionally greater with Glomus mosseae than 

other AM treatments. The use of soil organic amendment showed significant 

improvement on fruit number while legume mix produced the highest fruit 

yield. Rock P addition was at its best for pepper plant height at 30kgP/ha 

whereas the highest leaf number for pepper plant was obtained at 6okgP/ha 

rock P addition on the field. Quite a lot of variation did emerge. 

               Since the strategy of how to benefit from AM symbiosis in 

agriculture is changing, the field conditions have increasingly become the 

focus of mycorrhiza research. While inoculation becomes less important, the 

successful management of indigenous or introduced AMF populations in the 

field is gaining priority.  The effects of AM fungi, soil organic amendment 

and rock P fertilization on growth and yield characteristics of Capsicum 

annuum var. Tatase on the field was yet another focus in this study. On the 

field, while consistent upward trend was observed on AM treatment for fruit 

weight on mycorrhizal pepper plants as against un-inoculated pepper plants, 

inconsistent trends were observed for height and fruit number. Un–inoculated 

pepper plants performed better than mycorrhizal pepper plants in plant height 

while Glomus etunicatum produced the highest fruit number.  Rock P 

application at 60kgP/ha also improved both height and fruit number over non 

application but not significant for fruit weight. Studies with low cost partially 

acidulated rock phosphate sources have given inconsistent results and no 

obvious advantage over conventional sources (Bationo et al., 1986). Owing to 



 

142 

 

low phosphate fixing capacity of Alfisols derived from acidic rocks (Juo and 

Fox, 1977), phosphorus placement is only advantageous at very low rates of 

phosphorus application i.e. initial dressing of 30kgP/ha followed by 

maintenance dressing of 15 - 20kgP/ha. The observation from the present  

study shows that a higher dressing rate than rate earlier suggested above can 

still be helpful. 

            Subsequently this study as a follow up further probes the effects of 

AM fungi, cropping systems and rock P fertilization on growth and yield 

characteristics of Capsicum annuum var. Tatase on the field.  Further field 

experiment with three Glomus species; Glomus etunicatum, Glomus 

fasciculatum and Glomus mosseae shows Glomus etunicatum to be topmost in 

improving pepper height as well as fruit number while  Glomus fasciculatum  

excelled most in improving leaf number and Glomus mosseae in fruit weight. 

Soil organic amendment treatment had no significant effect on height of pepper 

but showed significant variation on leaf number, fruit number and fruit weight 

per pepper plant. Rock P addition applied at 30kgP/ha produced the best result 

for fruit yield. 

             In another experiment on sterilized soil, AM inoculation treatment had 

no significant effect on plant height but showed significant difference on dry 

matter yield N, P, K, Ca and Mg uptake. The application of organic manure at 

2% improves height, dry matter yield, N, K, Ca and Mg uptake but a decrease 

in P uptake. The addition of rock P caused improvement effect on some growth 

characteristics and nutrient uptake while depression in others. This observation 
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supports ealier findings that apart from P uptake, AM association has been 

found to improve nutrient uptake and nutritional status of host plants for other 

elements; N (Nielsen and Jensen, 1983; Ames et al., 1983), K (Nielsen and 

Jensen, 1983; Sieverding and Toro, 1988; Osonubi et al., 1995), Mg 

(Sieverding, 1991), Zn and Cu (Benson and Covey, 1976; Cooper and Tinker, 

1981), S (Rhodes and Gerdemann, 1978; Buwalda et al., 1983), Bo and Mo 

(Sieverding, 1991), Fe, Mn and Cl (Buwalda et al., 1983). Also, there have 

been reported cases, where AM did not increase the uptake of some of these 

elements (Krikun and Levy, 1980; Nielsen and Jensen, 1983).  A variety of 

agricultural practices are known to impact on AMF. Apart from effect of AM 

on nutrient uptake being influenced by either cropping systems or single 

superphosphate fertilizer treatments, there is clear evidence of tripartite 

interaction among these factors. This is an area where not much has been 

reported. 

               Crop management involves a range of practices which have impact 

on the AM association either directly or indirectly and may create conditions 

favourable or unfavourable to AM fungi. In general, agricultural practices have 

a negative impact on the AM association and agricultural soils are AMF 

impoverished, particularly in terms of number of species (Helgason et al., 

1998).  
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                                          CHAPTER 6 

                                        CONCLUSION  

               The production of adequate and sustainable food to meet the need of 

increasing population has become a challenge for us especially the tropical 

Africa. The possibility of increasing agricultural productivity in this arena 

under the present land and population pressure is through aggressive, intensive 

and continuous cropping of cultivated land. A successful continuous and 

intensive cropping may be achieved with improved multiple cropping systems 

in standard agricultural systems as well as in marginal lands for which pressure 

is continuously mounting all over the world. 

              The present study has established the application of Arbuscular 

mycorrhiza capable of developing an integrated soil management system, 

involving legumes that have capability of full exploits of N2 fixation while 

combining, manure and rock P utilization for efficient nutrient uptake to 

promote growth and yield of pepper. Generally, AM enhanced almost all the 

nutrient uptakes with Glomus mosseae having greater uptake than others in 

both sterilized and non sterilized soil under different cropping systems and 

single super phosphate treatment. However with the introduction of rock 

phosphate in place of single super phosphate, Glomus fasciculatum took the 

lead with the exception of Calcium uptake. Averaged over organic manure 

and rock P fertilization treatments, P uptake of Capsicum annuum var. Tatase 

was again higher in Glomus mosseae than Glomus etunicatum and Glomus 
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fasciculatum treatments while Glomus fasciculatum took the lead for Ca and 

Mg uptake.  

            Whereas Glomus mosseae consistently performed best on P uptake of 

Capsicum annuum var. Tatase in both sterilized and non sterilized soil 

compared to others, there were variations in other uptakes as well as 

inconsistency in performance of other AM species subject to soil conditions. 

These variations may be due to antagonistic behaviour of other microbes in the 

soil as clearly shown with results obtained with non mycorrhizal pots under 

sterilized soil condition.  Apart from effect of AM on nutrient uptake being 

influenced by either cropping systems or single superphosphate fertilizer 

treatments, there is clear evidence of tripartite interaction among these factors. 

This is an area where not much has been reported. Based on the experimental 

findings it can be concluded therefore that; 

1. There is variation in the performance of mycorrhizal species subject to soil 

environment and organic manure. 

2. Most nutrient uptake and not P only are improved by the presence of 

mycorrhiza. 

3. There is yield improvement through mycorrhizal inoculation. 

4. There is variation in performance of mycorrhizal species with level and forms 

of P and manure supplements to the soil. Generally mycorrhizal plants showed 

significantly higher nutrients uptake especially N, P, K, Ca and Mg than non-

mycorrhizal plants on sterilized soil. The reverse was observed on non-
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sterilized soil for some nutrients, which might be due to antagonistic action 

from other active microbes.  

               In order to maximize the benefits from above findings, there is need 

for subsequent research to focus on soil and plant environment in a sequential 

order so as to be able to identify both beneficial and antagonistic factors that 

come into action in the interactive process of employing AM, different 

cropping systems and the use of fertilizers (organic/inorganic) in sustainable 

cropping systems. 
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                                               APPENDICES  

                               

 

 

Organic manure N g/kg P g/kg K g/kg C:N 

Maize residues 8.6c 2.0c 11.0ab 35.5b 

Urban waste 6.4c 3.5b 8.0c 30.4c 

Poultry manure 12.4a 8.1a 13.4a 16.2d 

Leaf litter 9.2b 7.8a 10.2b 38.5b 

Weed biomass 7.4c 3.2b 8.6c 45.0a 

Soybean residue 10.0b 8.4a 7.5c 30.0c 

Organo-mineral 2.25% 0.89% 2.01% - 
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vam cropsys pfert rep trt drymat lfno1 Nuptake Puptake Kuptake 

101 101 101 1 1 0.48 13 0.79 0.25 0.74 

101 101 101 2 1 0.41 13 0.52 0.24 0.62 

101 101 101 3 1 0.45 12 0.74 0.26 0.68 

101 101 102 1 2 1 20 1.49 0.26 1.45 

101 101 102 2 2 1 12 1.85 0.25 1.44 

101 101 102 3 2 1.15 27 1.67 0.23 1.64 

101 102 101 1 3 0.56 15 0.64 0.17 1.14 

101 102 101 2 3 0.55 11 0.7 0.2 1.11 

101 102 101 3 3 0.54 10 0.77 0.16 1.1 

101 102 102 1 4 0.54 15 0.65 0.23 0.93 

101 102 102 2 4 0.55 18 0.7 0.24 0.94 

101 102 102 3 4 0.74 12 0.84 0.32 0.94 

101 103 101 1 5 0.78 12 1 0.32 1.47 

101 103 101 2 5 0.79 15 1.01 0.32 1.32 

101 103 101 3 5 0.91 15 1.16 0.36 1.8 

101 103 102 1 6 0.83 19 1.06 0.33 2.03 

101 103 102 2 6 0.81 15 1.05 0.32 2 

101 103 102 3 6 0.82 18 1.07 0.34 2.06 

102 101 101 1 7 0.85 6 1.02 0.11 1.81 

102 101 101 2 7 1.18 12 1.84 0.15 2.18 

102 101 101 3 7 1 18 1.28 0.13 1.8 

102 101 102 1 8 1.66 11 2.36 0.28 3.07 

102 101 102 2 8 1.72 16 4.4 0.22 3.15 

102 101 102 3 8 1.6 22 4.54 0.21 3.09 

102 102 101 1 9 1.62 10 4.37 0.39 3.01 

102 102 101 2 9 1.65 12 2.11 0.4 2.49 

102 102 101 3 9 1.65 12 1.11 0.16 2.98 

102 102 102 1 10 0.81 9 1.04 0.26 1.24 

102 102 102 2 10 0.45 12 0.51 0.14 1.16 

102 102 102 3 10 0.69 12 0.79 0.23 1.15 

102 103 101 1 11 0.36 10 0.96 0.16 0.6 

102 103 101 2 11 0.58 15 0.9 0.27 0.99 

102 103 101 3 11 0.48 17 0.77 0.2 0.96 

102 103 102 1 12 0.74 11 1.01 0.09 1.5 

102 103 102 2 12 0.78 13 1.11 0.1 1.58 

102 103 102 3 12 0.76 10 0.97 0.09 1.28 

103 101 101 1 13 0.28 9 0.48 0.07 0.45 

103 101 101 2 13 0.45 9 0.51 0.11 0.75 

103 101 101 3 13 0.15 5 0.17 0.04 0.46 

103 101 102 1 14 0.9 13 1.12 0.15 0.99 

103 101 102 2 14 0.67 16 0.83 0.11 0.74 

103 101 102 3 14 0.49 14 0.59 0.06 0.59 

103 102 101 1 15 0.79 13 1.01 0.14 1.56 

103 102 101 2 15 0.61 15 0.69 0.12 1.16 

103 102 101 3 15 0.6 12 0.73 0.1 1.17 

103 102 102 1 16 0.57 10 0.81 0.09 0.92 

103 102 102 2 16 0.34 13 0.44 0.06 0.56 

103 102 102 3 16 0.75 16 1.5 0.13 0.98 

103 103 101 1 17 0.96 6 2.11 0.32 1.77 
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103 103 101 2 17 0.99 11 2.25 0.37 1.77 

103 103 101 3 17 0.95 15 2.14 0.33 1.75 

103 103 102 1 18 0.84 16 0.96 0.17 1.63 

103 103 102 2 18 0.81 12 0.98 0.16 1.36 

103 103 102 3 18 0.5 15 0.64 0.09 1.63 

 

rep vam manure rockp flowers fruitn yld htcm brchno 

100 100 100 100 37 7 1.8 37 8.8 

101 100 100 100 2.7 7 1.9 38 6 

102 100 100 100 13.5 9.5 1.9 39 6.8 

100 100 100 101 38.3 5.2 17.7 38 8.8 

101 100 100 101 8.7 5.8 17.5 37.3 9.8 

102 100 100 101 10.3 5.7 17 38.7 8.8 

100 100 100 102 6.3 5 8.05 35.3 9 

101 100 100 102 7.5 5 8.5 35.3 8 

102 100 100 102 4 5 9.5 35 8.7 

100 100 103 100 4 3 15.9 18 5.5 

101 100 103 100 3 3 15 19.5 2.3 

102 100 103 100 3 3 15.5 19 7.3 

100 100 103 101 4.5 5.7 25 36.2 9.8 

101 100 103 101 6 5 25 36.2 1.5 

102 100 103 101 11 6 25.8 36.3 5 

100 100 103 102 8 5 18.8 32.8 7 

101 100 103 102 2 5 17.5 32 6 

102 100 103 102 5 4.5 17.8 32.7 8.3 

100 100 104 100 9.5 6.5 12.3 23 8 

101 100 104 100 3 6 13 23 4 

102 100 104 100 6 6 13 23 6.5 

100 100 104 101 12.3 6.2 12.2 27.5 10 

101 100 104 101 4 6 11.7 25.3 8 

102 100 104 101 10 6.5 12 23.3 8.3 

100 100 104 102 12 5.3 23 41 9.5 

101 100 104 102 2 5 20 41 3 

102 100 104 102 2.5 5.2 20 40.7 8.3 

100 101 100 100 14.5 1 18.8 31 8 

101 101 100 100 2.7 2 20 31.7 2.5 

102 101 100 100 12.8 3 18 31 13.3 

100 101 100 101 7.8 3 19 35.5 13.5 

101 101 100 101 11 3 17 34 6.7 

102 101 100 101 16.3 6.5 17.3 34.3 9.3 

100 101 100 102 12 5 15.7 35.8 12.5 

101 101 100 102 1.5 5 13 35 2.3 

102 101 100 102 10.3 4.5 15 35 18.3 

100 101 103 100 10.3 6 23.6 40.7 7.3 

101 101 103 100 1 6 23 40.7 4.5 

102 101 103 100 4.5 1.5 23.9 40.5 7.3 

100 101 103 101 14.3 9.7 27.3 45.7 5 

101 101 103 101 5.3 8 25 45 5 

102 101 103 101 9.3 9.5 26 45.7 12.8 
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100 101 103 102 8.3 7.5 25.8 31 8 

101 101 103 102 5 8 26 32 2.5 

102 101 103 102 6.7 7 22 32.3 8.8 

100 101 104 100 7 4 12.3 34 5 

101 101 104 100 5 4 12.5 34 6.7 

102 101 104 100 13.8 4 12.5 35.3 7.8 

100 101 104 101 11.5 6 22.5 35.2 14 

101 101 104 101 5 5.6 22.1 35 2.3 

102 101 104 101 16.5 6 22.8 35.8 4 

100 101 104 102 14.8 2 7.6 28.3 9.3 

101 101 104 102 2.8 2 7.6 28.3 9 

102 101 104 102 7.5 2 7.8 28 6 

100 102 100 100 9.5 4.5 18.6 35 10.3 

101 102 100 100 4.5 4 18.6 35 3.7 

102 102 100 100 9.5 4 18.4 35 9.3 

100 102 100 101 8 4 21.8 29.6 7.3 

101 102 100 101 11.5 3 21.6 29.1 5.7 

102 102 100 101 10.5 8 26.1 30 9 

100 102 100 102 3.5 5 34.5 28.5 12.5 

101 102 100 102 6 6 35 28.5 3.8 

102 102 100 102 15.3 5.7 34.8 28 7.3 

100 102 103 100 14 1 6.3 37 9.5 

101 102 103 100 5.5 3 6.8 37 7.7 

102 102 103 100 3.7 3 6.9 37 9 

100 102 103 101 4.3 9 27.5 35 9.5 

101 102 103 101 0 9 25 33 1.3 

102 102 103 101 7.7 12 27.8 34 11.5 

100 102 103 102 7 2 6 37.5 12.8 

101 102 103 102 7 2 6 37 2 

102 102 103 102 6.5 3 6.8 37.1 13.5 

100 102 104 100 6.3 2 12.2 30.7 5.7 

101 102 104 100 6 1 12 29.7 1 

102 102 104 100 9.3 2 12 29 8.8 

100 102 104 101 12.5 9.5 23 36 11.8 

101 102 104 101 2 9.5 23 34 2.5 

102 102 104 101 8.5 9.5 23 36 10 

100 102 104 102 9.8 8.8 29.3 33 7 

101 102 104 102 3 8.7 29 32 2.5 

102 102 104 102 10.5 8.8 29.3 33 11.7 

 

 

rep vam cropsys rockp leafno branchno htcm flowers4 frutno yld 

101 105 105 106 175 16.3 33.6 21.3 4.7 15.6 

102 105 105 106 78.7 11 31.4 12 4.7 15 

103 105 105 106 244.3 12.5 33.5 45.3 4.8 14.5 

101 105 105 107 126.5 20 31.8 10.8 5 19.7 

102 105 105 107 106.5 28.7 30.3 10.3 5 19.7 
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103 105 105 107 121.5 19.5 32.1 19.8 5 19.6 

101 105 106 106 75.7 36 34.8 4.3 6 20.2 

102 105 106 106 49 29.3 34.5 4.3 5 19.8 

103 105 106 106 25.5 10 27 8 6 20.3 

101 105 106 107 154.5 21.3 35 16 6.8 20.5 

102 105 106 107 85.7 17.8 30.1 2 5.3 19.8 

103 105 106 107 69.3 19 29.6 6 5 18 

101 105 107 106 139 27.5 34.4 6 3.5 13.8 

102 105 107 106 63 17.3 34.5 5.5 4 14 

103 105 107 106 80.5 13.5 35.8 8 7 21 

101 105 107 107 136.3 24 43.9 13.3 9 22.8 

102 105 107 107 20 5.6 28.5 1.3 9 22.5 

103 105 107 107 51.8 18.3 28.8 7.8 9 22 

101 106 105 106 154.5 18.5 38.7 18.3 6.5 17.4 

102 106 105 106 80.3 13.3 28.9 5.8 5.8 16.6 

103 106 105 106 46 7 22.1 4 6 15.8 

101 106 105 107 148.8 24.5 30.3 16.3 6.7 16.8 

102 106 105 107 78.5 38.3 28.8 8 6 16 

103 106 105 107 32.7 9.5 24.5 5.5 6 18.8 

101 106 106 106 129 20.8 28 7.3 6.5 18.8 

102 106 106 106 36.5 8.8 27.5 6 6 15 

103 106 106 106 89.5 17 30.3 8.8 7 15.4 

101 106 106 107 108.8 16.8 29 10.3 6.5 18.2 

102 106 106 107 30.5 31.3 25 2.5 6 16.6 

103 106 106 107 87.8 11.3 32.5 11.3 6.5 16.7 

101 106 107 106 169.3 24.8 30 19.8 5 15.4 

102 106 107 106 108.8 17 29.3 7 4 13.4 

103 106 107 106 107.3 13.3 24.3 17.7 5 15 

101 106 107 107 119 8.5 27 14.8 8.2 21.1 

102 106 107 107 56 13.5 26.8 6.5 7 19.4 

103 106 107 107 38.8 6.8 29.3 3.3 6.5 18.1 

101 107 105 106 75.3 25 39.1 11.5 6.5 17.7 

102 107 105 106 124.3 12.5 26.1 10.3 6 17.6 

103 107 105 106 131.3 10.5 37 12.3 6.3 17.3 

101 107 105 107 223.5 33.3 38.8 15.3 5 14.8 

102 107 105 107 30.8 7.3 24.5 2.7 5 15.1 

103 107 105 107 70.7 15.8 35.7 4 5 15.4 

101 107 106 106 166 17 33.4 12.8 5 15 

102 107 106 106 47.3 35.5 34.3 4.5 4.5 14.9 

103 107 106 106 56.3 25.5 36.6 5.3 5.3 15.5 

101 107 106 107 164.3 12.5 24.6 5.3 3.7 5.7 

102 107 106 107 67.3 13 29 4.3 3 5.1 

103 107 106 107 79 7.8 26 11 3 5.1 

101 107 107 106 105.8 45.8 42.3 7.8 3 5.2 

102 107 107 106 104.3 24.8 30.4 4.7 3.3 5.1 

103 107 107 106 33 10.8 31 1.5 3 5.2 

101 107 107 107 97 23.8 32.3 23 4.7 6.9 

102 107 107 107 49.3 19.8 33.1 4.7 4.3 6.8 

103 107 107 107 56.5 13 25.3 9 4.3 6.6 
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REP VAM CROPSYS ROCKP DRYMAT STEMDIA N_UPT P_UPT K_UPT 

101 101 101 101 1.22 3.84 2.71 0.49 2.34 

102 101 101 101 1.43 3.89 3 0.57 2.62 

103 101 101 101 1.4 3.8 3.02 0.56 2.56 

101 101 101 102 1.13 3.44 1.36 0.18 1.56 

102 101 101 102 1.18 3.58 1.36 0.15 1.64 

103 101 101 102 1.01 3.3 1.26 0.15 1.39 

101 101 102 101 3.86 3.7 7.33 2.62 6.21 

102 101 102 101 3.76 3.63 7.14 2.48 6.13 

103 101 102 101 3.86 3.91 7.33 2.62 7.49 

101 101 102 102 3.35 4 6.67 1.37 6.03 

102 101 102 102 3.33 4.09 6.69 1.37 6.43 

103 101 102 102 3.42 4.06 6.46 1.57 6.5 

101 102 101 101 0.85 3.44 1.49 0.23 1.26 

102 102 101 101 0.82 3.43 1.23 0.22 1.21 

103 102 101 101 0.85 3.45 1.49 0.23 1.26 

101 102 101 102 1.12 2.92 1.7 0.76 2.15 

102 102 101 102 1.18 2.94 1.9 0.78 2.27 

103 102 101 102 1.28 2.97 1.6 0.88 2.46 

101 102 102 101 3.32 3.6 7.17 0.86 7.47 

102 102 102 101 3.23 3.71 6.85 0.87 7.69 

103 102 102 101 3.23 3.65 7.11 0.9 7.27 

101 102 102 102 2.54 3.63 6.53 1.04 3.96 

102 102 102 102 2.42 3.26 6.34 1.02 3.68 

103 102 102 102 2.44 3.29 6.34 1 4.29 

101 103 101 101 1.1 2.82 2.21 0.76 1.99 

102 103 101 101 1.2 2.96 2.44 0.82 2.17 

103 103 101 101 1 2.91 2.03 0.67 1.81 

101 103 101 102 1.22 2.99 2.43 1.06 2.21 

102 103 101 102 1.1 2.94 2.05 0.97 1.99 

103 103 101 102 1.15 2.96 1.87 1.02 2.08 

101 103 102 101 4.35 3.4 8.87 1.17 4.92 

102 103 102 101 4.61 3.21 9.59 1.29 7.88 

103 103 102 101 4.48 3.4 8.96 1.16 6.36 

101 103 102 102 3.57 3.85 9.39 1.5 6.68 

102 103 102 102 3.59 3.58 9.44 1.47 5.82 

103 103 102 102 3.97 3.73 10.44 1.67 6.95 

 

vam cropsys pfert Cauptake mguptake drymat Height stemdia Nuptake 

101 101 101 0.5 0.18 0.52 27.3 4.04 1.05 

101 101 101 0.48 0.18 0.53 27.1 4.04 1.08 

101 101 101 0.48 0.18 0.52 27.3 4.04 1.07 

101 101 102 0.76 0.24 0.5 27.3 3.89 1.17 

101 101 102 0.75 0.24 0.5 27 3.9 1.17 

101 101 102 0.78 0.24 0.5 27.3 3.89 1.18 

101 102 101 5.9 1.14 3.78 41.27 3.3 6.62 

101 102 101 5.96 1.17 3.24 41.3 3.29 5.73 

101 102 101 5.9 1.18 2.69 41.5 3.3 4.65 

101 102 102 3.85 1.13 3.32 30.8 3.69 7.24 
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101 102 102 3.56 1.17 3.02 30.8 3.85 6.52 

101 102 102 3.89 1.19 3.61 30.6 3.54 7.73 

102 101 101 0.23 0.09 0.23 21.6 3.74 0.59 

102 101 101 0.23 0.08 0.24 21.6 3.7 0.6 

102 101 101 0.22 0.07 0.21 21.2 3.74 0.5 

102 101 102 0.49 0.17 0.47 24.67 3.11 1.09 

102 101 102 0.47 0.14 0.4 24 3.19 0.84 

102 101 102 0.48 0.17 0.48 24.6 3.01 1.12 

102 102 101 5.73 1.13 3.75 25.8 3.06 8.1 

102 102 101 6.18 1.14 3.68 26.2 3 8.13 

102 102 101 5.98 1.19 3.63 25.6 3.28 7.84 

102 102 102 1.66 0.45 1.51 26.37 3.39 2.97 

102 102 102 1.67 0.49 1.59 26.4 3.38 3.07 

102 102 102 1.69 0.5 1.57 26.2 3.38 2.97 

103 101 101 0.35 0.1 0.34 19.67 2.47 0.83 

103 101 101 0.32 0.11 0.37 19.6 2.4 0.93 

103 101 101 0.35 0.12 0.43 20 2.47 1.1 

103 101 102 0.34 0.1 0.29 15.5 2.49 0.57 

103 101 102 0.34 0.13 0.38 15.63 2.41 0.73 

103 101 102 0.33 0.1 0.2 15.4 2.47 0.58 

103 102 101 1.36 0.34 1.18 24.3 3.29 3.12 

103 102 101 1.48 0.39 1.27 24.4 3.32 3.11 

103 102 101 1.37 0.31 1.02 24.2 2.33 2.47 

103 102 102 1.92 0.4 1.83 22.5 3.26 4.59 

103 102 102 1.85 0.45 1.13 22.83 3.29 3.03 

103 102 102 1.85 0.45 1.8 22.5 3.15 4.36 

 

TRT DRYMAT HEIGHT NUPTAKE PUPTAKE KUPTAKE CAUPTAKE MGUPTAKE 

1 2.4 30 4.44 0.31 6.82 7.32 1.46 

1 2.39 22 4.66 0.24 6.93 7.34 1.41 

1 2.2 22 3.74 0.22 6.16 6.71 1.39 

2 5.1 30 5.1 0.66 11.99 21.06 3.06 

2 5.27 25 5.27 0.69 14.49 21.61 2.32 

2 5.31 24 5.31 0.29 12.48 22.09 4.3 

3 2.22 24 6.13 0.29 7.44 10.66 2.42 

3 2.23 18 6.11 0.29 7.92 11.51 2.34 

3 2.23 28 6.13 0.34 7.36 11.37 2.45 

4 2.83 30.5 7.64 0.36 8.63 11.52 3.65 

4 2.74 21 7.34 0.38 8.36 11.1 3.97 

4 2.7 17 7.34 0.68 8.24 10.99 3.51 

5 5.3 21.5 15.52 0.69 14.05 17.6 4.24 

5 5.23 16.5 15.58 0.68 14.91 17.52 2.77 

5 5.3 22 15.32 0.69 14.84 16.54 4.19 

6 2.27 22 6.13 0.41 6.92 5.99 1.63 

6 2.42 22 5.83 0.46 7.26 6.82 1.79 

6 2.62 20 7.44 0.47 8 5.5 1.86 

7 1.63 27.5 1.71 0.34 4.56 7.66 1.64 

7 1.9 28 1.9 0.42 5.42 8.65 1.96 

7 1.2 21 2.32 0.25 3.3 5.33 1.2 
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8 5.36 25.5 6.97 1.29 20.64 17.15 3.91 

8 5.46 21.5 6.88 1.2 21.18 21.29 3.49 

8 5.43 21 6.95 1.09 20.9 18.46 3.86 

9 3.08 17 8.32 0.8 11 7.61 2.49 

9 3.44 22 9.29 0.79 13.24 8.26 2.92 

9 3.46 24 10.31 0.67 13.67 9.69 3.04 

10 1.91 31 4.6 0.5 7.07 3.87 2.02 

10 1.8 21 5.02 0.32 6.12 6.39 1.87 

10 1.55 27 4.4 0.31 5.35 5.38 1.64 

11 2.25 22 6.71 0.59 7.2 3.83 1.24 

11 2.73 22 6.99 0.71 10.78 4.64 1.34 

11 2.05 16.5 6.11 0.53 6.77 3.49 0.92 

12 2.2 19 8.4 0.53 7.81 3.78 1.74 

12 2.2 25.5 8.12 0.44 7.15 3.78 1.58 

12 2.97 17 11.4 0.65 10.4 5.11 2.11 

13 1.45 24 2.64 0.29 4.13 8.15 1.38 

13 1.35 30 2.51 0.36 3.31 7.56 1.27 

13 1.37 19 2.22 0.36 3.7 7.63 1.33 

14 3.1 24 4.03 0.53 9.5 11.47 2.14 

14 3.53 23 4.52 0.46 11.65 12.71 2.68 

14 3.24 23.5 3.89 0.62 10.69 11.99 2.59 

15 7.6 18 16.19 0.53 25.46 21.28 6.99 

15 7.67 21 16.18 0.54 29.15 16.87 4.68 

15 7.87 25 16.68 0.55 29.91 17.31 3.94 

16 1.2 26 3.32 0.16 4.26 2.82 0.7 

16 1.74 21 4.7 0.23 5.22 4.18 0.96 

16 1.1 19 2.97 0.19 3.58 3.19 1.05 

17 2.6 22 7.02 0.34 10.01 7.59 1.69 

17 2.6 22 6.66 0.34 7.54 8.66 2 

17 2.63 22 5.79 0.34 9.21 7.55 2.05 

18 2.1 19 4.77 0.27 7.25 3.78 1.43 

18 2.85 18 6.47 0.37 9.55 5.13 1.34 

18 2.8 24 6.33 0.36 10.02 5.04 1.85 

 


