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ABSTRACT 

Cereal-legume intercropping can be an alternative for smallholder farmers to mitigate the 

effects of climate change and to promote sustainable agricultural production. A field 

experiment was conducted at BUAN gardens during the 2015/2016 planting season to assess 

the effect of nitrogen fertilization, planting density and cropping system on the growth, yield 

and nutrient uptake of sorghum and cowpea. The experiment was arranged in a split-split plot 

design with five levels (0, 50, 75, 100, 125 kg N/ha) of lime ammonium nitrate (LAN) fertilizer 

as the main plot (with plants that received 0 kg N/ha being control plants), three cropping 

systems (sole cowpea, sole sorghum and intercrops) as sub plots and three planting densities 

(40 000, 53 333 and 66 667 plants/ha) as sub-sub plots. The results have shown that LAN 

application had little effect on the growth, yield and nutrient uptake of cowpea. The control 

cowpea plants had significantly (p ≤ 0.01) higher photosynthetic rates irrespective of planting 

density and cropping system. They also exhibited the highest stomatal conductance, WUE, 

nodule number, nodule biomass, root and shoot biomass and therefore higher nutrient uptake. 

Planting at a density of 53 333 plants/ha significantly (p ≤ 0.01) increased photosynthetic rate 

in cowpea. Intercropped cowpea had significantly lower nodule biomass, lower WUE and 

increased transpiration rates. Planting cowpea at a higher density of 66 667 plants/ha 

significantly (p ≤ 0.05) increased its WUE but decreased the uptake of some nutrients. In 

sorghum N application increased growth, yield and nutrient uptake. Nitrogen application rate 

of 50 kg/ha increased shoot and root biomass, NUE and nutrient uptake in sorghum. 

Intercropped sorghum had significantly higher photosynthetic rates and lower NUE than 

monocropped sorghum. The control sorghum plants showed significantly higher 

photosynthetic rates with intercropped plants exhibiting higher values.  However, there were 

no significant differences in the yield of sorghum whether it is among the various levels of 

LAN applications, between the cropping systems or among different planting densities. Similar 
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to sorghum, all treatments did not lead to any increase in the yield of cowpea grain. In 

conclusion, the 2015/2016 cropping season was not a normal one due to the extreme soil 

temperature. Thus, increased growth, biomass yield and nutrient uptake in cowpea and 

sorghum caused by the interaction between LAN application and planting density did not 

translate to increased grain yields. Intercropping sorghum with cowpea was efficient than 

monocropping in resource utilization as shown by LER value that is greater than one. It is 

recommended that more leguminous plants with high nitrogen fixing capability should be 

included to fix more nitrogen and reduce fertilizer cost by smallholder farmers. Modelling 

should be included to help policy makers in planning to assist farmers on improving crop 

production to increase food security in a sustainable manner.
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Chapter 1 
 

1 Introduction 

The use of mineral fertilizers in agricultural production is well known for increasing 

productivity and has contributed to one third of the increase in cereal production worldwide 

(Camara  and Heinemann, 2006). Its success was quite remarkable in large farms of high 

potential irrigated areas in Latin America and Asia but it is not so in Africa, because of difficult 

environmental conditions and inability of farmers to invest in inputs (Muller-Samann and 

Kotschi, 1994). Therefore, Africa’s fertilizer consumption remains low in the world (Camara  

and Heinemann, 2006), figure 1.1 shows fertilizer consumption in Africa as compared with 

other parts of the world. The smallholder farmers are mostly faced with challenges such as soil 

degradation which is promoted by continuous cropping, insufficient or no fertilizer use which 

account for low productivity (Hilhorst and Muchena, 2000). This forms part of the reason why 

smallholder farms in Sub-Saharan Africa are less productive. Despite being nonproductive, the 

world’s smallholder farms provide more than 80 % of the food consumed in many developing 

countries greatly adding to poverty eradication and food nutrition security (IFAD and UNEP, 

2013).   

 

Source: World Bank Group data 

Figure 1.1: World fertilizer consumption during 2012 to 2014 
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Fertilizer use is necessary for sustainable agricultural production if smallholder farms are to be 

raised to levels that can sustain the growing population. History has shown that no region in 

the world has accomplished food security and significant increase in productivity without 

extensively expanding fertilizer use (African Union Fertlizer Summit, 2006). Haber’s invention 

of industrial ammonia synthesis is one of the cornerstones of modern civilization and for many 

years agriculture has progressively come to rely on synthetic nitrogen fertilizers produced from 

ammonia, and is likely to continue to do so until there is an effective substitute (Cocking, 2005). 

It is possible to shift from synthetic nitrogen fertilizers to nitrogen fixing legumes only if 

increasing the role of legumes as a N source becomes a goal but this could be achieved in 

particular places by either increasing the amounts of N2 fixed where legumes are already 

included in cropping systems, reducing the amount of N lost from legume-based cropping 

systems and/or increasing the amount of land planted under legumes (Crews and Peoples, 

2004).  

Cereal-legume intercropping is another way in which smallholder farmers can adopt to mitigate 

the effects of climate change and to promote sustainable agricultural production. Intercropping 

cereal with legumes is widespread among smallholder farmers due to the ability of the legume 

to cope with soil erosion and with declining levels of soil fertility (Matusso et al., 2014). In 

general, cereal legume intercropping presents a solution to obtain higher yields per unit area, 

diversified food and reduced risk of crop failure under rainfed conditions (Khan et al., 2012). 

A large part of the population in Sub-Saharan Africa earn their living from rainfed agriculture, 

and they mostly rely on smallholder subsistence agriculture for their source of income 

(Rockstrom, 2000). In cereal legume intercropping system, water availability determines 

productivity (Matusso et al., 2014). However, smallholder farmers depend on rainfed rather 

than irrigated possibly because of high cost of providing supplementary irrigation system, and 

in Botswana, this is also due to shortage of surface water. Therefore sustainability of rainfed 
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agriculture is a challenge in many agricultural production system. Increasing crop productivity 

with the available water and nutrients should be a major priority in order to improve food 

security.  

 

1.1 Justification 

Application of mineral fertilizers is the most popular method of increasing crop productivity 

and yield but mineral fertilizers are mostly out of reach for the majority of smallholder farmers. 

In addition if not applied judiciously, inorganic fertilizers may pollute the environment through 

greenhouse gas emission and nitrate pollution of groundwater resources. Thus, it is important 

to add optimal amounts of fertilizer under different environments. To minimize pollution risks, 

and to reduce costs, incorporation of legumes into cereal cropping system remains a viable 

option for the majority of smallholder farmers. Therefore information on the role legumes 

under intercropping system may help to assess the prospects of relying on legumes as a source 

of nitrogen fertilizer and ground cover. Previous studies have shown that often the benefit of 

incorporating legumes is not realized due to problems associated with planting population, for 

example, in Botswana the optimum density of sorghum/cowpea intercrop still remain unclear 

under Botswana conditions.  

There are several studies made on levels of N that can increase the yield of sorghum, however, 

information on the level of nitrogen fertilizer application on sorghum/cowpea intercrop and 

their (fertilizer) effect on increasing crop productivity is still insufficient in Botswana. 

Knowledge about efficacies of different levels of nitrogen will enable the selection of the most 

suitable nitrogen application rate for sorghum and cowpea as intercrop and as monocrops. 

Using different plant densities will help to optimize plant populations. This study investigates 

the potential of intercropping cereals with legumes, the use of mineral fertilizers and plant 
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density optimization on increasing the productivity of smallholder farms in Southern Kgatleng 

and Southeast agricultural regions. 

 

1.2 Objectives 

The main objective of the study was to improve the yield of sole and intercropped sorghum 

and cowpea by use of nitrogen fertilizer and plant density optimization under rainfed 

conditions. 

 

The specific objectives were: 

I. To evaluate the effect of nitrogen fertilizer and planting density on the growth and yield 

of sole and intercropped sorghum and cowpea. 

II. To determine the effect of planting density and nitrogen fertilizer on the nutrient uptake 

(N, P, K, Ca, Mg, Na, Fe, Mn, Zn and Cu) of intercropped sorghum and cowpea. 

 

1.3 Hypotheses 

1.3.1a Ho: There are no significant differences in the growth and yield of N fertilized and   

intercropped  sorghum and cowpea under different plant densities.  

1.3.1b Ha: There are significant differences in the growth and yield of N fertilized and 

intercropped sorghum and cowpea under different plant densities.  

1.3.2a Ho: There are no significant differences in nutrient uptake (N, P, K, Ca, Mg, Na, Fe, Mn, Zn 

and Cu) of intercropped sorghum and cowpea under different planting densities. 

1.3.2b Ha: There are significant differences in nutrient uptake (N, P, K, Ca, Mg, Na, Fe, Mn, 

Zn and Cu) of intercropped sorghum and cowpea under different planting densities. 
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Chapter 2  

2 Literature review 

2.1 Plant nutrition and soil fertility 

2.1.1 Photosynthesis assimilation in plants 

 Photosynthesis is a metabolic process by which energy of sunlight is captured by chlorophyll 

to convert carbon dioxide (CO2) and water into carbohydrates and oxygen gas (Sadava et al., 

2011).  In most situations photosynthesis is limited by available carbon dioxide and water 

(Hopkins and Huner, 2009). Besides water and carbon dioxide, nitrogen supply also has an 

influence on photosynthesis because deficiency of nitrogen leads to loss of green color in the 

leaves, decrease in leaf area and later decrease in the intensity of photosynthesis (Bojović and 

Marković, 2009).  Accumulation of potassium cause stomatal opening and a dissipation of 

potassium may cause stomatal closing (Outlaw and Vlieghere-He, 2001). Stomatal movements 

which allow exchange of gases needed for photosynthesis are very sensitive to external 

environmental factors such as light, carbon dioxide, water status and temperature (Hopkins and 

Huner, 2009). In principle, increase in stomatal conductance which regulates gas exchange can 

allow plants under well-watered growth conditions to increase their CO2 uptake and 

subsequently enhance photosynthesis (Kusumi et al., 2012). Reduced stomatal conductance 

results in greater water use efficiency and reduced evapotranspiration, and it may conserve soil 

water content and increased N mineralization (Drake et al., 1997). However reduced stomatal 

conductance at the leaf level does not necessarily mean that stand transpiration will be lower 

because there could be a compensatory increase in leaf area index and or a decrease in stomatal 

conductance is likely to increase leaf temperatures that would in turn, increase the driving force 

for transpiration (Drake et al., 1997; Leakey et al., 2009). In general reduction of stomatal 

conductance improves water balance, delays the onset of midday water stress and extends the 

period of most active photosynthesis (Drake et al., 1997). Various experiments has shown that 
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stomatal responses are often more closely linked to soil water content than leaf water status 

(Prsa et al.,  2007). Water stress affect the plants in many different ways. An example is that 

as the plant becomes deficient in water the exchange rate of carbon dioxide and oxygen is 

slowed and as a result reduced exchange of these gases slows photosynthesis and plant growth 

is inhibited (Plaster, 2009). Intercropping using crops that are efficient at capturing water and 

exchanging it for CO2 for biomass production can be a suitable water management strategy for 

resource poor farmers practicing agriculture under rainfed conditions (Chimonyo et al., 2016b). 

Under high temperature and high light intensity, C4 plants exhibit higher photosynthetic and 

growth rates due to gains in the water, carbon and nitrogen use efficiency (Lara and Andreo, 

2011). Therefore C4 plants gains an advantage over C3 plants by maintaining high rates of 

photosynthesis when the stomata are partially closed to conserve water during a period of water 

stress (Hopkins and Huner, 2009). The lower stomatal conductance of C4 plants at any given 

CO2 level means lower average transpiration and higher leaf temperatures in C4 plants, which 

may increase heat related damage in C4 plants compared with C3 plants in the same habitat 

(Lara and Andreo, 2011).  

 

2.1.2 Nitrogen application on increasing plant productivity 

Nitrogen is an element key to soil fertility and the development of sustainable food production 

system. Although other minerals such as phosphorus, potassium and micronutrients are 

essential for plant growth, in most situations it is the N supply that determines crop yields 

(Noordwijk et al., 2004). Plants usually depend upon combined and or fixed, forms of nitrogen, 

such as ammonia and nitrate because nitrogen is unavailable in its most prevalent form as 

atmospheric nitrogen (Al-Mujahidy set al., 2013). It is a yield limiting factor for most plants 

and hence controls growth thus making it an important element of plant productivity (Lea and 
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Morot-Gaudry, 2001). Plants require nitrogen as an essential part of protein and chlorophyll, 

so a plant well-supplied with N photosynthesizes much more efficient than a deficient plant 

(Plaster, 2009).  Otieno et al. (2007) pointed that lack of adequate amounts of nitrogen in most 

soils puts a limitation on the farmers goals of increasing yield per unit area. The adoption of 

synthetic N fertilizers has increased the overall farm production of food crops by allowing 

farmers to grow cereals or other crops on land that would have otherwise been dedicated to 

fertility-generating legume rotations (Crews and Peoples, 2004). Currently, there is a high 

demand for maintenance and improvement of soil fertility thus making farming more fertilizer 

dependent for higher yields (Buah et al., 2012). In Africa, average use of NPK fertilizers is 8 

kg per hectare, which is only 10 percent of the world average (African Union Fertilizer Summit, 

2006).  

Low productivity in agriculture correlates with low quality of the soil resource base which is 

often caused by inherent or induced deficiencies of major nutrients, namely, nitrogen, 

phosphorus, and potassium, low nutrient holding capacities, high acidity and low organic 

matter (Bationo et al., 2003). Strategic application of nitrogen improves the performance of 

most cropping system, for example, little amounts of available soil nitrogen or nitrogen 

fertilizer have shown to have a stimulatory effect on legume nodulation and nitrogen fixation 

(Giller and Cadisch, 1995). Most nitrogen is provided to cropping systems in the form of 

industrially produced nitrogen fertilizers (Al-Mujahidy et al., 2013). In excess, applied N 

promotes lush vegetative growth, delays maturity, may reduce seed yield, and may suppress 

N-fixation (Ajeigbe et al., 2010).  
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2.1.3 Legumes as a source of nitrogen 

Legumes are very important both ecologically and agriculturally because they are responsible 

for a substantial part of the global flux of nitrogen from atmospheric N2 to fixed forms such as 

ammonia, nitrate, and organic nitrogen (Zahran, 1999). Legumes are most widely recognized 

nitrogen fixing symbiosis because of their importance as a food source (Paul, 2007). The 

predominant nitrogen fixing species that have shown to make real contribution to cropping 

system are the rhizobia bacteria that form symbiotic associations with legumes (Giller, 2001).  

It is now increasingly being realized that the intensive use of chemical fertilizers, so long 

promoted for higher productivity in agriculture, is harmful for soil and proves 

counterproductive in the long run (Ghosh, 2004). Therefore, research is shifting to replenishing 

the soil with inputs that are environmentally friendly such as biologically fixed N.  

The world production of fixed nitrogen from dinitrogen for chemical fertilizer accounts for 

about 25%, of the earth’s newly fixed N2, and biological processes account for about 60% 

(Zahran, 1999). Including legumes in a cropping system can help to increase the level of soil 

nitrogen and consequently reducing the amount of soil N decline due to intensive cultivation 

(Dakora and Keya, 1997). The N contribution made by legumes in intercropping system is 

associated with the decay of crop residues, roots, nodules and fallen leaves (Noordwijk et al., 

2004). The use of nodulated legumes is often a more achievable and practical alternative for 

smallholder farming system as compared to expensive chemical fertilizers (Sanginga and 

Woomer 2009) because most smallholder farmers like to include legumes in their cropping 

system. Therefore, in areas where high costs of nitrogen fertilizer reduce its use, screening of 

legumes is essential for their potential effect in increasing productivity (Ghosh et al., 2007).  

Fixed nitrogen provided by biological nitrogen fixation is less likely to leach and volatilize 

because it is utilized in situ and therefore the biological process contributes an important and 
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sustainable input into agriculture (Dixon and Kahn, 2004). Significant decline in nitrogen 

fixation with soil fertility implies that the nitrogen advantage of legumes is likely to be small 

in smallholder systems characterized by poor soil fertility (Ojiem et al., 2007). However in 

various parts of Africa yields are still very small such that there could be readily be doubled by 

only depending on biological nitrogen fixation as a nitrogen source (Giller and Cadisch, 1995).  

 

2.2 Crops and cropping system 

2.2.1 Sorghum 

2.2.1.1 Sorghum production 

Sorghum (Sorghum bicolor (L.) Moench) is one of the most important cereal crops in Botswana 

commonly grown by smallholder farmers who rely on rainfall. Sorghum can perform very well 

even on drought conditions. Sorghum is the second most cultivated cereal by traditional sector 

and the top most cultivated cereal by the commercial sector in Botswana (Statistics Botswana, 

2015). It is also a major crop in the warm low rainfall areas of tropics (Chantereneau and Nicou, 

1994). It is tolerant to soil water deficits and efficient in soil nutrient uptake due to its fibrous 

root system (Abunyewa et al., 2017). Grain sorghum approaches its genetic potential in seed 

number when growing conditions are favorable however unfavorable conditions like water 

stress or biotic stresses during the panicle development anthesis interval lower final seed 

numbers (Gerik et al., 2004). During the growing season sorghum plant can survive periods of 

moisture stress by becoming dormant and then resuming growth when conditions become 

favorable (Sheaffer and Moncada, 2009). Smallholder farmers in Botswana mainly grow 

sorghum for its grain which is milled and consumed as porridge (bogobe) or as soft porridge 

(motogo). Its grain can be cooked as a rice (Mosutlhane). It can also be brewed to make 

traditional beer. 
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2.2.1.2 Nitrogen application in sorghum 

Nitrogen is a major fertilizer required by sorghum. If the quantities of available P in soil are 

adequate applied N is usually completely available, thus deficiency in one nutrient results in 

reduced plant growth and less ability to make use of all other nutrients (Chantereneau and 

Nicou, 1994). Low usage of P in relation to N has been identified as one of the major factors 

limiting higher crop yields possibly because P acts to balance N in many ways for example, 

while N delays maturity P hastens it (Plaster, 2009; Ahmad, 2011). Several studies have shown 

that addition of fertilizer N to the soil led to yield increment in sorghum. According to  Sibhatu 

et al. (2015), increasing amounts of N fertilizer resulted in increase in dry matter yield of 

intercropped sorghum. Thus, plots that received 61.5 kg N/ha over yielded the unfertilized 

treatments. They also found that not only did N application led to increase in yield, but also led 

to the vigorous growth of above ground parts of sorghum plants which enabled them to harvest 

ample solar radiation resulting in the corresponding increment of photosynthetic rate. Similarly 

Sawargaonkar et al. (2013) found that N fertilizer had profound linear effect on sorghum grain 

yield up to 90 kg/ha but, further increased N level did not improve grain yield proportionately. 

They also found significantly higher economic returns and benefit cost ratio (B:C) with the 

application of 90 kg N/ha, however increasing N level further to 120 and 150 kg/ha did not 

significantly affect productivity or income, but instead caused severe lodging at harvest in the 

plots with 150 kg N/ha. Sibhatu (2016) found that addition of N fertilizer resulted in significant 

variation in panicle length of sorghum intercropped with cowpea, hence application of N 

fertilizer improved panicle length as compared to nil N application probably due to the 

attributes of N fertilizers to increasing the vegetative growth of crops. 

Turgut et al. (2005) also found that under irrigated conditions the lowest forage and dry matter 

yield of sorghum was associated with treatment which was not applied nitrogen but forage and 

dry matter yield increased as the amount of N increased but decline in yields occurred at 
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application rate of 200 kg N/ha, indicating that optimum N rates were reached. They also found 

that the highest seed yield was obtained in plots fertilized with 150 kg/ha N. 

Buah and Mwinkaara (2009) found that plant density did not affect response of sorghum to 

applied nitrogen therefore grain yield in response to applied nitrogen was the same for a range 

of sorghum plant densities. Furthermore increasing N application in sorghum to 120 kg N/ha 

significantly increased chlorophyll content while the application of no N fertilizer resulted in 

the lowest chlorophyll content and consequently more sorghum biomass at 50% flowering was 

found on the nitrogen fertilized treatment as compared to the zero nitrogen treatment (Buah 

and Mwinkaara, 2009). 

 

2.2.1.3 Sorghum planting density 

Plant density is one of the most important cultural practices determining grain yield and it is 

therefore essential to consider when practicing intercropping (Nthabiseng et al., 2015). In areas 

where crop growth is constrained by limited precipitation, optimizing planting density is 

critical as high population densities may deplete most of the available moisture before the crop 

matures while low density may leave moisture unutilized (Bayu et al., 2005). Fernandez et al. 

(2012) highlighted that the responses to narrow-row spacing in grain sorghum have been varied 

and inconsistent mostly because of environmental conditions. High density is undesirable 

because it encourages inter plant competition for resources (Tajul et al., 2013). Buah and 

Mwinkaara (2009) found that chlorophyll content in the leaves of sorghum was significantly 

affected by plant density, that is, the highest sorghum density of 133 300 plants/ha resulted in 

the lowest chlorophyll concentration and the highest chlorophyll content was found at lower 

densities. When cowpea was intercropped with sorghum, cowpea yield was found to be 

affected by the change in sorghum population, thus reducing sorghum plant population 
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improved cowpea yield by between 5.6 and 35.1% but increasing sorghum population 

increased its overall yield hence the results showed that this had a negative effect of cowpea 

yield (Chimonyo et al., 2016a). 

  

2.2.1.4 Sorghum under an intercrop system with cowpea and other legumes 

Studies on sorghum planted as an intercrop with legumes are many and varied depending on 

factors such as the density of the intercropped legume and environmental conditions. Sorghum 

when intercropped with Bambara groundnut (Vigna subterranea) produced higher yields 

because the two combinations had a greater light interception over a larger surface area and 

higher and wider exposure to sunlight (Karikari et al., 1999). The seed yield of intercropped 

sorghum compared to sole sorghum increased by about 100% while that of intercropped 

soybean increased by only 2.2% implying that soybean did not benefit from intercropping to 

the same degree as sorghum (Ghosh et al., 2006).  

Amedie et al. (2004) found that when sorghum was intercropped with different legumes such 

as soybean, groundnut, French bean and cowpea, significantly lower grain yield was obtained 

in intercropped cowpea while the other intercropped legumes had significantly higher grain 

yields compared with cowpea. Thus implying that sorghum produce different effect on 

different legumes when intercropped. Moreover intercropping of grain sorghum with cowpea 

increased sorghum grain yield per plant revealing the beneficial effect of intercropping of grain 

sorghum with cowpea (Refay et al., 2013). On the contrary Karanja et al. (2014) found that 

sorghum produced the highest grain yields (of 2729 kg/ha and 3011 kg/ha) when grown as a 

monocrop than intercropped with cowpea in both the respective seasons. Intercropping has 

been found to affect nutrient concentrations. Musa et al. (2012) found that intercropping 

significantly increased Ca, Mg, Cu, Mn, and Fe contents of sorghum seeds, while it had no 
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effect on the concentration of P, K, Na, and Zn in the sorghum seeds. Makoi et al. (2010) found 

that intercropping sorghum with cowpea reduced the concentration of Fe, Ca, P, K, Mg, Cu 

and Zn in cowpea rhizosphere and thus leading to a decrease in their concentration in plant 

tissue. 

 

2.2.2 Cowpea 

2.2.2.1 Cowpea production 

Cowpea (Vigna unguiculata (L.) Walp) is one of the highly grown pulses in Botswana and it 

is a source of income for many smallholder farmers. It is also a commonly grown food legume 

by traditional farmers in Sub-Saharan African countries possibly because of its relatively wide 

adaptation to drought and low-nutrient environments (Pule-Meulenberg et al., 2010). Its shade 

tolerant characteristic makes it to be very compatible as an intercrop with a number of cereals 

(Ajeigbe et al., 2010). Its quick growth and rapid ground cover has made it an essential 

component of sustainable subsistence agriculture (Ajeigbe et al., 2010).  

 

2.2.2.2 Cowpea in biological nitrogen fixation  

The nitrogen fixing ability of cowpea is well known and has been found to fix N2 even in low 

nutrient soils (Ajeigbe et al., 2010). The total N contribution in cowpea varies with the amount 

of N2 fixed and the proportion of the plant that is harvested (Thom et al., 2008). According to 

Sprent et al. (2010) legumes are very good scavengers of soil nitrogen and do not necessarily 

enrich soil nitrogen so Ndfa (nitrogen derived from air) will depend not only on the efficiency 

of the nodules, but also on soil fertility and other factors. The variation in the amount of 

nitrogen fixed by various legumes could be attributed to the amount of plant biomass produced 

by the various legumes because the higher the biomass produced, the higher the amount of N 
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fixed (Adeleke and Haruna, 2012). Nodulation has been found to be affected by the stage of 

growth of the plant for example at the flowering stage cowpea nodules are at the peak of N2 

fixation and nodules had not started senescing to release the N they contain (Marandu et al., 

2014).  

When cowpea and groundnut were planted in rotation with sorghum, cowpea accumulated 

almost twice as much N than did groundnut and total N yields in the above ground part of 

groundnut and cowpea were atleast 31 and 59 kg N/ha, respectively thus they increased soil N 

availability and N uptake by succeeding sorghum but the N effect of cowpea was higher than 

that of groundnut (Bado et al., 2006). In a similar experiment by Adeleke and Haruna (2012) 

when soybean, cowpea, lablab, and groundnut were planted in rotation with maize the result 

showed increase in the total soil N, after planting any of the four legumes however previous 

lablab plots had the highest total N of 0.49% followed by groundnut, cowpea, soybean and 

fallow plots with 0.42%, 0.38, 0.29 and 0.26%, respectively. 

 

2.2.2.3 Nitrogen application on cowpea  

Legumes are known to be less reliant on mineral nitrogen for their growth and productivity 

because they are able to fix their own nitrogen in symbiosis with rhizobia. Furthermore high 

nitrogen content in soil is known to reduce the nitrogen fixing ability of rhizobia.  Sibhatu et 

al. (2015) found that zero N treatment had significantly higher number of nodules than any of 

the N levels while the lowest number was recorded from application of 61.5 kg N/ha therefore 

increasing rate of N reduced number of nodules per plant. Singh and Usha (2003) found that 

the number of nodules per plant varied from 1-20 and 1-14 when cowpea plants were fertilized 

with nitrogen at an application rate of 40 and 120 kg/ha respectively indicating the overall 

inhibition of nodule number due to high level of N. They further found that high N fertilizer 
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level of 120 kg/ha reduced nodule mass. Oroka (2010) found that nitrogen fertilizer application 

of 0, 15, 30 and 40 kg/ha had no significant effect on the number of nodules of cowpea when 

it was planted as either monocrop or intercropped with rice. 

Application of N fertilizer was found to enhance the number of seed per pod thus application 

of zero fertilizer produced lower number of seeds pod-1 than the others but number of seed per 

pod of sole cowpea exceeded 37% of the intercropped (Sibhatu et al., 2015).  Abayomi et al. 

(2008) found that plant height, number of leaves per plant and dry matter at 50% flowering 

were highest with the highest level of fertilizer but nodulation was significantly reduced by 

successive application of NPK fertilizer from 0-0-0 to 60-30-30 NPK/ha. 

 

2.2.2.4 Cowpea planting densities 

Plant density is one of the factors to be considered in cowpea production. The optimization of 

planting density is paramount since it has been found that often N-fixed amounts were low due 

to sparse plants in the field (Naab et al., 2009). Information on the effect of planting density 

on some growth parameters is sometimes contradictory for example; according to Makoi et al. 

(2009) increasing cowpea density reduced dry matter content of the shoots, roots, pods and 

nodules but it significantly increased grain yield. When cowpea was intercropped with maize, 

its dry matter production in sole cropping increased with increasing density (Moriri et al., 

2010). Omae et al. (2014) found out that the highest crop density of 29 412 to 32 418 plants/ha 

increased cowpea biomass by 132% and grain yield by 97%. Cowpea planting density was 

found not to significantly affect nodule number of intercropped cowpea (Sibhatu et al., 2015). 

Makoi et al. (2009) found out that increasing plant density decreased percentage of N fixed in 

all organs of cowpea. 
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2.2.2.5 Cowpea under intercrop system 

Reports on the performance of cowpea grown as sole/intercropped with cereals are many and 

most of them has shown that cowpea is suppressed by the companion cereal crop. According 

to Alhaji (2008) cowpea performed better when grown as a sole crop than when grown with 

maize in an intercrop system, that is, the number of pods per plant, pod weight and seed yield 

were significantly reduced when intercropped with maize. Similarly Ibrahim et al. (2014) 

found that cowpea performed better when grown as a sole crop than when grown in an intercrop 

with sorghum because the number of pods per plant, pod weight and seed yield were 

significantly reduced when intercropped with sorghum. Shata et al. (2007) also found that the 

highest yield of cowpea was obtained when cowpea was sown alone while lowest yield was 

obtained when cowpea was sown with millet and maize as intercrops. Karanja et al. (2014) 

found that in season I and II, cowpea intercropped with sorghum produced significantly lower 

grain yields ranging from 56%-64% than their corresponding sole crops. Ewansiha et al. (2014) 

found that intercropping influenced days to 50% flowering in cowpea that is intercropped 

cowpea took more days to flower than sole cowpea hence intercropping increased number of 

days to flowering by 8%. Intercropping has been found to influence the nodule number/plant 

of cowpea. Sole cowpea produced significantly higher nodule number as compared to 

intercropped cowpea in which the low nodule number in intercropped cowpea could be due to 

the shading effect of  sorghum that hinders N2-fixation (Sibhatu et al., 2015). Similarly cowpea 

when grown as monocrop it fixed greater N compared to when it was intercropped with 

sorghum and consequently grain yield of cowpea was significantly greater in cowpea 

monocrop relative to when it was intercropped with sorghum (Makoi et al., 2009).   
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2.2.3 Intercropping  

Intercropping is the practice of growing more than one crop species together at the same time. 

In intercropping, there is usually one main crop and one or more added crop(s), with the main 

crop being of the most importance for economic or food production reasons and the two or 

more crops in an intercrop are usually from different species and different plant families, or 

less commonly they may be simply different varieties or cultivars of the same crop 

(Lithourgidis et al., 2011). In intercropping, there is an efficient utilization of resources because 

of different crop species which have different requirements of light, water and nutrients (Martin 

et al., 2006). Increased efficiency on the use of resources in intercropping may occur because 

the component crops use the resources either at different times, acquire resources from different 

parts of the soil or in different forms (Echarte et al., 2011). The differences in the depth of 

rooting, lateral root spread and root densities are some of the factors of competition between 

the component crops in an intercropping system for water and nutrients, and hence input use 

efficiency (Ghosh et al., 2006). The success of an intercrop system depends on understanding 

the physiology of the species to be grown together, their growth habits, canopy and root 

architecture, and water and nutrient use (Machado, 2009). Therefore selecting crops that differ 

in competitive ability in time or space is necessary for an efficient intercropping system as well 

as decisions on planting time, planting density, and in what arrangement (Lithourgidis et al., 

2011). Competition for available resources is a major concern in intercropping because it 

determines the component crop yield and productivity of the system. According to Tsubo et al. 

(2005) in most cereal-legume intercropping, cereal crops form higher canopy structures than 

legume crops, and the roots of cereal crops grow to a greater depth than those of legume crops. 

Since lack of arable land is a constraint, optimizing intercropping performance can assist in 

effective use of space and nutrients (Nthabiseng et al., 2015). Nowadays intercropping is 

receiving attention because it offers potential advantages for resource utilization, decreased 
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inputs and increased sustainability in crop production (Ghosh et al., 2006). It also offers the 

farmer with numerous options for returns from land and labour, often increases efficiency in 

which scarce resources are used, and reduces dependence upon a single crop that is susceptible 

to environmental and economic fluctuations (Bationo et al., 2003). Traditionally, intercropping 

aimed to avoid dependence on a single crop, obtain a variety of products from the same piece 

of land, improve efficiency of the available resources and increase farm income from small 

holdings (Rashid et al., 2004). Intercropping can provide many benefits through increased 

efficiency of land use, enhancing the capture and use of light, water and nutrients, controlling 

weeds, insects, diseases and increasing the length of production cycles (Alla et al., 2014). 

When intercropping is well managed, intercrops will usually yield more than the same crops 

grown separately (Martin et al., 2006). During intercropping, cereal crops usually germinate 

and create an effective root system faster than legumes resulting in reduced concentration of 

soil N in a way that nodulation and nitrogen fixation is not inhibited (Giller and Cadisch, 1995).  

Intercropping cereals with legumes is highly advantageous to the farmers since the cereal crop 

will benefit from the nitrogen fixed if the legume matures earlier than the cereal crop and 

residual N will also be left in the soil for use by a subsequent crop grown on the same portion 

of land during the next cropping season (Kombiok et al., 2012). Nitrogen accumulated by root 

nodule bacteria may pass into the sap of the host plant and be used directly, it can also be stored 

in bacterial cell and be released when the nodules decay or diffuse into the soil and be absorbed 

by the roots of other plants (Miller, 2007). Moreover relatively dense roots system of a cereal 

such as sorghum may trap the nitrogen in soil thereby reducing losses by leaching 

(Chantereneau and Nicou, 1994). 
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Chapter 3  
 

3 Methodology 

3.1 Experimental site 

The study was conducted at the Botswana University of Agriculture and Natural Resources 

(BUAN) gardens under rainfed conditions during the 2015/2016 growing season. This site is 

located at the latitude of 240 33’ South and longitude of 250 54’ East in Sebele, Gaborone in 

the southern part of Botswana. The climate is semi-arid, characterized by low precipitation 

(about 450 mm per annum). Botswana receives summer rainfall, with the rainy season 

commencing around October and ending in April. Rainfall in Botswana is limited and highly 

erratic. The 2015/2016 growing season was characterized by low rainfall and extremely high 

temperatures (with an average temperature of 29.2 0C from December 2015 to May 2016). 

During the planting season rainfall was erratic and there was dry spells for several weeks. The 

potential evapotranspiration of crops exceeded available rainfall during the rainy season 

therefore soil moisture was a limiting factor for crop production.  

 

3.2 Soil sampling and analysis  

The soil was sampled from five different spots in the field using a zigzag pattern and 

subsamples were mixed to make a composite sample. The soil was air dried and sieved with a 

2 mm mesh sieve. Soil analysis were done for pH, EC, CEC, N, P, K, Ca, Na, Mg, texture and 

organic carbon.  

Soil pH was determined in 0.01 N calcium chloride solution using 1:5 soil to calcium chloride 

ratio while soil EC was determined using portable EC meter in 1:5 soil to distilled water ratio 

as described by Reeuwijk (2002).  Exchangeable cations (Mg, Na, Ca and K) were extracted 

in ammonium acetate as described by (Reeuwijk, 2002). After extraction the concentration of 
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ions were analyzed using Inductively Coupled Plasma -Optical Emission Spectrometer 

(Optima 2100 DV). Total cation exchange capacity (CEC) was measured after the soil was 

extracted with ammonium acetate and then distilled and titrated with 0.01N hydrochloric acid 

as described by Reeuwijk (2002). Available phosphorus in soil was extracted according to Bray 

and Kurtz method as described by (Reeuwijk, 2002). Organic carbon was determined by 

modified spectrophotometric Walkley-Black method as described by Souza et al. (2016). Soil 

texture was determined using bouyoucos hydrometer method as described by Estefan et al. 

(2013). 

Percentage nitrogen was determined by the micro- Kjeldahl procedure which involve digesting 

in sulphuric acid-selenium mixture and hydrogen peroxide. The digest was distilled and 

ammonium was trapped into boric acid and titrated with hydrochloric acid as described by 

(Reeuwijk, 2002). Percentage nitrogen was calculated using the formula by Estefan et al. 

(2013) below: 

% Nitrogen =
14.007 x (Va − Vb)x N x V 

W x t x 1 000
x 100 

Where: 

14.007: atomic weight of nitrogen 

Va: Volume of acid used for sample titration 

Vb: Volume of acid used for blank titration 

N: Normality of acid (0.01 N HCl) 

V: Total volume of the digest (200 mL) 

W:  Sample weight in grams 

t: volume of the digest sample used for distillation (25 mL) 
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3.3 Experimental setup 

The experiment was a split-split block design with five levels of N fertilizer as the main plot. 

Nitrogen was added at levels of 0, 50, 75, 100 and 125 kg/ha from Lime ammonium nitrate 

(LAN). Plants that received 0 LAN were the control plants. Three levels of cropping system, 

that is, whether crops (sorghum var segaolane and cowpea var Inia 37) were planted as sole or 

intercrops was the sub-plots within the main plot. Within the subplots there were the sub-

subplots which were made of three different planting densities (40 000, 53 333 and 66 667 

plants/ha). Sorghum and cowpea were planted at an inter-row spacing of 0.75 m and the intra 

row spacing (of 0.4, 0.3 and 0.25 m) respectively to give different plant populations (of 40 000, 

53 333 and 66 667 plants/ha respectively). The main plots were 11 m x 8.5 m, the subplots 2.5 

x 11 m, the sub-sub plots 2.5 x 3 m in size making 45 treatment combinations replicated three 

times. The sub subplots were separated by 1 m in between while the blocks and the main plot 

were separated by 2 m in between. There was a total of five rows per sub sub-plot.  

3.4 Land preparation and agronomic practices 

The experimental site was disc ploughed using a tractor. A blanket application of single super 

phosphate (10.5%, P2O5, at a rate of 85 kg/ha) was done prior to planting in all the treatments 

at a rate recommended by Ministry of Agriculture. Three seeds were sown per hole and three 

weeks after emergence plants were thinned to one plant per hole. Supplementary irrigation was 

provided for emergence thereafter plants were not irrigated further. The nitrogen fertilizer 

treatment was applied at week five because it is the period when the nitrogen demand for the 

main crop sorghum is at peak. Side dressing of nitrogen fertilizer was applied in a row 5 cm 

away from roots. Weeds were controlled by hoeing. Sorghum stemborer and sorghum aphids 

outbreaks were controlled by foliar application of cypermethrin and dimeto 40 EC respectively. 

Birds were scared by field assistants from grain filling stage until harvest. Lodging in sorghum 
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due to strong winds was controlled by making the plant stand upright by supporting the plant 

with soil on the stem. 

3.5 Photosynthetic parameters measurements 

The number of days to flowering were recorded when 50% of the plants in a sub subplot had 

flowered. Photosynthesis rate (A), stomatal conductance (gs), transpiration rate (E) and internal 

carbon dioxide concentration (Ci): were measured using portable photosynthesis system (LI-

6400/LI6400XT model). Measurements were taken from three plants from inner rows on each 

sub-subplot during the flowering stage. On sorghum, measurements were made on the flag leaf 

and on cowpea it was done on the 3 fresh photo leaves on each plant. Photosynthesis water use 

efficiency was calculated by dividing leaf photosynthesis by leaf transpiration (Wilson et al., 

2012).  The chlorophyll content was measured from the flag leaf of sorghum and from fresh 

photo leaf in cowpea using chlorophyll meter (SPAD -502 plus, Konica Minoita) at the 

flowering stage from three plants selected from inner rows of each sub-sub plot.  

 

3.6 Plant sampling and handling 

Destructive sampling was done at the flowering stage on the same plant that measurements of 

photosynthesis, stomatal conductance, transpiration and carbon dioxide were taken. These 

plants were carefully uprooted with soil still attached to the roots, making an effort to dig out 

majority of the root system including the nodules, using a spade. Roots were washed gently 

with a clean water avoiding the root nodules from falling. Root nodules were detached and 

their number was recorded per cowpea plant. The uprooted plants (sorghum and cowpea) were 

separated into roots and shoots. After separation, shoots, nodules and roots were oven dried at 

60 0C until constant weight for dry matter determination. The dried shoots were ground into 

fine powder for mineral analysis. 
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3.7 Nutrient concentration  

Macro and micro nutrient (N, P, K, Ca, Mg, Fe, Cu, Na, Mn and Zn) concentration on sorghum 

and cowpea shoot were determined by the micro-Kjeldahl procedure which involve digestion 

in a mixture of concentrated H2SO4 and H2O2. The plant digests were analyzed using 

Inductively Coupled Plasma -Optical Emission Spectrometer (Optima 2100 DV) to find the 

concentration of these minerals (P, K, Ca, Mg, Fe, Na, Mn, Cu and Zn). To find total nitrogen 

the plant digests were distilled and titrated with 0.01 hydrochloric acid then % nitrogen was 

determined by calculation using the formula by Estefan et al. (2013) below: 

% Nitrogen =
14.007 x (Va − Vb)x N x V 

W x t x 1 000
x 100 

Where: 

14.007: atomic weight of nitrogen 

Va: Volume of acid used for sample titration 

Vb: Volume of acid used for blank titration 

N: Normality of acid (0.01 N HCl) 

V: Total volume of the digest (200 mL) 

W:  Sample weight in grams 

t: volume of the digest sample used for distillation (25 mL) 

 

3.8 Nutrient uptake 

The uptakes of N, P, K, Ca, Mg, Fe, Na, Zn, Cu and Mn per plant were calculated by 

multiplying nutrient concentration in shoot by the shoot biomass as described by Malik et al. 

(2013). 
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3.9 Agronomic nitrogen use efficiency (NUE) 

It was calculated from the shoot yield at flowering and from the total grain yield at harvest for 

both cowpea and sorghum using the formula by (Wortmann et al., 2007); where agronomic 

nitrogen use efficiency (kg/kg) = (Yf - YC) / (Fappl) where YF and YC denote yields (kg/ha) in 

the treatment where nitrogen fertilizer have been applied and in the control plot where no 

nitrogen has been applied respectively, and Fappl is the amount of nitrogen fertilizer applied 

(kg/ha). 

 

3.10 Yield and yield components 

After sorghum plants reached physiological maturity, panicles were harvested from the two 

middle rows of each sub-sub plot, and panicle length and weight were measured. After 

threshing, 1000 seed weight measured and then total grain yield determined. For cowpea, at 

physiological maturity pods were harvested from the two middle rows from each sub-sub plots 

then pod length, pod weight and number of seeds per pod were measured from 10 pods selected 

randomly. After threshing 100 seed weight was measured and total grain yield was determined. 

  

3.11 Land equivalent ratio (LER) 

Land equivalent ratio which determines the efficiency and/or the advantage of an intercropped 

system was calculated as: 

LER = (Yab/Yaa) + (Yba/Ybb) 

Where Yaa and Ybb are yields of sole crops of a and b and Yab and Yba are yields as intercrops 

of a and b where values of LER greater than 1 are considered advantageous (Egbe, 2010). 
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3.12 Statistical analysis 

All measured variables were analyzed using three Way analysis of variance (ANOVA) using 

STATISTICA programme version 13.0 after checking for normality. Treatment means and 

interaction effects were compared using the Fisher’s Least significant difference (LSD) 

procedure at significance level of 5%. Pearson’s correlation coefficient were used to test if 

there was any associations. 

 

3.13 Soil Analysis results 

The soil textural class of the experimental site was loamy sand with very low organic carbon 

and N content and higher P and K content and medium Ca content (Table 3.1). 

Table 3.1 Selected soil physical and chemical properties before planting 

Soil characteristic Value  

pH (CaCl2) 6.55 

EC (µs/cm) 82.4 

CEC (meq/100g) 1.73 

Organic carbon (%) 0.25 

Textural class Loamy sand 

Sand (%) 80.67 

Silt (%) 11.69 

Clay (%) 7.64 

Total N (%) 0.13 

Available P (ppm) 48.87 

Exchangeable K (mg/kg) 212.79 

Exchangeable Ca (mg/kg) 235.81 

Exchangeable Mg (mg/kg) 57.84 

Exchangeable Na (mg/kg) 19.24 
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Chapter 4  

4 Results 

4.1 Plant growth parameters 

4.1.1 Effect of nitrogen application rate on photosynthetic parameters of cowpea 

Photosynthetic parameters in cowpea were significantly affected by nitrogen application rate. 

Control plants had significantly higher rate of photosynthesis, stomatal conductance and WUE 

compared to plants that received N (Table 4.1). Internal carbon dioxide was high on the plants 

that received 0, 100 and 125 kg N/ha but lower on plants that received 50 and 75 kg N/ha 

(Table 4.1). Application of 75 kg N/ha increased the rate of transpiration while the application 

100 kg N/ha reduced it. Cowpea plants applied with 50 kg N/ha had significantly higher 

chlorophyll content. Higher nitrogen application rates (100 and 125 kg/ha) reduced the 

chlorophyll content (Table 4.1). 

 

4.1.2 Effect of cropping system on photosynthetic parameters of cowpea 

Cropping system significantly (p ≤ 0.001) affected the rate of transpiration and WUE. 

Intercropped cowpea had higher rate of transpiration than monocropped cowpea, while 

monocropped cowpea had higher WUE than intercropped cowpea (Table 4.1). The rate of 

photosynthesis, stomatal conductance, internal CO2 and chlorophyll content were not 

significantly affected by cropping system (Table 4.1).  
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4.1.3 Effect of planting density on photosynthetic parameters of cowpea 

Planting density significantly affected the rate of photosynthesis and WUE in cowpea (Table 

4.1). A significantly (p ≤ 0.01) higher photosynthetic rate was found on crops that were planted 

at a moderate planting density of 53 333 plants/ha. The WUE increased with increasing 

planting density. The lowest density of 40 000 plants/ha exhibited a lower WUE (Table 4.1). 

Planting density had no significant effect on the rate of stomatal conductance, transpiration, 

internal CO2 and chlorophyll content in cowpea (Table 4.1).  
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Table 4.1: Photosynthesis, stomatal conductance, internal CO2, transpiration, WUE and chlorophyll of cowpea measured at the flowering stage 

Treatments  Photosynthesis 

(A)  µmol CO2  

m-2 s-1 

Stomatal 

conductance 

 (gs) mol m-2 s-1 

Internal CO2 

(Ci)  µmol m-2s-1 

Transpiration 

(E) mmol H2O m-2 s-1 

Water use efficiency 

(WUE) (µmol CO2/ 

mmol H2O) 

Chlorophyll  

( SPAD reading) 

Fertilizer rate (kg N/ha)       

 0 28.54±0.39a 1.40±1.16a 251.46±7.74a 7.11±0.12d 4.23±0.07a 51.41±0.50b 

50 23.23±0.47c 0.71±0.19b 225.12±8.98b 7.78±0.14c 3.45±0.08c 53.87±0.54a 

75 23.29±0.47c 0.80±0.20b 227.55±9.24b 9.38±0.15a 2.22±0.08e 52.74±0.71ab 

100 25.46±0.40b 0.73±0.18b 265.76±8.43a 6.56±0.13e 4.01±0.07b 48.95±0.44c 

125 23.12±0.31c 1.01±0.16ab 266.79±7.54a 8.18±0.12b 2.99±0.07d 49.65±0.48c 

Cropping system       

Monocrop cowpea 24.49±0.29 0.95±0.11 243.36±5.27 7.37±0.08b 3.50±0.05a 51.65±0.35 

Intercrop cowpea 24.97±0.27 0.92±0.11 251.32±5.37 8.22±0.08a 3.26±0.05b 51.00±0.36 

Plant density (plants/ha)       

66 667 24.29±0.35b 0.99±0.14 248.69±6.62 7.64±0.10 3.45±0.06a 50.73±0.43 

53 333 25.46±0.33a 0.93±0.14 238.93±6.53 7.92±0.10 3.43±0.06a 51.82±0.43 

40 000 24.44±0.34b 0.87±0.14 254.40±6.40 7.84±0.10 3.26±0.06b 51.42±0.44 

F statistic       

Fertilizer rate 35.61*** 2.84* 5.517*** 62.19*** 119.22*** 15.27*** 

Cropping system 1.81ns 0.03ns 1.121 ns 51.74*** 13.87*** 1.88 ns 

Plant density 4.37** 0.22 ns 1.458 ns 1.98 ns 3.35* 1.83 ns 

Fertilizer rate*cropping system 12.22*** 0.16 ns 5.23*** 1.45 ns 12.49*** 2.89* 

Fertilizer rate*plant density 2.77** 1.40 ns 6.15*** 4.05*** 6.77*** 0.96 ns 

Cropping system*plant density 0.40ns 0.67 ns 8.29*** 2.07 ns 1.06 ns 1.33 ns 

Fertilizer rate*cropping system* 

plant density 

2.60** 0.34 ns 3.33*** 2.38* 1.00 ns 5.98*** 

 

Values followed by dissimilar letters in the same column in a treatment are significant at P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; 

***: P≤0.001. ns=not significant. Values in the columns represent the means and their standard errors. 
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Figure 4.1: Interactive effect of N fertilizer application rate and cropping system on: A) 

photosynthetic rate, B) internal CO2 concentration, C) chlorophyll content, and D) 

photosynthetic WUE in cowpea. Values followed by dissimilar letters in the same column 

within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents 

standard error. 

 

The control cowpea exhibited the greatest photosynthetic rates irrespective of cropping system. 

There were no significant differences in photosynthetic rates between the monocrop and 

intercrop cowpea on plants that received 0, 100 and 125 kg N/ha fertilizer (Figure 4.1A). 

Interestingly at fertilizer application rate of 75 kg N/ha, intercropped cowpea exhibited 

significantly higher photosynthetic rates (Figure 4.1A). At 0 and 100 kg N/ha monocropped 
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cowpea had higher internal CO2 concentration compared to intercropped plants (Figure 4.1B), 

while the reverse was true for 50 kg N/ha with intercropped cowpea showing significantly 

higher internal CO2 (Figure 4.B). At 75 and 125 kg N/ha, there were no significant differences 

in the internal CO2 concentration between monocropped and intercropped cowpea. Chlorophyll 

was measured using a hand held meter. Monocropped cowpea that received 0 and 125 kg N/ha 

had the greatest chlorophyll content compared to their intercrop counterparts. At 75 kg N/ha, 

the opposite was true, with intercropped plants exhibiting higher chlorophyll content (Figure 

4.1C). At 50 kg N/ha, there were no differences in chlorophyll content between intercropped 

and monocropped cowpea (Figure 4.1C). 

The photosynthetic water-use efficiency was obtained by dividing leaf photosynthesis by the 

leaf transpiration rate. At 0, 50, 100 and 125 kg N/ha rates, monocropped cowpea plants 

exhibited significantly higher water-use efficiency compared to intercropped plants (Figure 

4.1D). The reverse was true for the 75 kg N/ha application rate with intercropped plants 

showing higher WUE. Water-use efficiency was significantly lower on plants that received 75 

kg N/ha irrespective of cropping system (Figure 4.1D). 
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Figure 4.2: The interaction of N fertilizer rate and planting density on: A) photosynthetic rate, 

B) internal CO2 and C) transpiration rate on cowpea leaves. Values followed by dissimilar 

letters in the same column within a treatment are significant at P≤0.05 according to Fischer 

LSD. Error bars represents standard error. 
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Figure 4.3: Interactive effect of N fertilizer application rate and cropping system on the 

photosynthetic WUE in cowpea. Values followed by dissimilar letters in the same column 

within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents 

standard error. 

There was a significant N fertilizer application and planting density interaction on 

photosynthesis rate, internal CO2 and transpiration rate (Figure 4.2A – 4.2C). The control 

cowpea plants exhibited the greatest photosynthetic rate irrespective of planting density (Figure 

4.2A). From 0 – 100 kg N/ha, the highest photosynthetic rate was shown by plants planted at 

53 333 plants/ha (Figure 4.2A). At the highest fertilizer rate, plants from the highest density 

had the highest photosynthetic rate (Figure 4.2A).  

At 0 kg N/ha cowpea plants which were most densely planted had higher internal CO2 

concentration compared to the other two densities (Figure 4.2B). At 50 kg N/ha plants from 

the lowest experimental density showed higher internal CO2 concentration with the middle 

density showing the lowest concentration (Figure 4.2B). From 75 to 125 kg N/ha, the middle 

density (53 333 plants/ha) exhibited the highest internal CO2 concentration (Figure 4.2B). For 

the 0 kg N/ha, the highest planting density exhibited the highest transpiration rate (Figure 
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75 kg N/ha, the cowpea plants at the middle density lost more water through their stomata. At 

the high N application rates (100 and 125 kg N/ha) the low density plants transpired 

significantly more than those planted in higher densities (Figure 4.2C). Decreasing planting 

density increased water-use efficiency of cowpea at 0 kg N/ha fertilizer application rate (Figure 

4.3). At 50 kg N/ha, cowpea planted at a 53 33 plants/ha planting density exhibited the highest 

water use efficiency. Interestingly, at 75 kg N/ha, water-use efficiency of cowpea was generally 

low, with cowpea plants planted at 53 333 density once more exhibiting the highest water-use 

efficiency. At 100 and 125 kg N/ha fertilizer application rate, water-use efficiency increased 

with increasing planting density (Figure 4.3). 

 

Figure 4.4: The interaction of cropping system and planting density on internal CO2 

concentration in cowpea plants, planted under varying N fertilizer application rates. Values 

followed by dissimilar letters in the same column within a treatment are significant at P≤0.05 

according to Fischer LSD. Error bars represents standard error. 

At the highest planting density, monocropped cowpea plants exhibited significantly higher 

internal CO2 concentration relative to intercropped plants (Figure 4.4). Interestingly, at the 

middle planting density, the reverse was true whereas there were no significant differences in 

internal CO2 concentration between monocropped and intercropped cowpea plants at 40 000 

plants/ha (Figure 4.4). 
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Figure 4.5: Interactive effect of N fertilizer application rate, planting density and cropping 

system on: A) photosynthetic rate, B) internal CO2 concentration and C) transpiration rate on 
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cowpea. Values followed by dissimilar letters in the same column within a treatment are 

significant at P≤0.05 according to Fischer LSD. Error bars represents standard error. 

 

 

Figure 4.6: The interactive effect of fertilizer rate, cropping system and plant density on 

chlorophyll content in cowpea. Values followed by dissimilar letters in the same column within 

a treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents standard 

error. 
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(Figure 4.5B). At the moderate planting density, the three highest (75, 100 and 125 kg N/ha) 

fertilizer application rates induced the highest CO2 concentration in cowpea plants. At the 

lowest planting density, the 100 kg N/ha fertilizer rate significantly increased the highest CO2 

concentration in cowpea (Figure 4.5B). Cowpea plants that received 75 kg N/ha had higher 

transpiration rates irrespective of planting density and cropping system (Figure 4.5C). 

Transpiration rate decreased with planting density on intercropped N unfertilized cowpea 

(Figure 4.5C). On cowpea plants that received higher fertilizer application rates (100 and 125 

kg N/ha), spacious planting densities, increased the rate of transpiration irrespective of 

cropping system (Figure 4.5C).  

Regarding monocropped plants, at the highest density, the 75 and 125 kg N/ha application rates 

of fertilizer induced the highest chlorophyll content (Figure 4.6). Interestingly at the moderate 

planting density, application of fertilizer reduced the chlorophyll content of cowpea plants. At 

the lowest planting density, the highest chlorophyll content was induced by the 50 kg N/ha 

application (Figure 4.6).  With respect to intercropping, application of fertilizer also affected 

the chlorophyll content of cowpea. For plants grown at 66 667 plants/ha, the 50 kg N/ha 

application increased chlorophyll content the most (Figure 4.6).  At the 53 333 and 40 000 

plants/ha, the 75 kg N/ha induced the highest chlorophyll content. Overall, the lowest 

chlorophyll content was exhibited by plants which received 100 and 125 kg N/ha (Figure 4.6). 

 

4.1.4 Effect of nitrogen application rate on photosynthetic parameters of sorghum 

Nitrogen fertilizer application significantly affected the photosynthetic parameters in sorghum. 

(Table 4.2). The control sorghum plants had significantly higher rates of photosynthetic 

parameters compared to treatments with N application (Table 4.2). There were no significant 

differences in the internal CO2 concentration of sorghum plants among all the nitrogen 
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application rates except the 75 kg N/ha rate which exhibited the lowest value. Plants that 

received 0, 75 and 125 kg N/ha, exhibited the highest transpirational pull while those that 

received 50 and 100 kg N/ha had the lowest value. Using A/E as a proxy for water use- 

efficiency, significantly higher water- use efficiency was found for sorghum plants that 

received 0 and 100 kg N/ha while the lowest water- use efficiency was found in plants that 

received the highest fertilizer application rate of 125 kg N/ha. Nitrogen fertilizer application 

rate had no significant effect on chlorophyll content of sorghum (Table 4.2). 

 

4.1.5 Effect of cropping system on photosynthetic parameters of sorghum 

Cropping system significantly (p ≤ 0.05) affected the rate of photosynthesis in sorghum (Table 

4.2). Intercropped sorghum plants exhibited the highest photosynthesis rate relative to 

monocropped plants. Cropping system had no significant effect on the rate of stomatal 

conductance, transpiration rate, internal CO2 concentration, photosynthetic water-use 

efficiency and chlorophyll content in sorghum (Table 4.2).  

 

4.1.6 Effect of planting density on photosynthetic parameters of sorghum 

Planting density had no significant effect on the photosynthetic parameters (photosynthesis 

rate, stomatal conductance, transpiration, internal CO2 concentration, photosynthetic water-

use efficiency and chlorophyll content of sorghum (Table 4.2).
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Table 4.2: Photosynthesis, stomatal conductance, internal CO2, transpiration, WUE and chlorophyll of sorghum measured at the flowering stage 

Treatments  Photosynthesis 

(A)  µmol CO2  

m-2 s-1 

Stomatal 

conductance 

 (gs) mol m-2 s-1 

Internal CO2 

(Ci)  µmol m-2 s-1 

Transpiration 

(E) mmol H2O  

m-2 s-1 

Water use efficiency 

(WUE) (µmol CO2/ 

mmol H2O) 

Chlorophyll  

(SPAD 

reading) 

Fertilizer rate (kg N /ha)       

 0 31.25±0.94a 0.36±0.02a 139.43±10.53ab 5.28±0.23a 6.78±0.23a 55.05±0.69  

50 22.18±0.68c 0.20±0.02c 156.21±10.53a 3.87±0.23b 5.62±0.23b 52.83±0.65  

75 21.99±0.57c 0.20±0.02c 106.82±12.90b 5.09±0.28a 4.20±.0.28d 54.10±0.95  

100 21.76±0.89c 0.26±0.02b 171.21±12.90a 3.92±0.28b 6.72±0.28a 54.17±0.60  

125 26.01±0.54b 0.31±0.02b 158.91±10.53a 5.57±0.23a 4.93±0.23c 53.64±0.69  

Cropping system       

Monocrop sorghum 23.95±0.55b 0.28±0.01 146.97±7.3 4.73±0.16 5.74±0.16 54.18±0.44  

Intercrop sorghum 25.33±0.57a 0.25±0.01 146.06±7.3 4.76±0.16 5.56±0.16 53.74±0.48  

Plant density (plants/ha)       

66 667 24.77±0.69 0.26±0.02 141.14±8.94 4.78±0.20 5.74±1.20 54.08±0.66  

53 333 24.57±0.68 0.26±0.02 151.99±8.94 4.42±0.20 5.75±1.20 54.19±0.52  

40 000 24.57±0.70 0.28±0.02 146.41±8.94 5.04±0.20 5.40±1.20 53.61±0.50  

F statistic       

Fertilizer rate 29.64*** 15.87*** 3.94** 10.63*** 18.26*** 1.22 ns 

Cropping system 4.18* 2.63 ns 0.01 ns 0.02 ns 0.58 ns 0.45 ns 

Plant density 0.04ns 0.87 ns 0.37 ns 2.54 ns 0.70 ns 0.30 ns 

Fertilizer rate*cropping system 0.62 ns 4.06** 10.55*** 2.99* 12.56*** 1.89 ns 

Fertilizer rate*plant density 0.63 ns 0.69 ns 1.77 ns 0.63 ns 0.85 ns  0.81 ns 

Cropping system*plant density 0.43 ns 1.12 ns 0.63 ns 1.26 ns 2.70 ns 0.02 ns 

Fertilizer rate*cropping system* 

plant density 

0.55 ns 0.56 ns 1.35 ns 1.00 ns 0.52 ns 0.44 ns 

 

Values followed by dissimilar letters in the same column within a treatment are significant at P≤0.05 according to Fischer LSD. *: P≤0.05; **: 

P≤0.01; ***: P≤0.001. ns=not significant. Values in the columns represent the means and their standard errors. 
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Figure 4.7: Interactive effect of N fertilizer application rate and cropping system on: A) 

stomatal conductance, B) internal CO2 concentration, C) transpiration rate and D) 

photosynthetic WUE in sorghum leaves. Values followed by dissimilar letters in the same 

column within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars 

represents standard error. 

 

At 0, 100 and 125 kg N/ha fertilizer application rate, monocropped sorghum exhibited higher 

stomatal conductance and internal CO2 concentration compared to intercropped ones (Figure 

4.7A and B). Interestingly the reverse was true for sorghum that received 75 kg N/ha, with 

intercropped sorghum exhibiting the highest stomatal conductance and internal CO2 
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concentration (Figure 4.7A and B). Furthermore, the transpirational pull was significantly 

higher for monocropped sorghum at 0 and 125 kg N/ha application rate (Figure 4.7C). It is also 

noteworthy that for stomatal conductance, internal CO2 concentration and WUE, intercropped 

sorghum had higher values relative to sole crops (Figure 4.7 A, B, C) 

The sorghum plants that received 0 and 125 kg N/ha under monocropping showed higher 

transpirational water loss than intercropped plants (Figure 4.7C). At 50 kg N/ha application 

rate, intercropped sorghum plants transpired more than monocropped plants, whereas at 75 kg 

N/ha there were no significant differences in the transpirational water loss between 

monocropped and intercropped plants (Figure 4.7C).   

There was a positive relationship between photosynthesis and stomatal conductance in 

sorghum (Figure 4.8A). An increase in stomatal conductance may increase photosynthetic rate 

(Figure 4.8A). There was a positive relationship between the rate of transpiration and stomatal 

conductance in sorghum (Figure 4.8B). Increasing stomatal conductance can increase the rate 

of transpiration (Figure 4.8B). There was a positive relationship between the rate of 

photosynthesis and transpiration in sorghum therefore increase in transpiration may lead to 

increase in the rate of photosynthesis (Figure 4.8C). 
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Figure 4.8: Correlation analysis of: A) stomatal conductance and photosynthesis, B) 

transpiration and stomatal conductance and C) transpiration and photosynthesis of sorghum at 

flowering stage. 
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4.1.7 Flowering in cowpea and sorghum 

Flowering in cowpea was significantly (p ≤ 0.05) affected by fertilizer application rate. The 

lowest application rate of 0 kg N/ha showed increased number of days to flowering while 

application rate of 75 kg N/ha reduced the number of days it took cowpea to flower. Cropping 

system and planting density had no significant effect on the number of days to 50% flowering 

in cowpea (Table 4.3). In case of sorghum, fertilizer application rate, cropping system, planting 

density and their interactions had no significant effect on the number of days to flowering 

(Table 4.3). 

Table 4.3: Number of days to 50% flowering in cowpea and sorghum 

Treatments  Cowpea Sorghum 

Fertilizer rate (kg N/ha)   

 0 45.9±0.8a 49.44±0.60 

50 45.1±0.8ab 49.72±0.73 

75 42.6±1.1c 47.83±1.06 

100 42.9±0.7bc 47.16±1.01 

125 44.7±0.5abc 47.55±1.28 

Cropping system   

Monocrop 43.5±0.5 48.13±0.59 

Intercrop  45.0±0.5 48.55±0.64 

Planting density (plants/ha)   

66 667 44.0±0.8 48.60±0.65 

53 333 44.5±0.6 47.90±0.83 

40 000 44.2±0.6 48.53±0.79 

F statistic   

Fertilizer rate 2.83* 1.25 ns 

Cropping system 3.92 ns 0.21 ns 

Plant density 0.14 ns 0.23 ns 

Fertilizer rate*cropping system 0.96 ns 2.17 ns 

Fertilizer rate*plant density 0.46 ns 0.14 ns 

Cropping system*plant density 0.49 ns 0.42 ns 

Fertilizer rate*cropping system* plant 

density 

0.42 ns 0.30 ns 

 

Values followed by dissimilar letters in the same column within a treatment are significant at 

P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. ns = not significant. 

Values in the columns represent the means and their standard errors. 
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4.2 Yield and yield components 

4.2.1 Effect of nitrogen fertilizer application rate on cowpea nodulation and biomass at 

flowering 

Nitrogen fertilizer application significantly affected cowpea biomass (Table 4.4). At a lower 

nitrogen application of 0 and 50 kg N/ha, nodulation (the number of nodules and nodule 

biomass) was significantly higher than at higher rates of nitrogen fertilizer application rates 

(Table 4.4). Fertilizer application resulted in reduced cowpea shoot and root biomass, while 

application rate of 75 kg N/ha led to lower shoot biomass (Table 4.4). 

 

4.2.2 Effect of cropping system on cowpea nodulation and biomass 

Cropping system had no significant effect on the number of nodules, shoot biomass and root 

biomass of cowpea (Table 4.4). However, it significantly affected the nodule biomass. Cowpea 

plants when planted as a monocrop had higher nodule biomass per plant compared to 

intercropped plants (Table 4.4). 

 

4.2.3 Effect of planting density on cowpea nodulation and biomass   

 

Planting density did not have any significant effect on cowpea nodulation and root biomass 

whereas cowpea shoot biomass was significantly affected by planting density (Table 4.4). At a 

higher density of 66 667 plants/ha the cowpea shoot biomass was significantly lower than at 

the other two densities (Table 4.4).  
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Table 4.4: Cowpea nodulation and whole plant biomass at flowering stage 

Treatments  Nodule 

no/plant 

Nodule 

biomass 

(mg/plant) 

Shoot 

biomass 

(g/plant) 

Root biomass 

(g/plant) 

Fertilizer rate (kg N/ha)     

 0 15.3± 2.0a 145.3±25.1a 29.5±1.9a 3.0±0.2a 

50 15.4±2.4a 168.0±27.5a 25.5±1.3abc 2.9±0.1bc 

75 7.4±1.5c 53.2±11.2b 21.5±1.4c 2.6±0.1c 

100 8.4±1.4bc 58.6±14.2b 24.9±1.8bc 3.0±0.2a 

125 12.2±1.6ab 62.8±10.8b 27.6±1.6ab 2.7±0.1c 

Cropping system     

Monocrop cowpea 12.9±1.2 118.6±14.5a 25.5±1.1 2.9±0.1 

Intercrop cowpea 10.6±1.1 76.7±10.4b 26.1±1.0 2.8±0.1 

Planting density (plants/ha)     

66 667 11.3±1.2 94.6±15.0 22.9±1.1b 2.8±0.1 

53 333 14.1±1.7 107±17.4 26.6±1.3a 2.8±0.1 

40 000 9.8±1.3 91.5±14.5 27.9±1.3a 2.9±0.1 

F statistic     

Fertilizer rate 5.720** 10.914*** 4.740** 3.199* 

Cropping system 2.740 ns 8.135*** 0.227 ns 0.235 ns 

Planting density 2.983 ns 0.360 ns 5.847** 0.392 ns 

Fertilizer rate*cropping system 3.111** 1.701 ns 3.901** 1.318 ns 

Fertilizer rate*planting density 0.991 ns 1.048 ns 1.357 ns 1.785 ns 

Cropping system*planting density 1.039 ns 0.087 ns 1.112 ns 1.128 ns 

Fertilizer rate*cropping system* 

planting density 

0.642 ns 0.515 ns 2.142* 0.830 ns 

 

Values followed by dissimilar letters in the same column within a treatment are significant at 

P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. NS= not significant. 

Values in the columns represent the means and their standard errors. 
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Figure 4.9: Interaction of fertilizer application rate and cropping system on nodule number per 

plant in cowpea plants. Values followed by dissimilar letters in the same column within a 

treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents standard 

error. 

Sole cowpea plants that received 0, 50 and 125 kg N/ha showed significantly higher number 

of nodules compared with intercropped plants. At 75 and 100 kg N/ha, intercropped plants 

significantly higher number of nodules (Figure 4.9).  

 

 

Figure 4.10: Interaction of fertilizer application rate and cropping system on cowpea shoot 

biomass. Values followed by dissimilar letters in the same column within a treatment are 

significant at P≤0.05 according to Fischer LSD. Error bars represents standard error. 
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Interestingly, shoot biomass followed the same trend as number of nodules per plant (Figure 

4.10). For instance, monocropped cowpea had significantly higher shoot biomass than 

intercropped on the plants that received 0, 50 and 125 kg N/ha.  Intercropped plants that 

received 75 and 100 kg N/ha exhibited higher shoot biomass compared with monocropped 

plants (Figure 4.10). 

 

 

Figure 4.11: Interaction of fertilizer application rate, planting density and cropping system on 

cowpea shoot biomass per plant. Values followed by dissimilar letters in the same column 

within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents 

standard error. 

For monocropped cowpea planted at 66 667 plants/ha, plants that received 125 kg N/ha, 

exhibited the highest shoot biomass followed by control plants, while those that received 75 kg 

N/ha had the lowest shoot dry weight (Figure 4.11). A similar trend was evident with respect 

to cowpea plants planted at the middle planting density. Interestingly at 40 000 plants/ha, 

control cowpea plants displayed the highest shoot dry matter followed by those that received 

50 kg N/ha, while those that received 75 kg N/ha had the least shoot dry matter accumulation 

(Figure 4.11). 
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There was a strong positive correlation between nodule number and nodule weight of cowpea 

and between root weight and shoot weight (Table 4.5).  

Table 4.5: Pearson correlation coefficient for cowpea biomass at the flowering stage. 
 

Nodule 

no/plant 

Nodule biomass 

(mg/plant) 

Shoot biomass 

(g/plant) 

Root biomass 

(g/plant) 

Nodule no/plant 1 
   

Nodule biomass (mg/plant) 0.678*** 1 
  

Shoot biomass (g/plant) 0.170*** 0.033ns 1 
 

Root biomass (g/plant) 0.186** 0.096ns 0.518*** 1 

Values for correlation coefficient are significant at P≤0.05 according to Pearson correlation. *: 

P≤0.05; **: P≤0.01; ***: P≤0.001. NS= not significant 

 

4.2.4 Effect of nitrogen fertilizer application rate on sorghum biomass yield 

Nitrogen fertilizer application significantly (p ≤ 0.001) affected the biomass yield of sorghum 

(Table 4.6). The application of 50 kg N/ha resulted in significantly higher sorghum shoot 

biomass while the zero N fertilizer treatment had the lowest shoot biomass (Table 4.6). 

Sorghum plants that received of 50 kg N/ha also produced more root biomass, while the lowest 

root biomass was found on plants that received the application rate of 75 kg N/ha (Table 4.6). 

 

4.2.5 Effect of cropping system on sorghum biomass yield 

Planting density had no significant effect on the shoot and root biomass yield of sorghum 

during the flowering stage (Table 4.6).  

 

4.2.6 Effect of planting density on biomass yield 

Cropping system had no significant effect on the shoot and root biomass yield of sorghum at 

the flowering stage (Table 4.6).  
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Table 4.6: Below and above ground sorghum biomass yield measured at the flowering stage 

Treatments Sorghum shoot biomass 

(g/plant) 

Sorghum root biomass 

(g/plant) 

Fertilizer rate (kg N/ha)   

 0 32.92±5.25c 8.56±1.38bc 

50 63.96±5.83a 15.09±2.03a 

75 42.65±4.15bc 6.90±0.55c 

100 48.83±4.56b 10.55±1.60abc 

125 46.14±7.15bc 12.44±3.03ab 

Cropping system   

Monocrop sorghum 45.95±4.06 11.03±1.57 

Intercrop sorghum 47.85±3.37 10.38±0.84 

Planting density (plants/ha)   

66 667 41.91±3.61 8.71±0.99 

53 333 47.36±4.24 11.14±1.48 

40 000 51.43±.56 12.27±1.96 

F statistic   

Fertilizer rate 4.812*** 3.577*** 

Cropping system 0.172 ns 0.183 ns 

Planting density 1.437 ns 1.913 ns 

Fertilizer rate*cropping system 3.801*** 2.825** 

Fertilizer rate*planting density 0.768 ns 1.841 ns 

Cropping system*planting density 2.810 ns 1.909 ns 

Fertilizer rate*cropping system* 

planting density 

0.851 ns 1.554 ns 

Values followed by dissimilar letters in the same column within a treatment are significant at 

P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. NS= not significant. 

Values in the columns represent the means and their standard errors. 

 

 

Figure 4.12: Interaction of fertilizer application rate and cropping system on sorghum shoot 

biomass at the flowering stage. Values followed by dissimilar letters in the same column within 

a treatment are significant at P≤0.05 according to Fischer LSD. Error bars represents standard 

error. 
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Intercropped sorghum had the highest shoot biomass for plants that received 0, 75 and 100 kg 

N/ha compared to monocropped plants (Figure 4.12). For plants that received 125 kg N/ha, 

monocropped plants exhibited the highest shoot dry matter compared with intercropped ones 

(Figure 4.12). 

 

 

 

 

 

 

Figure 4.13: Interaction of fertilizer rate and cropping system on sorghum root biomass. Values 

followed by dissimilar letters in the same column within a treatment are significant at P≤0.05 

according to Fischer LSD. Error bars represents standard error. 

Regarding the interaction of fertilizer application rate and cropping system on root biomass, 

there were no significant differences between the root biomass of monocrops and intercrops 

for the plants that received 0 and 75 kg N/ha (Figure 4.13). At the application of 50 and 125 kg 

N/ha the root dry matter of monocropped sorghum was significantly higher relative to that of 

intercropped sorghum. However the reverse was true at 100 kg N/ha with roots of intercropped 

plants being significantly higher in weight than those of monocrops (Figure 4.13). 

 

4.2.7 Sorghum grain yield and yield components 

Fertilizer rate, cropping system, planting density and their interactions had no significant effect 

on 1000 seed weight, total yield, panicle length and panicle weight of sorghum (Table 4.7). 
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Table 4.7: Sorghum yield and yield components  

Treatments 1000 seed 

weight (g) 

Sorghum yield 

(kg ha-1) 

Panicle 

length (cm) 

Panicle 

weight (g) 

Fertilizer rate (kg N/ha)     

 0 26.12±0.34 4078.50±501.26 28.21±0.45 72.83±5.02 

50 24.37±0.69 3725.19±578.80 26.69±0.75 66.90±7.77 

75 26.81±0.46 4927.43±560.42 27.90±0.65 73.76±5.15 

100 25.72±0.67 3977.96±521.72 26.90±0.85 65.07±6.56 

125 26.61±0.40 4469.91±663.10 28.99±0.41 73.17±4.18 

Cropping system     

Monocrop sorghum 25.53±0.37 4555.66±347.28 27.85±0.46 69.36±4.06 

Intercrop sorghum 26.20±0.39 3915.94±370.61 27.38±0.44 70.52±3.74 

Planting density (plants/ha)     

66 667 25.65±0.48 4270.11±416.38 27.03±0.57 65.63±5.24 

53 333 25.80±0.52 4383.45±451.13 28.14±0.57 70.47±4.54 

40 000 26.14±0.40 4053.83±451.13 27.72±0.50 74.03±4.42 

F statistic     

Fertilizer rate 2.07 ns 0.69 ns 1.50 ns 0.40 ns 

Cropping system 1.42 ns 1.59 ns 0.17 ns 0.19 ns 

Planting density 0.40 ns 0.14 ns 0.90 ns 0.84 ns 

Fertilizer rate*cropping system 0.15 ns 1.05 ns 0.18 ns 0.37 ns 

Fertilizer rate*planting density 0.60 ns 0.49 ns 0.43 ns 0.29 ns 

Cropping system*planting density 0.82 ns 0.14 ns 0.32 ns 0.05 ns 

Fertilizer rate*cropping system* 

planting density 

0.68 ns 0.31 ns 0.30 ns 0.34 ns 

 

Ns= not significant. Values in the columns represent the means and their standard errors. 

 

There was a positive correlation between sorghum yield and panicle length, between panicle 

weight and 1000 seed weight and between sorghum yield and 1000 seed weight in sorghum 

(Table 4.8).  

Table 4.8: Pearson correlation coefficient for sorghum yield and yield components 
 

1000 seed 

weight (g) 

Sorghum yield  

(kg ha-1) 

Panicle 

length (cm) 

Panicle 

weight (g) 

1000 seed weight (g) 1 
   

Sorghum yield (kg/ha) 0.221ns 1 
  

Panicle length (cm) 0.878*** 0.127ns 1 
 

Panicle weight (g) 0.568*** 0.805*** 0.844*** 1 

Values for correlation coefficient are significant at P≤0.05 according to Pearson correlation. *: 

P≤0.05; **: P≤0.01; ***: P≤0.001. NS= not significant. 
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4.2.8 Cowpea grain yield and yield components 

Fertilizer rate, cropping system, planting density and their interactions had no significant effect 

on pod length, pod weight, number of seeds per pod 100 seed weight and total yield in cowpea 

(Table 4.9).   

Table 4.9: Cowpea yield and yield components 

Treatments Pod length 

(cm) 

 

Pod 

weight (g) 

 

Number of 

seeds/pod 

 

100 Seed 

weight (g) 

 

Cowpea yield  

(kg/ha) 

 

Fertilizer rate (kg N/ha)      

 0 21.09±0.20 2.96±0.07 17.34±0.28 11.50±0.18 1774.35±197.41 

50 20.92±0.22 2.79±0.07 16.79±0.33 11.38±0.09 1601.27±234.97 

75 20.71±0.21 2.78±0.05 16.69±0.32 11.31±0.14 1727.88±197.41 

100 20.77±0.20 2.70±0.07 16.23±0.31 11.20±0.17 1886.76±197.41 

125 20.87±0.18 2.82±0.08 16.77±0.32 11.27±0.22 1761.82±205.48 

Cropping system      

Monocrop cowpea 21.03±0.22 2.81±0.05 16.96±0.17 11.44±0.09 1778.70±124.86 

Intercrop cowpea 20.72±0.13 2.80±0.04 16.56±0.22 11.21±0.11 1721.33±136.77 

Planting density (plants/ha)      

66 667 20.69±0.16 2.74±0.05 16.48±0.26 11.36±0.14 1788.01±152.92 

53 333 20.92±0.15 2.83±0.05 16.77±0.23 11.40±0.11 1925.04±160.38 

40 000 20.99±0.19 2.85±0.06 17.03±0.25 11.22±0.14 1537.00±167.51 

F statistic      

Fertilizer rate 0.54 ns 1.70 ns 1.56 ns 0.39 ns 0.23 ns 

Cropping system 3.10 ns 0.00 ns 1.94 ns 1.90 ns  0.10 ns 

Planting density 1.07 ns 1.06 ns 1.30 ns 0.44 ns 1.43 ns 

Fertilizer rate*cropping 

system 

1.87 ns 1.40 ns 1.28 ns 0.30 ns 1.57 ns 

Fertilizer rate*planting 

density 

1.45 ns 0.50 ns 0.53 ns 0.16 ns 0.46 ns 

Cropping system*planting 

density 

0.50 ns 0.12 ns 0.38 ns 0.05 ns 0.13 ns 

Fertilizer rate*cropping 

system* planting density 

1.32 ns 0.38 ns 0.96 ns 0.57 ns 1.10 ns 

 

NS= not significant. Values in the columns represent the means and their standard errors. 
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There was a strong positive correlation between pod length and pod weight and between pod 

weight and number of seeds per pod of cowpea (Table 4.10). 

Table 4.10: Pearson correlation coefficient for cowpea yield and yield components 
 

Pod length 

(cm) 

Pod 

weight (g) 

No of 

seeds/pod 

100 seed 

weight (g) 

 Cowpea 

yield (kg/ha) 

Pod length (cm) 1 
    

Pod weight (g) 0.677*** 1 
   

No of seeds/pod 0.496*** 0.699*** 1 
  

100 seed weight (g) 0.268** 0.488*** 0.267** 1 
 

Cowpea yield  (kg/ha) 0.145ns 0.321* 0.392** 0.278* 1 

Values for correlation coefficient are significant at P≤0.05 according to Pearson correlation. *: 

P≤0.05; **: P≤0.01; ***: P≤0.001. NS= not significant 

 

4.3 Nitrogen use efficiency and nutrients uptake 

4.3.1.1 Nitrogen use efficiency in sorghum 

Application of LAN significantly (p ≤ 0.01) affected NUE during the flowering stage (Table 

4.11). The highest NUE was found on plants that received 50 kg N/ha while further increase in 

N fertilizer application rate decreased NUE. Cropping system and planting density had no 

significant effect on sorghum NUE during the flowering stage. Fertilizer rate and planting 

density did not have significant effect on NUE of sorghum at harvest. However, cropping 

system significantly (p ≤ 0.05) affected NUE at harvest, with monocropped plants having 

higher NUE relative to intercropped plants (Table 4.11). 
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Table 4.11: Nitrogen use efficiency (NUE) at flowering and at harvest in sorghum 

Treatments Shoot NUE at flowering 

(kg/kg) 

Grain NUE at harvest 

 (kg/kg) 

Fertilizer rate (kg N/ha)   

50 30.65±6.20a -4.32±7.28 

75 5.61±6.20b 7.58±7.05 

100 7.83±6.20b 0.79±6.56 

125 4.68±6.20b -2.30±8.34 

Cropping system   

Monocrop sorghum 17.38±4.39 9.04±4.98a 

Intercrop sorghum 7.01±4.39 -8.16±5.38b 

Planting density (plants/ha)   

66 667 5.30±5.37 -6.33±5.95 

53 333 15.98±5.37 11.33±6.55 

40 000 15.30±5.37 -3.68±6.55 

F statistic   

Fertilizer rate 3.98 ** 0.52 ns 

Cropping system 2.80 ns 5.51 * 

Planting density 1.24 ns 2.22 ns 

Fertilizer rate*cropping system 0.63 ns 0.18 ns 

Fertilizer rate*planting density 0.33 ns 1.06 ns 

Cropping system*planting density 0.73 ns 3.35 * 

Fertilizer rate*cropping system* 

planting density 

0.21 ns 0.80 ns 

Values followed by dissimilar letters in the same column within a treatment are significant at 

P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. ns=not significant. 

Values in the columns represent the means and their standard errors. 

 

 

Figure 4.14: The interaction of cropping system and planting density on NUE of sorghum at 

harvest. Values followed by dissimilar letters in the same column within a treatment are 

significant at P≤0.05 according to Fischer LSD. Error bars represents standard error. 
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At harvest, monocropped sorghum plants from the high and middle planting densities showed 

significantly higher NUE compared to intercropped plants (Figure 4.14). At 40 000 plants/ha, 

there were no significant differences in NUE between monocropped and intercropped sorghum 

plants (Figure 4.14). 

 

4.3.2 Nitrogen use efficiency in cowpea 

Fertilizer rate, cropping system, planting density and their interactions did not have any 

significant effect on NUE of cowpea at flowering stage and at harvest (Table 4.12). 

Table 4.12: Nitrogen use efficiency (NUE) in cowpea at flowering and at harvest 

Treatments Shoot NUE at flowering 

(kg/kg) 

Grain NUE at harvest 

 (kg/kg)  

Fertilizer rate (kg N/ha)   

50 -3.90±2.05 -2.45±3.50 

75 -6.31±2.05 -0.65±2.94 

100 -2.01±2.05 1.12±2.94 

125 -0.59±2.05 -0.28±3.06 

Cropping system   

Monocrop cowpea -4.69±1.45 1.01±2.08 

Intercrop cowpea -1.72±1.45 -2.14±2.33 

Planting density (plants/ha)   

66 667 -1.78±1.78 0.26±2.55 

53 333 -4.10±1.78 2.39±2.70 

40 000 -3.74±1.78 -4.63±2.85 

F statistic   

Fertilizer rate 1.47 ns 0.21 ns 

Cropping system 2.12 ns 1.02 ns 

Planting density 0.50 ns 1.70 ns 

Fertilizer rate*cropping system 1.61 ns 1.36 ns 

Fertilizer rate*planting density 0.14 ns 0.35 ns 

Cropping system*planting density 1.96 ns 0.01 ns 

Fertilizer rate*cropping system* 

planting density 

0.30 ns 0.81 ns 

Values followed by dissimilar letters in the same column within a treatment are significant at 

P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: P≤0.001. ns=not significant. 

Values in the columns represent the means and their standard errors. 
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4.3.3 Effect of nitrogen fertilizer application rate on cowpea nutrient uptake 

Application of LAN to cowpea decreased the uptake of macronutrients (Ca, Mg, K, N and P) 

(Table 4.13). The control plants had the highest Mg, Ca, K, Na and Fe uptake compared to 

those that received LAN. Variation of nitrogen application rate did not have any significant 

effect on the uptake of Zn and Cu (Table 4.13). 

 

4.3.4 Effect of cropping system on cowpea nutrient uptake 

Cropping system did not have a significant effect on the uptake of Mg, K, P, Na, Fe, Cu, Zn 

and N in cowpea (Table 4.13). Ca uptake in cowpea was significantly affected by cropping 

system, with monocropped cowpea plants showing higher Ca content relative to intercropped 

ones (Table 4.13). 

 

4.3.5 Effect of planting density on cowpea nutrient uptake 

The uptake of Ca, Mg, P and N in cowpea, significantly increased with a decrease in planting 

density. Planting density did not have any significant effect on the uptake of K, Fe, Na, Zn and 

Cu in cowpea (Table 4.13).



56 
 

Table 4.13: Nutrient uptake in cowpea shoot at the flowering stage 

Values followed by dissimilar letters in the same column within a treatment are significant at P≤0.05 according to Fischer LSD. *: P≤0.05; **: 

P≤0.01; ***: P≤0.001. ns=not significant. Values in the columns represent the means and their standard errors. 

Treatments   

 

N 

 

P  K  Ca  

 mg/plant  

Mg  Na  Fe  Cu 

 

Zn  

Fertilizer rate (kg N/ha)          

 0 1102.9±59.8a 157.9±9.5a 932.2±55.2a 418.8±27.5a 137.1±8.7a 33.2±2.6a 31.2±3.1a 0.34±0.02 1.75±0.17 

50 932.5±61.7b 131.3±9.7ab 768.3±56.4b 285.4±28.1b 89.8±8.8b 27.0±2.6abc 17.0±3.1b 0.26±0.02 1.57±0.17 

75 827.4±61.0b 97.2±9.4c 653.2±54.5b 197.4±27.2c 83.2±8.5b 20.2±2.7c 14.2±3.0b 0.27±0.02 1.51±0.16 

100 973.0±60.5ab 118.8±9.3bc 683.4±54.1b 262.7±27.0bc 96.4±8.5b 24.0±2.5bc 27.1±3.0b 0.30±0.02 1.59±0.16 

125 981.3±67.4ab 121.4±10.5b 750.4±60.8b 279.0±30.0b 95.3±9.4b 28.2±2.9ab 29.1±3.3b 0.28±0.02 1.88±0.18 

Cropping system          

Monocrop cowpea 942.6±39.8 121.9±6.3 767.4±36.5 319.1±18.1a 103.8±6.0 25.6±1.7 23.5±2.0 0.30±0.01 1.70±0.11 

Intercrop cowpea 984.2±38.8 128.7±6.0 747.6±37.8 258.2±17.3b 96.9±5.4 27.5±1.7 24.1±1.9 0.28±0.01 1.62±0.11 

Plant density (plants/ha)          

66 667 867.3±48.4b 104.6±7.4b 730.1±43.2 262.1±21.4b 89.2±6.7b 24.3±2.1 22.7±2.4 0.27±0.02 1.56±0.13 

53 333 967.8±48.4ab 130.4±7.6a 747.3±43.8 273.2±21.9ab 93.7±6.9b 24.9±2.1 24.1±2.4 0.29±0.02 1.55±0.13 

40 000 1055.1±47.6a 141.0±7.5a 795.1±43.6 330.7±21.8a 118.1±6.8a 30.5±2.1 24.7±2.4 0.31±0.02 1.88±0.13 

F statistic          

Fertilizer rate 2.69* 5.44*** 3.90*** 8.67*** 6.01*** 3.51*** 5.87*** 1.92 ns 0.76 ns 

Cropping system 0.56 ns 0.62 ns 0.16 ns 5.93** 0.75 ns 0.59 ns 0.04 ns 0.36 ns 0.29 ns 

Plant density 3.84 * 6.31 *** 0.60 ns 2.89* 5.23*** 2.80 ns 0.19 ns 1.29 ns 2.05 ns 

Fertilizer rate*cropping system 2.44 * 1.61 ns 2.17 ns 4.89*** 5.82 *** 1.77 ns 4.34*** 5.93*** 2.37* 

Fertilizer rate*plant density 1.01 ns 1.26 ns 0.63 ns 1.38 ns 0.89 ns 1.27 ns 0.91 ns  1.08 ns 0.56 ns 

Cropping system*plant density 0.87 ns 0.63 ns 0.12 ns 0.28 ns 0.67 ns 0.67 ns 0.36 ns 0.34 ns 0.73 ns 

Fertilizer rate*cropping 

system* plant density 

0.73 ns 1.36 ns 1.69 ns 2.39** 2.57*** 3.47*** 2.25 * 1.95 ns 2.19* 
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Figure 4.15: Interactive effect of N fertilizer application rate and cropping system on the uptake 

of: A) N,  B) Ca,  C) Mg,  D) Fe,  E) Cu and F) Zn in cowpea shoot. Values followed by 
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dissimilar letters in the same column within a treatment are significant at P≤0.05 according to 

Fischer LSD. Error bars represents standard error. 

 

At 0 and 125 kg N/ha application rate, the monocropped cowpea had the greatest N, Mg and 

Fe uptake compared to intercropped plants (Figure 4.15A, C and D). There were no significant 

differences in the uptake of these elements between sole and intercropped cowpea for plants 

that received 50 kg N/ha. Interestingly, intercropped plants had higher uptake of N, Mg and Fe 

over sole plants that received 75 and 100 kg N/ha (Figure 4.15A, C and D). Similarly, sole 

plants that received 0 and 125 kg N/ha exhibited significantly higher uptake of Ca, Cu and Zn 

(Figure 4.15 B, E and F). Furthermore, at 75 kg N/ha, intercropped plants showed a 

significantly higher uptake of Ca, Cu and Zn relative to monocropped ones (Figure 4.15 B, E 

and F). 
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Figure 4.16: The interactive effect of N fertilizer application rate, cropping system and planting 

density on the uptake of: A) Ca, B) Mg and C) Na in cowpea shoot. Values followed by 

dissimilar letters in the same column within a treatment are significant at P≤0.05 according to 

Fischer LSD. Error bars represents standard error. 
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Figure 4.16 shows the interaction of fertilizer application, cropping system and planting density 

on the uptake of Ca, Mg and Na by cowpea. For monocropped cowpea planted at the highest 

and lowest densities, application of fertilizer reduced the uptake of Ca and Mg (Figure 4.16 A 

and B). Similarly for intercropped sorghum sown at 53 333 plants/ha, fertilizer application 

reduced the uptake of Ca, Mg and Na (Figure 4.16 A – C). 

For monocropped cowpea, it is evident that LAN application reduced the uptake of Mg 

especially at highest and lowest planting densities (Figure 4.16B). At the middle density, plants 

that received 125 kg N/ha exhibited the highest Mg uptake followed by control plants. With 

respect to intercropped cowpea however, the trend was different. For plants that were sown at 

the highest and lowest densities, those that received 100 kg N/ha showed the highest Mg uptake 

(Figure 4.16B). Regarding the middle density, the trend for Mg was similar to monocropped 

plants with control plants displaying the highest uptake of Mg (Figure 4.16B).  

For monocropped plants sown at highest density, Na uptake was higher on plants that received 

125 kg of N/ha (Figure 4.16C). However for plants planted at a lower density, Na uptake was 

higher on the control plants. With respect to the intercropped, for plants that were sown at a 

lower density, cowpea plants that received LAN had higher Na uptake relative to control plants 

(Figure 4.16C). However on plants that were sown at the middle density, control plants had the 

highest Na uptake compared with plants that received LAN (Figure 4.16C).  
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Figure 4.17: The interactive effect of N fertilizer application rate, cropping system and planting 

density on the uptake of: A) Fe and B) Zn in cowpea shoot. Values followed by dissimilar 

letters in the same column within a treatment are significant at P≤0.05 according to Fischer 

LSD. Error bars represents standard error. 
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the highest and lowest planting densities, plants that received 100 kg N/ha exhibited the highest 

Fe uptake. For the middle density, application of fertilizer reduced the uptake of Fe (Figure 

4.17A). 

Although fertilizer application had no effect on Zn uptake, (Table 4.13), there was a significant 

fertilizer x cropping system x planting density interaction (Figure 4.17B). At 66 667 and 40 

000 plants/ha, fertilizer application reduced the uptake of Zn in monocropped cowpea. 

Furthermore, for the 66 667 planting density, there were significant differences in Zn uptake 

between control plants and those that received 125 kg N/ha (Figure 4.17B). Interestingly at 40 

000 plants/ha, control plants also exhibited the highest Zn uptake. With respect to intercropped 

cowpea, at 66 667 plants/ha, there were no significant differences in the uptake of Zn among 

plants that received 50 – 100 kg N/ha (Figure 4.17B). For the 53 333 plants/ha, cowpea plants 

received 100 kg N/ha showed the highest Zn uptake followed by the control plants. For the 

lowest density, plants that received the highest fertilizer exhibited the highest Zn uptake (Figure 

4.17B).  

 

4.3.6 Effect of nitrogen fertilizer application rate on sorghum nutrient uptake 

In sorghum, the uptake of Ca, Mg, K, P, Cu, Zn and N was greatest on plants that received 50 

kg N/ha than on other N application rates (Table 4.14). Furthermore plants that received 100 

kg N/ha also showed the highest Cu intake. Nitrogen fertilizer application rate had no 

significant effect on Fe, Na and Mn uptake in sorghum (Table 4.14). 

 

4.3.7 Effect of cropping system and planting density on sorghum nutrient uptake 

Cropping system and plant density had no significant effect on the uptake of Ca, Mg, K, P, Fe, 

Na, Mn, Cu, Zn and N in sorghum (Table 4.14).
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Table 4.14: Nutrient uptake in sorghum shoot at the flowering stage 

Treatments  N 

  

P  K  

 

Ca  

mg/plant  

Mg  Na  

 

Fe  

 

Mn  Cu  

 

Zn  

 

Fertilizer rate (kg N/ha)           

 0 471.2±113.0c 120.9±27.4b 1005.8±173.7b 129.8±27.6b 72.8±14.6b 10.4±1.8 6.0±1.4 12.6±1.8 0.2±0.1b 2.2±0.5b 

50 1032.7±97.9a 261.5±23.7a 1780.0±150.4a 238.4±23.9a 124.8±12.6a 10.6±1.6 10.9±1.2 11.9±1.6 0.4±0.1a 4.3±0.4a 

75 683.0±101.9bc 127.1±24.7b 1034.1±156.4b 127.3±24.8b 79.5±13.1b 10.9±1.7 7.1±1.2 13.7±1.7 0.3±0.1ab 3.1±0.5ab 

100 814.4±97.9ab 153.3±23.7b 1243.2±150.4b 156.2±23.9b 99.0±12.6ab 12.4±1.6 8.0±1.2 10.7±1.6 0.4±0.1a 3.5±0.4ab 

125 760.6±105.7bc 155.6±25.6b 1202.5±162.5b 134.3±25.8b 83.3±13.6b 12.5±1.7 7.9±1.3 10.4±1.7 0.7±0.1ab 2.7±0.5b 

Cropping system           

Monocrop sorghum 733.1±64.9 153.2±15.7 1207.1±99.7 140.4±15.8 85.0±8.4 11.8±1.1 7.88±0.8 11.3±1.1 0.3±0.03 2.99±0.3 

Intercrop sorghum 771.7±65.9 174.2±16.0 1299.2±101.3 173.9±16.1 98.8±8.5 13.2±1.1 8.07±0.8 12.4±1.1 0.4±0.03 3.36±0.3 

Plant density (plants/ha)           

66 667 641.1±81.3 145.7±19.7 1193.6±124.9 144.6±19.8 87.1±10.5 12.2±1.3 7.18±1.0 11.3±1.3 0.3±0.04 2.9±0.4 

53 333 757.9±77.7 159.6±18.8 1228.6±119.4 157.5±18.9 93.3±10.0 12.4±1.3 8.00±0.9 10.9±1.3 0.4±0.04 3.4±0.3 

40 000 858.2±81.3 185.7±19.7 1337.1±124.9 169.3±19.8 95.3±10.5 12.9±1.3 8.75±1.0 13.4±1.3 0.4±0.04 3.2±0.4 

F statistic           

Fertilizer rate 3.78 ** 5.47*** 4.07** 3.68** 2.52* 2.22 ns 2.15 ns 0.66 ns 2.64* 3.14* 

Cropping system 0.17 ns 0.88 ns 0.42 ns 2.21 ns 1.34 ns 0.82 ns 0.03 ns 0.56 ns 0.25 ns 0.81 ns 

Plant density 1.79 ns 1.06 ns 0.36 ns 0.39 ns 0.16 ns 0.08 ns 0.61 ns 1.06 ns 0.06 ns 0.60 ns 

Fertilizer rate*cropping 

system 

3.14 * 4.26** 4.81** 2.98* 5.42*** 3.12* 1.71 ns 2.45* 3.69** 3.19* 

Fertilizer rate*plant 

density 

0.70 ns 0.78 ns 0.63 ns 0.90 ns 0.88 ns 0.61ns 0.79 ns  0.45 ns 0.65 ns 0.68 

Cropping system*plant 

density 

2.11 ns 4.09* 5.93 ** 4.25** 4.07* 4.47** 3.50* 3.10* 2.03 ns 4.32** 

Fertilizer rate*cropping 

system* plant density 

1.02 ns 0.96 ns 0.92 ns 1.00 ns 0.70 ns 0.78 ns 0.55 ns 1.84 ns 1.07 ns 0.57 

Values followed by dissimilar letters in the same column within a treatment are significant at P≤0.05 according to Fischer LSD. *: P≤0.05; **: P≤0.01; ***: 

P≤0.001. ns=not significant. Values in the columns represent the means and their standard errors. 
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Figure 4.18: The interaction of fertilizer application rate and cropping system on the uptake of:  

A) N,  B) P,  C) K,  D) Ca, E) Mg and F) Na in sorghum. Values followed by dissimilar letters 

in the same column within a treatment are significant at P≤0.05 according to Fischer LSD. 

Error bars represents standard error. 
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It is noteworthy that the application of fertilizer affected the uptake of N, P, K Mg, Na Cu and 

Zn in a very similar pattern (Figures 4.18A – F). For example, at 0, 75 and 100 kg N/ha, 

intercropped sorghum plants exhibited higher uptake nutrients compared to monocropped ones. 

At 50 kg N/ha, for all the nutrients except Ca, there were no significant differences in their 

uptake between sole and intercropped sorghum plants (Figures 4.18A – F). Furthermore, at 125 

kg N/ha, monocropped plants showed higher uptake of N, P, K, Ca, Mg and Na (Figures 4.18A 

– F).  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.19: Interactive effect of N fertilizer application rate and cropping system on the uptake 

of: A) Mn, B) Cu and C) Zn in sorghum shoot. Values followed by dissimilar letters in the 

same column within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars 

represents standard error. 
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Interestingly, the interaction of fertilizer application and cropping system for micronutrients 

was similar to those of macronutrients, especially for Cu and Zn (Figure 4.19 B and C). For 

Mn, from 0 to 75 kg N/ha, intercropped sorghum exhibited a higher uptake relative to sole 

plants, and above 75 kg N/ha, the reverse was true (Figure 4.19A). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20: Interactive effect of planting density and cropping system on the uptake of: A) P, 

B) K, C) Ca and D) Mg in sorghum shoot. Values followed by dissimilar letters in the same 

column within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars 

represents standard error. 

The interaction of planting density and cropping system influenced the uptake of P, K, Ca and 

Mg in sorghum (Figure 4.20). At the highest density, intercropped sorghum exhibited higher 
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uptake of P, K, Ca and Mg compared to sole plants. Interestingly, this trend was reversed at 

the next density of 53 333 plants/ha with monocropped plants showing significantly higher 

macronutrients uptake (Figure 4.20 A – D). At 40 000 plants/ha, there were no significant 

differences in the uptake of P, K and Mg (Figure 4.20 A, B, D) between monocropped and 

intercropped sorghum plants. The uptake of Ca by sorghum at this planting density was an 

exception, with intercropped plants showing higher values compared to sole plants (Figure 4.20 

C). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21: Interactive effect of planting density and cropping system on the uptake of: A) Na, 

B) Fe, C) Mn and D) Zn in sorghum shoot. Values followed by dissimilar letters in the same 
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column within a treatment are significant at P≤0.05 according to Fischer LSD. Error bars 

represents standard error. 

 

The interactive effect of planting density and cropping system on the uptake of Na was similar 

to that of micronutrients (Figure 4.21 A – D). At the highest density, sorghum intercrops 

exhibited higher Na, Fe, Mg and Zn uptake relative to sole sorghum plants. Similar to the 

uptake of macronutrients (Figure 4.20), this trend was reversed for the 53 333 plants/ha density, 

that is sole sorghum plants showed higher uptake values. At the lowest planting density, (40 

000 plants/ha), there were no significant differences in the uptake of Fe and Na between 

monocropped and intercropped sorghum plants. For Mn and Zn uptake, intercropped plants 

had higher values (Figure 4.21 C and D). 

 

4.4 Efficiency of intercropping system 

 4.4.1 Land equivalent ratio (LER) 

LER calculated from grain yield was found to be 1.83. 
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Chapter 5  

5 Discussion 

5.1 Effect of nitrogen application and planting density on the growth of intercropped 

sorghum and cowpea 

5.1.1 Photosynthetic parameters of cowpea 

Photosynthesis is a key process in the establishment of the plant assimilates (Zakariyya and 

Prawoto, 2015). The effects of planting density, N application, cropping systems and their 

interactions on photosynthetic parameters (photosynthesis, stomatal conductance transpiration, 

internal carbon dioxide and chlorophyll) has not been fully appraised under Botswana 

conditions despite their influence on plant growth and productivity. In this study, cowpea with 

no fertilizer application (control plants) had higher photosynthetic rates irrespective of 

cropping system and planting density. The higher photosynthetic rates of control cowpea plants 

may have stimulated an increase in cowpea shoot biomass because these plants also had a 

higher shoot biomass than those that received fertilizer (Table 4.1 and 4.4). Therefore in this 

study nitrogen application depressed cowpea growth. However, Otieno et al. (2007) reported 

that nitrogen application improved the growth of grain legumes (lablab, common bean, green 

grams and lima bean). 

Plant spacing in the field is very important in facilitating aeration and light penetration in to 

plant canopy for optimizing rate of photosynthesis (Ouji et al., 2016). In this experiment, 

planting density had a significant (p ≤ 0.01) effect on the rate of photosynthesis in cowpea, 

with the moderate planting density of 53 333 plants/ha having the highest photosynthetic rates 

(Table 4.1). This is possibly because solar radiation absorbance is low at thin densities and 

coefficient of their photosynthetic output is very low, moreover, sufficient sunlight is not 

absorbed in thick densities which has high leaf area index, but photosynthetic output is very 
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low due to mutual shadowing leaves, therefore maximum sunlight absorbance throughout 

growth season is very important in canopy (Naseri et al., 2012). Zhang et al. (2016) found that 

in tobacco the moderate plant spacing was conducive for photosynthesis while the higher and 

lower plant spacing, were unfavourable for the rate of photosynthesis. Similarly Franic et al. 

(2015), found that photosynthetic performance of maize significantly declined with higher 

maize planting density. On the contrary Wilson et al. (2012), found that planting density did 

not affect the rate of photosynthesis in pigeonpea. 

The rate of photosynthesis was significantly the same for both cowpea monocrop and intercrop 

(Table 4.1). This might be because cowpea is shade tolerant and compatible as an intercrop 

with cereal crops (Mekonnen et al., 2016), therefore sorghum intercropping did not prevent 

cowpea from light necessary for photosynthesis. The higher rates of stomatal conductance in 

cowpea plants that did not receive any fertilizer increased their internal CO2 leading to higher 

assimilation of photosynthates. The higher internal carbon dioxide found on plants that 

received 0 and 100 kg N/ha may be responsible for their increased rate of photosynthesis. 

(Table 4.1). The main purpose of photosynthesis is to fix carbon dioxide in the leaf to make 

carbon, therefore higher internal carbon dioxide may lead to higher photosynthetic rates when 

other factors are not limiting. Thus plants are able to derive their own carbon source directly 

from inorganic carbon dioxide in the air, by chemically fixing it into an organic form through 

the process of photosynthesis (Bueckert, 2013).  

Intercropped cowpea had significantly (p ≤ 0.001) higher rates of transpiration compared to 

monocropped cowpea (Table 4.1). Similarly, Walker and Ogindo (2003) found that 

intercropping maize with bean resulted in higher transpiration rates compared to their sole 

crops with a transpiration loss of 5% and 6% more than the sole maize and bean respectively. 

Plants that received 75 and 125 kg N/ha showed higher transpirational water loss (Table 4.1). 

Therefore, excess nitrogen may be the one that caused cowpea plants that received 125 kg N/ha 
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to have higher transpiration rates and burning of older leaves. This is because, excess nitrogen 

is believed to increase transpirational water loss, lowering the solute potential, hence the water 

potential of the soil solution, resulting in increased plant water loss, leading to foliar burn (Liu 

et al., 2012).  

Fertilizer application at the rate of 50 and 75 kg N/ha increased chlorophyll content in cowpea 

(Table 4.1). At 75 kg N/ha intercropped plants exhibited higher chlorophyll content compared 

to monocropped plants (Figure 4.1C). After 75 kg N/ha, application of fertilizer reduced the 

chlorophyll content of cowpea. Kulsum et al. (2007) found that chlorophyll content linearly 

increase with increase in nitrogen fertilizer rate in blackgram.  Zhang et al. (2014) also found 

that N fertilization resulted in higher leaf chlorophyll content of lettuce.  

The reason why monocropped cowpea had significantly (p ≤ 0.001) higher WUE than 

intercropped cowpea irrespective of N fertilizer rate (Figure 4.1D), could be that in an intercrop 

system there can be increased competition of available moisture leading to high water demand 

and as a result available water is not efficiently used for plant growth and productivity. 

Similarly Makoi et al. (2010) found that sorghum and cowpea plants under monoculture had 

much higher WUE relative to those in intercropping. Water-use efficiency increased with 

increase in planting density (Table 4.1). In this study during the planting season, temperatures 

were extremely high, (with an average of 29.2 0C) therefore in densely populated cowpea plants 

soil evaporation was reduced by the cover and most of the water loss is by transpiration and 

this increased WUE. Similarly Sawargaonkar et al. (2013) found that increasing plant spacing 

(equivalent to lowering planting density) increased WUE is sorghum. Shaheen et al. (2010) 

found that mulching increased WUE in sorghum because it provided soil cover. In another 

study,  Wilson et al. (2012) found that WUE was not significantly affected by planting density 

in pigeonpea. Makoi et al. (2010) found that WUE was high on sorghum and cowpea plants 

that were planted at a lower density of 83 333 plant/ha. 



72 
 

5.1.2 Photosynthetic parameters in sorghum 

Intercropped sorghum at 50 and 75 kg N/ha had higher stomatal conductance (Figure 4.7A) 

which consequently led to higher internal CO2 concentration and significantly higher 

transpirational pull and therefore water loss (Figure 4.7B and 4.7C respectively). A higher 

transpirational pull is associated with more nutrients being uptaken by plant roots leading to 

high biomass (Figure 4.12). This implies that intercropped sorghum efficiently assimilates food 

as it was also shown by the higher shoot biomass of the intercropped sorghum when it was not 

applied with N fertilizer. Ghosh et al. (2006) has found that intercropping sorghum with 

soybean increased photosynthetic rate of the intercropped sorghum by 1.2 %. Photosynthesis 

assimilation in sorghum was positively correlated with both stomatal conductance and 

transpiration (Figure 4.8 A, B and C). This suggests that there is a relationship between 

stomatal conductance, transpiration and photosynthesis in sorghum. This is true because, 

stomata are the pores on a leaf surface through which plants regulate the uptake of CO2 for 

photosynthesis against the loss of water through transpiration (Haworth et al., 2011). Therefore 

the relationship between stomatal conductance and photosynthesis is due the fact that stomata 

controls the exchange of CO2 and water which are vital for the process of photosynthesis. 

According to Haworth et al. (2011), a plant with high stomatal conductance incurs higher rates 

of water loss and associated risks of desiccation. However, when moisture is not limiting a 

higher water loss is associated with higher nutrient uptake.  

 

5.1.3 Days to flowering in sorghum and cowpea 

Flowering in cowpea was significantly (p ≤ 0.05) affected by fertilizer application (Table 4.3). 

The application rate of 75 kg N/ha speeded up flowering in cowpea. This might be due to the 

beneficial effect of N application on promoting reproductive growth. According to Satodiya et 

al. (2015) more availability of nutrients enhance early flowering. Control cowpea plants had 
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delayed flowering. This might be because more rapid leaf area development and delayed 

flowering are options for increasing nitrogen storage and hence, nitrogen fixation activity and 

crop yield (Sinclair and Vadez, 2012). Cropping system and planting density did not have any 

significant effect on number of days to 50% flowering in cowpea. Similarly Satodiya et al. 

(2015) found that days to 50% flowering in cowpea did not differ significantly with planting 

density. With regard to sorghum the treatments did not have any significant effect on days to 

50% flowering (Table 4.3). Buah et al. (2012) has found that nitrogen application induced early 

flowering in sorghum. 

 

5.2 Effect of nitrogen application, cropping system and planting density on yield and yield 

components 

5.2.1 Cowpea nodulation and biomass yield 

The number of nodules were high on cowpea plants that received 0 and 50 kg N/ha while higher 

levels of N reduced the number of cowpea nodules irrespective of cropping system (Figure 

4.9). High N in soil inhibits nodulation in legumes because it supresses root-hair curling and 

inhibiting rhizobial infection and when applied at later stages after nodule formation may 

inhibit nodule development (Streeter and Wong, 1988; Singh and Usha, 2003; Zahran, 1999; 

Wahab et al., 1996). These plants also had higher photosynthesis, stomatal conductance and 

WUE. Among the plants that received 0 and 50 kg N/ha, monocropped plants had the highest 

nodulation (nodule number and nodule biomass) compared with intercropped plants (Figure 

4.9). In general, cropping system did not have any significant effect on the number of root 

nodules. Oroka (2010) also found that cropping system did not affect the number of nodules in 

cowpea while Sibhatu et al. (2015) have found that intercropping reduces the number of 

nodules in cowpea. 
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Lower application rates of N fertilizer (0 and 50 kg N/ha) had an effect on increasing nodule 

biomass while higher application rates of N fertilizer resulted in lower nodule biomass. Streeter 

and Wong (1988) pointed out that high soil NO3
- may allow the plant to conserve its energy, 

since in overall terms more energy is required to fix N2 than to utilize NO3
-. Therefore lower 

nodule biomass under high N application in cowpea is due to the plant reducing nitrogen 

fixation process to save energy that is used during N2 fixation and hence using the N that is 

readily available from the chemical N fertilizer. Xiao et al. (2004) found that N application 

seemed to reduce both the number and mass of nodule in fababean. Cowpea when planted as a 

monocrop had significantly (p ≤ 0.001) higher nodule biomass but when intercropped with 

sorghum it had a lower nodule biomass (Table 4.4). Similarly Egbe and Egbo (2011) found 

that intercropping cowpea varieties with maize reduced cowpea nodule biomass compared to 

when planted as sole cowpea. Makoi et al. (2009) also found that intercropping of cowpea and 

sorghum significantly reduced the nodule biomass of cowpea compared with monocropped 

cowpea. This reduction in cowpea nodule biomass when cowpea was intercropped with 

sorghum could be due to interspecific competition of resources such as water. The number of 

nodules positively correlated with nodule biomass hence an increase in the number of nodules 

may lead to an increase in the nodule weight even though about 68% of increase in nodule 

number can be associated with increase in nodule weight (Table 4.5). 

The for higher shoot biomass on control cowpea plants irrespective of planting density and 

cropping system is due to the fact that these plants were found to have the highest rate of 

photosynthesis. Similarly Belane and Dakora (2011) found that cowpea genotypes with high 

leaf photosynthetic rates showed greater stomatal conductance, high transpiration rates, 

increased water-use efficiency, and greater dry matter yield, while those with low 

photosynthetic rates exhibited low stomatal conductance, low transpiration rates, low water-

use efficiency, and low dry matter yield. Planting density significantly affected cowpea shoot 
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biomass (Table 4.4). At higher density of 66 667 plants/ha cowpea shoot biomass was 

significantly lower but at lower densities (of 53 333 and 40 000 plants/ha), cowpea shoot 

biomass was higher. The lower shoot biomass at higher density is probably due to competition 

for available resources. Similarly Makoi et al. (2009) found that increasing cowpea density 

reduced the dry matter of shoots, roots, pods and nodules, and therefore whole plant biomass. 

Although there was no significant difference between shoot biomass of monocrop cowpea and 

intercropped cowpea, Abusuwar and Bakshawain (2012) found that cowpea grown as a 

intercrop consistently produced the lowest dry matter yield compared to monocrop. This means 

that cowpea efficiently uses available resources when it is grown alone with no N fertilizer 

application than when it is grown alone with higher application rate of nitrogen. Cowpea shoot 

biomass positively correlated with root biomass therefore the increase and decrease in cowpea 

root biomass can be explained by the increase and/or decrease in shoot biomass (Table 4.5). 

 

5.2.2 Sorghum biomass yield 

Sorghum plants that did not receive LAN fertilizer had a lower shoot biomass compared with 

to those that did (Table 4.6). Similarly Turgut et al. (2005) found that the lowest forage and 

dry matter yield of sorghum was associated with no nitrogen treatment. Almodares et al. (2009) 

also found that biomass of sorghum and maize were increased significantly by increasing 

nitrogen fertilizer level. In this study, intercropped sorghum yielded more shoot biomass than 

monocropped sorghum under all nitrogen applications except for when application rate of 125 

kg/ha was applied (Figure 4.12). This means that when nitrogen levels are low in the soil, 

intercropped sorghum can efficiently make use of available resources and/or it was because 

intercropped sorghum was indirectly benefiting from nitrogen fixed by cowpea. Dakora and 

Keya (1997) reported that N transfer does occur in intercropping system. Xiao et al. (2004) 

found that there was N transfer from fababean to wheat through root interaction with distance 
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and root contact being the main factors affecting N transfer. Sorghum plants that received 50 

kg N/ha also had significantly higher root and shoot biomass than other N treatments (Table 

4.6). This implies that these plants developed more root biomass as a way of survival 

mechanism, therefore they were able to explore more soil to acquire more nutrients and leading 

to increased nutrients acquisition by the plant and hence more shoot biomass. According to 

Ågren and Franklin (2003), when nutrient availability increases, plants allocate relatively less 

to their roots, which is consistent with a resource optimization hypothesis as increasing nutrient 

availability means that less effort is required to acquire this source. 

 

5.2.3 Yield and yield components of sorghum and cowpea 

A positive correlation between sorghum yield and panicle weight and between panicle length 

and panicle weight may imply that an increase in panicle weight may be increased by panicle 

length and consequently an increase in grain yield (Table 4.8). With respect to cowpea, a 

positive correlation between number of seeds per pod and pod weight, implied that the weight 

of the pod may have been increased by the number of the seeds per pod (Table 4.10). Although 

N fertilizers are known to increase crop productivity, in this study N application was ineffective 

in increasing significant crop grain yield mostly because of the extremely low rainfall and high 

temperatures that occurred during the growing season. According to Malik et al. (2013) under 

low rainfall conditions, the use of chemical fertilizers to satisfy nutrient requirements of plants 

is often ineffective, because of inadequate moisture for mass flow and diffusion. Many 

researchers have found that fertilizer rate, cropping system, planting density and their 

interactions had significant effect on yield and yield components of sorghum and cowpea 

although it is not so in this study. Turgut et al. (2005) found that sweet sorghum seed yield was 

highly responsive to nitrogen fertilizer application with the highest seed yield being obtained 

in plots fertilized with 150 kg N/ha. Reports of sorghum whether as an monocrop or intercrop 
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are varied. For example, Refay et al. (2013) found a significant increment of sorghum grain 

yield per plant when grain sorghum was intercropped with cowpea. Oseni and Aliyu (2010) 

found a significantly higher grain and stover yields of both sorghum and cowpea in sole 

compared to the intercrop. Latha and Singh (2003) found that sorghum grain yield was higher 

when grown as sole crop than when it was intercropped. Fernandez et al. (2012) found that 

neither row spacing nor plant populations had a significant difference in 1000 seed weight of 

sorghum under rainfed conditions in a two year study. 

 

5.3 Effects of nitrogen application and planting density on the nutrient uptake of 

sorghum and cowpea intercrop 

5.3.1 Nitrogen use efficiency in sorghum and cowpea 

Nitrogen fertilizer application significantly affected the agronomic NUE of sorghum during the 

flowering stage. The highest NUE was found on sorghum plants that received the lowest 

fertilizer rate of 50 kg N/ha while further increase in N fertilizer application rate decreased 

NUE of sorghum under rainfed conditions (Table 4.11). Similarly Sawargaonkar et al. (2013) 

found that N application increased NUE and in that study applying N above 90 kg/ha reduced 

NUE of sorghum in the semi-arid conditions. Rahman et al. (2014) also found that NUE 

declined with higher levels of fertilizer N applied. In this study, the efficiency of applied N 

fertilizer was low in an intercrop system as seen by the highest NUE on the monocrop sorghum 

irrespective of planting density (Figure 4.14). This means that intercropping sorghum with 

cowpea may have reduced the amount of mineral N fertilizer required by sorghum through 

indirect benefit from nitrogen fixation. Similarly Sarr et al. (2008)  found that millet monocrop 

had the greatest NUE compared with millet intercropped with cowpea. 
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Nitrogen application rate, cropping system, planting density and their interactions did not have 

any significant effect on NUE of cowpea at flowering stage and at harvest (Table 4.12) possibly 

because cowpea is able to meet its nitrogen demand through the process of nitrogen fixation. 

In general the efficiency of applied LAN was very low in cowpea compared to that of sorghum. 

This is mainly because legumes are less reliant on inorganic N fertilizer than many other non-

legume crops such as cereals and pasture grasses because of their N2 fixing ability (Chen, 

2006). Thus they can potentially fix about 80% of their own nitrogen need and in addition can 

contribute to the yield of subsequent crops but all these potential benefits can be harnessed only 

under certain conditions (Rao, 2014). 

 

5.3.2 Sorghum and cowpea shoot nutrient uptake  

5.3.2.1 Cowpea nutrient uptake 

The human diet depends directly on the mineral composition of plants and, therefore an 

increase in nutrient content and availability in agricultural products will have a positive impact 

on human nutrition (Lopez-Arredondo et al., 2013). Fertilizer application reduced the uptake 

of N, P, K, Ca, Mg and Fe in cowpea because control plants exhibited significantly higher 

contents of these nutrients. According to Weisany et al. (2013) these mineral nutrients are 

amongst those that are known to be essential for the legume-Rhizobium symbiosis. Belane et 

al. (2014) found that cowpea genotypes that showed superior symbiotic performance 

consistently exhibited greater accumulation of minerals. In general, nutrient uptake was higher 

on control plants and this might have been the reason why these plants had higher growth, 

photosynthetic WUE and biomass yield than plants that received LAN. The higher N uptake in 

the control plants is for the reason that NO3
- inhibits N2 fixation (Streeter and Wong, 1988). 

Although cowpea fixes N2 during the seedling stage when the cotyledon reserves has been 

exhausted it may suffer N deficiency therefore giving a low dose of N fertilizer may be a good 
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strategy before biological N fixation kicks in (Abayomi et al., 2008). The uptake of Ca, Mg, P 

and N was significantly higher on plants planted at a lower density of 40 000 plants/ha. This is 

probably because at a higher planting density there is increased competition for nutrients. 

According to Makoi et al. (2010) high planting density leads to intense plant-to-plant 

competition which can decrease the uptake of various nutrients.   

 

5.3.2.2 Sorghum nutrient uptake 

The application of limestone ammonium nitrate improved the uptake of N, Cu and Zn in 

sorghum shoot compared to the control plants.  Xue et al. (2014) found that N fertilizer 

application increased Cu and Zn uptake in maize shoot in all stages of growth thus showing 

that optimized N management is an applicable strategy to improve micronutrient nutrition for 

maximum yield. According to Hafeez et al. (2013), Zn deficiency can be ameliorated in plants 

with the application of nitrogen fertilizers thus increase in N can increase Zn. In sorghum, the 

uptake of N, P, K, Ca, Mg, Cu and Zn was higher in plants that received 50 kg N/ha than for 

other N application rates. Increased nutrient uptake on sorghum plants that received 50 kg N/ha 

may have been caused by higher NUE and root and shoot biomass yield of these plants (Table 

4.2, 4.6, 4.14).  

In this study cropping system and planting density had no significant effect on the uptake of N, 

P, K, Ca, Mg, Na, Fe, Mn, Na, Cu and Zn in sorghum. This implies that sorghum did not 

significantly compete with cowpea for nutrients probably because they have different rooting 

system. Increased efficiency on the use of resources in intercropping may occur because the 

component crops use the resources either at different times, acquire resources from different 

parts of the soil or in different forms (Echarte et al., 2011).  Intercropping of sorghum with 

cowpea improved its nutrient uptake significantly as the interaction of fertilizer application and 
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cropping system has shown that for plants that received 0, 75 and 100 kg N/ha, intercropping 

increased the uptake of N, P, K, Ca, Mg, Mn, Cu and Zn in sorghum. Although the mechanism 

that triggered high uptake of N, P, K, Ca, Mg, Mn, Cu and Zn on intercropped sorghum plants 

that received 0 kg N/ha is unknown in this study, other authors suggest that legume may be of 

benefit to cereal cropping system due to contribution of N from N2 fixation and improving 

bioavailability of sparingly soluble P (Carsky et al., 2000). According to Brooker et al. (2015) 

mechanisms that enhance soil mineral availability have been identified from intercropping 

systems, but these processes have not been thoroughly examined. Latha and Singh (2003) 

found that intercropping did not significantly affect nutrient uptake and yield of sorghum as 

nutrient uptake was higher in sole cropping than in intercropping. The lower/space planting 

density have shown to have no significant effect on the uptake of P, K, Mg, Fe and Na 

irrespective of cropping system, suggesting that there was no or less competition of nutrients 

at low density. However at a higher density of 66 667 plants/ha the uptake of the same nutrients 

were reduced by monocropping mainly because similar species compete with each other since 

their nutrient uptake peak is at the same time relative to intercropping. In intercropping, there 

is an efficient utilization of resources because of different crop species which have different 

requirements of light, water and nutrients (Martin et al., 2006). 

 

5.4 Efficiency of intercropping system 

5.4.1 Land equivalent ratio (LER) 

LER of 1.83 shows that intercropping sorghum with cowpea was efficient as it had a yield 

advantage of 83%. Several researchers have found that intercropping system is efficient and 

have the potential to increase the long-term sustainability of food production under low inputs 

in many parts of the world (Brooker et al., 2015; Naim et al., 2013; Ndakidemi and Dakora, 

2007; Zougmore et al., 2000). 
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Conclusions 

  

In general N application under rainfed conditions had little effect on the growth and yield of 

both intercropped and monocropped cowpea. While it increased the growth and biomass yield 

of both intercropped and monocrop sorghum, with N fertilizer rate of 50 kg/ha being most 

efficient in sorghum. Planting density of 53 333 plants/ha increased the growth and biomass 

yield of sorghum and cowpea as monocrop and as intercrop. Intercropping enhanced sorghum 

growth as it was seen by higher photosynthetic rates of intercropped sorghum relative to 

monocropped sorghum. Application of 0 and 50 kg N/ha in cowpea and sorghum respectively 

increased nutrient uptake of both monocropped and intercropped sorghum and cowpea under 

different planting densities. In general competition for available nutrients by sorghum-cowpea 

intercrop was not significant and thus sorghum and cowpea can be suitable cropping system to 

be adopted by smallholder farmers in sub-Saharan Africa. The increase in plant growth, 

biomass yield, NUE, WUE and nutrient uptake due to N application, cropping system and 

planting density did not translate to increment in grain yield of sorghum and cowpea mainly 

because the 2015/2016 growing season was an abnormal one characterized with extremely low 

rainfall and higher temperatures. Intercropping sorghum with cowpea was efficient than 

monocropping in resource utilization as shown by LER value that is greater than one. 
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Recommendations 

Since this study was only one year trial another trials are needed to verify the results. Similar 

studies should be conducted on different agro-ecological regions, for atleast two seasons. More 

leguminous plants with high nitrogen fixing capability should be included to fix more nitrogen 

and reduce fertilizer cost by smallholder farmers. Modelling should be included to help policy 

makers in planning to assist farmers on improving crop production to increase food security in 

a sustainable manner. Further studies are needed to; quantify N transferred from cowpea to 

sorghum in an intercrop system. 
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