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ABSTRACT 

Information on the performance of the maize and pigeonpea intercropping system 

under dryland conditions of South Africa is scanty. The aim of this study was to 

determine the optimum P level and productivity of pigeonpea and maize under the 

dryland intercropping system. Five P rates (0, 15, 30, 45, and 60 kg P ha-1) were 

applied to both sole and pigeonpea intercropped with maize in a randomized 

complete block design with 4 replicates. Growth parameters and yield and yield 

attributes of pigeonpea and maize were measured to determine performance of both 

crops. 

There were significant differences in grain yield of pigeonpea as influenced by P 

rates in both seasons. Highest grain yields of 781 kg ha-1 during 2009/10 and 894 kg 

ha-1 during 2010/11 were obtained at P rate of 45 kg ha-1. Cropping system 

significantly influenced grain yield of pigeonpea in 2010/11 season with 37.1% higher 

pigeonpea grain yield from intercropped plots than in sole pigeonpea plots. There 

was 21.8% increase in grain yield of pigeonpea across two seasons as influenced by 

P rate. Maize grain yield showed little response to P rate only during the first season. 

However, highest maize grain yield of 1699 kg ha-1 was obtained at 60 kg P ha-1 

during the 2009/10 season. Maize grain yield was only significantly influenced by 

cropping system during the 2010/11 season where sole plots achieved higher grain 

yield of 4148 kg ha-1 compared to 3297 kg ha-1 from intercrop plots. The results 

revealed that P application increased grain yield of pigeonpea significantly, 

especially in intercropped plots. The calculated total land equivalent ratio (LER) for 

the two crops gave positive and higher than one values, which suggests a favourable 

grain yield advantage for maize/pigeon pea intercrop.  

Key words: Maize, Pigeonpea, Grain yield, Intercropping, Phosphorus rates, Dryland 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1 Background to the study 

Intercropping of legumes with cereals is an age-long practice, particularly among 

rural smallholder (SH) farmers. Cereal/legume intercropping is widely practiced in 

South Africa, including Limpopo province. The practice is often employed for the 

purpose of economizing inorganic nitrogen fertilizer use thereby increasing and 

sustaining productivity and profitability per unit area (Lingaraju et al., 2008). In South 

Africa, cereal/legume intercrop trials have been reported by different authors. These 

include maize (Zea mays) and pigeonpea (Cajanus cajan) intercropping systems 

in Mpumalanga, South Africa (Mathews et al., 2001b), and maize and drybean 

intercrop (Kutu and Asiwe, 2010). However, the success of such intercrop studies 

have largely depended on the compatibility of the component crops to clearly lessen 

the negative effects of shading and resource-use constraints arising from 

competition. Moisture stress is one likely adverse effect of cereal/legume 

intercropping in Limpopo due to the fact that most SH farmers who practise it are 

located in marginal rainfall areas. Pigeonpea, a drought tolerant, deep rooted and 

slow-growing plant (Willey and Reddy, 1981) is thus a potential grain legume crop 

that may be successfully intercropped with maize by resource-poor farmers in low 

rainfall areas. Regrettably, little agronomic research work has been conducted in 

South Africa on the crop to date despite its adaptation to drought conditions and 

nutritional value. 

 

1.2 RESEARCH PROBLEM 

Despite the high nutritional value of pigeonpea grain (Nwokolo, 1987), limited studies 

have been reported on its compatibility for intercropping with maize under dryland 

conditions typical of Limpopo province, South Africa. Reports on the performance of 

maize and pigeonpea intercropping system under dryland conditions of South Africa 

are scanty and presently limited to the work of Mathews et al. (2011). In addition, the 

high phosphorus (P) demand of most leguminous crops coupled with the complex 
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chemistry of P in many soils often results in P management crises on most croplands 

(Kutu FR; personal communication). Furthermore, the dearth of research information 

on appropriate P management strategy that is compatible with SH farmers‟ practice 

of intercropping remains a major challenge to increasing crop productivity of this 

important farming practice. Thus, crop yield on such farmers‟ fields remains low and 

hence impacts negatively on the food security situation in many rural areas. 

1.3 Hypotheses 

a) The productivity of maize and pigeonpea in maize/pigeonpea intercrops does 

not differ from sole crops. 

b) Phosphorus application has no influence on the performance of 

maize/pigeonpea intercrops. 

1.4 Motivation for the study 

Maize is a major staple food in South Africa; but low soil fertility, limited resources 

and droughts keep yields low, particularly in smallholding farmlands. Regrettably, the 

use of inorganic fertilizers has not been attractive to SH farmers due to inherent 

problems of high costs, frequent unavailability of the material at the time of intended 

use and above all, resource constraints on the part of the farmers. Intercropping 

maize and pigeonpea is considered to be a good option since pigeonpea is drought-

tolerant, can fix nitrogen and uses its deep root system to bring up minerals from 

horizons inaccessible by other crops (especially cereal crops). It is also able to 

increase the availability of soluble iron-bound P to maize and is needed to provide 

energy in biological nitrogen fixation (Yeboah et al., 2004). The introduction of this 

crop in many rural homes will constitute additional protein-rich food on the menu that 

can help to alleviate hunger and malnutrition.  
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1.5 Purpose of the study 

1.5.1 Aim 

The aim of this study was to determine the optimum P level and productivity of 

pigeonpea and maize under dryland intercropping system. 

1.5.2 Objectives  

The objectives of the study were to: 

a) evaluate maize/pigeonpea productivity under dryland conditions. 

b) evaluate the effect of P rates on maize/pigeonpea intercrop performance. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 General information on pigeonpea 

Pigeonpea belongs to the genus Cajanus, subtribe Cajaninae, tribe Phaseoleae, and 

family Fabaceae. Pigeonpea, is also known as red gram, Congo pea, gungo pea, no 

eye pea; occurs in several varieties. It is believed to have originated from India, but 

may have come from Africa (Singh and Oswalt, 1992). Based on the range of 

genetic diversity of the crop in India, Vavilov (1951) concluded that pigeonpea 

originated from India. 

Pigeonpea is a perennial erect bush, 0.5 to 4 m tall that has a strong woody stem. 

The leaves have three leaflets that are green and pubescent above and silvery 

greyish-green with longer hairs on the underside (Valenzuela and Smith, 2002). The 

flowers are clustered at the top of the peduncle. The flowers are mostly yellow and 

papileonaceous or completely bisexual and zygomorphous (Sundaraj and 

Thulasidas, 1980). It is often a cross pollinated crop that has a deep taproot system; 

wide spreading roots in the soil and well-developed lateral roots. Pigeonpea is also 

nodulated by the cowpea group of rhizobia, mainly on the upper 30 cm of the root 

system (Singh and Oswalt, 1992). 

Pigeonpea is hardy, warm-season, drought tolerant, widely adaptable and tolerant to 

temperatures as high as 35ºC (Vittal et al., 2004). The preferred temperature range 

is between 18 and 30ºC during rainy season; and 17 - 22°C during post rainy season 

(Reddy and Virmani, 1981). An average annual rainfall of between 600 and 1000 

mm is most suitable for pigeonpea production (Green Harvest, 2013). The crop can 

be grown in a wide range of soil textures, from sandy soils to heavy clays; and is well 

suited for soil with pH range of between 4.5 and 8.4 (Singh and Oswalt, 1992). 

Pigeonpea is normally sown directly into prepared ground. Seeding rates for pure 

stands are 12 to 25 kg of seed ha-1 (Smartt, 1976). Recommended planting depth of 

pure stand (sole) of pigeonpea varied from 2.5 to 5 cm (Duke, 1983). Germination is 

hypogeal and there is no known dormancy in pigeonpea; thus, no pre-germination 

treatment of the seed is needed. 
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2.2 Maize production in South Africa 

Maize is a staple food for a large section of the black population of South Africa that 

accounts for 94 percent of white maize meal consumption (Elliott, 1991). It is the 

most important cereal crop produced by resource-poor farmers in Southern Africa. 

Approximately 10-12 million tons of maize is produced annually in South Africa on 

more-or-less 2.5 million hectares of land (Syngenta, 2012). Maize is produced by 

nearly all resource - poor farmers in South Africa from within the semi-arid regions to 

the high rainfall provinces. Dryland production of maize takes place mainly in the 

Free State (34%), North West (32%), Mpumalanga (24%), Limpopo (17%) and 

KwaZulu-Natal (3%) provinces (Department of Agriculture, 2010). Maize production 

in South Africa is constrained by both biotic and abiotic factors. According to Meyer 

(1998), the economy of maize production in the summer - grain areas has 

deteriorated over the last few decades because the prices of maize inputs rose more 

rapidly than the producer price of maize grain. 

Furthermore, the impact of droughts has weakened the producers‟ ability to make 

structural adjustments. According to ICRISAT (2008), the SH farming areas of the 

Limpopo Province are subject to frequent droughts and poor soil fertility thus keeping 

SH farmers in a cycle of poverty. In a survey carried out in Vhembe district of 

Limpopo Province in 2004, inadequate rainfall (49%), weed infestation (23%) and 

low soil fertility (20%) were reported as the most important factors limiting the grain 

yields of maize (Nemutshili and Ogola, 2010). 

 

2.3 Importance of pigeonpea in human diet 

Pigeonpea grains constitute an important component of human diet in developing 

countries, particularly those located in tropical and subtropical areas (Singh, 1993). 

The grain is wonderfully abundant in protein, making it an ideal supplement to 

traditional cereal- banana or tuber-based diets of most Africans that are generally 

protein-deficient (Odeny, 2007). The protein quality of pigeonpea is primarily 

expressed in terms of its content, the levels of amino acids, and protein digestibility 

(Singh and Eggum, 1984). For use as a vegetable, pigeonpea is normally picked 
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 when the seeds reach physiological maturity, i.e., when they are fully grown, but just 

before they lose their green colour (Faris et al., 1987). At this stage, the green seed 

is more nutritious than the dry seed because it contains more protein, sugar, and fat 

than the mature seed (Singh, 1991). Pigeonpea is a rich source of carbohydrates, 

minerals and vitamins. The seeds contain approximately 51–59% carbohydrates 

(Faris and Singh, 1990); 1.2–8.1% crude fibre, 18–26% protein and 0.6–3.8% lipids 

(Sinha, 1977). 

 

When compared to soybean (Glycine max), pea (Pisum sativum) and common bean 

(Phaseolus vulgaris), pigeonpea offers fewer anti-nutritional factor problems (Singh, 

1991). Pigeonpea contains considerably higher levels of protease inhibitors than the 

other commonly consumed Indian grain legumes, but much lower levels than those 

of soybean (Sumathi and Patabhiraman, 1976). 

 

2.4 World Pigeonpea production statistics 

According to FAO statistics, global pigeonpea cultivation increased at an annual rate 

of 1.3% from about 2.7 million hectares in 1961 to about 4.6 million hectares in 2007 

(Franklin et al., 2009). About 90% of the global pigeonpea area falls in India (Sarika 

et al., 2013). Pigeonpea in India is grown on 3.36 million hectares with a total 

production of 2.31 million tons (M t.); with an average productivity of 0.69 t ha-1 and a 

range from 0.60 ha-1 in the primary zone to 0.80 t ha-1 in the tertiary zone (Singh, 

2006). Over 80% of pigeonpea production in Africa takes place in Malawi, 

Mozambique, Tanzania, Uganda and Kenya which together have over 800,000 ha of 

arable land under the crop, and it is often grown as an intercrop with maize (AGRA 

communications, 2012). Nearly all the production is by SH farmers and mainly as a 

subsistence crop under rain-fed conditions. Additionally, the production areas are 

mainly those that are prone to drought, thus giving farmers an opportunity to make a 

living from it when other crops fail. Production in African countries contributes 9.3% 

of world production, which is very little compared to the 74% contribution from India 

alone (Odeny, 2007). 
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In South Africa, pigeonpea is not widely grown as a field crop. However, pigeonpea 

can also serve as an important grain legume crop that can be used in rural areas for 

human consumption and supplements the range of food crops available. In addition, 

pigeonpea is usually grown singly or as a hedge plant in home gardens or around 

the sugarcane (Saccharum officinarum) fields (Saxena et al., 2001). Production 

areas in Limpopo Province are Bohlabela and Mopani districts while in Mpumalanga 

it is grown in Gert Sibande, Enkangala and Ehlanzeni districts (Department of 

Agriculture, 2009).  

 

2.5 Maize/pigeonpea intercrop performance 

Pigeonpea is becoming increasingly important in SH farming systems in Eastern and 

Southern Africa partly due to its ability to produce food grain under harsh conditions 

that are imposed by moisture stress, high temperatures and infertile soils (Gwata 

and Siambi, 2009). A study conducted in Tanzania demonstrated that the yield of 

unfertilized maize intercropped with pigeonpea generally equalled the yield of a 

moderately fertilized sole maize crop (Myaka et al., 2006). However, an earlier study 

by Valenzuela and Smith (2002) revealed that the initial growth of pigeonpea is slow, 

and thus as an intercrop it is initially less competitive for light, water, and soil 

nutrients when grown as a companion crop with short-season cash crops.  

Willey et al. (1980) observed that as a sole crop, pigeonpea is relatively inefficient 

because of its slow initial growth rate and low harvest index. Hence, they 

recommended intercropping of pigeonpea with more rapid growing crops such as 

cereals such as maize, sorghum or legumes such as greengram, cowpea, soybean 

etc., in order to obtain a substantial yield advantage (Marer, 2005). Furthermore, a 

study conducted in the northern transitional zone of Karnataka in South West India 

revealed that intercropping of maize and pigeonpea at 4:2 row ratio is more 

productive and remunerative than sole crops of either maize or pigeonpea and other 

intercropping systems under rainfed conditions (Lingaraju et al., 2008).  

Sivakumar and Virmani (1980) revealed that dry matter accumulation by pigeonpea 

in intercropping of maize and pigeonpea was less than half of that of sole pigeonpea 
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during first 90 days after planting whereas the dry matter of intercropped maize was 

on par with sole maize crop. The result further indicated that when the maize 

matured, its competitiveness was reduced and growth of the intercropped pigeonpea 

thereafter was sufficient to produce dry matter comparable to that of a sole crop. 

Kumar Rao et al. (1983) and Wani et al. (1991; 1994) revealed that legumes grown 

either as intercrops or in rotation with cereals often increase the yield of a 

subsequent cereal crop grown on the same soil. The superior performance of a 

subsequent maize crop was reported after pigeonpea (sole or intercrop) in plant 

height, dry grain and stover yields over maize from plots that previously had sole 

maize or fallow systems (Egbe et al., 2007). A study conducted in Tanzania and 

Malawi showed mean grain yields of pigeonpea ranging from 172 to 740 kg ha-1 

across several environments (Høgh-Jensen et al., 2007). 

 

2.6 Nitrogen fixation by pigeonpea 

Pigeonpea has the ability to fix up to 235 kg N ha-1 (Peoples et al., 1995) and 

produces more N per unit area from plant biomass than many other legumes. Egbe 

(2005), as cited in Egbe and Idoko (2012), reported that pigeonpea can fix between 

36.10 and 114.04 kg N ha-1 when intercropped with maize and 35.94-164.82 kg N 

ha-1 under intercropping with sorghum. The total nitrogen uptake and net nitrogen 

fixation by pigeonpea generally increased with crop duration (Kumar and Dart, 

1987). For example, early-maturing determinate cultivars apparently fixed little 

nitrogen with a maximum of 7 kg N ha-1 whereas the indeterminate early- and 

medium-maturing cultivars fixed more nitrogen, the amount increasing with days to 

50% flowering rather than to final harvest date (Kumar and Dart, 1987). 

According to Onim (1987), pigeonpea produces more N from plant biomass per unit 

area of land than many other legumes although it usually produces fewer nodules 

than other legumes (Phatak et al., 1993). MacColl (1989) further reported that 

summed over three successive maize crops, N left by two year crops of pigeonpea 

varied from 23.5 to 109.6 kg ha-1. The cereals benefit from the enhanced soil fertility 

through N2 fixation and crop residues which improve the levels of organic matter 

content in the soil (Gwata and Siambi, 2009). 
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2.7 Influence of phosphorus in pigeonpea growth and productivity  

Positive response to P application by pigeonpea has been observed and in some 

cases was highly significant (Pathak, 1970). A study conducted in India concluded 

that applications of 17-26 kg P ha-1 increased seed yield by 300-600 kg ha-1 (Singh 

and Oswalt, 1992). Graham and Rosas (1979) revealed that P increases symbiotic 

nitrogen fixation by stimulating host plant growth rather than exerting a direct effect 

on nodule initiation, growth, development and function. 

AGRA communication (2012) reported that application of 20 kg P ha-1 increased 

pigeonpea yields by between 0.7 and 1.0 tons ha-1 in a demonstration that was 

conducted in Tanzania. The demonstration study also revealed that besides the 

increase of grain yield due to P application, the pigeonpea crop produced between 2 

and 3 tons ha-1 of leaf biomass that was recycled into the soil. 

 

2.8 Pigeonpea performance in low P soil 

Pigeonpea root exudates have been found to contain phenolic compound piscidic 

acid, which chelates Fe to free P in Fe bound P in soils for crop uptake (Yeboah et 

al., 2004). Pigeonpea was also reported to be more efficient at utilizing iron-bound P 

(Fe-P) than several other crop species (Ae et al., 1990). For example, Otani et al. 

(1996) indicated that the crude root exudates of pigeonpea had a higher ability to 

dissolve Fe- and Al-bound P than those from other crops, especially at 4 and 5 

weeks after transfer to the nutrient solution. In addition, pigeonpea is also known for 

its ability to access insoluble phosphates in soils low in P, and thus increasing the 

availability of soluble P for the following cash crops in the rotation. 

Rotation systems indicated that planting of pigeonpea increases the amount of P 

available for the follow-up crops in the rotation (FFTC, 2000). Sinclair (2004) 

revealed that in soils with a high P fixation rate, pigeonpea was better able to take up 

P and to maintain adequate growth while other crops, such as maize and soybeans, 

were not even able to survive under the low P conditions. 
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2.9 Effect of P application on legume crops 

Phosphorus plays a key role in the build-up and maintenance of soil productivity 

through its effects on legume growth and on the growth and survival of rhizobia 

(MClaughlin et al., 1990). It is the second most critical plant nutrient overall, but for 

pulses it assumes primary importance owing to its important role in root proliferation 

and atmospheric nitrogen assimilation (Thiyagarajan et al., 2003). Okuda and 

Yamaguchi (1955) showed that P added to a flooded soil in beakers increased 

photodependent N2 fixation but not heterotrophic N2 fixation, indicating that 

photodependent or aquatic N2-fixing agents are limited by the P supply more 

severely than are N2-fixing agents in soil.  

Application of inorganic P fertilizers to arable crops has greatly increased grain 

(seed) production. In addition, P is an essential nutrient in soils for healthy crop 

growth and high yields. For example, highest seed yields were recorded (1755 kg ha-

1) when 60 kg P ha-1 was applied to pigeonpea and groundnut and it was also 

significantly higher by 5.3 and 1.6 percent than the control and 30 kg P ha-1, 

respectively (Bheemasenrao, 2007; Adhikary and Sarkar, 2000).  

The response to P application by grain legumes may vary with the soil P status. For 

example, Akhtar et al. (2003) reported that minimum and maximum vine lengths 

were obtained from pea (Pisum sativum L.) plants when 0 and 69 kg P ha-1 were 

applied to a soil with intial soil P status of 10.17 mg kg-1, respectively. Ogoke et al. 

(2004) reported increment of pod number of soybean from 32 to 208% when P 

fertilizer was applied compared to the control. The grain yield of lentil increased from 

717 to 911 kg ha−1 as P increased from 0 to 60 kg P ha−1 (Ryan et al., 2008). 

Application of P significantly increased the shoot dry matter yield (DMY) of both 

soybean and cowpea (Nwoke, et al., 2008). Adu-gyamfi, et al. (1989) reported the 

maximum whole plant dry weight of pigeonpea in a P-deficient soil at 100 kg P ha-1 

application. Higher fresh biomass yield of green manure crops was observed with 

the application 36 kg P ha-1 (Pramanik et al., 2009). Application of 40 Kg P ha-1 

increased N fixation in cowpea, groundnut and Bambara groundnut by 378, 169 and 

138% respectively, over the control (Yakubu, et al., 2010). Application of 30 kg P   
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ha-1 increased crop biomass by 154% (103 kg ha-1) for soyabean cultivar (LS 555) 

(Mabapa, et al., 2010). 

Phosphorous use has become increasingly prevalent during recent decades due to 

its depletion in soils used for crop production (Norfleet, 1998). However, some 

studies indicate that legumes can mobilise more P from poorly soluble P compared 

to non-legumes (Hasnuri et al., 2011, Kamh et al., 1999). According to Nuruzzaman 

et al (2005), legume crops such as white lupin (Lupinus albus L.), mobilise soil-

bound P through root exudates. 

 

2.10 Phosphorus availability in the soil 

Phosphorus is an essential element classified as a macronutrient because of the 

relatively large amount required by plants (Busman et al., 2009). An adequate supply 

of P to plants is essential for seed formation, root development and the maturing of 

crops. However, much of the phosphate in soils is not available to growing plants 

due to fixation by iron (Fe) and aluminium (Al) oxides/hydroxides predominantly 

present in highly weathered soils, (Dubinsky et al., 2010; Igwe et al., 2010).     

According to the Soil Association of UK (2010) the amount of P that is found 

naturally in soils varies greatly and can range from around 500 to 2500 kg ha-1. 

However, only a small proportion of this phosphorus will be in the right form (soluble 

organophosphates in the soil solution) for it to be available for uptake by plants. In 

comparison, often less than 10 g ha-1 of P is in the soil solution as soluble 

orthophosphates (H2PO4
-, HPO4

2-) at any one time; and it is these forms which are 

plant available (Stockdale and Atkinson, 2010). 

Phosphorus is deficient in most soils in South Africa (Farmers‟ weekly, 2013). Low 

availability of soil phosphorus (P) caused by strong sorption of P is a major 

constraint to agricultural production in most South African soils, particularly those 

from the high rainfall areas (Gichangi, 2007). 
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2.11 Crop combinations for intercropping systems 

Intercropping is the practice of growing two or more crops in proximity. Intercropping 

was defined as the practice of growing more than one crop simultaneously in 

alternating rows of the same field (Carlson, 2008). Intercropping can involve purely 

cash crops or a mixture of cash crops and fertility building crops. 

Crop combination for intercropping may depend on the growth habits, maturity date 

and resource use patterns, so that crops make good use of available resources 

without competing with each other. Wolfswinkel (2012) reported the advantage of 

intercropping system for different crops in the mixture that have different maturity 

dates, with different times of peak demand of nutrients, water and sunlight thereby 

reducing competition. However, combinations vary from place to place. For example, 

in Malawi, the predominant intercropping crop combinations involve grain legumes 

namely cowpeas (Vigna unguiculata), groundnuts (Arachis hypogeae), peas (Pisum 

sativa), or pigeonpeas grown in association with maize, sorghum, or millet 

(Pennisetum typhoides) (Edje, 1980 ). Groundnut has also been reported to be 

commonly intercropped with maize in Southeast Asia and Africa (Reddy et al., 1980). 

One of the advantages frequently claimed for intercropping combinations that include 

a legume, is that the nitrogen economy of the system is improved because of 

symbiotic fixation (Willey et al., 1986). For example, Adu-Gyamfi et al., (2007) 

reported that when nitrogen fertilizer is not applied, intercropped legumes will fix 

most of their nitrogen from the atmosphere and not compete with maize for nitrogen 

resources. It was also reported that intercropping of maize and cowpeas is especially 

beneficial on nitrogen poor soils (Carlson, 2008). 

 

2.12 Effect of intercropping on weed suppression 

Weed management is a critical component of any farming system (Piri et al., 2011). 

In successful intercrops, weed suppression is usually superior to that of either of the 

component crops when grown alone. Intercropping has been associated with greater 

yields and pest, and weed control compared with sole cropping (Szumigalski, 2005).  



13 
 
 

Maize is usually intercropped with a variety of crops, such as amaranth (Amaranthus 

spp.), for a variety of purposes such as cultural weed control, fertility and moisture 

conservation, land use maximization, vitamin generation and improved cash returns 

from limited land holdings (Awe and Abegunrin, 2009). In addition, Cowpea, 

pigeonpea, beans, sunn hemp (Crotolaria spp), and groundnuts have all been 

intercropped with maize by farmers in Africa with various successes (IRRI, 2008). 

Carruthers et al. (1998) found that maize and soybean were quite successful at 

reducing weed populations. Maina and Drennan (1997) reported the increase in the 

yield of maize and suppression of weeds when Phaseolus bean was grown together 

with maize in Kenya. Hugar (2006) indicated that when soybean and groundnut were 

intercropped with corn, there was marked reduction in weed growth. The least 

number of weeds was found in rice (Oryza sativa) grown after cassava (Manihot 

esculenta) intercrops (Gbanguba et al., 2011). Eskandari (2011) reported that wheat 

(Triticum aestivum) intercropped with bean was more effective in weed suppression 

than sole wheat, due to lower availability of environmental resources for weeds in the 

intercropping system. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1Experimental site 

Two similar experiments were conducted at University of Limpopo Experimental 

farm, Syferkuil (23°51'S, 29°42'E, 1250 masl) during the 2009/10 and 2010/11 

growing seasons. The soil at Syferkuil is predominately sandy loam in texture and 

belongs to Hutton form. Available P and pH measured in water from soil samples 

collected before planting the two trials are given in Table 1. Mean average summer 

day temperature at Syferkuil varies from 28 to 30°C while the area receives mean 

annual rainfall ranging from 400 to 600 mm (Figure 1 and 2). 

3.2 Experimental design and treatments 

Treatments were laid out as a 2×5 factorial arrangement in a randomised complete 

block design with 4 replications. The experiments comprised of two treatment 

factors: 

Cropping system: Sole pigeonpea (C1), Intercropping (C2), and 

P rates (kg ha-1): 0 (P1), 15 (P2), 30 (P3), 45 (P4), 60 (P5)  

The resultant treatment combinations were  

a) Sole maize 

b) C1P1 

c) C1P2 

d) C1P3 

e) C1P4 

f) C1P5 

g) C2P1 

h) C2P2 

i) C2P3 

j) C2P4 

k) C2P5 
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Table 1: Physical and chemical properties at test sites in the 2009/10 and 2010/11 

growing seasons 

Soil properties 2009/10 season 2010/11 season 

 Depth (cm) Depth (cm) 

Physical parameters 0-15 15-30 0-15 15-30 

% sand 26.2 19.6 30.0 24.8 

% clay 3.8 6.6 12.5 6.6 

% silt 70.0 73.8 57.5 68.6 

Textural class Silt loam Silt loam Silt loam Silt loam 

Chemical parameters     

%OC 0.24 0.98 0.26 1.27 

pH(H20) 6.67 6.61 6.63 6.67 

pH(kcl) 5.57 5.85 5.71 5.58 

EC (mS cm-1) 7.33 8.05 6.63 6.43 

Total N (mg kg-1) 426 343 389 421 

P(Bray1) (mg kg-1) 28 31 30 34 

K (mg kg-1) 220 103 155 115 

Ca (mg kg-1) 518 505 560 668 

Mg (mg kg-1) 348 328 380 415 

Na (mg kg-1) 35 63 35 70 

Zn (mg kg-1) 2.64 2.48 2.76 2.84 

S-value 6.182 5.774 6.490 7.369 
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Figure: 1 Monthly rainfall and mean monthly minimum and maximum temperature 

during the 2009/10 growing season at Syferkuil. 

 

 

Figure 2: Monthly rainfall and mean monthly minimum and maximum temperature 

during the 2010/11 growing season at Syferkuil. 

 

Maize variety (SNK 2147) and pigeonpea (ICPL 87091) were used as test crops in 

the experiments. Between row spacing of 90 and 60 cm were used for the maize and 

sole pigeonpea, respectively, while in-row spacing of 25 and 15 cm were maintained 

for maize and pigeonpea, respectively. Sole maize plots had 4 rows each with 5 m 
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length while those of sole pigeonpea had 6 rows. Maize/pigeonpea intercropping had 

4 rows of maize and 3 rows of pigeonpea. The gross plot size for both sole and 

intercropped maize as well as the sole pigeonpea plot was 18 m2 while the net plot 

size for both sole and intercropped maize was 5.4 m2 (2 central rows x 3m). On the 

other hand, the net plot sizes for sole and intercropped pigeonpea were 3.6 m2 (2 

central rows x 3 m) and 2.7 m2 (the central row x 3 m), respectively.  

 

3.3 Cultural practices 

Maize and pigeonpea seeds were sown manually and simultaneously and the trials 

were planted on 8 January 2010 and 01 December 2010 in the first and second year 

plantings, respectively. All P treatments were applied through banding method during 

planting as single superphosphate (10.5% P) while experimental plots were kept 

weed-free by hand hoeing. The plots received establishment irrigation of 4 mm 

immediately after planting. 

 

3.4 Data collection 

3.4.1 Soil sampling and laboratory analysis  

Representative soil samples were taken from the trial site using a soil auger at 0-15 

cm and 15-30 cm soil depths before planting the experiment. Laboratory analyses 

were done on the soil samples to determine pH, N, P, K, Mg, Ca and percentage 

organic carbon. Soil pH measurements was done in soil: water ratio of 1:2.5 as 

described by Eckert (1988) while total N was determined by macro-Kjeldahl digestion 

method as described by Bremner (1955). Available P was extracted using Bray1 

extractable P as described by Kuo (1996). Organic carbon was determined by 

Walkley-Black method as described by Jackson (1967) while K, Mg and Ca were 

extracted using ammonium acetate (1N) as described by Chapman (1965).  
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Data on the following parameters were recorded during the course of the study: 

3.4.2 Agronomic characteristics of pigeonpea 

i. Plant density (m-2) 

ii. Plant height at harvest (m) 

iii. Number of pods plant-1 

iv. Pod length (cm) 

v. Number of seeds pod-1 

vi. 100 seed weight (g) 

vii. Number of branches plant -1 

viii. Biological yield (kg ha-1) 

ix. Seed yield (kg ha-1) 

x. Chlorophyll content 

3.4.3 Agronomic characteristics of maize 

i. Plant density (m-2) 

ii. Plant height (cm) 

iii. Length of a cob (cm) 

iv. Number of cobs plant-1 

v. Biological yield (kg ha-1) 

vi. Weight of 100 grains (g) 

vii. Grain yield (kg ha-1) 

viii. Leaf chlorophyll content 

 

3.4.4 Procedure for data collection 

a. Pigeonpea  

Plant density (m-2) - Plants in the net plot were counted for each plot at harvest. 

Plant height at harvest (m) - 6 consecutive plants in the net plot were selected and 

the height was measured with a measuring tape. Then the average was calculated. 

Number of pods plant-1- Fully developed pods from 6 plants were counted. 
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Pod length (cm) – Pod length was measured from 10 pods collected from each of 6 

consecutive plants. Then the average was calculated. 

Number of seeds pod-1 - Seeds per pods from 6 consecutive plants were counted. 

This figure was then divided by the number of pods from those 6 plants. 

100 seed weight (g) - The weight of two samples of 100 seeds was recorded (g) 

from the grain samples drawn from the produce obtained from each of the net plot 

and averaged. 

Number of branches plant -1- The number of primary and secondary branches of 6 

consecutive plants were counted and the average calculated. 

Biological yield (kg ha-1) - Crop was harvested with no roots at physiology maturity, 

exposed to sun drying and then weighed using a 22 Adam CBK 8h weighing balance 

before threshing to record the total biomass per plot. 

Seed yield (kg ha-1) - Sun dried sample was threshed manually in order to record 

grain yield per plot using a 22 Adam CBK 8h weighing balance and then converted 

to kgha-1. 

Chlorophyll content - Chlorophyll content was recorded on 6 consecutive plants 

(the readings were taken on the top fully grown leaf) at flower initiation using 

chlorophyll meter (CM100, Spectrum Technologies Inc, USA) and the average 

calculated. 

 

Monetary value  

Monetary value was calculated using the price of R 4625/ton for pigeonpea in 

2009/10 and R 4989/ton in 2010/11 (Govindan, 2010) . 

 

b. Maize 

Plant density (m-2) - Plants in the net plot were counted for each plot and recorded. 

Plant height at harvest (m) – Six consecutive plants in the net plot were selected 

and the height measured with a measuring tape and recorded. Then the average 

was calculated. 

Length of a cob (cm) - 6 cobs (each plot) from consecutive 6 plants were selected 

and then measured using a measuring ruler. Then the average was calculated. 



20 
 
 

Number of cobs plant-1 – The number of cobs on the 6 consecutive plants were 

counted also recorded and averaged. 

Biological yield (kg ha-1) - Crop was harvested at physiological maturity, exposed 

to sun drying and then weighed with the help of a 22 Adam CBK 8h weighing 

balance before threshing to record the total biomass per plot. 

Weight of 100 grains (g) – Two samples of 100 grains from 6 randomly selected 

cobs were counted and weighed. 

Grain yield (kg ha-1) – Sun-dried sample was threshed manually in order to record 

grain yield per plot. This was used to extrapolate yield on a hectare basis. 

Chlorophyll content - Chlorophyll content was measured and recorded on 6 

consecutive plants. The readings were taken on the flag leaf at tasselling using 

chlorophyll meter (CM100, Spectrum Technologies Inc, USA). Then the average was 

calculated.  

Monetary value 

Monetary value was calculated using the price of R1118/ton for maize in 2009/10 

and R1851/ton in 2010/11 (SAGIS, 2012).  

 

c. Common to both crops 

Harvest index (HI) % – Harvesting Index was calculated by dividing the grain yield 

with above-ground biomas and multiplying by 100. 

HI=grain yield (kg)/ above-ground biomas (kg) × 100 

Land equivalent ratio (LER) - the land equivalent ratio (LER) value, which 

measures the productivity of the intercrop system, was calculated using the 

equation:  

 LER=PLERM +PLERP 

PLERM = YIM/YSM; PLERP=YIP/YSP 

where, PLERM = partial land equivalent ratio for maize, YIM = grain yield per unit 

area of intercropped maize, YSM = grain yield per unit area of sole crop maize and 
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PLERP=partial land equivalent ratio for pigeonpea, YIP= grain yield per unit area of 

intercropped pigeonpea, YSP= grain yield per unit area of sole crop pigeonpea (Ofori 

and Stern, 1987). 

Shelling percentage 

The shelling percentage of both maize and pigeonpea was calculated as: 

Shelling percentage (%) = shelled grain weight (kg)/unshelled cobs or unshelled 

pods weight × 100. 

 

3.5 Data analysis 

The data generated were subjected to analysis of variance using Statistix 9.0 version 

(Statistix, 2008). Tukey HSD0.05 procedure was applied to separate mean values, 

while a quadratic function model through a regression analysis was developed to 

determine the optimum rate of P. 
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CHAPTER 4 

RESULTS 

The results of the experiment conducted to investigate the performance of maize and 

pigeonpea in an intercropping system under variable P rates at Syferkuil during 

2009/10 and 2010/11 growing seasons are presented in this chapter. 

 

4.1 Performance of pigeonpea 

4.1.1 Treatment effect on phenological development of pigeonpea 

Phosphorus rates and cropping system effect did not affect number of days to 50% 

flowering and physiological maturity during both seasons (Table 2). It took 92 and 

157 days on average to 50% flowering and physiological maturity during two 

seasons, respectively. 

 

4.1.2. Treatment effect on growth parameters of pigeonpea 

4.1.2.1 Plant density (plants/m2) 

Data pertaining to plant density obtained at harvest as influenced by P rates of 

application and cropping system for both seasons are presented in the Table 3. The 

results showed that the main effects for cropping system were only significant 

(P<0.001) in 2009/10. P rate x cropping system interaction effect on planting density 

was significant during 2009/10 season. In 2009/10 season, plant density was 

significantly increased with increasing rates of P application under intercrop plots 

while under sole plots no positive response was observed (Figure 3). Higher plant 

density was achieved under intercrop plots at a P rate of 45 kg ha-1 while the lowest 

plant density was noticed under intercropped pigeonpea plots when no P was 

applied. 
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Figure 3: Plant density of pigeonpea as influenced by interaction of P rate and 

cropping system during 2009/10season 
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Table 2: Phenological development of pigeonpea as influenced by cropping system and P application rate in 2009/10 and 2010/11 

Treatment effect 2009/10 2010/11 

50% flowering 50% PM  50% flowering 50% PM  

P rates       

0 92a 157a  92a 157a  

15 92a 157a  92a 156a  

30 91a 156a  92a 157a  

45 92a 157a  92a 157a  

60 92a 157a  92a 157a  

P value ns ns  ns ns  

Tukey HSD  -  - - -  

Cropping system 

Sole 92a 157a  92a 157a  

Intercropping 92a 157a  91a 156a  

P value ns ns  ns ns  

Tukey HSD0.05 - -  - -  

CV% 1.15 2.01  1.50 1.52  

Means followed by same letter in a column do not differ significantly at P≤ 0.05. ns=not significant, ns=not significant, CV=coefficient variation, PM=physiological maturity
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4.1.2.2 Number of branches per plant 

The rates of P application exerted no significant effect on the number of branches 

per plant of pigeonpea during 2009/10 and 2010/11 seasons (Table 3). However, 

cropping system showed significant differences during 2010/11 season (Figure 4). 

Higher number of branches per plant was recorded under sole cropping than 

intercropping system in 2010/11 season. There was a significant cropping system × 

P interaction effect on the number of branches per plant during 2010/11 season 

(Table 4). For interaction between P rates and cropping system, results obtained in 

2010/11 revealed that increasing of P rates in both sole and intercrop pigeonpea 

plots did not significantly influence the number of branches per plant (Figure 4). 

Highest number of branches per plant was observed under sole pigeonpea plots 

applied with 15 kg P ha-1 while lowest was noticed under intercropped pigeonpea 

plots with 15 kg P ha-1 (Table4).  

 

Figure 4: Number of branches/plant of pigeonpea as influenced by interaction of P 

rate and cropping system during 2010/11 season 



26 
 

Table 3: Plant density, number of branches per plant, leaf chlorophyll content and plant height of pigeon pea as influenced by 

cropping system and P application rate  

P rates (kg ha-1) 2009/10  2010/11 

Plant 

density 

(plants m-2)# 

Number of 

branches 

plant-1 

Plant 

height 

(m) 

Leaf 

Chlorophyll 

content (CCI) 

Plant 

density 

(plants m-2) 

Number 

of 

branches 

plant-1 

Plant 

height 

(m) 

Leaf 

Chlorophyll 

content (CCI) 

0 8.10a 11.5a 0.96a 107.4a 9.7a 10.1a 0.91a 102.4a 

15 8.5a 10.8a 0.94a 93.8a 9.4a 10.1a 0.90a 97.0a 

30 9.5a 10.9a 0.99a 89.3a 9.8a 10.3a 0.89a 97.9a 

45 9.7a 10.9a 0.98a 90.6a 9.4a 10.0a 0.91a 94.7a 

60 9.7a 10.8a 1.01a 94.2a 9.6a 9.9a 0.89a 97.1a 

P values ns ns ns ns ns ns ns ns 

Tukey HSD(0.05)  - - - - - - - - 

Cropping systems        

Sole  8.1b 10.1a 0.80b 96.7a 9.3a 11.5a 0.88a 99.10a 

Intercropping  10.5a 10.1a 1.15a 93.4a 9.9a 8.7b 0.93a 95.7a 

P value 0.0000 ns 0.0000 ns ns 0.0000 ns ns 

Tukey HSD0.05 0.88 - 0.07 - - 0.98 - - 

CV (%) 14.63  11.68 19.21 15.49 15.00 9.85 8.57 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, ns=not significant, P<0.001= highly significant, CV=coefficient variation, CCI=Chlorophyll Concentration Index; # implies count at harvest 
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Table 4: Plant density, number of branches per plant, leaf chlorophyll content and plant height of pigeon pea as influenced by 

interaction between cropping system and P application rates  

Cropping 

system  

P rates 

(kg ha-

1) 

2009/10  2010/11 

Plant 

density 

(plants m-2) 

Number 

of 

branche

s plant-1 

Plant 

height 

(m) 

Leaf 

Chlorophyll 

content (CCI) 

Plant 

density 

(plants m-2) 

Number 

of 

branches 

plant-1 

Plant 

height 

(m) 

Leaf 

Chlorophyll 

content (CCI) 

Sole 0 8.1bc 11.0a 0.73c 109.5a 9.5a 11.3abc 0.90a 106.6a 

 15 7.8c 10.8a 0.75bc 97.9ab 9.7a 13.3a 0.85a 100.6ab 

 30 8.2abc 11.0a 0.80bc 102.0ab 9.2a 10.8bcd 0.85a 101.7ab 

 45 7.10bc 11.5a 0.83bc 86.8ab 8.7a 10.5bcd 0.90a 95.5ab 

 60 8.3abc 10.5a 0.90b 87.1ab 9.7a 11.8ab 0.88a 95.6ab 

Intercropping 0 9.9abc 12.0a 1.20a 105.2a 9.9a 9.0def 0.93a 98.2ab 

 15 9.2abc 10.8a 1.13a 89.6ab 9.2a 7.0f 0.95a 93.5b 

 30 10.8abc 10.8a 1.18a 76.6b 10.5a 9.8bcde 0.93a 94.1b 

 45 11.5a 10.3a 1.13a 94.4ab 10.2a 9.5cde 0.93a 93.9b 

 60 11.1ab 11.0a 1.13a 101.4ab 9.6a 8.5ef 0.90a 98.7ab 

P value  0.0000 ns 0.0000 0.0571 ns 0.0082 ns 0.0473 

Tukey HSD0.05  3.30 - 0.17 26.5 - 2.19 - 12.2 

CV%  14.63 9.45 11.68 19.21 15.49 15.00 9.85 8.57 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, P<0.001= highly significant, ns=not significant, CV=coefficient variation 
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4.1.2.3 Plant height 

Phosphorus rate did not affect plant height during both seasons. During 2009/10 

there were significant differences (P<0.001) in plant height as influenced by cropping 

system where taller plants of 1.15 m mean height were observed on intercropped 

pigeonpea plots compared to 0.80 m for plants from sole pigeonpea plots. Interaction 

between cropping system and P rates also exhibited a significant effect on the plant 

height during the 2009/10 season (Table 4). Increasing P rates in both sole and 

intercrop pigeonpea plots did not significantly influence plant height in 2009/10 

(Figure 5) Intercrop pigeonpea plots with 0 kg P ha-1 application rate produced the 

tallest plants while lowest plant height was recorded under sole pigeonpea plots 

when no P rate was applied. Application rate of 60 kg P ha-1 produced the tallest 

plants in both sole and intercropped plots compared to other P rate by cropping 

system interactions. 
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Figure 5: Plant height of pigeonpea as influenced by interaction of P rate and 

cropping system during the 2009/10 season 

 

4.1.2.4 Chlorophyll content 

The interaction between cropping system and P rates exhibited significant effect on 

the chlorophyll content during both seasons (Table 4). Although there was significant 

P rate by cropping system interaction effect on leaf chlorophyll content, P application 

rates exerted no significant effects on the leaf chlorophyll content in both cropping 

systems during both seasons (Figures 6a and 6b). Sole pigeonpea plots at 0 kg P 

ha-1 achieved highest leaf chlorophyll content during both seasons. 
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Figure 6a: Leaf chlorophyll content of pigeonpea as influenced by interaction of P 

rate and cropping system during 2009/10 season 
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Figure 6b: Leaf chlorophyll content of pigeonpea as influenced by interaction of P 

rate and cropping system during 2010/11season 
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4.1.3. Treatment effect on yield and yield attributes of pigeonpea 

4.1.3.1 Aboveground biomass 

Aboveground biomass had differed significantly due to the  influence of P rates 

during 2010/11 season (Table 7). Highest aboveground biomass of 3348 kg ha-1 was 

recorded at the P rate of 45 kg ha-1 compared to 1424 kg ha-1 for the control (Table 

7). Interaction between cropping systems and P rates had a significant effect on the 

aboveground biomass during the 2010/11 season. Interaction between P rates and 

cropping system  observed during the 2010/11 indicated that increase in P rate 

increase a aboveground biomass in both sole and intercrop pigeonpea plots (Figure 

7). Intercrop plots with 45 kg P ha-1 produced the highest aboveground biomass 

during the 2010/11 season (Table 8). 

 

 

Figure 7: Aboveground biomass of pigeonpea as influenced by interaction of P rate 

and cropping system during the 2010/11season. 
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Table 5: Yield and yield components of pigeonpea as influenced by cropping system and P application rates in 2009/10 season 

Phosphorus 

rates (kg ha-1) 

Aboveground 

biomass 

(kg ha-1) 

Pods plant-1 Seeds pod-1 Pod 

length 

(cm) 

Shelling (%) 100 seed 

weight 

(g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R 

ha-1) 

HI (%) 

0 3493a 19.1d 5.4a 7.1a 57.9ab 9.64a 294 d 1360d 9.27b 

15 3219a 25.2c 5.8a 6.9a 51.3b 9.64a 392 c 1814c 12.70b 

30 3491a 32.6b 5.5a 6.9a 63.4ab 10.53a 502b 2322b 15.13ab 

45 3693a 39.6a 5.4a 6.6a 74.4a 10.04a 781a 3613a 22.98a 

60 3900a 40.1a 5.8a 6.9a 67.9ab 10.56a 733a 3394a 21.43a 

P value ns 0.0000 ns ns 0.0318 ns 0.000 0.000 0.0003 

Tukey HSD  - 2.41 - - 14.65 - 61.13 282.73 8.58 

Cropping system         

Sole  3350.5a 31.5a 5.5a 6.9a 63.9a 10.3a 543a 2512a 16.48a 

Intercropping  3768.6a 31.4a 5.6a 6.9a 62.0a 9.9a 538a 2489a 16.13a 

P value ns ns ns ns ns ns ns ns ns 

Tukey HSD0.05  - - - - - - - - - 

CV% 32.10 7.48 14.63 13.68 22.67 17.77 11.02 11.02 36.03 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, P<0.001= highly significant, ns=not significant, CV=coefficient variation 
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Table 6: Interaction effects of P rate and cropping system on the yield and yield components of pigeonpea in 2009/10 season 

Cropping 

system   

Phosphorus 

rates (kg 

ha-1) 

Aboveground 

biomass (kg 

ha-1) 

Pods 

plant-1 

Seeds 

pod-1 

Pod 

length 

(cm) 

Shelling 

(%) 

100 

seed 

weight 

(g) 

Grain 

yield 

(kg ha-1) 

Monetary 

value (R 

ha-1) 

HI (%) 

Sole 0 3077a 20.1e 5.5a 7.0a 55.41a 10.63a 249f 1156f 9.80b 

 15 2789a 24.8d 5.8a 7.3a 57.65a 9.00a 343e 1587e 13.32ab 

 30 3810a 32.7c 5.8a 6.3a 63.67a 10.68a 565c 2615c 15.92ab 

 45 3994 a 37.8b 5.0a 7.0a 69.43a 10.15a 922a 4264a 25.51a 

 60 3083a 42.4a 5.5a 6.8a 73.43a 11.10a 635c 2938c 24.59a 

intercropping 0 3909a 19.9e 5.3a 7.3a 60.34a 8.65a 338e 1565e 8.74b 

 15 3651a 25.5d 5.8a 6.5a 45.00a 10.28a 441d 2041d 12.09ab 

 30 3172a 32.6c 5.3a 7.5a 63.05a 10.38a 439d 2030d 14.35ab 

 45 3393a 41.4a 5.8a 6.3a 79.31a 9.93a 641c 2962c 20.36ab 

 60 4718a 37.8b 6.0a 7.0a 62.42a 10.03a 832b 3849b 18.27ab 

P value  ns 0.0305 ns ns ns ns 0.000 0.000 ns 

Tukey HSD   - 3.41 - - - - 86.45 399.85 - 

CV%  32.10 7.48 14.63 13.68 22.67 17.77 11.02 11.02 36.03 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, P<0.001= highly significant, ns=not significant, CV=coefficient variation 
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Table 7: Yield and yield components of pigeonpea as influenced by cropping system and P application rates in 2010/11 season 

Phosphorus 

rates (kg ha-1) 

Aboveground 

biomass (kg 

ha-1) 

Pods plant-1 Seeds pod-1 Pod 

length 

(cm) 

Shelling (%) 100 

seed 

weight 

(g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R 

ha-1) 

HI (%) 

0 1424b 35.5a 5.9a 7.1a 62.1b 9.81a 467d 2328d 33.21ab 

15 1906b 30.2a 5.1a 6.5a 72.6ab 10.43a 609c 3037c 32.36ab 

30 2033b 30.5a 5.9a 6.5a 80.0a 10.63a 768b 3831b 37.91a 

45 3348a 32.8a 5.6a 7.1a 81.9a 10.03a 894a 4461a 28.23bc 

60 3221a 31.9a 5.6a 6.9a 75.4a 10.00a 721b 3597b 23.615c 

P value 0.0000 ns ns ns 0.0002 ns 0.0000 0.0000 0.0001 

Tukey HSD  777.40 - - - 11.29 - 77.056 270.06 7.43 

Cropping 

system 

         

Sole  1886b 30.6a 5.6a 6.5a 76.7a 9.20b 534b 2665b 31.34a 

Intercropping  2887a 33.8a 5.7a 7.1a 72.1a 11.16a 849a 4236a 30.83a 

P value 0.0000 ns `ns ns ns 0.4482 0.0000 0.0000 ns 

Tukey HSD0.05 344.73 - - - - 0.63 34.169 170.80 - 

CV% 23.89 19.19 15.78 15.02 10.39 9.54 10.39 7.63 16.37 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, P<0.001= highly significant, ns=not significant, CV=coefficient variation 
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4.1.3.2 Pods per plant 

The P rate applied caused significant differences in pods per plant during 2009/10 

season only. Highest pods per plant were observed at 60 kg P ha-1 while the least 

number of pods per plant was recorded at 0 kg P ha-1 (Table 5). The highest number 

of pods per plant was recorded during 2009/10 season as compared to 2010/11 

season at 45 kg P ha-1 and 60 kg P ha-1, respectively (Tables 5 and 7). Pods per 

plant was significantly influenced by P rate x cropping system interaction during 

2009/10 season. Increase in P rate up to 60 kg P ha-1 resulted in an increase in the 

number of pods per plant under sole plots while increase a P rate increase up to 45 

P kg ha-1 also led to an increase in the number of pods per plant in intercrop plots 

(Figure 8). However, the highest number of pods per plant was observed under sole 

plots with 60 kg P ha-1 during 2009/10 (Table 6). 

 

Figure 8: Number of pods per plant of pigeonpea as influenced by interaction of P 

rate and cropping system during 2009/10 season 
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4.1.3.3 Seeds per pod  

Data pertaining to the number of seeds per pod as influenced by P rate and cropping 

system for both seasons indicated no significant differences. Similarly, there was no 

significant cropping system × P interaction effect on the mean number of seeds per 

pod (Tables 6 and 8). 

 

4.1.3.4 Pod length 

The main effects of P rate and cropping system were not significant  on the pod 

length of pigeonpea during both seasons. Cropping system × P interaction effect on  

pod length was significant during 2010/11. Increased P rate in both sole and 

intercrop pigeonpea plots did not significantly influence the pod length in that 

season. Highest pod length was achieved under intercrop plots with 45 kg P ha-1 

while the lowest was achieved under sole cropping with 15 kg P ha-1 (Table 8). 

 

4.1.3.5 Shelling percentage 

P rate had significant effect on the shelling percentage of pigeonpea during both 

seasons. Highest shelling percentage was recorded when 45 kg P ha-1 was applied 

in both seasons. Cropping system had no significant effect on shelling percentage 

during both seasons. Cropping system × P interaction effect on the shelling 

percentage was only significant during 2010/11. Increase in P rate from 0 to 30 kg P 

ha-1 resulted in increase in the shelling percentage under sole plots while increase of 

P rates from 0 to 45 P kg ha-1 resulted in increase of shelling percentage in intercrop 

plots (Figure 9). Intercrop plots with 45 kg P ha-1 also achieved the highest shelling 

percentage (Table 8). 

 

 



37 
 

Table 8: Interaction between P rate and cropping system on the yield and yield components of pigeonpea in 2010/11 season 

Cropping 

system  

Phosphorus 

rates (kg 

ha-1) 

Aboveground 

biomass (kg 

ha-1) 

Pods 

plant-1 

Seeds 

pod-1 

Pod 

length 

(cm) 

Shelling 

(%) 

100 

seed 

weight 

(g) 

Grain 

yield 

(kg ha-

1) 

Monetary 

value (R 

ha-1) 

HI (%) 

Sole 0 1176e 33.7a 5.8a 7.0ab 64.2bc 9.08b 397e 1978f 34.05ab 

 15 1565cde 28.1a 6.0a 6.0b 78.4abc 9.05b 529d 2637e 34.07ab 

 30 1458de 31.2a 6.3a 6.5ab 81.10ab 9.65ab 549d 2737e 37.92a 

 45 2415bcde 30.6a 5.5a 6.8ab 80.5ab 9.68ab 647cd 3226d 28.10ab 

 60 2816c 28.5a 5.5a 6.8ab 78.6abc 8.55b 551d 2751e 22.58b 

Intercropping 0 1672cde 37.3a 6.0 a 7ab 60.1c 10.550ab 537.0d 2679.2e 32.55ab 

 15 2248cde 31.4a 5.3a 7ab 66.9abc 11.80a 688.9c 3436.8d 30.66ab 

 30 2609bcd 29.9a 5.5a 7ab 78.1abc 11.60a 987.0b 4924.2b 37.93a 

 45 4282a 34.1a 5.8a 7.5a 83.2a 10.375ab 1141.7a 5695.7a 28.37ab 

 60 2816bc 35.3a 5.8a 7.0ab 72.1abc 11.45a 890.7b 4443.8c 24.65b 

P value  0.0449 ns ns 0.0451 0.0487 0.0000 0.0000 0.0000 0.8576 

Tukey 

HSD0.05  

 1294.6 - - 1.49 18.81 2.36 128.33 381.93 12.378 

CV%  23.89 19.19 15.78 15.02 10.39 9.54 10.39 7.63 16.37 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, P<0.001= highly significant, ns=not significant, CV=coefficient variation 
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Figure 9: Shelling percentage of pigeonpea under sole and intercrop systems at 

varying P rates during 2010/11season 

 

4.1.3.6 100 seed weight 

Tables 5 and 7 showed that there was no significant effect of P rate on the 100 seed 

weight of pigeonpea during both seasons. Cropping system showed significant effect 

during the 2010/11 season. The highest 100 seed weight was recorded under 

intercrop plots. There were significant interaction effects of cropping system and P 

rates on the 100 seeds weight during 2010/11 season. In 2010/11, increasing  P rate 

on both sole and intercrop pigeonpea plots did not significantly influence 100 seed 

weight (Figure 10). Highest 100 seed weight was observed under intercrop plot at 15 

kg P ha-1 application rate (Table 8). 
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Figure 10: Hundred seed weight of pigeonpea under sole and intercrop systems at 

varying P rates during 2010/11season 

 

4.1.3.7 Grain yield 

Pigeonpea grain yield was considerably higher in 2010/11 than in 2009/10 season 

(Tables 5 and 7). There were significant differences (P<0.001) in the grain yield of 

pigeonpea across the different P rates in both seasons. There was a significant 

difference in pigeonpea grain across the different cropping systems during 2010/11. 

Highest grain yields were recorded at 45 kg P ha-1 while the control recorded lowest 

yield during the two seasons. There was 21.8% increase in grain yield across two 

seasons as influenced by P rate relative to the control. Intercrop pigeonpea plots 

achieved 37.1% higher grain yield than the sole pigeonpea plots during 2010/11 

(Table 7). However, highest pigeonpea grain yield of 922 kg ha-1 was recorded under 

sole cropping during 2009/10 (Figure 14). In addition, highest grain yield of 849 kg 

ha-1 was recorded under intercrop plots during 2010/11. The interaction between 

cropping system and P rate exerted a significant effect on the grain yield during both 

seasons. Increase in P rate up to 45 kg P ha-1 resulted in increase in the grain yield 

under sole plots while increase in P rate up to 60 P kg ha-1 resulted in increase of 

grain yield in intercrop plots during 2009/10 (Figure 11a). In addition, increase in P 

rate up to 45 kg P ha-1 resulted in increase in the grain yield under both sole and 

intercrop plots during 2010/11 (Figure11b ). Optimum pigeonpea grain yield was 
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achieved at 52.67 and 41.83 kg P ha-1 under sole plots in 2009/10 and 2010/11, 

respectively (Table 9). Moreover, optimum yield under intercrop plots was achieved 

at 42.84 kg P ha-1 in 2010/11 while during 2009/10 it was achieved at -2.68 kg P ha-

1. 

 

 

Figure 11a: Grain yield of pigeonpea as influenced by interaction of P rate and 

cropping system during 2009/10 season 

 

Figure 11b: Grain yield of pigeonpea as influenced by interaction of P rate and 

cropping system during 2010/11season 
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Table 9: Quadratic equation of the grain yield parameter with the cropping system as independent variable and the corresponding 

R2 values of the equation 

Cropping system Season Parameters Regression equation X Y-value R2 value P 

Sole  2009/10 

Grain yield 

-0.1985x2 + 20.909x + 183.83 52.67 734.44 0.7543 0.0000 

2010/11 -0.12x2 + 10.04x + 395.4 41.83 605.40 0.884 0.0000 

Intercropping  2009/10 Grain yield 

 

0.1211x2 + 0.6492x + 355.35 -2.68 354.48 0.969 0.0000 

2010/11 -0.3013x2 + 25.815x + 481.42 42.84 1034.37 0.8672 0.0000 
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4.1.3.8 Monetary value 

Treatment means of monetary value were significantly different as influenced by P 

rate and cropping system in both seasons. P rate x cropping system interactions 

were significant during 2009/10 and 2010/11 seasons. Increase in P rate up to 45 kg 

P ha-1 resulted in increase in the monetary value under sole plots while increase of P 

rate up to 60 P kg ha-1 resulted in increase of monetary value in intercrop plots 

during 2009/10 (Figure 12a). In addition, increase in P rate from 0 to 45 kg P ha-1 

resulted in increase in the monetary value under both sole and intercrop plots and in 

increase of grain yield during 2010/11 (Figure 12b). Highest monetary value was 

achieved at 60 kg P ha-1 during 2009/10 while during 2010/11 it was achieved at 45 

kg P ha-1. Higher monetary returns were obtained under intercrop plots in both 

seasons. 

 

Figure 12a: Monetary value of pigeonpea as influenced by interaction of P rate and 

cropping system during 2009/10 season 
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Figure 12b: Monetary value of pigeonpea as influenced by interaction of P rate and 

cropping system during 2010/11season 

 

4.1.3.9 Harvesting index 

The harvest indices (HI) for pigeonpea obtained in this study were low in both 

seasons.There were significant differences in HI as influenced by cropping system 

and P rate in both seasons. Cropping system × P rate interaction also had significant 

effect on the HI of pigeonpea in 2009/10 and 2010/11 seasons. Increasing P rate 

from 0 to 45 kg ha-1 increased HI in both sole and intercrop plots where highest HI 

values were obtained at 45 kg P ha-1 for both sole and intercrop plots (Figure 13a). 

During 2010/11 season, HI was not significantly influenced by an increase in P rate 

in both sole and intercrop plots. The maximum HI of 22.98 % was achieved at 45 kg 

P ha-1 during 2009/10 season while in the 2010/11 season HI of 37.91% was 

achieved at 30 kg P ha-1 (Tables 5 and 7). During 2009/10 and 2010/11 seasons, 

maximum HI was recorded on sole pigeonpea plots. 
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Figure 13a: Harvest index of pigeonpea as influenced by interaction of P rate with 

cropping system during 2009/10 season 

 

 

Figure 13b: Harvest index of pigeonpea as influenced by interaction of P rates and 

cropping system during 2010/11season 
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Figure 14: Grain yield of sole pigeonpea under variable                            Figure 15: Grain yield of pigeonpea intercropped with 

P rates (2009/10)                     maize under variable P rates (2009/10) 

                                  

Figure 16: Grain yield of sole pigeonpea under variable                         Figure 17: Grain yield of pigeonpea intercropped with 

P rates (2010/11)                                                                      maize under variable P rates (2010/11)
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4.2 Performance of maize 

4.2.1 Treatment effect on phenological development of maize 

4.2.1.1 Number of days to 50 % flowering and physiological maturity  

The different treatments did not affect the number of days to 50% flowering during 

both seasons (Tables 10). The number of days to 50% physiological maturity (PM) 

was not influenced by P rate of application nor cropping system. It took 136 days and 

129 days on average for maize to reach 50% PM in 2009/10 and 2010/11 seasons, 

respectively (Tables 10).  

 

4.2.2 Treatment effect on growth parameters of maize 

4.2.2.1 Plant density (plants m-2) 

Plant density was not significantly influenced by cropping system and P rate during 

both seasons (Table 11).  

4.2.2.2 Cobs per plant 

Cropping system and P rates did not affect cobs per plant during 2009/10. During 

2010/11 season only cropping system exhibited slight differences in cobs per plant 

(Table 11). Higher number of cobs per plant was observed under intercrop plots. 

 

4.2.2.3 Chlorophyll content 

Cropping system and P rate had no effect on the flagleaf chlorophyll content during 

both seasons. The highest chlorophyll contents of 43.58 and 45.69 CCI were 

achieved at 30 kg ha-1 and 45 kg ha-1 during 2009/10 and 2010/11, respectively 

(Table 11).  
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Table 10: Phenological development of maize as influenced by P rate and cropping system in 2009/10 and 2010/11 

 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, ns=not significant, CV=coefficient variation, PM=physiological maturity 

 

 

Treatment effect 2009/10 2010/11 

50% flowering 50% PM 50% flowering 50% PM 

P rates     

0 73a 136a 73a 128a 

15 76a 137a 75a 129a 

30 73a 137a 72a 128a 

45 75a 136a 73a 128a 

60 73a 136a 74a 127a 

P value  ns ns ns ns 

Tukey HSD  - - - - 

Cropping system    

Sole 74a 136a 73a 127a 

Intercropping 74a 137a 74a 129a 

P value ns ns ns ns 

Tukey HSD0.05  - - - - 

CV 3.88 1.28 3.62 1.36 
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Table 11: Plant density, nnumberof cobs per plant and leaf chlorophyll content of 

maize as influenced by cropping system and P application rate  

Means followed by same letter in a column do not differ significantly at P≤ 0.05, ns=not significant, CV=coefficient variation.  

 

4.2.3 Treatment effect on yield and yield attributes of maize 

4.2.3.1 Aboveground biomass 

P rates applied to pigeonpea did not affect aboveground biomass of maize during 

both seasons. However, highest aboveground biomass was achieved in second 

season compared to the aboveground biomass from the first season (Tables 12 and 

14). Cropping system had significant effect on aboveground biomass during 2010/11 

season. The aboveground biomass yield of 9998 kg ha-1 recorded under sole maize 

plots was 23.7% higher than that of intercropped plots (Table 13).. 

 

P rates  

(kg ha-1) 

2009/10  2010/11 

Plants 

density 

(plants m-2) 

Cobs 

plant-

1 

Leaf 

chlorophyll 

content 

(CCI) 

Plants 

density 

(plants m-2) 

Cobs 

plant-1 

Leaf 

chlorophyll 

content 

(CCI) 

0 1.8a 1a 39.92a 2.4a 0.9a 37.26a 

15 1.5a 1a 40.03a 2.5a 0.9a 40.98a 

30 1.8a 1a 43.58a 2.6a 0.9a 38.28a 

45 1.7a 1a 41.53a 2.5a 0.8a 45.69a 

60 1.9a 1a 38.47a 2.5a 0.7a 40.11a 

P values ns ns ns ns ns ns 

Tukey HSD  - - - - - - 

Cropping systems      

Sole  1.7a 1a 38.87a 2.6a 0.7b 39.47a 

Intercropping  1.8a 1a 42.54a 2.4a 0.9a 41.47a 

P value ns ns ns ns 0.0388 ns 

Tukey HSD0.05  - - - - 0.3159 - 

CV(%) 20.53 - 27.47 9.45 17.69 29.92 
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4.2.3.2 Plant height 

Cropping system and P rate had no significant effect on the height of plants of maize 

during both seasons. However the 2010/11 season produced taller plants as 

compared to the 2009/10 season (Tables 12 and 13). The plant height of maize 

ranged from 1.59 m to 1.64 m in the 2009/10 and 2.3 m to 2.4 m in the 2010/11 

season. 

 

4.2.3.3 Cob length 

No significant differences were observed on the length of cob as influenced by both 

P rate and cropping system during 2009/10 and 2010/11 seasons (Tables 12 and 

12).  

 

4.2.3.4 Shelling percentage 

P rate and cropping system had no significant effect on the shelling percentage of 

maize during both seasons (Tables 12 and 13). 

 

4.2.3.5 100 seed weight 

There were significant differences in the weight of 100 seeds as influenced by P rate 

during 2009/10 season. The highest 100 seed weight of 35.63 g was achieved at 60 

kg P ha-1 compared to 20.63 g from 30 kg P ha-1. Hundred seed weight was not 

significantly influenced by cropping system in both seasons. Highest 100 seed 

weight was achieved at P rate of 60 kg P ha-1 (Table 12). 
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Table 12: Yield and yield components of maize as influenced by cropping system and P application rate in 2009/10season  

Phosphorus 

rates (kg ha-1) 

Aboveground 

biomass (kg ha-1) 

Plant 

height (m) 

Cob 

length 

(cm) 

Shelling (%) 100 seed 

weight (g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R ha-

1) 

HI (%) 

0 5350a 1.59a 15.1a 39.1a 24.63ab 1650b 1845b 32.69a 

15 5568a 1.61a 14.1a 77.4a 27.88ab 3128a 3497a 60.44a 

30 5979a 1.59a 16.4a 63.6a 20.63b 2484ab 2777ab 43.06a 

45 5533a 1.64a 16.4a 71.3a 22.13b 1948ab 2178ab 36.74a 

60 5549a 1.64a 15.4a 74.1a 35.63a 1699ab 1900 ab 30.98a 

P value ns ns ns ns 0.0183 0.0402 0.0402 ns 

Tukey HSD  - - - - 12.744 1301.8 1455.4 - 

Cropping system         

Sole  5956a 1.63a 15.9a 73.5a 26.30a 1973a 2206a 34.853a 

Intercropping  5235a 1.60a 15.1a 56.7a 26.05a 2391a 2673a 46.707a 

P value ns ns ns ns ns ns ns ns 

Tukey HSD0.05  - - - - - - - - 

CV% 14.00 5.31 10.92 32.59 22.29 31.55 31.55 39.81 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, ns=not significant, CV=coefficient variation 
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Table 13: Yield and yield components of maize as influenced by cropping system and P application rate in 2010/11season  

Phosphorus 

rates (kg ha-1) 

Aboveground 

biomass (kg ha-1) 

Plant 

height (m) 

Cob length 

(cm) 

Shelling 

percentage 

(%) 

100 seed 

weight (g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R ha-

1) 

HI (%) 

0 8420a 2.3a 18.8a 68.7a 37.16a 3420.4a 6331a 41.28a 

15 8270a 2.4a 19.8a 68.2a 36.83a 3518.1a 6512a 43.39a 

30 9008a 2.4a 20.0a 67.3a 37.11a 3784.7a 7006a 42.410a 

45 8878a 2.3a 19.0a 70.7a 38.84a 3844.0a 7115a 44.54a 

60 9497a 2.3a 19.3a 78.4a 37.94a 4044.2a 7486a 43.34a 

P value ns ns ns ns ns ns ns ns 

Tukey HSD  - - - - - - - - 

Cropping system         

Sole  9998a 2.31a 19.35a 71.4a 37.865a 4148a 7677a 42.59a 

Intercropping  7631b 2.25a 19.35a 69.9a 37.290a 3297b 6102b 43.43a 

P value 0.0442 ns ns ns ns 0.0414 0.0414 ns 

Tukey HSD0.05    2298.1 - - - - 813.43 1505.7 - 

CV% 17.29 10.09 7.88 16.48 4.62 14.49 14.49 11.97 

Means followed by same letter in a column do not differ significantly at P≤ 0.05, ns=not significant, CV=coefficient variation 
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4.2.3.6 Grain yield 

Data pertaining to grain yield revealed significant differences due to P rate during 

2009/10 season and 15 kg P ha-1 produced highest grain yield of 3128 kg ha-1. The 

highest grain yield of 4044 kg ha-1 was recorded at P rate of 60 kg P ha-1 during 

2010/11 season. There was 58.6% increase in grain yield from intercrop plots as 

influenced by P rate from 2009/10 to 2010/11. Cropping system had not significant 

influence on grain yield during 2010/11 season. Intercropped plots achieved 20.5% 

more grain yield than sole maize plots during 2010/11 (Table 12). 

 

4.2.3.7 Monetary value 

Monetary return of maize was not influenced by cropping system in the first season 

but sole maize plots achieved higher monetary values in the 2010/11 season (Tables 

11 and 12). Phosphorus rate only affected maize monetary value in the 2009/10 

season. In that season the highest value of R3497.0 was achieved at 15 kg P ha-1 

while the lowest was R1844.9 for the  control. 

 

4.2.3.8 Harvest index (HI) 

The HI values obtained in this study ranged from 30.98 to 60.44 and 41.28 to 44.54 

percent in 2009/10 and 2010/11 seasons, respectively. Phosphorus rate did not 

affect HI significantly during both seasons. However, highest HI were recorded at 15 

kg ha-1 and 45 kg ha-1 during 2009/10 and 2010/11, respectively (Tables 11 and 12).  

 

4.3 INTERCROP PRODUCTIVITY  

4.3.1 Land equivalent ratio (LER) 

The calculated land equivalent ratios (LER) for the two crops over two seasons  

ranged from 1.686 to 3.702. Partial LER values for maize greater than one were 

recorded during the 2009/10 season. Partial LER was maximum in maize crop under 

P rate of 15 kg ha-1. Among the P rate treatments, 30kg P ha-1 and 45kg P ha-1 
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indicated significantly higher pigeonpea LER over other treatments. The mean for 

LERT was 2.37 in both seasons. Thus intercropping had 137% yield advantage over 

sole cropping system.  

Table 14: Partial and total LER for the component crops in the intercrop at different 

phosphorus rates 

P rates PLER (maize) PLER(pigeonpea) LERT 

2009/2010 season 

0 0.863 0.823 1.686 

15 1.686 0.784 2.47 

30 1.656 2.046 3.702 

45 1.671 1.675 3.346 

60 1.324 1.103 2.427 

Mean 1.44a 1.286a 2.726a 

2010/2011 season 

0 0.779 0.977 1.756 

15 0.804 1.0247 1.8287 

30 0.874 1.145 2.019 

45 0.889 1.438 2.327 

60 0.941 1.231 2.172 

Mean 0.857a 1.1647a 2.02b 

SEM across seasons 0.1145 0.1169 0.1191 

Prob.(0.05) across seasons 0.0042 ns 0.0176 

P = phosphorus, PLER=partial land equivalent ratio, LERT=total land equivalent ratio,SEM= standard error of mean 
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CHAPTER 5 

DISCUSSION 

The results drawn from the experiments conducted during 2009/10 and 2010/11 

under rainfed conditions to study the performance of maize and pigeonpea under 

two cropping systems and variable P application rates are discussed in this chapter. 

 

5.1 Growing conditions at Syferkuil experimental farm during two growing seasons  

First growing season was very short compared to the second season since the 

planting was delayed causing the frost damage on the final product or yield of maize 

and pigeonpea. In the first season, during the month of February, temperatures were 

very high with little rainfall of about 10.16 mm while during the following season 

during the same month temperatures were a bit lower with rainfall of about 28.7 mm. 

Rainfall, especially during February during 2009/10 season, was considerably lower 

coupled with high temperatures compared to the average conditions at Syferkuil 

where it normally receives 50-60 mm. High evaporation due to high temperature 

during early stage of growth of the two crops, particularly maize, could have resulted 

in poor maize stand and ultimately affected yield. Status of the soil in terms of fertility 

for maize was adequate as medium amount of P was present in the soil during both 

seasons. Furthermore, there was frost that occured during the first season just 

before all pigeonpea pods reached physiological maturity. The occurrence of frost 

towards the end of the season in 2010 suggests the need for early planting of 

pigeonpea at Syferkuil.  

 

5.1.1 Soil condition at Syferkuil 

The soil pH (H20) ranged from 6.61 to 6.67 in both seasons whereas in pH (KCl) was 

ranging from 5.57 to 5.85. This pH range is within the range for normal growth of 

pigeonpea (Singh and Oswalt, 1992). Soil results from laboratory indicated that P 

level from both seasons was ranging from 28 to 34 parts per million (ppm) (Table 1). 

According to Marx et al. (1999) soil P of between 20 to 40 ppm is regarded as 

medium. Responses to P may therefore be reduced by this relatively high soil P. 
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Total N of about 343 to 421 ppm during 2009/10 and 2010/11 was recorded. Medium 

level of potassium was recorded at 0-15 cm depth during both seasons suggesting 

that crops with shallow roots such as cereal crops would do better compared to 

crops with deep root systems such as legumes. Zinc level was sufficient for both 

crops since it was above 1.0 ppm during both seasons for example according to 

Hossain et al. (2011) critical level for maize is 0.78 mg kg-1. The soil texture of both 

trial sites was silt loam (Table1). 

 

5. 2 Performance of pigeonpea  

5.2.1 Phenology of crop development and crop weather interaction 

Pigeonpea growth and yield response to P rates and cropping system was not 

influenced by phenological development. However, pigeonpea took longer period to 

flower during both seasons. Probably, low temperatures during early growth stage 

might have lowered crop growth rate. Patel and Mehta (2001) stated that seed yield 

of pigeonpea can be diminished as a consequence of slower growth rate in response 

to cooler temperature. However, grain yield from the second season was 21.83% 

higher than first season grain yield. The difference could have been due to difference 

in rainfall and also frost damage that prevailed just before 100% physiological 

maturity during 2009/10. During 2009/10 there was decrease in rainfall coupled with 

long period of high day temperatures thus resulting in high evapotranspiration. 

Gwata and Siambi (2009) reported widespread leaf shedding, flower abortion and 

poor pod development of pigeonpea under similar conditions. For example, the first 

trial was planted on the 8 January 2009 during the period when about 90 mm of rain 

was received with the minimum and maximum temperatures of 16 and 30oC, 

respectively.The second trial was planted on the 1st December 2010 during which 

period 106.3 mm rainfall was received with the minimum and maximum 

temperatures of 16 and 28oC, respectively. The plant reached 50% flowering around 

March with the rainfall of about 26 mm during the first season whereas second 

season 50% flowering was noticed around February with the rainfall of 29 mm.  
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5.2.2 Effect of P rates on the performance of pigeonpea 

Higher grain yields of 781 and 894 kg ha-1 were achieved at 45 kg p ha-1 during 

2009/10 and 2010/11 seasons, respectively. Grain yield of pigeonpea varied 

significantly due to different P application rates. Grain yield of pigeonpea increased 

with the increased P rates of application until 45 kg P ha-1. Increase in grain yield 

may be due to the increase in nitrogen fixation by pigeonpea as in influenced by P 

rate of application. Adu-Gyamfi et al., (1989) revealed significant increment of 

dinitrogen fixation in the pigeonpea cultivars due to the increase of P application 

rate. Srinivasan and Ahlawat (1990) also noticed increases in grain yield of 29.5, 

45.1 and 47.9%, respectively, of pigeonpea over the control following application of 

30, 60 and 90 kg P ha-1. Grain yields of pigeonpea increased with P (37, 56 and 75 

kg ha-1) applications from 1.56 t ha-1 up to 1.83 t ha-1 (Janboonme., et al., 2007). 

There is likelihood that more sensitive response to P application is possible at rates 

lower than 45 kg P ha-1 in soils of lower P status. The P levels in most Limpopo soils 

are extremely low, for example, Kgonyane et al., (2013) reported P levels ranging 

from 1 to 6 mg kg-1 P at six sites in smallholder farming areas of Limpopo. However, 

in the present study, 2009/10 grain yields of pigeonpea were considerably lower than 

those achieved during the 2010/11growing season. The quality of data generated in 

this study, particularly in the first season, seems to have been compromised by late 

planting and considerable gap filling as a result of bird damage. 

 

Grain yield of second season was 21.83% higher than the grain yield obtained during 

the first season. The grain yield variation between two seasons might be due to the 

late planting that resulted into flower abortion and poor pod filling during the first 

season trial, inadequate rainfall and also low soil fertility. Mathews and Saxena 

(2005) reported that late planting of the long to medium duration varieties after 

December could result in smaller canopy and lower yields. However, medium level of 

phosphorus was only noticed at 0-15 cm depth compared to 15-30 cm during both 

seasons at our experimental site. This could have negatively impacted on potassium 

uptake by the pigeonpea crop since it has a deep root system. There was strong 

relationship between number of pods per plant and the grain yield during 2009/2010 

season. Plant density, branches per plant, plant height, and seeds per pod, pod 

length, hundred seed weight and chlorophyll content did not show any response to P 
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application during both seasons. Pods per plant and aboveground biomass were not 

consistent in response to P rates of application during the seasons. Lingaraju et al. 

(2008) reported reduction in yield of pigeonpea attributed to the decreased dry 

matter production, pods per plant and grain weight per plant. Low pods per plant at 0 

kg P ha-1 during first season might be ascribed by reduction of leaf initiation due to P 

deficiency hence reduction of its photosynthesis. The findings from this study agree 

with those of Fujita et al. (2004) who reported the reduction of photosynthetic rate in 

low P among three cultivars of pigeonpea where two non-hybrid cultivars ICPL 87 

and UPAS 120 were grown in pots at two levels of phosphorus, i.e. control P (100 kg 

P ha−1) and low P (10 kg P ha−1). The results of their study indicated that the whole 

plant weight of pigeonpea was adversely affected by the low P treatment. The 

decrease was smallest in cultivar ICPH 8 and largest in UPAS 120 and this is 

indicative of tolerance of P deficiency in the improved hybrid cultivar compared with 

the non-hybrids.  

 

In the current study, 30 kg P ha-1 produced higher PLER for pigeonpea in the first 

season and during the second season, 45 kg P ha-1 recorded higher PLER. The 

means for LERT was 2.37 in both seasons. Thus intercropping had 137% yield 

advantage over sole cropping system. Thus, the yield advantage was obtained due 

to increased P rates application to pigeonpea. Abnormally high LERT obtained in this 

study may be due to P applied to pigeonpea that benefitted maize crop in intercrop 

plots compared to sole maize with 0 kg P ha-1. In addition, partial LER value greater 

than one of pigeonpea intercropped with maize suggest positive interactions 

between pigeonpea and maize in the use of available resources. Marer (2005) stated 

that large yield advantage in intercropping system is due to the component crops 

that differed in their use of natural resources and utilized them more efficiently 

resulting in higher yields per unit area than that produced by their sole crops. In 

addition Pigeonpea crop in terms of grain yield showed favorable response up to 

52.67 and 42.84 kg P ha-1 during 2009/10 and 2010/11, respectively. 

 

5.2.3 Effect of cropping system on the performance of pigeonpea 

Yields of pigeonpea in intercropping systems were generally higher than in 

monocropping systems in both seasons. The inconsistency in grain yield of 
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pigeonpea in both sole and intercrop plots may be due to erratic rainfall patterns. 

However, grain yield of pigeonpea in intercropping plots during the first season were 

superior to sole plots may be due to more soil moisture conservation in intercrop 

plots. The results obtained from the study contradict the findings by Ansari et al. 

(2012) who reported lower productivity (0.61 t/ha) under intercropped stand of 

pigeonpea when compared to sole stand (1.52 t/ha). The decreases observed in 

plant height in sole plots during 2009/10 season might be ascribed to intensification 

of interplant competition for growth factors (light, water and soil nutrients) whereas 

the increase in plant height that was observed in intercrop plots during 2009/10 

season may be due to the low plant height of maize. The results contradict  the 

findings of Tejpal and Mahendra (2003) who reported that intercropping with maize 

significantly declined the growth parameters of pigeonpea viz., plant height, dry 

matter production and leaf area index. Intercrop and sole pigeonpea plots showed a 

similar trend towards the response to P rate. The superior performance of intercrop 

plots in 2009/10 season suggests that there was low competition for resources  both 

above-ground and below-ground. The decline in the number of pods per plant, dry 

pod weight and grain yield of intercropped pigeonpea as compared to its sole 

cropping might also have resulted from inter- and intra- specific competition for plant 

growth resources. Sole pigeonpea had a greater monetary value than intercropped 

pigeonpea plots during the first season while during the second season intercrop 

pigeonpea plots outperformed sole pigeonpea plots and this may be due to 

replanting of maize during 2009/2010 which was damaged by birds thus it took some 

time to establish and shade the pigeonpea from sunlight. Anon, (1982) reported 

higher yield and net return of pigeonpea when intercropped with maize than sole 

pigeonpea. 

 

5.2.4 P rate interaction with cropping system on growth and yield parameters of 

pigeonpea 

The increase of some of the parameters of pigeonpea such as number of pods per 

plant and grain yield with increasing P rates in both cropping systems during 2009/10 

could have been attributed to the low biomass thus plant channel more nutrients to 

yield components. For example, the plant might have influenced nodule development 
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as P rates application increased thus fixing more nitrogen for crop yield parameters 

such as number of pods per plant. Phosphorus (P) enhances the symbiotic nitrogen 

(N) fixation process in legume crops (Anonymous, 1999). Tauer, (1989) reported that 

legumes fix more nitrogen with an increase in legume yields of 10 percent. Grain 

yield of 2010/11 followed the same trend of 2009/10 but it was higher possibly due to 

the variation in rainfall distribution pattern between two seasons, and earlier planting. 

The decrease in plant parameters under low phosphorus in both cropping systems 

may be due to the negative effect of low phosphorus on the nodule capacity to fix 

nitrogen. Tsvetkova and Georgiev (2003) revealed that phosphorus deficiency 

decreased the whole plant fresh and dry mass, nodule weight, number and 

functioning of a soybean plant.  

In the present study, the P rate x cropping system that achieved the highest yield 

was sole plots with 45 P kg ha-1 during 2009/10 while during 2010/11 season, it was 

intercropped plots with 45 kg P ha-1. This was probably because of P rate that 

improved the performance of pigeonpea. Yakubu et al, (2010) observed increment in 

the nodule number of cowpea by 153%, N content in the plant tissue by 288%, and 

amount of N fixed by 378% when 40 kg P ha-1 was applied compared to control. The 

lowest yield was achieved under sole plots with 0 kg P ha-1 during both seasons. 

This could have been caused by low nitrogen fixation by pigeonpea crop since there 

was no P applied. Yakubu et al. (2010) also stated that low phosphorus content of 

the soil may restrict rhizobia population and legumes root development, which in 

turn, can affect their N2 fixing potential. 

 

5. 3 Performance of maize  

5.3.1 Phenology of crop development and crop weather interaction 

Phenological development was not ideal to the maize growth and yield response to P 

rates and cropping system. Maize tasselled at the begin of March during 2009/2010 

while low rainfall of 10 to 26 mm was received and also tasselled around February 

during the second season with rainfall of about 29 mm. The difference in grain yield 

across the season could be due to the difference in rainfall and temperature across 

the seasons.  
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5.3.2 Effect of P rates on the performance of maize 

Maize grain yield showed little response to P rate only during the first season. 

Though there was no response to P rates during the second growing season, the 

grain yields were higher compared to the first season and this may be due to late 

planting of the first season trial. Beiragi et al, (2011) reported that delayed planting 

reduced cob percentage (-1.73%), physiologic maturity (-2.96%), total leaf number (-

6.79%), 300 kernel weight (-18.94%), kernel no. per row (-1.63%), kernel depth (-

15.21%) and ear length (-0.12%). In addition, there was noticeable difference 

between figures obtained in 2009/10 and 2010/11 in all parameters measured 

probably due to late planting of the 2009/10 trial and also unequal amount of rainfall 

received during the two growing seasons. About 41.38 % increase in yield was 

recorded in the second season. Aboveground biomass, plant height, cob length 

shelling percentage, HI, plant density, cobs/ plant, chlorophyll content did not show 

any response to P rate of application during both seasons. Though plant height did 

not respond to P rate, 2010/11 season produced considerably higher plant height 

compared to 2009/10 season and that might be due to the late planting of the first 

season trial. Only hundred seed weight showed response to P rates during 2009/10 

season, suggesting that P rates can affect seed size in maize. Poor response to P 

may also be due to the fact that the P was applied to pigeonpea which  was planted 

45 cm away from the maize row. 

 

5.3.3 Effect of cropping system on the performance of maize 

Almost all the parameters on maize did not show any response to cropping system 

during both seasons except grain yield during 2010/11 season. Sole maize plots 

achieved higher yield of 4148 kg ha-1 than 3297 kg ha-1 under intercrop plots during 

2010/11 and the results contradict with the findings of Mathews et al, (2001a) who 

reported lower maize yield under monocropping system compared to intercropping 

system. Molatudi and Mariga (2012) recorded higher grain yield of 3674 kg ha-1 

under sole plots than 3416 kg ha-1 under intercropped plots at Syferkuil during 

2007/8. Makumba et al. (2009) noticed higher maize grain yields and stover biomass 

in plots intercropped with Gliricidia than in sole maize plots. In this study, reduction of 
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about 25.81% from sole to intercrop maize plot was observed during 2010/11 

season. Waddington (1997) reported that intercropping resulted in minimal yield 

reduction of the maize associated with pigeonpea genotypes. However, he reported 

aboveground biomass and plant height which were generally higher in sole than 

intercrop maize plots over two seasons. Egbe and Adeyemo (2006) observed 

reduction in plant height, dry cob weight, and inconsistent number of cobs per plant 

of maize at harvest as compared to sole maize. 
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CHAPTER 6 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Summary  

6.1.1 Performance of pigeonpea 

Phosphorus rate of 45 kg ha-1  achieved highest grain yield during both seasons. 

Intercropping also resulted in significant increase in pigeonpea yield. Optimum grain 

yield of 1034.37 kg ha-1 under intercrop plots was obtained at 42.84 kg P ha-1 during 

2010/11. Yields were lower in first season due to late planting. Overally results 

suggest low potential for pigeonpea at Syferkuil.  

 

6.1.2 Performance of maize 

Maize had less response to P rates application especially on grain yield. Maize 

intercropped with pigeonpea produced higher grain yield when 15 kg P ha-1 was 

applied to pigeonpea.  

 

6.2 Conclusion and recommendations 

Overall, the yields obtained in this study suggest low yield potential for pigeonpea at 

Syferkuil. Intercrop and sole pigeonpea gave higher income at 45 kg P ha-1 

application rate. However 45 kg P ha-1 can be a challenge to small-holder farmers 

since most of Limpopo province soils are characterized with low P. Future studies 

should include basic economic analysis. The possible threat of low temperatures 

towards the later part of the growing season implies the need for early planting of 

pigeonpea at Syferkuil. It is also recommended that other pigeonpea varieties, 

preferably of shorter growth duration, be tested to check their response to lower 

phosphorus application levels since the current study used only one pigeonpea 

variety. It may also be beneficial to intercrop pigeonpea with shorter duration maize 

so as to reduce competition for growth factors during grain filling in pigeonpea. The 

LER values obtained in this study are abnormally high and support the notion that 

poor maize and pigeonpea growth due to late planting produced somewhat a typical 

results. Future trials should therefore be established with the very first planting rains 
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around mid-November and more testing sites should be used. Lastly, further studies 

should also focus on the effect of P application on biological nitrogen fixation by 

pigeonpea. 
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8. APPENDICES 

1. Analysis of variance for pigeon pea parameters  

Mean square value for the phonological data for pigeonpea in both seasons 

 2009/2010 2010/11 

Source of variation Degrees of 

Freedom 

Days to fifty percent 

flowering 

days to fifty percent 

physiological 

maturity   

Days to fifty percent 

flowering 

days to fifty percent 

physiological 

maturity   

Cropping system 1 5.21137ns 2.88202ns 0.33402ns 12.3906ns    

P rate 4 1.08633ns 1.63612ns 0.31699ns 6.3454ns    

Cropping system X 

P rate 

4 3.82611ns 9.33379ns 0.58808ns 8.1984ns    

ns=not significant, *=significant, ***=highly significant 
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Mean square value for the selected growth parameter for pigeonpea in both seasons 

    

Source of 

variation 

Degrees of 

Freedom 

Plant 

density 

(plants/m2)# 

Number 

of 

branches 

per plant 

Plant 

height 

(m) 

Leaf 

Chlorophyll 

content 

(CCI) 

Plant 

density 

(plants/m2) 

Number 

of 

branches 

per plant 

Plant 

height (m) 

Leaf 

Chlorophyll 

content 

(CCI) 

Cropping 

system 

1 59.753ns 5.202ns 1.225* 159.20ns 2.884ns 81.225* 0.025ns 187.438ns 

P rate 4 2.335ns 0.786ns 0.006ns 869.81ns 0.248ns 0.163ns 0.0013ns 63.866ns 

Cropping 

system X P rate 

4 1.435*  1.438ns    0.018ns 1089.58ns 1.4469ns 9.788* 0.003ns 48.890ns 

ns=not significant, *=significant, ***=highly significant 
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Mean square value for the selected yield parameter for pigeonpea in 2009/10 season 

Source 

of 

variation 

Degrees 

of 

Freedom 

Aboveground 

biomass 

(kg ha-1) 

Pods per 

plant 

Seeds 

per pod 

Pod 

length 

(cm) 

Shelling 

(%) 

100 

seed 

weight 

(g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R 

ha-1) 

HI% 

Cropping 

system 

1 8345161ns 0.081ns 0.100ns 0.025ns    35.847ns    2.116ns 250634*** 5361220*** 1.259* 

P rate 4 516610ns 625.268*** 0.288ns 0.250ns 632.427ns    1.649ns 358987*** 7678973*** 269.431ns 

Cropping 

system 

X P rate 

4 351835ns 17.384* 0.538ns 1.400ns 192.859ns    2.882ns    13087** 279945** 35.876ns 

ns=not significant, *=significant, ***=highly significant 
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Mean square value for the selected yield parameter for pigeonpea in 2010/11 season 

Source 

of 

variation 

Degrees 

of 

Freedom 

Aboveground 

biomass 

(kg ha-1) 

Pods per 

plant 

Seeds 

per pod 

Pod 

length 

(cm) 

Shelling 

(%) 

100 

seed 

weight 

(g) 

Grain 

yield (kg 

ha-1) 

Monetary 

value (R 

ha-1) 

HI% 

Cropping 

system 

1 1.002*** 101.761ns 0.025ns    2.025ns 35.847* 38.22*** 355.87*** 355.87*** 2.621ns 

P rate 4 5808347*** 36.263ns 0.750ns 0.788ns 632.427ns 0.90ns 75.50***  75.50*** 234.595ns 

Cropping 

system 

X P rate 

4 582152ns 17.663ns 0.400ns    0.338ns 192.859ns 1.67ns    18.43*** 18.43*** 8.461ns 

ns=not significant, *=significant, ***=highly significant 
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2. Analysis of variance for maize parameters  

 

Mean square value for the phonological data for pigeonpea in both seasons 

  2009/2010 2010/11 

Source of variation Degrees of 

Freedom 

Days to fifty percent 

tasselling 

days to fifty percent 

physiological 

maturity   

Days to fifty percent 

tasselling 

days to fifty percent 

physiological 

maturity   

Cropping system 1 0.482ns 6.020ns 1.524ns 0.095ns 

P rate 4 10.464ns 3.250ns 5.931ns 5.324ns 

ns=not significant, *=significant, ***=highly significant 

 

Mean square value for the selected growth parameter for maize in both seasons 

  2009/10  2010/11 

Source of 

variation 

Degrees 

of 

Freedom 

Plants 

density 

(plants/m2) 

Cobs per 

plant 

Leaf 

chlorophyll 

content 

(CCI) 

Plant 

height (m) 

Plants 

density 

(plants/m2) 

Cobs 

per plant 

Plant height 

(m) 

Leaf 

chlorophyll 

content 

(CCI) 

Cropping 

system 

1 0.017ns 0.000ns 27.195ns 0.00125ns 0.014ns 0.000ns 0.045ns 8.000ns 

P rate 4 0.091ns 0.000ns 15.890ns 0.00250ns 0.078ns 0.000ns 0.007ns  42.687ns 

ns=not significant, *=significant, ***=highly significant 
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Mean square value for the selected yield parameter for maize in 2009/10 season 

Source of 

variation 

Degrees of 

Freedom 

Aboveground 

biomass (kg ha-1) 

Shelling 

(%) 

100 seed 

weight (g) 

Grain yield 

(kg ha-1) 

Monetary value 

(R ha-1) 

HI (%) 

Cropping 

system 

1 1040537ns 0.814ns 0.125ns 348996ns 436219ns 281.049ns 

P rate 4 213946ns 664.574* 141.800ns 1626316ns 1945249* 548.231ns 

ns=not significant, *=significant, ***=highly significant 

 

Mean square value for the selected yield parameter for maize in 2010/11 season 

Source of 

variation 

Degrees of 

Freedom 

Aboveground 

biomass (kg ha-1) 

Shelling 

(%) 

100 seed 

weight (g) 

Grain yield (kg 

ha-1) 

Monetary value 

(R ha-1) 

HI (%) 

Cropping 

system 

1 1448150ns 752.999ns 0.66ns 149585ns 54771ns 8.037ns 

P rate 4 255178* 92.552ns 2.653ns   118613ns 53855ns 33.718ns 

ns=not significant, *=significant, ***=highly significant 

 

 

 

 

 

 


