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THE INFLUENCE OF FORAGE LEGUMES AND NITROGEN 

FERTILIZATION ON ANNUAL FODDER GRASSES, IN DIFFERENT 

INTERCROPPING SYSTEMS IN THE LIMPOPO PROVINCE 

 

 

 

 

ABSTRACT 

 

 

 

Identification of annual grass/legume intercropping or mixtures with superior nutrient 

traits and Dry matter (DM) production is critical to increasing productivity of the crop 

and animal production among small-scale farmers in the Limpopo Province. Three 

similar field experiments were established at different locations in the Province to 

determine the significance of the contribution of annual summer legumes, and cutting 

treatments on the nutritive value and dry matter accumulation of the popular forage 

sorghum (Sorghum spp) and pearl millet (Pennisetum glaucum) intercropped with 

cowpea (Vigna unguiculata) and dolichos (Lablab purpureus). The cropping systems 

evaluated were sole sorghum, sole pearl millet, sorghum + cowpea, sorghum + dolichos, 

pearl millet + cowpea and pearl millet + dolichos. The treatments sole sorghum and 

pearl millet significantly (P<0.05) outperformed the other treatments in terms of DM 

production at most cutting stages. The remaining four treatments though,  inferior in DM 

in this study, yielded better than the average yield on farmers' fields in the Province. 

Higher protein content was obtained in mixtures than in sole cropping, and generally 

there was lower protein production and content at matured stages (CT3) in the study. The 

other chemical composition analyzed in the study was not significant for both mixtures 

and sole cultures. 

 

 

Keywords: Annual grasses, annual legumes, cropping systems, dry matter 

intercropping and protein, 
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CHAPTER 1 


 


 


1. INTRODUCTION AND LITERATURE REVIEW 


 


 


1.1 ANIMAL PRODUCTION IN THE LIMPOPO PROVINCE 


 


A survey in the Mankweng district showed that the veld in the area is overstocked by 


170% and this phenomenon can be seen in the rest of Limpopo Province (Dannhauser 


2000). This leads to drastic shortages in roughage for the animals, which results in low 


animal production and low reproductive rates. To improve livestock production in the 


medium to low rainfall areas, on communal lands in the Limpopo, the natural veld has to 


be supplemented with alternative feed. 


 


There are various ways in which the veld can be supplemented, but most of them are 


costly and not affordable. One way of supplying additional roughage is by planting 


fodder crops on marginal potential lands. Additional to this, fodder grasses can be 


intercropped with legumes. Intercropping which, is the simultaneous growth of legumes 


with grasses, will not only reduce fertilizer costs but also increase the quality of the 


fodder (Li et al. 1994; Ofori and Stern 1986). A full description and literature review of 


the advantages of such intercropping systems are given in paragraph 1.2.3. 


 


1.2 THE POSSIBLE ROLE OF PLANTED PASTURES IN THE PROVINCE 


 


Various cultivars of annual grasses such as fodder sorghum (Sorghum spp) and babala or 


pearl millet (Pennisetum glaucum) are commonly used in the Province. The most 
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promising legumes used in the area are cowpeas (Vigna unguiculata) and dolichos 


(Lablab purpureus) (Dannhauser 2000). There are various cowpea cultivars in the market 


like Glenda, Agrinawa and Bechuana White, while the dolichos cultivars are limited to 


Rongai and “Local Commercial”. A detailed description of adaptation of these cultivars 


is given later in this chapter. 


 


Grass/legume mixtures play an important role in animal production and in addition, the  


legumes are widely used to supply nitrogen and as break crops for cereal production 


(Anderson et al. 1998). Legumes in grass/legume mixtures or legumes in a pure stand 


require little or no nitrogen fertilizer when effectively nodulated, compared to grasses 


grown alone and that reduces the high cost of inorganic nitrogen fertilizer requirements. 


This is due to the symbiotic interaction between the legume and a group of bacteria in the 


soil (Rhizobium spp), which live in gall like nodule on the roots of plants belonging to the 


Leguminosae (Yates 1975; Ball and Crush 1985 and Giller 2001). These bacteria are able 


to convert the atmospherically inert nitrogen (air is 78 % nitrogen) into organic nitrogen 


compounds usable by plants in a process known as “symbiotic nitrogen fixation”. Yates 


(1975) added that the association of nitrogen fixing bacteria with the legume host is one 


of mutual advantage. The bacteria obtain their main food requirements from the legume 


and in turn the bacteria provide the legume with nitrogen. These bacteria do this by 


producing enough organic nitrogen to meet their own requirements and those of the host 


plant. 
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The quantity of nitrogen fixed in this process is influenced by factors such as the host 


species, the presence of effective strains of Rhizobium bacteria, nutrients in the soil, pH, 


oxygen and temperature (Peoples et al. 1995). Various authors have quoted the 


contribution of legumes to nitrogen supply, which include the following: 


 


 Dannhauser (2000) quoted Bogdan (1977) who suggested that a sward of legume 


plants, which produce about 3000 kg ha
-1


 of dry matter, can fix up to 100 kg N ha
-1


 in 


the sub-tropics. This amount of nitrogen can have a value of R182.75 in South 


African terms, if one is to plant a pure grass stand without legumes using inorganic 


fertilizers. 


 t’Mannetjie et al. (1980) reported that temperate legumes fix in the range of 47 to 590 


kg N ha
-1


 and tropical legumes in the range of 30 to 280 kg N ha
-1


 per growing 


season. 


 Crowder and Chedda (1982) reported 567 kg N ha
-1


 from Leucaenea, 604 kg ha
-1


 


from Trifolium repens, 264 kg N ha
-1


 from Desmodium intortum, between 110 and 


145 kg N ha
-1


 from Desmodium uncinatum, 175 kg N ha
-1


 from Glycine wightti, 70 to 


150 kg N ha
-1


 from Macroptilium atropurpureum and 96 to 110 kg N ha
-1


 from 


Stylosanthus spp per growing season. 


 


1.2.1. Motivation for the use of legumes 


 


Legumes are major sources of protein and energy in animal diets (Mullen 1999), 


additional to its role as soil fertility builder through symbiotic fixation (Peoples et al. 
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1995).  The amount of nitrogen that can be fixed by the legumes are considerable, and 


therefore legumes have an important role to play in the production of feedstuff for 


livestock, particularly in the light of the high cost of nitrogen fertilizers (Fairey and 


Lefkovitch 1990). The performance of ruminant can be improved by increasing the 


leguminous composition of the pasture sward (Forwood et al. 1989). The quality 


advantage of grass/legume mixtures, as compared to grasses in pure stand, is attributed to 


higher protein and energy values in mixtures (Blaser 1986).  


 


Cowpeas and dolichos are fast growing, annual, summer forage legumes, and they are 


excellent quality crops for fattening both sheep and cattle and are also regarded as good 


feed for milking cows. In addition to the above statement, these legumes generally 


produce forage very high in protein, low in fibre, high digestibility and high in 


metabolisable energy (Mullen 1999). Mullen (1999) added that cowpeas and dolichos are 


tolerant to drought and heat and under dry conditions yields of cowpeas have ranged from 


500 kg DM ha
-1


 to over 4000 kg DM ha
-1


. Cowpea yields of up to 8000 kg DM ha
-1


 have 


been recorded in irrigated areas (Mullen 1999). The author further added that dolichos 


can produce from 500 kg DM ha
-1


 to over 5000 kg DM ha
-1


 under dry conditions and up 


to 14000 kg DM ha
-1


 under irrigation. 


 


According to Dannhauser (2000) legumes should play a bigger role in areas with rainfall 


higher than 750 mm/annum, and legumes are well adapted to these conditions. The areas 


in South Africa where legumes will survive are thus limited (Dannhauser 2000). 
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However, as motivated earlier, the two annual legumes mentioned are adapted to drier 


conditions. 


 


Fodder grass/legume or cereal/legume intercropping is not a popular practice in South 


Africa, especially among resource poor farmers in the Limpopo Province (Ayisi et al. 


2001). These grasses, especially forage sorghum and pearl millet, are grown by farmers 


where dairy farming is practiced. The grasses produce high, good quality forage under a 


number of growth restricting conditions, such as poor soils and drought. Although high 


yielding grasses are popular, scientific information concerning their production is still 


lacking (Dannhauser et al. 1990). Currently, the extent of tolerance of these grasses to 


such conditions is not well documented, especially in an intercropping situation. 


 


The constant overgrazing of veld and the shortage of roughage, which occur throughout 


the year in the Limpopo Province has a drastic impact on animal production, especially 


during autumn, winter and spring. In this study the availability and quality of the 


mentioned fodder crops were evaluated in summer and autumn. Due to rainfall pattern in 


the study area, these crops can only be used as fodder during summer and autumn. Winter 


fodder production should be addressed in a separate study. The terms fodder sorghum, 


pearl millet, cowpea and dolichos will be used in further discussion. 
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1.2.2. Motivation for the choice of species 


 


Popularity and availability influenced the choice of cultivars used in this study. The 


following were decided on:  


 


Most fodder sorghums are sorghum hybrid and are well adapted to regions with limited 


rainfall (an average rainfall of between 425 to 650 mm) (Donaldson 2000). The author 


added that it can be highly productive on irrigated land and in high rainfall areas. It will 


grow successfully on all types of soils. In moist seasons, the highest yields tend to be on 


heavy soils, but in dry years it does best on sandy soil. It will tolerate considerable of 


salty or alkaline soils fairly well (Donaldson 2000). The fodder sorghums are easy to 


establish, fast growing, high yielding, palatable and suitable for silage, hay and grazing. 


They also respond very well to fertilisers, especially nitrogen (Donaldson 2000). The 


cultivar that was used in this study was “Kow Kandy”. 


 


Pearl millet is a well-known summer annual crop, and it is adapted to summer rainfall 


areas with a rainfall of 500 mm and higher (Snyman and Joubert 1997). According to 


Donaldson (2000), babala or pearl millet is often grown to supply the roughage needs of 


dairy cows. It can be successfully grown on sandy soils and in areas with a rainfall as low 


as 400 mm per annum. It grows on most well drained soil types, but it is best adapted to 


sandy loam soils and fertile sandy soils (Donaldson 2000). Dannhauser et al. (1990) 


added that the crop is known for its relatively good performance under a number of 


growth restricting conditions such as poor soils and droughts. Pearl millet or babala is 
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cultivated on dryland or under irrigation as grazing, hay or silage crop and is also grown 


for grain. One of the most valuable attributes of this grass is its capability of producing 


large amounts of dry matter, and its yield is usually higher than that of any comparable 


annual fodder crop (Donaldson 2000). At this stage no specific cultivars are available in 


South Africa and the one that was used is referred to as "Common". 


 


Cowpeas thrive best in a warm dry climate (Donaldson 2000). The author added that 


continuous rains or mist cause leaf disease in cowpeas and under these conditions it 


should be replaced by soybeans. Donaldson (2000) describes the adaptation of cowpeas 


as follows: “Cowpeas are grown in summer rainfall areas with annual rainfall of about 


500 to 750 mm. It is adapted to a wide range of soils, from acid to neutral, but is less 


adapted to alkaline soils. It grows as well on sandy and clayey soils. On account of its 


hardiness, the cowpea is of special value in areas where the rainfall is variable or low. 


The pods and leaves of the cowpea may be consumed as green vegetables. Cowpea is 


however usually cultivated for its grain for human consumption, pastures, hay, ensilage 


and green manure. Good quality cowpea hay is equal or nearly equal to lucerne hay in 


value and may be used similarly. Cowpeas are often grown in rotation with maize to 


supply nitrogen and organic matter to the soil, or in a mixture with maize for animal 


feed”. The cultivar used in this study was “Agrinawa”. 


 


Dolichos is best adapted to warm areas with little or no frost and with rainfall of over 800 


mm (Donaldson 2000). It will also grow in deep sandy soils in areas with a rainfall as low 


as 450 mm. Dolichos is a high producer in terms of dry matter and protein and it is 







 8 


suitable for silage, grazing and hay. The beans are also used for human consumption. It is 


also a good cover or green manure crop. The nodulating ability of dolichos is said to be 


remarkably high and it also has the ability to stay green during long dry periods 


(Donaldson 2000). The cultivar that was used is "Local". 


 


1.2.3. Intercropping 


 


Intercropping was briefly described in the motivation, but the following two definitions 


occur: 


(a) Any form of cropping pattern in which there is a significant amount of 


intercrop competition between different species and 


(b) The growing of two or more crops in distinct but proximate rows (Ofori and 


Stern 1986; Mposi 2000). 


 


Ofori and Stern (1996); Mposi (2000) further defined four different intercropping 


systems as follows: - 


 Row intercropping implies growing component crops simultaneously in 


distinct rows and the pattern is used in mechanized agriculture because it 


permits crop specific operations. 


 Strip intercropping is the growing of component crops simultaneously in 


different strips to allow the independent cultivation of each crop, and also 


agronomic interactions among the component crops. 
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 Mixed intercropping deals with the growing of component crops 


simultaneously with no distinct row arrangement, and this is commonly used 


in labour intensive subsistence farming systems. 


 Relay intercropping is the growing of component crops in relay, so that their 


growth cycles overlap. 


 


Growing two or more crops simultaneously, either broadcast (mixed cropping) or in rows 


(intercropping), is a traditional practice widely used in the rainfed areas of the tropics 


(Ahmed and Rao 1982). The interest in cereal/legume or grass/legume intercropping is 


extending to some temperate areas with suitably warm periods and high rainfall (Ofori 


and Stern 1986). The system of intercropping became very popular in the developing 


world due to the advantages it has compared to sole croppings/cultures. 


 


Natarajan and Willey (1986) summarized these advantages as follows: “Intercropping can 


give higher yields than sole culture, because the component crops complement each other 


and make better overall use of resources when growing together than when growing 


separately”.  Amhed and Rao (1982); Itulya and Aguyoh (1998) and Mposi (2000) 


summarized other advantages of intercropping over sole cultures as follows:  


 


 Increased soil erosion control 


 Insurance against crop failure 


 Spreading labour requirements and harvesting more evenly throughout the 


season  
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 Facilitating production of many commodities in a limited area 


 Efficient utilization of resources by plants with different growth periods, 


heights, rooting systems, and nutrient requirements 


 Transfer of nitrogen, fixed by legumes to the companion grass species, 


and  


 Controlling the spread of diseases and pests. 


 


1.2.3.1. The advantages of intercropping 


 


The productivity of plants under intercropping has been measured in a number of ways to 


evaluate both biological advantages and disadvantages of the system. Different indices 


have been proposed for evaluating efficiency per unit area of land of grass/legume 


intercropping systems. The general useful single index for expressing the yield advantage 


is probably the Land Equivalent Ratio (LER), and it was found to be exactly analogous to 


the Relative Yield Total (RYT) which has been used for many years in competition 


studies (Mead and Willey 1980). 


 


1.2.3.1.1 Land Equivalent Ratio (LER) 


 


Land Equivalent Ratio (LER) is defined as the relative land area required as sole 


cropping to produce the same yield as intercropping (Mead and Willey 1980).  Using a 


rather simpler notation from the earlier competition studies, Land Equivalent Ratio (LER) 


can be expressed in the following formula: 
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LER = (Yij/ Yii) + (Yji/ Yjj) 


 


Where = Y is the yield per unit area,  


 = Yii and Yjj are sole crop yields of the component crops i and j, and 


 = Yij and Yji are intercrop yields (Mead and Willey 1980). 


 


The advantages of using LER in agriculture are that: 


a) It provides a standardized basis so that crops can be added to form ‘combined yield’ 


yields, this also means LER’s themselves can be compared between different crop 


situations, and even between different crop combinations. 


b) Comparison between individual LER’s can indicate competitive effects (Willey 1979). 


Of primary importance, the total LER can be taken as a measure of the relative 


yield advantage, for instance an LER of 1.2 indicates a yield advantage of 20%, 


meaning that 20% more land is required for sole crops to produce the same yields 


as in intercropping (Mead and Willey 1980).  


 


1.2.3.2. Overyielding 


 


Overyielding refers to increased productivity of an intercrop system compared to a sole 


cropping system. From the literature, there are two major principles that have been 


proposed to explain the mechanism of "overyielding" in intercropping systems, viz.: 


Competitive production principle and Facilitative production principle (Vandermeer et al. 


1983). 
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1.2.3.2.1. Competitive production principle 


 


The competitive production principle proposes that if two species have distinct growth 


requirements, they compete weakly with each other and may together utilize more 


efficiently the available light, water and nutrient during the growing season, which lead 


to an overyielding of mixtures. For instance, one species may have intense requirements 


for moisture early during its growth cycle and the other species later in its growth cycle, 


and together they may utilize seasonal moisture efficiently. In research conducted by 


Hikam et al. (1992), interspecific competition was found to be low with maize/winged 


bean intercropping, since the species differ in time to maturity.  The above author further 


stated that most winged bean cultivars would be expected to grow vegetatively during the 


maize productive period, and nutritional demands by winged bean for reproductive 


growth, then, would be maximal when maize demands are declining. 


 


1.2.3.2.2. Facilitative production principle 


 


The facilitative production emphasizes the advantage to a crop mixture as a result of 


positive modification of the environment by one species to the benefit of the other crop 


species. Typical examples of facilitation include:  


1. Direct transfer of symbiotically fixed nitrogen from a legume to an associated 


non-legume within a growing season. When forage legumes are grown in swards 


with forage grasses, the legume may transfer nitrogen to the grass, and thereby 


reduce dependence of the grass on soil or fertiliser nitrogen (Heichel and Henjum 
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1991). They stated that the apparent nitrogen transfer from legume to grass as 


measured by the 
15


N stable isotope methods may reach up to 52 Kg N ha
-1


 on a 


seasonal basis, and the transferred nitrogen may provide < 80% of the nitrogen 


content of the companion grass. The values, which were obtained exclusively 


from measurements on herbage, may provide an incomplete assessment of N2 


fixation and transfer in legume-grass communities. 


2. Reduction of soil water evaporation by cover crops in mixture and 


3. The beneficial effect of a secondary species as a shelter belt. 


 


1.2.4. The production of fodder grass/legume mixtures 


1.2.4.1. The influence of grass/legume mixtures on dry matter (DM) yield 


 


The grass yield in grass/legume intercropping systems increases due to the contribution 


of the legumes in terms of N supply to the grass component (Donaldson 2000). The 


additional material produced by the leguminous crops also contributes to the increase in 


total yield of mixed herbage (Donaldson 2000). Recent research indicated high dry matter 


production from grass/legume mixtures, while in contrast, little or no differences were 


found from grass/legume mixtures and grasses heavily fertilized with nitrogen fertilizers. 


In a research conducted by Carter and Scholl (1962), little differences were found 


between herbage yield of Smooth bromegrass or orchard grass monocultures receiving 


269 kg N ha
-1


 annually and the total yield of non-N fertilized mixtures of both grasses 


with alfalfa. Krueger and Scholl (1970) measured the yields of binary mixtures of alfalfa 


with Orchard grass, reed canary grass and Smooth bromegrass and compared them to 
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yields of the same grasses receiving 0 kg N ha
-1


 to 224 kg N ha
-1


. The yields of alfalfa-


grass mixtures were equal to any of the three grasses receiving 112 kg N ha
-1


 to 224 kg N 


ha
-1


. Mooso and Wedin (1990) reported similar yield of grass/legume mixtures compared 


to grasses fertilized heavily with nitrogen fertilizers. 


 


Preliminary results reported by Gwanzura (2004) on forage sorghum and pearl millet 


intercropped with cowpea cultivars showed higher dry matter yield in mixtures with 


nitrogen variation from 0 kg N ha
-1


 to 75 kg N ha
-1


. Dry matter production was superior 


in a combination between cowpea and sorghum than in cowpea and pearl millet mixtures. 


Although there were cropping pattern's variation in mixtures in the study, the presence of 


legumes indicated a beneficial effect on the dry matter yield of the mixtures. Schultz and 


Stubbendieck (1982) reported that mixtures of cool-season grasses and legumes also 


provide more uniform seasonal distribution of herbage production than grasses in the case 


of sole culture. 


 


1.2.4.2. The influence of grass/legume mixtures on herbage protein and quality  


 


Grass/legume mixtures are higher in protein than sole grasses if no nitrogen fertilizer is 


applied (Schultz and Stubbendieck 1983; Gebrehiwot and McGraw 1997). Legumes have 


a higher protein content than grasses (Anon 2000), and that improves the crude protein 


(CP) concentration of the mixtures. However, the response varies depending on grass-


legume species and the stage of harvest (Gebrehiwot and McGraw 1997). One of the 


primary attributes of legumes is the improvement of quality of herbage through increase 
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in protein content of the mixed herbage (Schultz and Stubbendieck 1983). Several 


investigators have reported that legumes exert a beneficial effect by increasing the protein 


content of the non-legume component of the mixtures. 


 


The CP concentration of most grass species tends to be between 6% and 12% and 8% to 


13% in mixtures of tropical grass/legume (Dannhauser 2000). The above author added 


that in general, the CP content of legumes seems to be 11% to 25%, with the temperate 


species in the higher part of the spectrum. Mixtures of temperate legumes and grasses can 


produce between 17% to 20% CP. 


 


Grass/legume mixtures generally have higher CP concentration than grasses in 


monocultures. Legume crops are inherently higher in CP, and comprise 45-75% of the 


dry matter in mixtures (Gebrehiwot and McGraw 1997). The authors further reported that 


the CP concentration of woolypod vetch in combination with grasses was on average 


17% higher than that of the grasses in monocultures. 


 


1.2.4.3. The influence of grass/legume mixtures on animal production 


 


High dry matter production of fodder crops can be important for smallholder farmers in 


the Limpopo Province, as it constitutes a major fodder for livestock. High-yielding and 


high quality legume and pasture grasses play an important role in forage-animal 


production systems (Li et al. 1994).  
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Animal performance and production are often higher from grass/legume mixtures than 


from a pure stand of grasses. Mixtures of grasses and legumes may provide more uniform 


seasonal distribution of herbage and higher quality than grasses alone (Schultz and 


Stubbendieck 1982; Mooso and Wedin 1990; Baker 1980). Blaser (1986) added that the 


quality advantage of grass/legume mixtures as compared to grasses grown alone is 


attributed to higher energy from mixtures, because legumes are generally digested more 


rapidly than grasses and pass through the rumen more rapidly. The results from long-term 


pasture studies in the USA for instance, indicated that steers gained 14% more when 


grazing grass/legume mixtures than when grazing nitrogen fertilized grasses (Baker 


1980). 


 


Tropical legumes have played a significant role in plant introduction and screening 


programs in South Africa (Ions 1977). The above author added that a few of the tropical 


and sub-tropical legumes have passed screening and evaluation procedures in South 


Africa and can be singled out as being particularly promising. These are dealt with 


individually. Little information is available on animal production potential since few 


cases has evaluation progressed as far as legume-scale grazing trials are concerned (Ions 


1977). 
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1.2.4.4. The influence of nitrogen fertilizers on grass/legume composition 


 


Scientists speculated for years about the amount of nitrogen that should be applied to 


grass/legume mixtures, and it was believed that nitrogen fertilizer might have a negative 


effect on nodulation of the legumes (Dannhauser 2000). 


 


Legumes contribute to the nitrogen economy of mixed swards through the recycling of 


biologically fixed nitrogen or directly to the yield of the mixed swards through biomass 


production (Zemenchik et al. 2001). Wasserman et al. (1983) added that legumes are 


unique since they meet their nitrogen requirement both from the soil and by fixing 


atmospheric nitrogen symbiotically. Applied nitrogen reduces nodulation of legumes. 


This interferes with its competitive capacity and diminishes the legume fraction to 


grass/legume associations (Crowder and Chedda 1982). These authors added that 


continued use of high nitrogen fertilizer causes a rapid decline in the legume component 


of subtropical and tropical grass/legume combinations. Davidson and Robson (1985) 


reported that if inorganic nitrogen fertilizer is applied to legumes, fixation of atmospheric 


nitrogen may be reduced markedly or even precluded. Schultz and Stubbendieck (1982) 


quoted Templeton (1976), who concluded that fertilizers should not be used in cool-


season grass-legume mixtures because it encourage grass growth, increased shading of 


legumes and reduced nodulation or N2 fixation. 


 


Crowder and Chedda (1982) reported a reduction in population mixtures of Pennisetum 


claudestinum and Digitaria intorum to less than 10% during their first year with 
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application of 410 kg ha
-1


 of nitrogen as ammonium sulfate. The authors added that even 


lower amounts of nitrogen between 75 kg N ha
-1


 and 240 kg N ha
-1


 resulted in reduced 


legume fraction in grass-Sirato (Macroptiliuim atroppureum) pastures. In contrast to the 


above findings, Mahli (1994) reported increased forage yields when nitrogen is applied in 


grass/legume mixtures, and the magnitude of yield increase was less than the pure 


bromegrass stands. The author added that in pure stands of the legume alfalfa, there was 


no increase in dry matter yield when inorganic nitrogen fertilizer was added. 


 


1.2.4.5. The influence of grass/legume intercropping on legume persistency  


 


The persistence of legumes in mixtures is determined by the growth habit of the legume 


and the grass as well as the management of the swards (Mwangi et al. 1996). Tropical 


and subtropical grasses have a more rapid growth rate and are more aggressive than 


legumes (Crowder and Chedda 1982). Heichel and Henjum (1991) stated that grasses 


extract more nitrogen from the soil in grass/legume mixtures, and are more persistent 


under frequent defoliation. 


 


One of the major problems with grass/legume mixtures is the poor persistence of legumes 


in mixed swards (Mwangi et al. 1996). Thomson (1979) reported that the lack of 


persistence of the legume component in a grass/legume mixture is the main reason for 


reduction of livestock production. 
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Maintaining a stable composition in grass/legume associations imposes many difficulties, 


even in simple mixtures. Legumes often compete poorly with grasses for light, nutrients 


and water, and there are fundamental differences in mineral nutrition between them 


particularly with respect to nitrogen. 


 


More persistent legumes are needed that would be compatible with introduced grasses 


and provide biologically fixed N. This could increase sward yield while maintaining high 


forage quality (Zemenchik et al. 2001). 


 


The soils used for forage grass production in the Limpopo Province are low in nitrogen, 


and the availability of nitrogen for plant uptake is a major constraint for crop 


productivity. Large numbers of resource poor farmers are involved in the production of 


forage grasses and leguminous crops as feed supplements for their livestock during dry 


season under unfertilized conditions, which results in low herbage yield at harvest in the 


province. Legumes, especially cowpea are chiefly used for grain, animal fodder, and as a 


vegetable crop (Smartt 1990). Therefore, cowpea seed is valued as a nutritional 


supplement to cereals and extender of animal proteins (Nwokolo and Smartt 1996; Morris 


1999). The crop is also used as green manure crop, nitrogen-fixing crop (Ayisi et al. 


2000), and/or for erosion control (Hargrove 1988). 
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1.3. Hypothesis of the study 


 


In this study it was hypothesized that grass/legume intercropping will result in higher 


yields and better quality roughage, compared to grasses in pure stands. The reason for the 


higher yield and quality roughage in an intercropping system will be that the legumes will 


complement the grasses in terms of nitrogen supplementation and higher protein content. 


This is because of the ability of the legumes to fix atmospheric nitrogen into forms 


available to the grasses and for itself. The higher protein production in the intercropping 


system will contribute to better quality herbage. 


 


1.4. The objectives of the study 


 


It was motivated earlier that a large number of small-scale and commercial farmers in the 


Limpopo Province are involved in animal production. They experience inadequate 


roughage for their animals in most cases. The soils are generally low in nitrogen and 


application of inorganic nitrogen fertilizers is expensive and in many cases not 


affordable. The objectives of the study were to solve the following problems: 


1. To determine the significant contribution of annual summer legumes on dry 


matter accumulation of the popular forage sorghum and pearl millet, in 


intercropping systems. 


2. To assess production and protein, calcium, phosphorus, fibre, fat and ash content 


contributed by legume cultivars in pure stands and mixed swards. 
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3. To determine the significant contribution of cutting treatments on dry matter 


accumulation of sole grasses and grass/legume mixtures. 
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CHAPTER 2 


 


2. MATERIALS AND METHODS 


 


2.1 Experimental sites 


 


Three field trials were conducted during the 2000/2001 growing season in the Limpopo 


Province of South Africa. The sites were at the University of the North’s (UNIN) 


Experimental Farm (Syferkuil), the PTK experimental farm at Mokopane and a 


communal field in the Dan district. 


 


2.1.1 The UNIN Experimental farm 


 


The University of the North's experimental farm (Syferkuil) is situated approximately 10 


km Northwest of Mankweng (29
o
 71’ S, 23


o
 84’ E). The experimental farm is 


characterized by hot dry summers and cool dry winters. The long-term annual rainfall at 


the experimental farm is 468.4 mm, whereas seasonal rainfall during the growing season 


(2000-2001) was 330.7 mm. Syferkuil received 199.9 mm rain between July and 


December 2000 and 130.8 mm between January and June 2001. 


 


The mean average temperature is 30 
o
C. The minimum and maximum temperatures are 


28
o
C and 31


o
C, respectively. The soil at experimental farm is sandy loam soil, and is of 


Hutton form, Glenrosa family (Nkgapele 2001). Soil samples were taken from a depth of 


0-15 cm and 15-30 cm, which represented top and subsoil respectively. The procedure for 


soil sampling is outlined under data collection in this chapter.  


 


The monthly rainfall distribution at the UNIN experimental farm is indicated in Table 


2.1, whereas the results for soil analysis are given in Table 2.2.  
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Table. 2.1 Monthly Rainfall distribution at the University of the North’s 


Experimental Farm. 


 


2000 July August  September October  November December 


Rain (mm) 0.0 0.0 5.5 42.2 90.7 61.5 


2001 January February March April May  June 


Rain (mm) 0.4 69.5 12.7 30.0 14.5 3.7 


 


 


Table 2.2. Soil nutrient status at the University of the North's Experimental farm. 


 


 


Depth (cm) pH H20 N P K 


  mg/kg
-1


 mg/kg
-1


 mg/kg
-1


 


0-15 6.8 2 20 68 


15-30 6.4 2.7 17 74 
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Fig 1. The map showing the area where the study was conducted at the UNIN 


experimental farm 


 


2.1.2 The PTK Experimental Farm 


 


The PTK experimental farm is situated approximately 3 km Southeast of Mokopane (29
o
 


01’ S, 24
o
 20’ E), and about 87 km south of Syferkuil. The long-term annual rainfall at 


Mokopane is 569.7 mm per annum; while the seasonal rainfall during the growing season 


(2000-2001) was 557.5 mm. Mokopane received 241.0 mm rain between July and 
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December 2000 and 319.5 mm between January and June 2001. Moderate dry summers 


and moderate dry winters characterize the PTK experimental farm.  


 


The average temperature at this location is 28
o
C. The minimum and maximum 


temperatures are 27
o
C and 29


o
C, respectively. Similar to the University experimental 


farm, the soil at the PTK experimental farm is sandy loam soil, and is of Hutton form, 


Glenrosa family (Gwanzura 2004). Soil samples, on the PTK experimental farm were 


taken prior planting. The monthly rainfall distribution at Mokopane is depicted in Table 


2.3, while the soil analyses are shown in Table 2.4. 


 


Table 2.3 Monthly Rainfall distributions at Mokopane on the PTK Experimental 


Farm. 


 


2000 July August  September October  November December 


Rain (mm) 3.0 0.0 0.0 49.0 104.5 84.5 


2001 January February March April May  June 


Rain (mm) 85.5 126.5 12.0 59.0 33.5 0.0 


 


 


Table 2.4. Soil nutrient status at Mokopane on the PTK Experimental Farm. 


 


 


Depth (cm) pH H20 N P K 


  mg/kg
-1


 mg/kg
-1


 mg/kg
-1


 


0-15 4.9 1.4 12 30 


15-30 4.8 1.4 2 18 
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Fig 2. The map showing the area where the study was conducted at the PTK experimental 


farm 


 


2.1.3 The Dan district 


 


The Dan district is situated approximately 15 km Southeast of Tzaneen (30
o 


36’ S, 23
o
 


90’ E), and is about 85 km east of Syferkuil. The long-term annual rainfall for the Dan 


district is 700 mm, while the seasonal rainfall during the growing seasons (2000-2001) 


was 300 mm per annum. The district is characterized by hot wet summers and cool wet 
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winters. The minimum and maximum temperature is 33
o
C and 35


o
C, with an average 


mean temperature of 35
o
C. The soil type at the Dan district on the communal fields 


ranges from coarse grained sandy soil to sandy loam derived from granitic parent 


materials, which is low in Cation Exchange Capacity (CEC) (Whitbread et al. 2002). The 


monthly rainfall distribution at the Dan district (2000 and 2001) is indicated in Table 2.5, 


while the initial soil analyses are shown on Table 2.6. 


 


Table 2.5 Monthly Rainfall distributions at the Dan district on the communal fields. 


 


 


2000 July August  September October  November December 


Rainfall mm 18.5 4.8 120.3 148.0 144.6 97.4 


2001 January February March April May  June 


Rainfall mm 32.8 510.5 228.4 126.1 58.8 8.3 


 


 


 


Table 2.6. Soil nutrient status at the Dan district on the communal fields 


 


 


Depth (cm) pH H20 N P K 


  mg/kg
-1


 mg/kg
-1


 mg/kg
-1


 


0-15 3.97 - 0.7 16 


15-30 4.83 - 0.7 27 
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Fig 3. The map showing the area where the study was conducted at the Dan district on the 


communal fields 


 


2.2. Treatments 


 


A randomized complete block design (RCBD) in a factorial arrangement was used at all 


three sites. Different combinations of two forage legume cultivars and two fodder grasses 


forming six different intercropping systems were assigned as the main plot treatments as 


explained below.  
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The six intercropping systems used were: 


 


 Sole forage sorghum 


 Sole pearl millet 


 Forage sorghum + cowpea 


 Forage sorghum + dolichos 


 Pearl millet + cowpea and 


 Pearl millet + dolichos. 


The experiments were replicated four times at all locations. 


 


2.3. Preparation and layout of experimental plots 


 


Prior to establishment of the experiments, the lands were prepared by ploughing and 


disking. The 48 plots per site were laid out in four replications in which 6 plots were 


assigned to each block. The plot sizes were 5 m x 4.5 m, with each plot consisting of five 


rows of which the middle three rows were designated for dry matter sampling. All plots 


received a basal application of 50 kg P ha
-1


 as Superphosphate (10.5% P) at planting. 


 


2.4. Establishment of the cropping systems 


 


Fodder grasses and legume cultivars were arranged in a mixed intercropping pattern in 


which mixed single rows of grasses and legume cultivars, spaced 0.9 m apart were 


planted. The same row spacing (0.9 m apart) was used in plots with sole grasses. Seeds 


were planted by hands in October, November and December 2000 at the UNIN 


experimental farm, the PTK experimental farm and the Dan district, respectively. The 


reason for not planting the experiment on the same date was the starting of the rainy 


season, which differed on the locations. The seeding rate was 20 kg ha
-1


 for the sole 


grasses, whereas for the intercropping treatments, seeding rates were 15 kg ha
-1


 and 20 kg 


ha
-1


 for the grasses and legumes, respectively. 
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Weeding was done manually using hand hoes and was repeated three times during the 


growing season. The experiments were also irrigated when there was a shortage of rain 


for an extended period. At the Dan district, no irrigation was carried out due to lack of 


irrigation infrastructure in the communal fields. 


 


Heavy rains were experienced at Mokopane on the PTK experimental farm, during later 


part of the growing season, which resulted in flood damage and some rows being washed 


away. In contrast, rainfall was very low up to February at the Dan district. The expected 


rainfall was received from February onwards which led to a partly recovery of the 


experiment. The UNIN experimental farm received a normal (330.7 mm) rainfall 


throughout the growing season. 


 


2.5. Data collection 


 


2.5.1 Fresh material 


 


The above ground fresh material was collected three times during the growing season at 


all three localities. It was cut by sickles at a height of 15 cm above ground level in a nett 


plot of 0.9m x 3m (2.7m
2
). The frequency of cutting was as follows:  


 


The first cut (CT1) was done in February 2001 at all locations and that was: 


 


 120 days after planting (DAP) at UNIN Experimental farm 


 90 days after planting (DAP) at PTK Experimental farm 


 60 days after planting (DAP) at Dan district. 


 


The second cut (CT2), which was regrowth, was done on the same nett plots that were cut 


in February. It was done six weeks after the first cutting (in April 2001 at all locations). 


The reason for waiting for six weeks before cutting regrowth was to allow both fodder 


grasses and forage legumes to complete a full regrowth phase up to the start of the 


reproductive stage to represent an "ideal grazing stage". 
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The third cut (CT3) was done in May 2001, at all locations. It was conducted in separate 


nett plots at a stage when the crops were in physiological mature, so that the dry matter 


yield and the nutritive value of the crops could be determined at a later stage of growth 


which represent a foggage stage. These cuts were done on separate nett plots. 


 


To calculate DM production the following procedures were followed with the fresh cut 


material: 


 


Wet material from the 2.7 m
2
 subplots were weighed. 


In case of intercropping treatments, the grass/legume components were weighed 


separately. This was done to determine the grass/legume ratio from the cut 


material. 


Smaller samples from each plot were weighed when still wet and transported to 


the laboratory in brown bags, where they were dried at 65 
o
C until a constant dry 


mass was reached and weighed. 


 


The percentage of Dry matter (DM) was calculated as follows. 


 


1. DM % = Dry mass of sub-samples (g) x 100 


  Wet mass of sub-samples 


 


The DM production on the different experimental plots was calculated as follows: 


 


2. DM kg/2.7m
2 


 = Wet mass (per 2.7 m
2
) x DM% 


     100 


The dry matter production per hectare (10000 m
2
 ) was determined as follows: 


 


3. DM (kg/ha
-1


)  = 10000 m
2
 x kg DM (per 2.7m


2
) 


     2.7 m
2
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After dry matter determination the samples were ground to pass through a 0.02 mm sieve 


for chemical analysis. The ground samples were sent to the Agrinatal Feed Factory 


laboratory to analyze for protein, calcium, phosphorus, fat, fiber and ash content of both 


grasses and legumes separately.  


 


2.5.2. Soil samples 


 


The soil samples were taken from a depth of 0 cm – 15 cm and 15 cm – 30 cm 


diagonally, which represented top and subsoil, respectively. The samples were taken prior 


planting to determine the nutrient status of the soil using a soil auger at all locations. The 


samples from 0 cm – 15 cm depth were thoroughly mixed, and a hand full sample from 


the mixture was collected using plastic bags, and represented the top soil. The same 


procedure was applied with samples from 15 cm – 30 cm. 


 


The samples were dried at 60
o
C, and were ground to pass a 0.02 mm sieve before taken 


to the Laboratory for analyses. Analyses were carried out using Semi-Micro Kjeldal 


procedure at the University of the North Soil Science Laboratory. The elements 


determined were Nitrogen (N), Phosphorus (P), Potassium (K) and pH (H20). 


 


The following terms will be used for the rest of the discussions in the study: 


 


 DM production = Dry matter production (t ha
-1


). 


 CS = Cropping systems viz, sole sorghum, sole pearl millet, sorghum + 


cowpea, sorghum + dolichos, pearl millet + cowpea and pearl millet + 


dolichos. 


 SS = Sole sorghum 


 SM = Sole pearl millet 


 S + C = Sorghum + cowpea 


 S + D = Sorghum + dolichos 


 M + C = Millet + cowpea 


 M + D = Millet + dolichos 
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 LSD = Least significant Difference (P<0.05) 


 ns = not significant. 


 * = significant at (0.05) P Value 


 ** = significant at (0.01) P Value 


 CT1 = First cut in February 


 CT2 = Second cut in April 


 CT3 = Third cut in May 


 LSU = Livestock Unit 


 


2.6. Data analysis 


 


Data were analyzed using the statistical programme Statistix. Analysis of variance 


(ANOVA) was used to test treatments for significant differences. Means were separated 


using (LSD) Least Significant Difference (Gomez and Gomez 1984). The means for DM 


production and all chemical analysis were compared per single cut not by pulling three 


cuts conducted during the growing season. 
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CHAPTER 3 


 


5. RESULTS ON THE UNIVERSITY OF THE NORTH (UNIN) 


EXPERIMENTAL FARM 


 


The DM production and chemical analysis for grass and grass/legume mixtures were 


measured at three different dates at the UNIN experimental farm. The sampling method 


was discussed in Chapter 2. The total DM production, chemical analysis results and the 


grass/legume ratio of all intercropping systems at the UNIN experimental farm will be 


discussed in Chapter 3.  


 


3.1 Total DM production (t ha
-1


) of different components  


3.1.1. DM Production (t ha
-1


) of grass/legume mixtures  


 


The DM production of all treatments at the UNIN experimental farm is given in Table 


3.1.1.  


According to the results in Table 3.1.1, the DM production on CT1 varied between 5.9 t 


ha
-1


 and 8.8 t ha
-1


, which was significant (P<0.05) at this early stage. Sorghum + cowpea 


produced significantly lower (5.9 t ha
-1


) than sole pearl millet (8.4 t ha
-1


) and sole 


sorghum (8.8 t.ha
-1


).  The afore two treatments were statically not different in DM 


production. The remaining treatments, consisted of sorghum + dolichos (7.7 t ha
-1


), millet 


+ cowpea (7.5 t ha
-1


) and millet + dolichos (6.6 t ha
-1


) filled an intermediate production 


position between the lowest and the highest production. They did not differ significantly 


from each other. 


 


Cropping systems did not differ significantly in terms of DM production of the regrowth 


material as shown in CT2 (Table 3.1.1). From these results it was impossible to identify 


specific cropping systems or treatments that were significantly superior to others. 


Although no significant differences were observed, results showed a trend that sorghum + 


cowpea was the highest and millet + cowpea the lowest in DM production, with 2.3 t ha
-1


 


and 1.3 t ha
-1


 DM yields, respectively. Furthermore a trend was observed that sole 
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sorghum (2.1 t ha
-1


) produced more than sole pearl millet (1.4 t ha
-1


). Higher DM figures 


in sorghum + legume were observed than in pearl millet + legume intercropping. 


 


According to the results in Table 3.1.1, no significant differences were observed between 


production of sole sorghum (5.5 t ha
-1


) and pearl millet (5.3 t ha
-1


), although both 


produced significantly higher (P<0.05)  than millet + cowpea (3.5 t ha
-1


). Sorghum + 


cowpea, sorghum + dolichos and millet + dolichos, which produced DM yields of 


between 4.2 t ha
-1


 and 4.6 t ha
-1


, filled an intermediate position. 


 


3.2. The effect of cutting treatments on Total DM production (t ha
-1


) of the 


grass/legume mixtures 


 


In Table 3.1.2, the total DM production of the first cut + the regrowth material (CT2) on 


the same sample plot is compared with the total DM production of the matured material 


which was cut once at the end of the season on a second sample plot (CT3).  


 


No significant interaction occurred between cutting treatments and cropping systems in 


terms of DM production (Table 3.1.2). DM production figures varied between 3.5 t ha
-1


 


and 10.9 t ha
-1


 and were statistically the same. However, when cutting treatments were 


analyzed as main treatments (average of cropping systems) significant differences 


(P<0.05) were observed. A higher DM production (P< 0.05) was observed on plots that 


were cut twice during the growing season, producing an average mean of 9.3 t ha
-1


, 


compared to plots that were cut only once, producing 4.6 t ha
-1


 on average 


 


3.3. Grass/legume ratios 


 


Table 3.1.3 represents grass/legume ratios in different treatments. No statistical analyses 


were done on these results. 
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The results in Table 3.1.3 showed that grasses made up a higher component than legumes 


in most treatments. Figures ranged between 49% and 100% for the grasses and 0% to 


51% for the legumes. 


 


The following trends were observed: 


 


 Millet tended to make out a higher component in mixtures than sorghum. 


 In the early cut stage and the regrowth material dolichos made out the higher 


component in mixtures, compared to cowpea. 


 


During the matured cutting stages it appeared that the dolichos component decreased with 


age and that cowpea maintained itself. On average it seemed that legumes tend to 


decrease later in the season. 


 


3.4. Protein content and production of different components 


3.4.1 Protein content of the grass component  


 


According to Table 3.2.1, the percentage protein ranged from 7.0% for sorghum + 


dolichos to 11.97% for millet + cowpea. Cropping systems did not show any significant 


influence in terms of protein content during CT1. As expected it was higher in grasses 


intercropped with legumes than grasses planted without legumes. 


 


Although no significant differences were observed during CT2, young regrowth material 


of sole pearl millet contained the highest protein content (11.1%). Intercropping with 


dolichos also resulted in higher protein content for the grasses, 10.0% for the sorghum + 


dolichos and 10.16% for millet + dolichos. Sorghum + cowpea produced 8.23% protein 


which was lower than that of the other treatments.  


 


No significant effect of intercropping was observed in the protein content of matured 


material at a later cutting stage (CT3) (Table 3.2.1). The protein content ranged from 


5.53% to 9.40%. Lower protein contents were obtained in intercropping between 
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sorghum + dolichos (5.85%), and millet + dolichos (7.48%). Intercropping with cowpea 


resulted in a protein content of 9.36% for sorghum and 9.4% for pearl millet. 


 


3.4.2 Protein content of the leguminous component 


 


According to Table 3.2.2, the protein content in CT1 varied between 9.5% and 17.8%. No 


significant effect of cropping system was observed. A trend existed that dolichos + 


sorghum had the highest protein content (17.8%). Cowpea + Sorghum and cowpea + 


millet were second in protein content with 12.5% and 10.3%, respectively, and formed an 


intermediate group (Table 3.2.2). The lowest protein content measured occurred in 


dolichos (9.5%) intercropped with pearl millet. This could not be explained. 


 


The regrowth cut (CT2) showed a homogenous set of protein content figures in different 


legumes. It varied insignificantly between 17.5% and 19.8%.  


 


As in the case of the early cutting stage no logical explanation could be given for the 


insignificance between protein contents of legumes in the matured stage (CT3). Dolichos 


intercropped with sorghum had the lowest protein content of 8.5%. Values in the other 


intercropping systems varied between 14.3% and 19.9%. There was however a trend that 


regrowth material (CT2) had a higher protein content than the other two cutting 


treatments. 


  


3.4.3. Total protein production (kg ha
-1


) of grass/legume mixtures  


 


Total protein production is a product of DM production and protein content of the plants, 


and these results can be of great important to animal production (Blaser 1986). The 


results from the UNIN experimental farm are given in Table 3.2.3. On average, the 


highest figures were calculated for material during the early cutting (714 kg ha
-1


)  


 


Cropping systems had no significant influence in terms of total protein production during 


the first cut (Table 3.2.3). Figures varied between 452 kg ha
-1


 and 1027 kg ha
-1


, with 
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sorghum + dolichos the highest (1027 kg ha
-1


) and sorghum + cowpea the lowest (452 kg 


ha
-1


). 


 


Total available protein (kg ha
-1


) in the regrowth (CT2) was lower than in the first cut, and 


it varied between 121 and 278 kg ha
-1


. A trend existed where intercropping with dolichos 


resulted in higher protein production (256 kg ha
-1


 with millet) and 278 kg ha
-1


 with 


sorghum). Sole pearl millet and millet + cowpea produced lowest, 121 kg ha
-1


 and 129 kg 


ha
-1


, whereas the remaining four treatments produced more than 200 kg ha
-1


. 


 


Cropping systems had no significant influence in terms of protein production of the 


matured material (Table 3.2.3). On average the total protein production (kg ha
-1


) in the 


matured stage was higher than in the regrowth material (average 353 kg ha
-1


 vs 205 kg 


ha
-1


). Millet + cowpea and sole pearl millet produced insignificantly higher than the 


remaining treatments with 415 kg ha
-1


 and 403 kg ha
-1


, respectively. The remaining 


treatments produced less than 400 kg ha
-1


 protein. As main treatment, sole pearl millet 


and intercropping of pearl millet with both cowpea and dolichos had higher production 


figures than that of sorghum and a combination of sorghum with cowpea and dolichos. 


 


3.5. Fibre content (%) of the different components 


3.5.1. Fibre content of the grass component  


 


According to Table 3.3.1, the fiber content of the grass in the early cutting stage varied 


between 32% and 36%. These differences were not statistically significant. 


  


A trend existed where higher fibre figures were observed where sole sorghum, sole pearl 


millet and millet + dolichos produced 36%, 35% and 35%, respectively. In case of the 


remaining treatments the fibre content varied between 30% and 32%, and did not differ 


significantly. 


  


The fibre content of regrowth material (CT2) varied between 32% (sorghum + dolichos) 


and 38% (millet + dolichos). Cropping systems showed no significant differences in 
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terms of fibre content. Millet + dolichos, millet + cowpea, and sorghum + cowpea 


produced higher than the other treatments, with 38%, 37% and 35% fibre, respectively. 


The grass component of the other treatments contained less than 33% fibre. 


 


Significant differences (P<0.05) were observed between cropping systems in terms of 


fibre content of the grass in a matured stage (CT3). Sole pearl millet (42.3%), millet + 


dolichos (41.8%), millet + cowpea (40.3%) and sorghum + dolichos (37.3%) produced 


significantly higher fibre than the rest. Sole sorghum (31.3%) was significantly lower, 


while sorghum + cowpea (35.8%) filled an intermediate production position. Sole pearl 


millet produced in general more fibre than sole sorghum.  


 


3.6. Phosphorus (P) content and production of different components 


3.6.1. Phosphorus content (%) of grass components 


 


According to the results in Table 3.4.1, no significant differences occurred between 


cropping systems in terms of phosphorus content of the grasses in the early stage (CT1). 


Phosphorus figures ranged from 0.19% to 0.30%. Although treatments did not differ, a 


trend existed where sole pearl millet and sole sorghum contained less than 0.20% P. 


Millet intercropped with cowpea contained 0.30% P, while sorghum intercropped with 


dolichos and cowpea both contained 0.25% P. 


  


Cropping systems had a significant effect (P<0.05) on the P-content of the regrowth 


material (Table 3.4.1). Sole pearl millet (0.39%) significantly outperformed the other 


treatments in terms of P-content, except for millet + cowpea (0.30%). The remaining 


treatments did not differ from each other and the P-content varied between 0.23% and 


0.29%. 


  


Cropping systems showed no significant influence in terms of phosphorus content in 


matured grass material (CT3). A trend existed where sole pearl millet, sorghum + cowpea 


and millet + cowpea contained more P (0.20% 0.20% and 2.4%, respectively).  
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3.6.2. Phosphorus content (%) of the leguminous component  


 


According to the results in Table 3.4.2, the P-content of legumes in the early cutting stage 


ranged from 0.15% to 0.35%. Cropping systems had no significant influence in terms of 


P of the leguminous component. Dolichos + sorghum had the highest P-content (0.35%). 


Both cowpea and dolichos intercropped with pearl millet contained 0.17% P, while 


cowpea + sorghum contained 0.15% P. 


 


The P-content of legumes in the cut of regrowth material (CT2) varied from 0.30% to 


0.40%, and no significant differences were observed between the cropping systems 


(Table 3.4.2). Although they did not differ from each other, cowpea intercropped with 


sorghum contained the highest phosphorus (0.40%), while the remaining treatments 


contained between 0.30% and 0.34% P. Furthermore, the P-content of cowpea 


intercropped with sorghum and pearl millet were 0.40% and 0.34%, respectively and that 


of dolichos with sorghum and pearl millet were 0.30% and 0.33%, respectively. 


 


Cropping systems as treatments affected the P-content of the legumes significantly 


(P<0.05) at the matured material stage (Table 3.4.2). Dolichos + millet had significantly 


higher phosphorus than the other treatments (0.32%), while cowpea + sorghum produced 


significantly lower P (0.09%). Dolichos + sorghum and cowpea + millet formed an 


intermediate group with 0.12% and 0.26% P, respectively (Table 3.4.2). 


 


3.6.3. Total phosphorus production (kg ha
-1


) of grass/legume mixtures  


 


The total P-production (kg ha
-1


) is a product of DM production and P-content and, it is 


shown in Table 3.4.3. During the early stage (CT1) more than double the phosphorus was 


produced than in the case of regrowth and matured material. 


 


Production figures in the early cutting stage ranged from 13 kg P ha
-1


 to 25 kg P ha
-1


, and 


did not differ significantly between cropping systems. Sorghum + dolichos produced 25 
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kg ha
-1 


P, followed by sorghum + cowpea (19 kg P ha
-1


), and sole sorghum with 16 kg ha
-


1
 and the rest with less than 16 kg ha


-1
 P.  


 


In the case of regrowth material (CT2), production figures ranged between 3 kg ha
-1


 and 


7 kg ha
-1 


P. No significant differences were observed between cropping systems in terms 


of phosphorus production. All treatments, except millet + cowpea (3 kg ha
-1


), produced 


between 5 kg ha
-1 


P and 6 kg ha
-1


 P. 


 


Phosphorus production did not show any significant differences between cropping 


systems in the case of the matured material. Sole pearl millet and millet + cowpea 


produced both 10 kg ha
-1


 phosphorus, sole sorghum produced 9 kg ha
-1


 and the rest less 


than 8 kg ha
-1


. 


 


3.7. Calcium content and production of the different components 


3.7.1. Calcium content of the grass component  


 


The Ca content of plant material harvested at the UNIN experimental farm is given in 


Table 3.5.1 and 3.5.2. According to Table 3.5.1, cropping systems had no significant 


differences on the calcium content of the grass components in the young material (CT1). 


Higher calcium content figures were obtained in sole grasses than in intercropped 


treatments, with 0.45% for sole sorghum and 0.50% for sole pearl millet. 


 


According to Table 3.5.1, the calcium content ranged from 0.44% to 0.54% in the case of 


the regrowth material (CT2). The cropping systems did not affect the Ca-content 


significantly. Even though no differences were observed, the following Ca-content values 


were measured: 


 0.54% for sorghum + dolichos 


  0.50% for sole pearl millet 


  0.48% for millet + dolichos 


 0.47% for sorghum + cowpea  and millet + cowpea and 


 0.44% for sole sorghum.  
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The Ca-content of matured material in the late cutting stage ranged from 0.37% to 0.43%, 


which did not differ significantly from each other. 


 


3.7.2. Calcium content of the leguminous component 


 


Cropping system had no significant effect on the Ca content of the legumes (Table 3.5.2). 


Although not significant the highest Ca-content was measured in the young material 


(CT1) on both legumes intercropped with pearl millet (millet + cowpea, 0.98% and millet 


+ dolichos 1.74%). In both cases these values were more than twice as high as those 


intercropped with sorghum (sorghum + cowpea, 0.30% and sorghum + dolichos 0.60%). 


 


 The calcium content in regrowth material had less variation than those of the first cut and 


varied between 0.93% and 1.37%. They did not differ significantly. 


  


The Ca-content of the legumes cut during a matured stage, differed significantly (P<0.05) 


for different cropping systems. The values of dolichos (1.49%) and cowpea (1.33%) 


intercropped with pearl millet did not differ significantly, but was higher than that of 


cowpea + sorghum (0.15%). Sorghum + dolichos filled an intermediate position in terms 


of calcium with a value of 0.80%, and did not differ significantly from pearl millet 


intercropped with both cowpea and dolichos. 


 


3.7.3. Total calcium production (kg ha
-1


) of the grass/legume mixtures  


 


In Table 3.5.3 the total Ca production per hector as calculated from DM production is 


given. 


  


In an early cutting stage millet + dolichos produced significantly more Ca (kg ha
-1


) than 


the other treatments (79 kg ha
-1


). The rest of the treatments did not differ from each other 


and produced between 37 kg ha
-1


 and 44 kg ha
-1


.  
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Cropping systems had no significant influence on the calcium production of the second 


cut (regrowth material). Sole pearl millet and millet + cowpea produced 6 kg ha
-1


 Ca, 


while the rest of the treatments showed values of between 10 kg ha
-1


 and 15 kg ha
-1


 Ca. 


 


No significant differences in Ca-production were observed among the cropping systems 


in the late cutting stage. The Ca-production ranged between 16 kg ha
-1


and 22 kg ha
-1


 with 


the lowest in the case of sorghum + cowpea. 


  


3.8. Fat content of different components 


3.8.1. Fat content of the grass component  


 


Cropping systems showed no significant effect in the fat content of the grass component 


at an early cutting stage (Table 3.6.1). Although no significant differences were observed 


between the treatments, fat content varied between 1.0% and 2.75%. The highest values 


were measured in the case of sorghum + cowpea, sorghum + dolichos and millet + 


dolichos with 2.0%, 2.25%, and 2.75% respectively. The fat content of sole sorghum, 


sole pearl millet and millet + cowpeas was below 1.5%. 


 


The grass regrowth material (CT2) showed slightly lower values, but no significant 


influence (P<0.05) was observed between the cropping system. The content of sole 


sorghum, sorghum + dolichos and millet + dolichos was all 1.75%. The fat content of 


sorghum + cowpea was 1.5% and that of sole pearl millet and millet + cowpea both 1.0%. 


 


Although no significant differences were observed, the fat content of the matured 


material was on average lower (1.00%) compared to the first cut (CT1) and the regrowth 


material (CT2) (Table 3.6.1). Sole pearl millet, sorghum + cowpea and millet + dolichos 


contained, 1.50%, 1.25% and 1.00% fat, respectively, while that produced in the 


remaining three systems was less (0.75%). 
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3.9. Ash content of different components 


 


3.9.1. Ash content of the grass component  


 


The results in Table 3.7.1, showed that cropping system had no significant effect on the 


ash content of the grass, during the first cut (CT1). Pearl millet intercropped with 


cowpeas contained 10% ash, while sorghum, intercropped with cowpea, had the lowest 


value (8.5%) The other treatment varied between 9.0% and 9.5%.  


 


The range of ash content in regrowth material (CT2) was much the same as in the early 


cutting stage (8.0 to 10%) and no significant differences occurred between the cropping 


systems. During this sampling period, sole sorghum contained higher ash (10%). 


 


Even lower values were observed in matured material (CT3), which ranged from 6.5% to 


8.5%, and there were no significant differences between the cropping systems in terms of 


ash content. 


 


3.10. DISCUSSION OF THE RESULTS AT THE UNIN EXPERIMETAL FARM 


 


3.10.1. DM production (t ha
-1


) of the grass/legume mixtures  


 


Between October and February the growth on the different treatments at the UNIN 


experimental farm was on average 7.5 t ha
-1


. Pure grass, without companion legumes 


produced better than intercropped treatments. The DM yield during the late cut reflected 


the total rainfall at the UNIN experimental farm, and it was on average at the UNIN 


experimental farm 4.6 t ha
-1


 (rainfall 330.7 mm). Since the impact of intercropping 


treatments on DM production varied over time in the study, and no clear pattern was 


obtained. 
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3.10.2 Cutting treatments and total DM production (t ha
-1


) of grass/legume mixtures  


 


Results at the UNIN experimental farm indicated that two cuttings during the season 


produced more material (9.3 t ha
-1


) than only one cut at the end of the season (4.6 t ha
-1


). 


Cutting treatments had significant differences at this site. The material on two cuttings 


during the season was on average 19% higher than that of material cut once at the end of 


the season. 


 


No interaction between cutting treatments and cropping systems was observed. Lack of 


interaction between two factors reflects that cropping systems responded the same on 


cutting treatments as a main factor. According to the DM results obtained at this site, no 


specific intercropping treatment can be recommended.  


 


3.10.3. Grass/legume ratios (%)  


 


At the UNIN experimental farm, the grass component comprised more than the legume 


component. At this sites the legume component decreased after cutting, as indicated in 


the regrowth material (CT2).  


 


3.10.4. The Protein content (%) of the grass component  


 


The protein content of grasses seemed to be increased by the presence of legumes in the 


intercropping systems. At the UNIN experimental farm the average protein content of 


regrowth was much the same as during the first cut. As expected, the protein content of 


matured material was lower than in the case of the other cutting treatments.  


 


From an animal nutritional view point, all grass material in the early and regrowth stage 


contained adequate protein to maintain animal production. According to Minson (1982) 


the protein content of roughage should be at least 6% for maintenance of animals. At the 


UNIN experimental farm animal gain could be expected with material containing more 
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than 8.2% protein. The matured material that average 7.66% protein at the UNIN 


experimental farm could be described as good foggage for over wintering of livestock.   


 


3.10.5. The Protein content (%) of the leguminous component  


 


There was no clear trend to illustrate the influence of cutting and intercropping systems 


on the protein content of the legumes. At the UNIN experimental farm the opposite was 


obtained (12.5% protein for young material and 18.6% for regrowth). 


 


3.10.6. Protein production (kg ha
-1


) of grass/legume mixtures  


 


The longer growing period (before the fist cut) at the UNIN experimental farm might be 


responsible for the relative higher protein production of young material. 


 


3.10.7. Fibre content (%) of the grass component  


 


Tainton (2001) stated that roughage with less than 45% fibre can be described as of 


higher quality. Dickenson et al (1990) published criteria for roughage. Good Eragrostis 


curvula contains 36.1% crude fibre, while lower quality roughage such as groundnut 


hulls and cotton hulls contain 59% and 43% fibre, respectively. Good quality lucerne 


contains 28% to 32% of crude fibre. 


 


3.10.8. Phosphorus content (%) of the grass component  


 


Tainton (2001) stated that the P-content of some common pastures are between 0.11% 


and 0.40%. Surprisingly at the UNIN experimental farm, phosphorus showed an average 


values of 0.23% and higher. The higher P-content in plant material could have been 


expected if the soil P-content at this location is taken into consideration. The P-content of 


the soil was adequate enough for plant growth. 
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3.10.9. Phosphorus content (%) of the leguminous component  


 


The P-content of the legumes grown at the UNIN experimental farm was on average 


lower (0.20% - 0.34%). No clear distinction in P-content could be made between the two 


legume species. 


 


3.10.10. Phosphorus production (kg ha
-1


) of the grass/legume mixtures.  


 


According to Tainton (2001), a dry animal with a mass of 450 kg (LSU) needs 21g P day
-


1
. Data obtained from the three sites indicated that protein production (kg ha


-1
) ranged 


from 0.4 to 30 kg ha
-1


. 


 


The average P-production in the first cut at UNIN was 17 kg ha
-1


 and the average DM 


production was 7.5 t ha
-1


. If a LSU needs 10 kg DM per day and 21 g P per day, there 


was enough DM for 7.5 LSU’s over a period 100 days and adequate P for 8.1 LSU’s. 


This comparison for the rest of the cutting treatments on the three sites is given in Table 


6.1.1.  


 


3.10.11. Calcium content (%) of the grass component  


 


The Ca-content of the grass component varied between 0.39% and 0.48% at the UNIN 


experimental farm.  There was no definite trend to indicate that treatments influenced the 


Ca concentration. According to Tainton (2001), a dairy cow requires feed with 0.37% to 


0.40% Ca. In terms of this element the material produced in the experiment was 


adequate. The Ca-content for all localities, was lower than the average figure (4.5%) 


reported by van der Merve (1988). The Ca-content of less than 4.5% is recommended for 


older animals and lactating mothers.  
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3.10.12. Calcium content (%) of the leguminous component  


 


Significant differences between treatments occurred at a matured stage, where sorghum + 


cowpea was significantly lower (0.10%) compared to the remaining three treatments, 


with P between 0.80% and 1.49%. Sorghum + cowpea were on average 53% lower than 


sorghum + dolichos, millet + cowpea and millet + dolichos. 


 


The Ca-content was on average higher (2-4%) in the legumes than in the grasses. In terms 


of the mentioned norms in paragraph 3.10.10 it was only sorghum + cowpea that in some 


cases had sub-standard values.  


 


3.10.13. Calcium production (kg ha
-1


) of the grass/legume mixtures  


 


Tainton (2001) indicated that 1 LSU needs 29 g of Ca per day. If the same formula in 


paragraph 6.12 is applied in the case of Ca (with 29 g LSU
-1


 day
-1


), then this might be an 


adequate amount of Ca for the number of LSU’s in different cutting treatments from 


different locations given on Table 6.1.2. At all stages more than adequate Ca was 


available for the number of animals that could have been fed with the available material. 


 


3.10.14. Fat content (%) of the grass component  


 


Fat is of lesser importance. Norms for green grazing seems to be in the order of 3.0 g kg
-1


 


to 10.0 g kg
-1 


(Tainton 2001). For dry roughage it is between 15 g kg
-1


 and 40 g kg
-1


. If 


higher than 45% it disturbs the micro organisms in the rumen. 


 


3.10.15. Ash content (%) of the grass component  


 


The ash part is not so important, it only indicates the inorganic part, in other words the 


total minerals (Dannhauser 2000). The content was on average between 7.5% and 9.3% at 


the UNIN experimental farm. The production figures are on line with findings by 
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Buldgen et al. (2000), who reported ash content of 7.6% to 16.6% from six grasses 


during a four season’s DM basis. 
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CHAPTER 4 


 


4. RESULTS ON THE PTK EXPERIMENTAL FARM, MOKOPANE 


 


The dry matter (DM) production and chemical analysis for grass and grass/legume 


mixtures were measured at three different dates at the PTK experimental farm. The 


sampling method was discussed in Chapter 2. The total DM production, chemical 


analysis results and the grass/legume ratio of all intercropping systems on the PTK 


experimental farm will be discussed in Chapter 4.  


 


4.1. DM production (t ha
-1


) of different components 


4.1.1 DM production (t ha
-1


) of the grass/legume mixtures  


 


The DM production of all three cuts on the PTK experimental farm is given in Table 


4.1.1. According to the results in the Table, production figures ranged from 3.4 t ha
-1


 to 


6.2 t ha
-1 


during an early cutting stage, and there were significant differences (P<0.05) as 


affected by cropping systems. The DM production of sole pearl millet was significantly 


higher (P<0.05) than the rest of the treatments (6.2 t ha
-1


), except for millet + cowpea 


which produced (5.6 t ha
-1


).  Sole sorghum, cowpea and dolichos intercropped with 


sorghum produced lower (3.5 t ha
-1


, 4.1 t ha
-1


 and 3.4 t ha 
-1


, respectively). Millet + 


cowpea and millet + dolichos formed an intermediate production group with 4.3 t ha
-1


 


and 5.6 t ha
-1


 , respectively, which did not differ significantly from each other. 


 


Significant differences (P<0.05) in DM production of the regrowth material (CT2) was 


observed between cropping systems (Table 4.1.1). The DM production ranged from 1.7 t 


ha
-1


 to 3.7 t ha
-1


.  Significantly (P<0.05) higher DM productions were observed in sole 


sorghum, sorghum + cowpea and sorghum + dolichos with 3.7 t ha
-1


, 3.6 t ha
-1


 and 3.6 t 


ha
-1


, respectively (Table 4.1.1). Sole pearl millet produced significantly (P<0.05)  lower 


with 1.7 t ha
-1


, while millet + cowpea and millet + dolichos formed an intermediate 


production group with 2.9 t ha
-1


 and 3.1 t ha
-1


, respectively. These two treatments did not 


differ significantly from each other.  
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No significant differences were observed in DM production as influenced by cropping 


systems in a matured stage (Table 4.1.1). The results varied between 6.5 t ha
-1


 and 8.5 t 


ha
-1


. Sorghum + cowpea, millet + dolichos and sorghum + dolichos produced 8.1 t ha
-1


, 


8.3 t ha
-1


 and 8.5 t ha
-1


, respectively. Millet + cowpea, sole pearl millet and sole sorghum 


produced 6.5 t.ha
-1


, 6.7 t ha
-1


 and 7.3 t.ha
-1


, respectively. 


 


4.2. The effect of cutting treatments on DM production (t ha
-1


) of the grass/legume 


mixtures 


 


In Table 4.1.2, the total DM production of the first cut + the regrowth on the one sample 


plot is compared with the total DM production of the matured material which was cut 


once at the end of the season on a second sample plot.  


 


According to Table 4.1.2, no significant interaction existed between cutting treatments 


and cropping systems in terms of total DM production. The values ranged from 6.9 t ha
-1


 


to 8.9 t ha
-1


. 


 


As main treatments, cutting stages, as well as cropping systems, had no significant 


influence (P<0.05) in terms of DM production at Mokopane. However, similar DM 


production figures were obtained in both plots, and that was (7.6 t.ha
-1 


each). On average 


treatments sole pearl millet, sole sorghum produced 7.3 t ha
-1 


each. The remaining three 


treatments produced higher than 7.3 t ha
-1


 on average.  


 


4.3. Grass/legume ratios  


 


Table 4.1.3 represents grass/legume ratios in different treatments. No statistical analyses 


were done on these results.  


 


The results in Table 4.1.3 indicated that the grasses produced a larger component than the 


legumes during the first cut (CT1). Figures ranged from 59% to 83% for the grass 


component and 17% to 41% for the legume components at an early cut (young material). 
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The ratio of regrowth material (second cut) differed from that in the early cutting stage, in 


the sense that legumes represented a larger component in treatments intercropped with 


sorghum. The following ratios were observed: 


 


 Sorghum + cowpea produced 45:55% and  


 Sorghum + dolichos 38:62 %  


 


Millet + cowpea had a ratio of 83:17 and millet + dolichos had a ratio of 59:41%. 


 


The matured material in the late cut (CT3) also differed from that in the early cutting 


stage. The legume component was on average higher than the grass component with a 


ratio of 40:60. The same trend was observed for all the different cropping systems. 


 


4.4. Protein content and production of different components 


4.4.1. Protein content of grass component  


 


According to the results in Table 4.2.1, the protein content of the grass ranged from 


9.76% to 11.60% for different cropping systems, in the early cutting stage. 


 


Although cropping systems, as main treatment, did not influence protein content 


significantly, it was obvious that the protein content was higher than 10% in most 


treatments. Only sole pearl millet had a protein content of 9.76%. 


 


In case of regrowth material (CT2) cropping systems had no significant differences in 


terms of protein content of the grass. The protein content for the different intercropping 


treatments ranged between 8.5% for millet + cowpea and 11.23% for sole pearl millet, 


and did not differ significantly from each other. Different from values in the first cut, sole 


pearl millet had higher protein content (11.23%) than the other treatments in the case of 


regrowth material (CT2). Protein values were lower (on average) in the regrowth material 


than in the first cut (Table 4.2.1). 
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The protein content of the grass did not differ significantly between cropping systems in 


the matured material. Although no significant differences were observed between the 


treatments, sorghum + dolichos and millet + dolichos had the lowest protein content 


(below 7.0%) and sorghum + cowpea the highest with 8.12%. The average protein 


content was lower in the matured stage (7.08%) than that of the two earlier cuts, which 


was 10.7% for young material and 9.68% for regrowth material. 


 


4.4.2. Protein content of the leguminous component  


 


According to Table 4.2.2, cropping systems had no significant effect on the protein 


content of the legumes in the early cutting stage. The following protein contents (%) were 


measured; dolichos with sorghum 19.4%, cowpea with sorghum 18.4%, dolichos with 


pearl millet 17.9% and cowpea with pearl millet 17.3%. 


 


During the regrowth stage protein values differed more between treatments, although not 


significantly. Dolichos intercropped with pearl millet, contained 18.8% protein and 


intercropped with sorghum, it contained 11.6%. The protein content of cowpea was 6.7%, 


with pearl millet and 7.1% when intercropped with sorghum. 


 


During the matured growth stage (CT3) no significant differences were observed in the 


protein content of the legumes between cropping systems. There was a trend that the 


protein content of cowpeas was higher than that of dolichos. Surprisingly the average 


protein content of legumes was lower for regrowth (11.1%) than that of young material 


(18.3%) and that of matured material (15.9%) 


 


 4.4.3. Total protein production of the grass/legume mixtures  


 


The effect of cropping systems on protein production (kg ha
-1


) was significant (P<0.05) 


during an early cutting stage. Figures ranged from 125 kg ha
-1


 to 463 kg ha
-1


. Sole pearl 


millet produced significantly lower protein than the other treatments with 125 kg ha
-1 


 


(Table 4.2.3) The remaining five treatments, sole sorghum, sorghum + cowpea, sorghum 
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+ dolichos, millet + cowpea and millet + dolichos produced between 358 kg ha
-1


 and 463 


kg ha
-1


 protein, and were significantly higher (P<0.05).  


 


Highly significant differences (P<0.01) in protein production (kg ha
-1


) of the regrowth 


material (CT2) were observed between cropping systems (Table 4.2.3). Sole pearl millet 


produced significantly (P<0.01) more protein (701 kg ha
-1


), than millet + cowpea and 


sole sorghum, which produced 336 kg ha
-1


 and 235 kg ha
-1


, respectively. The remaining 


treatments formed an intermediate group with millet + dolichos on the higher part of the 


spectrum (701 kg ha
-1


), and sorghum + cowpea (406 kg ha
-1


) and sorghum + dolichos 


(409 kg ha
-1


) on the lower side.  


 


Cropping systems had a significant influence (P<0.05) on the protein production of 


matured material (Table 4.2.3). Intercropping pearl millet with dolichos significantly 


(P<0.05) outyielded (1081 kg ha
-1


) treatments like sole sorghum and sole pearl millet, 


which produced the lowest protein (477 kg ha
-1


 and 551 kg ha
-1


). The remaining 


treatments formed an intermediate group and did not differ significantly from each other 


(796 kg ha
-1


 and 903 kg ha
-1


).  


 


4.5. Fibre content (%) of the different components 


4.5.1. Fibre content of the grass component  


 


According to Table 4.3.1, the fibre content of grasses was not significantly affected by 


cropping systems in the early cutting stage (young material). Sorghum + cowpea and 


millet + dolichos had the lowest values with 34.5% and 32.5%, respectively. 


 


The grass regrowth (CT2) had higher fibre content values (average 40%) than the average 


of 37.5% of the first cut, but did not differ between the cropping systems (Table 4.3.1). 


The actual fibre content values varied from 36.0% to 44%. Those lower than 40% were 


sorghum + cowpea, sole pearl millet and sole sorghum. 
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As expected the fibre content of the grass in matured stage, was higher (42.1%) than for 


the rest of the season. No significant differences were measured and values varied 


between 40.5% and 44.4% 


 


4.6. Phosphorus content and production of different components 


4.6.1. Phosphorus content of the grass components  


 


According to Table 4.4.1, cropping systems did not affect phosphorus content of the 


grasses significantly at an early cutting stage. Pearl millet intercropped with both legumes 


contained the highest phosphorus content (0.30% and 0.31%). The P-content varied 


between 0.23% and 0.27% for the rest of the treatments. 


 


Significant differences (P<0.05) in the phosphorus content of the grass regrowth material 


were observed on the PTK experimental farm (Table 4.4.1). Against all expectations, sole 


pearl millet contained significantly more phosphorus (P) than the other treatments. The P-


content of the remaining treatments was lower, and did not differ significantly from each 


other (Table 4.4.1). The values varied between 0.22% and 0.24% 


 


Cropping systems had no significant effect on the phosphorus content of the grass in a 


matured stage (Table 4.4.1). Sole pearl millet and pearl millet intercropped with cowpea 


had highest phosphorus content of 0.24% and 0.26%, respectively. The P-content of 


sorghum intercropped with cowpea and pearl millet with dolichos was 0.21% and 0.23%, 


respectively. Sole sorghum and sorghum intercropped with dolichos contained 0.17% and 


0.16% phosphorus, respectively. 


 


4.6.2. Phosphorus content (%) of the leguminous components  


 


 


Cropping systems had no significant effect on phosphorus content of the legumes during 


an early cutting stage (Table 4.4.2). Dolichos with sorghum and dolichos with pearl 


millet contained both 0.36% phosphorus, while cowpea with sorghum and cowpea with 


pearl millet contained 0.29% and 0.40% phosphorus, respectively. 
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No significant differences in P-content of the legumes were observed between the 


cropping systems in the regrowth material (CT2). However, dolichos with pearl millet 


contained 0.25% P, while the values of the rest were between 0.09% and 0.12%. 


 


A significantly (P<0.05) higher phosphorus content was observed in cowpea with both 


sorghum and pearl millet in the matured stage (CT3), with a value of 0.27%. The P-


content of millet + dolichos and dolichos + sorghum was significantly lower (0.10% and 


0.16% P respectively. 


 


4.6.3. Total phosphorus production (kg ha
-1


) of the grass/legume mixtures  


 


Table 4.4.3 represents the total phosphorus production per hector as calculated from total 


DM production and P content of plant material. 


 


The total P-production of sole pearl millet during the first cut (CT1) was as low as 3 kg 


ha
-1


 and differed significantly (P<0.05) form each other. P-production was between 9 kg 


ha
-1


 and 12 kg ha
-1


 for the rest of the treatments, which did not differ significantly from 


each other. 


 


During the second cut (regrowth material) P-production did not differ significantly 


between the cropping systems (Table 4.4.3). The highest P-production ranged from 17 kg 


ha
-1


 to 30 kg ha
-1


, with 17 kg ha
-1


 for millet + cowpea, 21 kg ha
-1


 for sole pearl millet and 


30 kg ha
-1


 for millet + dolichos. Sole sorghum and sorghum + dolichos produced both 8 


kg ha
-1


 P and sorghum + cowpea produced 10 kg ha
-1


 P. 


 


In the later matured phase (CT3) the P-production was more homogenous between the 


treatments. Sole sorghum produced the lowest with 12 kg ha
-1


 while production figures of 


the rest were 16 kg ha
-1 


P for sorghum + dolichos, 17 kg ha
-1


 for millet + cowpea, 19 kg 


ha
-1


 P for sole pearl millet and millet + dolichos and 20 kg ha
-1


 P for sorghum + cowpea. 
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4.7 Calcium content and production of different components  


4.7.1 Calcium content of the grass component 


 


No significant differences in the calcium content were observed between cropping 


systems in the early cutting stage (CT1) (Table 4.5.1). Sorghum + dolichos, sole sorghum 


and millet + cowpea had the lowest Ca-values, with 0.61%, 0.66% and 0.68%, 


respectively. Sole pearl millet, millet + dolichos and sorghum + cowpea, contained 


0.74%, 0.84% and 0.90% Ca, respectively. 


 


The calcium content varied between 0.42% and 0.60% in the regrowth material (CT2) of 


the grass component and differences between cropping systems as main treatments, was 


not significant (Table 4.5.1). Sole pearl millet contained 0.6% Ca, while the rest 


contained less than 0.5% Ca. 


 


According to Table 4.5.1, the Ca-content of pearl millet intercropped with both cowpea 


and dolichos was significantly higher in the matured stage (CT3) with 0.64% and 0.68% 


respectively. Sorghum intercropped with both cowpea and dolichos contained less Ca 


than the afore mentioned treatments, with 0.43% and 0.46%, respectively. The two 


grasses sole sorghum and sole pearl millet formed an intermediate group which contained 


0.54% and 0.59%, respectively (Table 4.5.1). 


 


4.7.2 Calcium content of the leguminous component  


 


The Ca-content of legumes grown at Mokopane on the PTK experimental farm is given 


in Table 4.5.2. For no clear reason the Ca-content of the early cut (young material), 


where cowpea (2.19%) and dolichos (2.25%) was intercropped with pearl millet, was 


higher than those that were intercropped with sorghum. Cowpea and dolichos had Ca-


values of 1.49% and 1.54% when intercropped with sorghum. None of the above 


mentioned values differed significantly from one another. 


 


The Ca-content of the regrowth material of legumes (second cut) was on average lower 


than that of the first cut (0.27% to 0.79%), except for dolichos + millet that contained 


1.88% Ca content. The Ca-content of matured legume material (CT3) compared well 


with that of the first cut, with values between 1.68% and 2.29 % Ca. The only expectation 


was that cowpea intercropped with sorghum produced Ca-content of 0.82%, and did 


differ significantly from the other treatments.  
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4.7.3. Total calcium production (kg ha
-1


) of the grass/legume mixtures  


 


Cropping systems had a highly significant influence (P<0.01) in calcium production at 


the PTK experimental farm in an early cutting stage. Sorghum + cowpea produced 38 kg 


ha
-1


 Ca, which was significantly higher (P<0.05), than that of sole sorghum (26 kg ha
-1


), 


sorghum + dolichos (26 kg ha
-1


) and sole pearl millet (9 kg ha
-1


) (Table 4.5.3). Pearl 


millet + cowpea and pearl millet + dolichos produced 29 kg.ha
-1


 and 34 kg ha
-1


, 


respectively, which did not differ from that of sorghum + cowpea (Table 4.5.3)  


 


Cropping systems had no significant influence on calcium production of regrowth 


material (CT2). Sole pearl millet and millet + dolichos produced 38 kg ha
-1


 and 37 kg ha
-1


 


respectively, whereas sole sorghum produced (14 kg ha
-1


). The remaining treatments 


formed an intermediate level with Ca-production of between 17 kg ha
-1


 and 28 kg ha
-1


. 


 


Significant differences (P<0.05) were observed between cropping systems in terms of 


calcium production during the cut of matured material (CT3) (Table 4.5.3). Millet + 


dolichos significantly outyielded the other treatments (131 kg ha
-1


). The remaining 


treatments were lower with production levels of between 36 kg ha
-1


 and 56 kg ha
-1


. They 


did not differ significantly from each other. 


 


4.8. Fat content of the different components 


4.8.1. Fat content of the grass component  


 


Cropping systems influenced the fat content of young grass (first cut) significantly 


(P<0.05) at Mokopane (Table 4.6.1). Figures ranged from 0.50% to 1.0% fat. The 


treatments sorghum + cowpea, sole sorghum and sorghum + dolichos contained 


significantly higher (P<0.05) fat 1.0%, 0.88% and 0.88% respectively, than that of sole 


pearl millet. The lowest fat content of sole pearl millet did not differ from that of pearl 


millet intercropped with cowpea and dolichos, which both contained 0.63%. 
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Regrowth material (CT2) had no significant differences on fat content between cropping 


systems. A trend exists where sole sorghum and sorghum + dolichos (0.75%) contained 


more fat than the rest, which all contained 0.50% fat. 


 


Cropping systems did not influence the fat content of the matured material (late cut). Fat 


content ranged between 0.50% and 1.0%. Sole sorghum, sole pearl millet and pearl millet 


intercropped with dolichos showed the highest figures, and that was 1.0%, 0.75% and 


0.77%, respectively. 


 


4.9. Ash content of different components 


4.9.1. Ash content of the grass component  


 


Cropping systems did not affect ash content of the young material (first cut), and figures 


varied from 10.5% to 12.5% (4.7.1).  


 


The ash content of the regrowth material (CT3) was not significantly influenced by the 


cropping systems at the PTK experimental farm (Table 4.7.1). Figures during regrowth 


were from 7.0% to 13.0%. Sole pearl millet contained 13.0% and followed by millet + 


cowpea with 10.5%. Sole sorghum produced lower (7.0%) while the remaining 


treatments all produced ash content of 9.0%. 


 


Cropping systems did not affect the ash content of matured material, and values varied 


between 8.5% and 11.5% (Table 4.7.1). Although no differences were observed between 


the systems, sole pearl millet contained lower ash (8.5%), while the remaining five 


treatments contained ash between 10.5% and 11.5%. 
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4.10. DISCUSSION OF THE RESULTS AT MOKOPANE AT THE PTK 


EXPERIMETAL FARM 


 


4.10.1. DM production (t ha
-1


) of the grass/legume mixtures  


 


At Mokopane on the PTK experimental farm, the average production for the period 


November to February was 4.5 t ha
-1


, even though this location received a higher rainfall 


than at the UNIN experimental farm for the period. The relatively higher rainfall at this 


location contributed to better regrowth (regrowth 3.1 t ha
-1


) at this site instead of the 1.8 t 


ha
-1


 at the UNIN experimental farm and the 2.2 t ha
-1


 at the Dan district. The DM yield 


during the late cut reflected the total rainfall at the PTK experimental farm, and it was on 


average 7.6 t ha
-1


 (rainfall 557.5 mm). Since the impact of intercropping treatments on 


DM production varied over time in the study, and no clear pattern was obtained. 


 


4.10.2. Cutting treatments and total DM production (t ha
-1


) of grass/legume 


mixtures  


 


At Mokopane on the PTK experimental farm the results was on average 7.6 t ha
-1


 in both 


cuttings as a main factor. As in case of the UNIN experimental farm no significant 


interaction occurred between cutting treatments and cropping systems, which means the 


responds to cutting treatments was similar among the cropping systems. 


 


According to the DM results obtained at this site, no specific intercropping treatment and 


cutting treatment can be recommended.  


 


4.10.3. Grass/legume ratios (%)  


 


At Mokopane on the PTK experimental farm, the reverse occurred. An increase in 


legume material was recorded in the regrowth. The leguminous material dominated in 


plots that were cut in the matured stage. The better performance of legume at Mokopane 


could be related to the relatively high rainfall during the late season, as well as the high 
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total rainfall. Although no statistical analysis was done, there was a trend where dolichos 


tended to increase later in the season or in regrowth.  


 


4.10.4 The Protein content (%) of the grass component  


 


The protein content of the grasses seemed to be increased by the presence of legumes in 


the intercropping systems. As in case of the UNIN experimental farm the average protein 


content of regrowth was much the same as during the first cut. As expected, the protein 


content of matured material was lower than in the case of the other cutting treatments.  


 


From an animal nutritional view point, all grass material in the early and regrowth stage 


contained adequate protein to maintain animal production. According to Minson (1982) 


the protein content of roughage should be at least 6% for maintenance of animals. Even at 


Mokopane on the PTK experimental farm an animal gain could be expected with material 


containing more than 8.2% protein. 


 


4.10.5. The Protein content (%) of the leguminous component  


 


There was no clear trend to illustrate the influence of cutting and intercropping systems 


on the protein content of the legumes. 


 


At Mokopane on the PTK experimental farm, the protein content of cowpea was lower 


than that of dolichos during regrowth. Young material had higher values (18.3%) during 


the early cutting stage than in the regrowth material, with 11.1%.  


 


4.10.6. Protein production (kg ha
-1


) of grass/legume mixtures  


 


The rainfall distribution at Mokopane on the PTK was possibly responsible for higher 


consumable protein during the regrowth stage and later in the season (matured material). 
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4.10.7. Fibre content (%) of the grass component  


 


Tainton (2001) stated that roughage with less than 45% fibre can be described as of 


higher quality. Dickenson et al (1990) published criteria for roughage. Good Eragrostis 


curvula contains 36.1% crude fibre, while lower quality roughage such as groundnut 


hulls and cotton hulls contain 59% and 43% fibre, respectively. Good quality lucerne 


contains 28% to 32% of crude fibre. 


 


Except for the second cut and matured material at Mokopane, in which case crude fibre 


contents of  40% and plus were measured, the rest of the material contained less crude 


fibre, and it ranged on average between 31.5% and 37.5%. 


 


4.10.8. Phosphorus content (%) of the grass component  


 


Tainton (2001) stated that the P-content of some common pastures are between 0.11% 


and 0.40%. As in case of the UNIN experimental farm, phosphorus showed an average 


values of 0.23% and higher. The average high P values might be associated with the 


initial P-content of the soil analyzed prior planting. 


 


4.10.9. Phosphorus content (%) of the leguminous component  


 


At the PTK experimental farm the P-content of the legumes grown was on average lower 


(0.20% - 0.35%) as in case of the UNIN experimental farm.  The only exception was the 


low P-content of regrowth material at Mokopane on the PTK experimental farm (average 


0.14%). No clear distinction in P-content could be made between the two legume species. 


 


4.10.10. Phosphorus production (kg ha
-1


) of the grass/legume mixtures.  


 


According to Tainton (2001), a dry animal with a mass of 450 kg (LSU) needs 21g P day
-


1
. Data obtained from the three sites indicated that protein production (kg ha


-1
) ranged 


from 0.4 to 30 kg ha
-1


. 
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During the first cut at Mokopane on the PTK experimental farm, there was no adequate P 


available for the number of LSU’s fed on the DM. During the second cut at Mokopane 


the P-production was adequate for more animals than those that could have been fed with 


the available DM. 


 


4.10.11. Calcium content (%) of the grass component  


 


The Ca-content of the grass component varied between 0.48% and 0.74% at the PTK 


experimental farm. At the matured material intercropping of millet with both dolichos 


and cowpea had significantly higher Ca, and that resulted into significant differences 


(P<0.05) between the treatments. There was no definite trend to indicate that treatments 


influenced the Ca concentration in other remaining two cuttings. According to Tainton 


(2001), a dairy cow requires feed with 0.37% to 0.40% Ca. In terms of this element the 


material produced in the experiment was adequate. The Ca-content for all localities, was 


lower than the average figure (4.5%) reported by van der Merve (1988). The Ca-content 


of less than 4.5% is recommended for older animals and lactating mothers.  


 


4.10.12. Calcium content (%) of the leguminous component  


 


As in case of the UNIN experimental farm, the Ca-content was on average higher (2-4%) 


in the legumes than in the grasses. In terms of the mentioned norms in paragraph 4.10.10, 


it was only sorghum + cowpea that in some cases had sub-standard values.  


 


4.10.13. Calcium production (kg ha
-1


) of the grass/legume mixtures  


 


Tainton (2001) indicated that 1 LSU needs 29 g of Ca per day. If the same formula in 


paragraph 6.1.2 is applied in the case of Ca (with 29 g LSU
-1


 day
-1


), then this might be an 


adequate amount of Ca for the number of LSU’s in different cutting treatments from 


different locations given on Table 6.1.2. At all stages more than adequate Ca was 


available for the number of animals that could have been fed with the available material. 
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4.10.14. Fat content (%) of the grass component  


 


Fat is of lesser importance. Norms for green grazing seems to be in the order of 3.0 g kg
-1


 


to 10.0 g kg
-1


 (Tainton 2001). For dry roughage it is between 15 g kg
-1


 and 40 g kg
-1


. If 


higher than 45% it disturbs the micro organisms in the rumen. 


 


4.10.15. Ash content (%) of the grass component  


 


The ash content at the PTK experimental farm was on average higher (between 9.6% and 


11.6%) than that of the UNIN experimental farm. The figures were also compatible to 


that reported by Buldgen et al. (2000). 
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CHAPTER 5 


 


 


5. RESULTS AT THE DAN DISTRICT IN THE COMMUNAL FIELDS 


 


The dry matter (DM) production and chemical analysis for grass and grass/legume 


mixtures were measured at three different dates at the Dan district on the communal 


fields. The sampling method was discussed in Chapter 2. The total DM production, the 


chemical analysis results and the grass/legume ratio of all intercropping systems on the 


communal fields at the Dan district will be discussed in Chapter 5.  


 


5.1. Total DM production (t ha
-1


) of different components 


5.1.1. DM production (t ha
-1


) of grass/legume mixtures 


 


The DM production of all three cuts at the Dan district on the communal fields is given in 


Table 5.1.1.  


 


According to the results in Table 5.1.1, cropping systems had a significant influence 


P<0.05) on total DM production of grass/legume mixtures at first cut (CT1). DM 


production ranged from 0.21 t ha
-1


 to 0.58 t ha
-1


. Sole sorghum produced significantly 


(P<0.05) more (0.58 t ha
-1


) than millet + dolichos (0.21 t ha
-1


). Sole pearl millet, sorghum 


+ cowpea, sorghum + dolichos and millet + cowpea produced between 0.33 t ha
-1


 and 


0.44 t ha
-1 


and these figures did not differ significantly from each other. 


 


Highly significant differences (P<0.01) were observed in DM production as influenced 


by cropping systems during regrowth material (CT2) of the mixtures (Table 5.1.1). Sole 


pearl millet (2.8 t ha
-1


) outperformed the other treatments, except for sole sorghum (2.6 t 


ha
-1


). Sorghum intercropped with dolichos produced significantly (P<0.05) lower (1.6 t 


ha
-1


), and the remaining treatments formed an intermediate production group with DM of 


between 1. 8 t ha
-1


 and 2.3 t.ha
-1


 (Table 5.1.1). 
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Significant differences (P<0.05) were observed between cropping systems in terms of 


DM production during a later cut stage (matured material). Sole sorghum produced 


significantly (P<0.05) more (4.2 t ha
-1


) than the other treatments. There were no 


significant differences between the DM production of millet + dolichos, sorghum + 


dolichos and millet + cowpea, but it was lower than that of other treatments. The 


remaining treatments, sole sorghum and sorghum intercropped with dolichos filled an 


intermediate production position with DM of 3.4 t ha
-1


 for both treatments. 


 


5.2. The effect of cutting treatments on DM production (t ha
-1


) of grass/legume 


mixtures 


 


In Table 5.1.2 the total DM production of the first cut (CT1) + the regrowth material 


(CT2) on the one sample plot is compared with the total DM production of the matured 


material (CT3) which was cut once at the end of the season on a second plot. 


 


There was no significant interaction (P<0.05) between cutting treatments and cropping 


systems in terms of DM production at the Dan district on the communal fields (Table 


5.1.2). Production values varied between 2.0 t ha
-1


 and 4.2 t ha
-1


.  


 


Although no interaction was observed, sole sorghum in the matured cutting stage (CT3) 


produced more 4.2 t ha
-1


. The other treatments produced between 2.1 t ha
-1


 and 3.4 t ha
-1


 


which did not differ significantly from each other. 


 


Highly significant differences (P<0.01) were observed for cropping systems as main 


effect in terms of DM production (Table 5.1.2). Sole sorghum produced significantly 


(P<0.05) more (3.7 t ha
-1


 than the other treatments). Sole pearl millet, sorghum + 


dolichos and millet + dolichos formed an intermediate group with DM between 2.6 t ha
-1


 


and 3.3 t ha
-1


. The remaining two treatments which is millet + cowpea and sorghum + 


cowpea produced lower (2.3 t ha
-1


 and 2.4 t ha
-1


, respectively), and did not differ 


significantly from each other (Table 5.1.2). 
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Cutting treatments (as main effect) did not have any significant influence in terms of DM 


production with means of 2.7 t ha
-1


 and 3.1 t ha
-1


 for CT1, CT2 and CT3, respectively. 


Although no significant differences were observed as a main effect, higher DM 


production was obtained on plots that were cut once (CT3) during the growing season 


(Table 5.1.2). 


 


5.3. Grass/legume ratios 


 


From the results as shown in Table 5.1.3, the grasses consisted of a larger component in 


all cutting stages. The figures ranged from 64% to 100% for the grasses and 0% to 36% 


for the legumes (Table5.3.1). During the first cut legumes consisted 23% of the ratio for 


all treatments. 


 


5.4. Protein content and production of different components 


5.4.1. Protein content of the grass component  


 


According to Table 5.2.1, cropping systems had no significant influence on the protein 


content of the early cut (CT1) grass. Protein figures varied from 8.57% to 11.03%. The 


highest figures were measured in the case of sole sorghum, sole pearl millet, sorghum + 


dolichos and millet + dolichos (11.03%, 10.21%, 10.94% and 10.250%, respectively). 


Cowpea intercropped with both sorghum and pearl millet contained less protein, and it 


was 9.42% and 8.57%, respectively (Table 5.2.1). 


 


The protein content of the regrowth material (CT2) was lower compared to that of the 


first cut, and did not differ significantly. Lower figures varied from 6.22% to 6.56%, 


except for millet + dolichos which contained, 9.84% protein content (Table 5.2.1). 


 


Cropping systems did not affect protein content of the matured material (CT3) 


significantly at the Dan district (Table 5.2.1). Late cut material varied between 3.88% and 


5.94%, and was lower compared to that of the first and the second cut. Cowpea 


intercropped with sorghum contained 3.88% protein. Sole sorghum and pearl millet 
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contained 4.09% and 4.39%, respectively, while the remaining treatments contained more 


than 5% protein.  


 


5.4.2. Protein content of the leguminous components  


 


The protein content of the leguminous components at an early cutting stage (CT1) varied 


between 18.0% and 21.4% at the Dan district. Treatments had no significant impact on 


protein content (Table 5.2.2). Although differences were not observed, pearl millet 


intercropped with cowpea contained more protein (21.4%), while the other treatments 


contained between 18.0% and 18.9%. 


 


The regrowth material (CT2) of the cropping systems did not affect protein content 


significantly. Figures were ranging from 6.6% for sorghum + cowpea to 17.2% for 


sorghum + dolichos. Sorghum and pearl millet intercropped with cowpea contained lower 


protein (6.6% and 7.7%, respectively), while when intercropped with dolichos contained 


more, 17.2% and 15.7%, respectively (Table 5.2.2). 


 


The protein content of matured legume (CT3) ranged between 5.3% and 13.4%, and did 


not differ significantly. Lower figures of 5.3% and 9.2% were observed in sorghum and 


pearl millet intercropped with cowpea, respectively. The protein content was between 


10.6% and 13.4% when the grasses were intercropped with dolichos (Table 5.2.2). 


 


5.4.3. Total protein production (kg ha
-1


) of the grass/legume mixtures  


 


Influence was insignificant between cropping systems in terms of protein production of 


the young material (CT1) (Table 5.2.3). Protein production ranged from 25 kg ha
-1


 to 63 


kg ha
-1


. Sole sorghum produced 63 kg ha
-1 


and, sorghum intercropped with dolichos and 


millet intercropped with cowpea produced 54 kg ha
-1


 and 51 kg ha
-1


, respectively. Millet 


intercropped with dolichos produced (25 kg ha
-1


), while sole pearl millet and sorghum 


intercropped with cowpea both produced 39 kg ha
-1


 protein production. 
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Cropping systems did not influence the production protein of the regrowth material (CT2) 


(kg ha
-1


) significantly (Table 5.2.3). Protein ranged from 98 kg ha
-1


 to 185 kg ha
-1


.  


 


There was significant differences (P<0.05) between cropping systems on the protein 


production of the matured material (CT3) (Table 5.2.3). Protein ranged from 84 kg ha
-1


 to 


308 kg ha
-1


. Dolichos intercropped with sorghum significantly (P<0.05) outyielded the 


other treatments (308 kg ha
-1


), while cowpea intercropped with sorghum produced 


significantly (P<0.05) lower protein production with only 84 kg ha
-1


. An intermediate 


production group was formed by the remaining treatments with protein production 


between 108 kg ha
-1


 and 156 kg ha
-1


 (Table 5.2.3). 


 


5.5. Fibre content of the different components  


5.5.1. Fibre content of the grass components  


 


Cropping systems did not affect fibre content of the young material (CT1) significantly, 


and production figures ranged from 31.5% to 39.5%.  


 


In the case of the regrowth material (CT2), there were no significant differences between 


cropping systems on fibre content of the grasses (Table 5.3.1). All treatments contained 


fibre between 30.5% and 34.2%, except for dolichos intercropped with pearl millet which 


contained 28.5% fibre content (Table 5.3.1). 


 


Matured material (CT3) had no significant influence between cropping systems on fibre 


content (Table 5.3.1). Sole pearl millet, cowpea intercropped with pearl millet and 


dolichos intercropped with pearl millet contained fibre of between 41.3% and 42.0%. The 


remaining treatments produced between 30.5% and 36.5% fibre.  
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5.6. Phosphorus content and production of different components 


5.6.1. Phosphorus content of the grass components  


 


Cropping systems had no significant differences on phosphorus content of young material 


(CT1) (Table 5.4.1). Sorghum intercropped with both dolichos and cowpea contained less 


P, with 0.11% and 0.12% respectively. The remaining treatments were higher in P-


content of between 0.14% and 0.15%. 


 


The second cut (regrowth material) had no significant differences in phosphorus content 


as influenced by cropping systems (Table 5.4.1). Figures varied between 0.17% and 


0.29% in P and were on average higher compared to that of the young material (CT1). 


  


Phosphorus content of the matured material (CT3) had significant influence between 


cropping systems. Production figures varied between 0.15% and 0.26% P (Table 5.4.1). 


Pearl millet intercropped with cowpea and dolichos contained 0.23% and 0.26% P, 


respectively. The sole grasses sorghum and pearl millet contained less, both 0.15%, while 


sorghum intercropped with cowpea and dolichos formed an intermediate group with P-


contents of between 0.17% and 0.19% (Table 5.4.1)  


 


5.6.2. Phosphorus content of the leguminous component 


 


Cropping systems had no significant influence on P-content of the legumes during the cut 


of young material (CT1). Sorghum + dolichos contained more (0.22%), while the 


remaining treatments had P-contents of between 0.14% and 0.16% (Table 5.4.2). 


 


Phosphorus content of regrowth material (CT2) was not affected by cropping systems 


significantly. Even though no differences were observed, cowpea intercropped with 


sorghum contained lower P (0.06%), while the other treatments had a P-content between 


0.18% and 0.19% (Table 5.4.2).  
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Cropping systems had no significant influence on the P-content of the matured material 


(CT3). A lower P-content was observed in cowpea intercropped with sorghum and pearl 


millet with 0.06% and 0.09%, respectively. Dolichos intercropped with sorghum and 


pearl millet contained 0.15% and 0.19% P, respectively (Table 5.4.2). 


 


 5.6.3. Total phosphorus production (kg ha
-1


) of grass/legume mixtures 


 


Phosphorus production had no significant influence between Cropping systems during the 


cut of young material (CT1) (Table 5.4.3). Sorghum intercropped with both cowpea and 


dolichos produced 1.15 kg ha
-1


 and 1.85 kg ha
-1


 respectively. Sole pearl millet and 


dolichos intercropped with pearl millet produced the lowest with 0.50 kg ha
-1


 and 0.40 kg 


ha
-1


 respectively, while the remaining treatments, sole sorghum and sorghum + dolichos 


formed an intermediate group with a P-production of between 0.85 kg ha
-1


 and 0.90 kg 


ha
-1


. 


 


The phosphorus production of the regrowth material (CT2) and that of the matured 


material (CT3) had no significant influenced between cropping systems, as a main effect. 


The production figures ranged from 3 kg ha
-1


 to 6 kg ha
-1


 for the regrowth material (CT2) 


and 4 kg ha
-1


 to 6 kg ha
-1


 for the matured material (CT3). 


 


5.7. Calcium content and production of different components 


5.7.1. Calcium content of the grass component 


 


Cropping systems as main effect had no influence on the calcium content of the young 


material (CT1) at the Dan district (Table 5.5.1). The Ca-content varied between 0.44% 


and 0.52% 


 


As in case of the young material, cropping systems had no significant differences on the 


Ca-content of the regrowth material (Table 5.5.1). Ca-content ranged from 0.45% to 


0.63%. 
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Calcium content had no significant influence between cropping systems as matured 


material were sampled. The figures compared well to that of the first and second cut, and 


it ranged between 0.38% and 0.56%. 


 


5.7.2. Calcium content of the leguminous component  


 


The Ca-content of the leguminous component had no influence between cropping 


systems during the first cut (young material). Even though no differences were observed, 


cowpea intercropped with sorghum and pearl millet contained more Ca-content, 1.59% 


and 1.06%, respectively. Lower calcium, between 0.60% and 0.82%, were obtained when 


dolichos was intercropped with sorghum and pearl millet (Table 5.5.2). 


 


Cropping systems had a significant influence (P<0.05) on Ca-content of the regrowth 


material (CT2) of the legumes. Dolichos intercropped with pearl millet contained 


significantly (P<0.05) more Ca (2.77%) than the rest, except for cowpea intercropped 


with sorghum, which produced 1.65%. Cowpea intercropped with pearl millet and 


sorghum intercropped with dolichos contained lower Ca with 0.86% and 1.22%, 


respectively (Table 5.5.2). 


 


The Ca-content of the matured material (CT3) was significantly influenced (P<0.05) by 


cropping systems as main effect (Table 5.5.2). Cowpea intercropped with pearl millet 


contained significantly more Ca (2.14%) than the rest. The remaining treatments were 


significantly lower with figures between 1.03% and 1.32%. They did not differ 


significantly from each other (Table 5.5.2).  


 


5.7.3. Total calcium production (kg ha
-1


) of grass/legume mixtures  


 


Significant differences (P<0.05) were observed between cropping systems in terms of 


calcium production of the young material (CT1) (Table 5.5.3). Cowpea intercropped with 


pearl millet produced significantly (P<0.05) higher (3.1 kg ha
-1


), while dolichos 


intercropped with sorghum produced the lowest calcium (1.5 kg ha
-1


). Sole sorghum, sole 
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pearl millet and pearl millet intercropped with dolichos formed an intermediate group 


with a Ca-production of between 1.7 kg ha
-1


 and 2.8 kg ha
-1


 (Table 5.5.3). 


 


No significant influence was observed between cropping systems in terms of calcium 


production of the regrowth material (CT2) (Table 5.5.3). Even though treatments did not 


differ, lower values were observed for dolichos intercropped with sorghum and cowpea 


intercropped with pearl millet. Ca-production of between 15 kg ha
-1


 and 19 kg ha
-1


 were 


obtained from the remaining treatments (Table 5.5.3). 


 


Cropping systems had no significant effect on Ca-production of the matured material 


(CT3) (Table 5.5.3). Dolichos intercropped with sorghum produced the most (20 kg ha
-1


), 


while the other treatments produced between 9 kg ha
-1


 and 16 kg ha
-1


. 


  


5.8. Fat content of different components 


5.8.1. Fat content of the grass component  


 


At no stage, fat content of the grass component differed significantly (P<0.05) between 


cropping systems as the young material were cut (Table 5.6.1). The material (CT1) 


contained 0.5% fat. The regrowth material (CT2) contained between 0.50% and 0.85% 


fat. During the late cut sorghum intercropped with cowpea and dolichos contained 1.05% 


and 1.25% fat, respectively, while the rest contained between 0.48% and 0.60% fat.  


  


5.9. Ash content of different components 


5.9.1. Ash content of the grass component  


 


Ash content of the young material (CT1) and that of the regrowth material (CT3) was not 


affected by the cropping systems at the Dan district (Table 5.7.1). Values were ranged 


from 6.5% to 8.5% for the young material (CT1), and 6.0% to 9.0% for the regrowth 


material (CT2). The variation between production figures was too big for significance, 


although they did not differ. 


 







 74 


Cropping systems, in the matured stage (CT3) had a significant (P<0.05) differences in 


terms of ash content (Table 5.7.1). Cowpea intercropped with pearl millet and sole pearl 


millet contained significantly more ash (6.8% and 6.5%, respectively) than sole sorghum, 


cowpea + sorghum, dolichos + sorghum, and cowpea + dolichos. Dolichos intercropped 


with sorghum and sole sorghum contained significantly lower ash (3.8% and 4.0%, 


respectively), while millet + dolichos and sorghum + cowpea formed an intermediate 


production group with 4.8% and 6.0% ash, respectively.  


 


5.10. DISCUSSION OF THE RESULTS AT THE DAN DISTRICT ON THE 


COMMUNAL FIELDS 


 


5.10.1. DM production (t ha
-1


) of the grass/legume mixtures  


 


At the Dan district on the communal fields, the total rainfall for the season was 350 mm 


instead of the long term average of 700 mm, which most probably contributed to the low 


average DM production of 0.39 t ha
-1


. It must also be taken into consideration that 


growing period was only from December to February at the Dan district and that the 


shorter growing period at this location contributed to the lower initial growth. The DM 


yield during the late cut reflected the total rainfall at the Dan district and it was on 


average 3.1 t ha
-1


 (rainfall 300 mm). Since the impact of intercropping treatments on DM 


production varied over time in the study, and no clear pattern was obtained. 


 


5.10.2. Cutting treatments and total DM production (t ha
-1


) of grass/legume 


mixtures  


 


At the Dan district a different pattern on DM production as an effect of cutting treatments 


was observed, although did not differ significantly. More DM was on plot cut once at the 


end of the season than that cut twice during the growing season. Lower DM production at 


first cut might be associated with lower rainfall received at the Dan district at an early 


stage of growth. Unlike at the UNIN experimental farm and the PTK farm, cropping 


systems had a significant effect (P<0.05) on DM production. Significantly higher DM 
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was obtained in pure grasses than in intercropping systems, and it was on average 204% 


higher than that of mixed swards. According to the DM results obtained at this site, no 


specific cutting treatment can be recommended.  


 


5.10.3. Grass/legume ratios (%)  


 


At the Dan district, the grass component comprised more than the legume component. At 


both sites the legume component decreased after cutting, as indicated in the regrowth 


material (CT2).   


 


5.10.4. The Protein content (%) of the grass component  


 


The protein content of grasses seemed to be increased by the presence of legumes in the 


intercropping systems. For no clear reason the protein content of regrowth at the Dan 


district was lower than that of the first cut. As in other two locations, the protein content 


of matured material was lower than in the case of the other cutting treatments for the 


grass component.  


 


From an animal nutritional view point, all grass material in the early and regrowth stage 


contained adequate protein to maintain animal production. The results at the Dan district 


at matured stage are lower to an average protein given by Minson (1982) who reported 


that the protein content of roughage should be at least 6% for maintenance of animals. At 


the Dan district no animal gain could be expected with material containing less than 8.2% 


protein compared to more than 8.2% obtained at the UNIN experimental farm and the 


PTK experimental farm. The regrowth and matured material gave an average protein of 


6.94% and 4.95% at the Dan district, respectively. The protein could not be described as 


good foggage for over wintering of livestock.   
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5.10.5. The Protein content (%) of the leguminous component  


 


There was no clear trend to illustrate the influence of cutting and intercropping systems 


on the protein content of the legumes. 


 


As in case of the PTK experimental farm, at the Dan district, the protein content of 


cowpea was lower than that of dolichos during regrowth. The same trend was also 


reflected in the values of the matured material. At this site young material had higher 


values 19.3% during the early cutting stage than in the regrowth material, which was 


11.8%.   


 


5.10.6. Protein production (kg ha
-1


) of grass/legume mixtures  


 


As in case of the PTK experimental farm, the rainfall distribution at the Dan district was 


possibly responsible for higher consumable protein during the regrowth stage and later in 


the season (matured material) 


 


The average low protein figures measured at the Dan district can without doubt be related 


to the low rainfall (350 mm) for the season. Although not significant, there is a trend 


visible that intercropping with dolichos contributed to higher protein production. 


 


5.10.7. Fibre content (%) of the grass component  


 


Tainton (2001) stated that roughage with less than 45% fibre can be described as of 


higher quality. Dickenson et al. (1990) published criteria for roughage. Good Eragrostis 


curvula contains 36.1% crude fibre, while lower quality roughage such as groundnut 


hulls and cotton hulls contain 59% and 43% fibre, respectively. Good quality lucerne 


contains 28% to 32% of crude fibre. 
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5.10.8. Phosphorus content (%) of the grass component  


 


Tainton (2001) stated that the P-content of some common pastures are between 0.11% 


and 0.40%. As expected from the young grasses, at the Dan district production ranged 


from 0.11% to 0.16% P for the rest of the material. The low P-content in plant material 


could have been expected if the low soil P-content at the Dan district is taken into 


consideration. 


 


5.10.9. Phosphorus content (%) of the leguminous component  


 


The P-content of the legumes grown at the Dan district was on average lower (0.12% - 


0.17%) than legumes grown at the other two sites (0.14% - 0.35%). The abnormally low 


P-content of the soil probably at this site contributed to lower P content of the 


leguminous component. No clear distinction in P-content could be made between the two 


legume species. 


 


5.10.10. Phosphorus production (kg ha
-1


) of the grass/legume mixtures.  


 


According to Tainton (2001), a dry animal with a mass of 450 kg (LSU) needs 21g P day
-


1
. Data obtained from the three sites indicated that protein production (kg ha


-1
) ranged 


from 0.4 to 30 kg ha
-1


. Thus, during the second and the late cut at the Dan district, there 


was no adequate P available for the number of LSU’s fed on the DM.  


 


5.10.11. Calcium content (%) of the grass component  


 


The Ca-content of the grass component varied between 0.46% and 0.54% at the Dan 


district. There was no definite trend to indicate that treatments influenced the Ca 


concentration. According to Tainton (2001), a dairy cow requires feed with 0.37% to 


0.40% Ca. In terms of this element the material produced in the experiment was 


adequate. The Ca-content for all localities, was lower than the average figure (4.5%) 
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reported by van der Merve (1988). The Ca-content of less than 4.5% is recommended for 


older animals and lactating mothers.  


 


5.10.12. Calcium content (%) of the leguminous component  


 


As in the case of the UNIN experimental farm significant differences between treatments 


occurred at a later stage, where sorghum + cowpea was significantly lower (0.10%) 


compared to the remaining three treatments, with P between 0.80% and 1.49%. Sorghum 


+ cowpea were on average 53% lower than sorghum + dolichos, millet + cowpea and 


millet + dolichos. 


 


The Ca-content was on average higher (2-4 %) in the legumes than in the grasses. In 


terms of the mentioned norms in paragraph 5.10.10, it was only sorghum + cowpea that 


in some cases had sub-standard values.  


 


5.10.13. Calcium production (kg ha
-1


) of the grass/legume mixtures  


 


Tainton (2001) indicated that 1 LSU needs 29 g of Ca per day. If the same formula in 


paragraph 6.1.2 is applied in the case of Ca (with 29 g LSU
-1


 day
-1


), then this might be an 


adequate amount of Ca for the number of LSU’s in different cutting treatments from 


different locations given on Table 6.1.2. At all stages more than adequate Ca was 


available for the number of animals that could have been fed with the available material. 


 


5.10.14. Fat content (%) of the grass component  


 


Fat is of lesser importance. Norms for green grazing seems to be in the order of 3.0 g kg
-1


 


to 10.0 g kg
-1 


(Tainton 2001).  For dry roughage it is between 15 g kg
-1


 and 40 g kg
-1


. If 


higher than 45% it disturbs the micro organisms in the rumen. 
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5.10.15. Ash content (%) of the grass component  


 


The ash part at the Dan district was lower at a later cut stage (5.3%) than during the early 


cut and regrowth of the above ground material (7.7% and 7.2, respectively). No 


explanation can be made about the situation in ash content at this stage. The content was 


also on average lower from that of the other two treatments. 
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1. THE UNIN EXPERIMETAL FARM 


 


 


Table 3.1.1. The effect of cropping system on DM production (t ha
-1


) of sole grass 


and grass/legume mixtures at the UNIN Experimental farm 


 


DM Production (t ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 8.8a 2.1a 5.5a 


SM 8.4a 1.4a 5.3a 


S + C 5.9c 2.3a 4.6ab 


S + D 7.7abc 2.1a 4.5ab 


M + C 7.5abc 1.3a 3.5b 


M + D 6.6bc 1.8a 4.2ab 


Average 7.5 1.8 4.6 


LSD (0.05) 1.9 ns 1.6 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


Table 3.1.2. The effect of cutting treatments and cropping system on DM production 


(t ha
-1


) of sole grass and grass/legume mixtures at the UNIN Experimental farm 


 


Cutting Treatments 


Cropping systems CT1 + CT2 CT3 Average 


DM t ha
-1


 


SS 10.9 5.5 8.2 


SM 9.8 5.3 7.6 


S + C 8.2 4.6 6.4 


S + D 9.8 4.5 7.2 


M + C 8.8 3.5 6.2 


M + D 8.4 4.2 6.3 


Average 9.3a 4.6b  


LSD (0.05): (CT) 0.83 0.83 ns 


(CS x CT) ns ns ns 


CS ns ns ns 
Values followed by the same letter are statistically not different. LSD = Least significant differences, 


ns = not significant, CS = Cropping systems. CT = Cutting treatments 
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Table 3.1.3. Grass/legume ratio of mixtures at different cutting stages at the UNIN 


Experimental farm 


 


Grass/legume ratio (%) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


S + C 67:33 86:17 76:24 


S + D 57:43 68:32 70:30 


M + C 71:21 74:26 49:51 


M + D 67:33 80:20 100:0 


Average 66:44 77:23 74:26 
S + C = Sorghum + cowpea, S + D = Sorghum + dolichos, M + C = pearl millet + dolichos and M + D 


= pearl millet + dolichos.  


 


 


 


 


 


 


 


Table 3.2.1. The effect of cropping systems on protein content (%) of the grass 


components at the UNIN Experimental farm 


 


% Protein 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured Material  


    


SS 8.97 9.80 6.41 


SM 7.86 11.13 7.75 


S + C 10.47 8.23 9.36 


S + D 10.86 10.02 5.53 


M + C 11.97 9.16 9.40 


M + D 9.43 10.16 7.48 


Average 9.9 9.75 7.66 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.2.2. The effect of cropping system on protein content of the leguminous 


component (%) at the UNIN Experimental farm 


 


% Protein 


Cropping systems First Cut 


Young material  


Second cut 


Regrowth material 


Late cut 


Matured material  


    


S + C 12.5 17.5 14.3 


S + D 17.8 19.8 8.5 


M + C 10.3 18.3 14.6 


M + D 9.5 18.6 19.9 


Average 12.5 18.6 14.3 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 3.2.3. The effect cropping systems on protein production (kg ha
-1


) of sole grass 


and grass/legume mixtures at the UNIN Experimental farm 


 


Protein production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material  


    


SS 742 208 325 


SM 634 121 403 


S + C 452 240 341 


S + D 1027 278 297 


M + C 813 129 415 


M + D 613 256 339 


Average 714 205 353 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.3.1. The effect of cropping system on fibre content (%) of the grass 


component at the UNIN Experimental farm 


 


% Fibre  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 36a 33a 31.3b 


SM 35a 33a 42.3a 


S + C 32a 35a 35.8ab 


S + D 30a 32a 37.3a 


M + C 32a 37a 40.3a 


M + D 35a 38a 41.8a 


Average 33 35 38.1 


LSD (0.05) ns ns 5.5 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


Table 3.4.1. The effect of cropping system on phosphorus content (%) of the grass 


component at the UNIN Experimental farm 


 


% Phosphorus  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.19a 0.28b 0.17a 


SM 0.19a 0.39a 0.20a 


S + C 0.25a 0.23b 0.20a 


S + D 0.25a 0.28b 0.15a 


M + C 0.30a 0.30ab 0.24a 


M + D 0.21a 0.29b 0.18a 


Average 0.23 0.30 0.19 


LSD (0.05) ns 0.09 ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.4.2. The effect of cropping system on phosphorus content (%) of the 


leguminous component at the UNIN Experimental farm 


 


% Phosphorus 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 0.15a 0.40a 0.09d 


S + D 0.35a 0.30a 0.12c 


M + C 0.17a 0.34a 0.26b 


M + D 0.17a 0.33a 0.32a 


Average 0.21 0.34 0.20 


LSD (0.05) ns ns 0.02 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 3.4.3. The effect of cropping system on phosphorus production (kg ha
-1


) of 


sole grass and grass/legume mixtures at the UNIN Experimental farm 


 


Phosphorus production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 16 6 9 


SM 15 5 10 


S + C 14 7 7 


S + D 25 7 7 


M + C 19 3 10 


M + D 13 6 8 


Average 17 6 8 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.5.1. The effect of cropping system on calcium content (%) of the grass 


component at the UNIN Experimental farm 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second late 


Regrowth material 


Late cut 


Matured material 


    


SS 0.45 0.44 0.36 


SM 0.50 0.50 0.38 


S + C 0.37 0.47 0.43 


S + D 0.40 0.54 0.37 


M + C 0.39 0.47 0.39 


M + D 0.38 0.48 0.43 


Average 0.42 0.48 0.39 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


 


Table 3.5.2. The effect of cropping system on calcium content (%) of the leguminous 


components at the UNIN Experimental farm 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 0.30a 1.03a 0.10b 


S + D 0.60a 1.08a 0.80ab 


M + C 0.98a 0.93a 1.33a 


M + D 1.74a 1.37a 1.49a 


Average 0.91 1.10 0.93 


LSD (0.05) ns ns 0.80 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.5.3. The effect of cropping system on calcium production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the UNIN Experimental farm 


 


Calcium production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured Material 


    


SS 41b 10a 19a 


SM 37b 6a 20a 


S + C 38b 14a 16a 


S + D 41b 15a 22a 


M + C 44b 6a 22a 


M + D 79a 15a 22a 


Average 47 11 20 


LSD (0.05) 26 ns 24 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 3.6.1. The effect of cropping system on fat content (%) of the grass component 


at the UNIN Experimental farm 


 


% Fat 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 1.50 1.75 0.75 


SM 1.00 1.00 1.50 


S + C 2.00 1.50 1.25 


S + D 2.25 1.75 0.75 


M + C 1.50 1.00 0.75 


M + D 2.75 1.75 1.00 


Average 1.83 1.46 1.00 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 3.7.1. The effect of cropping system on ash content (%) of the grass 


component at the UNIN Experimental farm 


 


% Ash 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 9.5 10.0 7.0 


SM 9.0 9.0 8.0 


S + C 8.5 8.0 8.5 


S + D 9.5 7.0 8.0 


M + C 10.0 9.0 7.0 


M + D 9.0 8.0 6.5 


Average 9.3 8.5 7.5 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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4.1. THE PTK EXPERIMENTAL FARM, MOKOPANE 


 


 


Table 4.1.1. The effect of cropping system on DM production (t ha
-1


) of sole grass 


and grass/legume mixtures at the PTK experimental farm, Mokopane 


 


DM Production (t ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 3.5c 3.7a 7.3 


SM 6.2a 1.7b 6.7 


S + C 4.1c 3.6a 8.1 


S + D 3.4c 3.6a 8.5 


M + C 5.6ab 2.9ab 6.5 


M + D 4.3bc 3.1ab 8.3 


Average 4.5 3.1 7.6 


LSD (0.05) 1.3 1.4 ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 4.1.2. The effect of cutting treatments and cropping system on DM production 


(t ha
-1


) of sole grass and grass/legume mixtures at the PTK experimental farm, 


Mokopane 


 


Cutting Treatments 


Cropping systems CT1 + CT2 CT3 Average 


DM t.ha
-1


 


SS 7.2 7.3 7.3 


SM 7.9 6.7 7.3 


S + C 7.7 8.1 7.9 


S + D 7.0 8.5 7.7 


M + C 8.5 6.5 7.5 


M + D 7.4 8.3 7.9 


Average 7.6 7.6  


LSD (0.05) (CT) ns ns ns 


Interaction (CS x CT) ns ns ns 


CS ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems, CT = Cutting 


treatments. 
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Table 4.1.3. Grass/legume ratio of mixtures at different cutting stages at the PTK 


experimental farm, Mokopane 


 


Grass/legume ratio (%) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


S + C 75:25 45:55 39:61 


S + D 74:26 38:62 44:66 


M + C 83:17 67:33 40:60 


M + D 59:41 49:51 38:62 


Average 77:23 50:50 40:60 
S + C = Sorghum + cowpea, S + D = Sorghum + dolichos, M + C = pearl millet + dolichos and M + D 


= pearl millet + dolichos.  


 


 


 


 


 


 


Table 4.2.1. The effect of cropping system on protein content (%) of the grass 


components at the PTK experimental farm, Mokopane 


 


% Protein 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 10.41 9.81 7.15 


SM 9.76 11.23 7.47 


S + C 11.16 10.13 8.12 


S + D 10.90 9.65 5.66 


M + C 10.56 8.50 7.13 


M + D 11.60 8.75 6.64 


Average 10.73 9.68 7.03 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems,  
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Table 4.2.2. The effect of cropping system on protein content (%) of the leguminous 


component at the PTK experimental farm, Mokopane 


 


% Protein 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 18.4 7.1 15.6 


S + D 19.4 11.6 14.8 


M + C 17.3 6.7 18.9 


M + D 17.9 18.8 14.4 


Average 18.3 11.1 15.9 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 4.2.3. The effect of cropping system on protein production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the PTK experimental farm, Mokopane 


 


Protein production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 441a 235c 477c 


SM 125b 701a 551bc 


S + C 463a 406bc 796abc 


S + D 434a 409bc 881ab 


M + C 445a 336c 903ab 


M + D 358a 541ab 1080a 


Average 378 438 781 


LSD (0.05) 116 191 400 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 4.3.1. The effect of cropping system on fibre content (%) of the grass 


component at the PTK experimental farm, Mokopane 


 


% Fibre  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 38.0 39.0 40.5 


SM 41.5 38.5 42.5 


S + C 34.5 36.0 41.5 


S + D 37.0 44.0 42.0 


M + C 41.5 42.0 41.5 


M + D 32.5 40.0 44.4 


Average 37.5 40.0 42.1 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 4.4.1. The effect of cropping system on phosphorus content (%) of the grass 


component at the PTK experimental farm, Mokopane 


 


% Phosphorus  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.26a 0.21b 0.17a 


SM 0.23a 0.31a 0.24a 


S + C 0.26a 0.21b 0.21a 


S + D 0.27a 0.19b 0.16a 


M + C 0.30a 0.22b 0.26a 


M + D 0.31a 0.22b 0.23a 


Average 0.27 0.23 0.21 


LSD (0.05) ns 0.03 ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 4.4.2. The effect of cropping system on phosphorus content (%) of the 


leguminous component at the PTK experimental farm, Mokopane 


 


% Phosphorus 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 0.29a 0.09a 0.27a 


S + D 0.36a 0.12a 0.16b 


M + C 0.40a 0.11a 0.27a 


M + D 0.36a 0.25a 0.10b 


Average 0.35 0.14 0.20 


LSD (0.05) ns ns 0.09 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


 


Table 4.4.3. The effect cropping system on phosphorus production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the PTK experimental farm, Mokopane 


 


Phosphorus production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 11a 8a 12a 


SM 3b 21a 19a 


S + C 10a 10a 20a 


S + D 10a 8a 16a 


M + C 12a 17a 17a 


M + D 9a 30a 19a 


Average 9.2 15 17 


LSD (0.05) 4.1 ns ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 4.5.1. The effect of cropping system on calcium content (%) of the grass 


component at the PTK experimental farm, Mokopane 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.66a 0.43a 0.54abc 


SM 0.74a 0.60a 0.59ab 


S + C 0.90a 0.46a 0.43c 


S + D 0.61a 0.50a 0.46bc 


M + C 0.68a 0.42a 0.64a 


M + D 0.84a 0.46a 0.68a 


Average 0.74 0.48 0.56 


LSD (0.05) ns ns 0.15 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 4.5.2. The effect of cropping system on calcium content (%) of the leguminous 


components at the PTK experimental farm, Mokopane 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 1.49 0.27 0.82 


S + D 1.54 0.62 1.68 


M + C 2.19 0.79 1.28 


M + D 2.25 1.88 2.29 


Average 1.87 0.89 1.52 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 4.5.3. The effect of cropping system on calcium production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the PTK experimental farm, Mokopane 


 


Calcium production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 26b 14a 39b 


SM 9c 38a 45b 


S + C 38a 17a 36b 


S + D 26b 18a 56b 


M + C 29ab 25a 41b 


M + D 34ab 37a 131a 


Average 27 25 58 


LSD (0.05) 11.6 ns 54 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 4.6.1. The effect of cropping system on fat content (%) of the grass component 


at the PTK experimental farm, Mokopane 


 


% Fat 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.88a 0.75a 1.00a 


SM 0.50b 0.50a 0.75a 


S + C 1.00a 0.50a 0.50a 


S + D 0.88a 0.75a 0.50a 


M + C 0.63ab 0.50a 0.50a 


M + D 0.63ab 0.50a 0.77a 


Average 0.75 0.58 0.67 


LSD (0.05) 0.37 ns ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 4.7.1. The effect of cropping system on ash content (%) of the grass 


component at the PTK experimental farm, Mokopane 


 


% Ash 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 10.5 7.0 10.5 


SM 12.0 13.0 8.5 


S + C 12.0 9.0 10.0 


S + D 12.0 9.0 10.0 


M + C 10.5 10.5 11.5 


M + D 12.5 9.0 10.7 


Average 11.6 9.6 10.2 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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5.1. THE DAN DISTRCT 


 


 


Table 5.1.1. The effect of cropping system on DM production (t ha
-1


) of sole grass 


and grass/legume mixtures at the Dan district 


 


DM Production (t ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.58a 2.6ab 4.2a 


SM 0.37b 2.8a 3.4b 


S + C 0.33bc 1.8de 2.6c 


S + D 0.42b 1.6e 3.4b 


M + C 0.44ab 2.1cd 2.1c 


M + D 0.21c 2.3b 2.6c 


Average 0.39 2.2 3.1 


LSD (0.05) 0.15 0.40 0.64 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 5.1.2. The effect of cutting treatments and cropping system on DM production 


(t ha
-1


) of sole grass and grass/legume mixtures at the Dan district 


 


Cutting Treatments 


Cropping systems CT1 + CT2 CT3 Average 


DM t ha
-1


 


SS 3.2a 4.2a 3.7a 


SM 3.2a 3.4a 3.3ab 


S + C 2.1a 2.6a 2.4c 


S + D 2.0a 3.4a 2.7bc 


M + C 2.6a 2.1a 2.3c 


M + D 2.5a 2.6a 2.6bc 


Average 2.7 3.1  


LSD (0.05) ns ns 0.61 


CS ns ns * 


CS x CT ns ns ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. CT = Cutting treatments. 
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Table 5.1.3. Grass/legume ratio of mixtures at different cutting stages at the Dan 


district 


 


Grass/legume ratio (%) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


S + C 77:23 80:20 88:12 


S + D 77:23 100:0 64:36 


M + C 77:23 89:11 100:0 


M + D 77:23 77:23 64:36 


Average 77:23 87:13 79:21 
S + C = Sorghum + cowpea, S + D = Sorghum + dolichos, M + C = pearl millet + dolichos and M + D 


= pearl millet + dolichos.  


 


 


 


 


 


 


 


Table 5.2.1. The effect of cropping system on protein content (%) of the grass 


component at the Dan district 


 


% Protein 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 11.03 6.30 4.09 


SM 10.21 6.28 4.39 


S + C 9.42 6.56 3.88 


S + D 10.94 6.42 5.47 


M + C 8.57 9.84 5.94 


M + D 10.25 6.22 5.93 


Average 10.07 6.94 4.95 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.2.2. The effect of cropping system on protein content (%) of the leguminous 


component at the Dan district 


 


% Protein 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 18.9 6.6 5.3 


S + D 18.7 17.2 13.4 


M + C 21.4 7.7 9.2 


M + D 18.0 15.7 10.6 


Average 19.3 11.8 9.6 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 5.2.3. The effect of cropping system on protein production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the Dan district 


 


Protein production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 63a 149a 156bc 


SM 39a 185a 108bc 


S + C 39a 128a 84c 


S + D 54a 98a 308a 


M + C 51a 147a 96b 


M + D 25a 173a 181b 


Average 45 146 156 


LSD (0.05) ns ns 85 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.3.1. The effect of cropping system on fibre content (%) of grass component 


at the Dan district 


 


% Fibre  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 36.5 34.5 36.5 


SM 34.5 31.5 42.0 


S + C 31.5 31.5 34.5 


S + D 32.0 30.5 30.5 


M + C 38.0 32.0 42.5 


M + D 39.5 28.5 41.3 


Average 35.3 31.4 36.3 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


 


Table 5.4.1. The effect of cropping system on phosphorus content (%) of the grass 


component at the Dan district 


 


% Phosphorus  


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.15 0.17 0.15 


SM 0.14 0.20 0.15 


S + C 0.11 0.22 0.19 


S + D 0.12 0.19 0.17 


M + C 0.16 0.29 0.23 


M + D 0.15 0.26 0.26 


Average 0.14 0.22 0.19 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.4.2. The effect of cropping system on phosphorus content (%) of the 


leguminous component at the Dan district 


 


% Phosphorus 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 0.16 0.06 0.06 


S + D 0.22 0.18 0.15 


M + C 0.14 0.18 0.09 


M + D 0.16 0.19 0.19 


Average 0.17 0.15 0.12 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


 


Table 5.4.3. The effect of cropping system on phosphorus production (kg ha
-1


) of 


sole grass and grass/legume mixtures at the Dan district 


 


Phosphorus production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.85 4 6 


SM 0.50 6 4 


S + C 1.15 4 5 


S + D 0.90 3 6 


M + C 1.85 4 5 


M + D 0.40 5 6 


Average 0.94 4 5 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.5.1. The effect of cropping system on calcium content (%) of the grass 


component at the Dan district 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.51 0.63 0.38 


SM 0.52 0.58 0.46 


S + C 0.50 0.58 0.39 


S + D 0.48 0.51 0.48 


M + C 0.48 0.45 0.56 


M + D 0.44 0.50 0.51 


Average 0.49 0.54 0.46 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


 


Table 5.5.2. The effect of cropping system on calcium content (%) of the legumious 


component at the Dan district 


 


% Calcium 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


S + C 1.59a 1.65ab 1.03b 


S + D 0.60a 1.22b 1.32b 


M + C 1.06a 0.86b 2.14a 


M + D 0.82a 2.77a 1.16b 


Average 1.01 1.63 1.41 


LSD (0.05) ns 1.25 0.80 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.5.3. The effect of cropping system on calcium production (kg ha
-1


) of sole 


grass and grass/legume mixtures at the Dan district 


 


Calcium production (kg ha
-1


) 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 2.3ab 15a 15a 


SM 2.3ab 17a 11a 


S + C 2.3ab 16a 10a 


S + D 1.5b 8a 20a 


M + C 3.1a 9a 9a 


M + D 1.7ab 19a 16 


Average 2.2 14 13 


LSD (0.05) 1.02 ns ns 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 5.6.1. The effect of cropping system on fat content (%) of the grass component 


at the Dan district 


 


% Fat 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 0.50 0.75 0.55 


SM 0.50 0.78 0.60 


S + C 0.50 0.85 1.05 


S + D 05.0 0.65 1.25 


M + C 0.50 0.50 0.54 


M + D 0.50 0.65 0.48 


Average 0.50 0.70 0.75 


LSD (0.05) ns ns ns 
LSD = Least significant differences, ns = not significant, CS = Cropping systems. 
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Table 5.7.1. The effect of cropping system on ash content (%) of the grass 


component at the Dan district 


 


% Ash 


Cropping systems First Cut 


Young material 


Second cut 


Regrowth material 


Late cut 


Matured material 


    


SS 7.5a 6.0a 4.0b 


SM 8.5a 7.0a 6.5a 


S + C 8.5a 7.5a 4.8ab 


S + D 7.5a 6.0a 3.8b 


M + C 6.5a 7.5a 6.8a 


M + D 7.5a 9.0a 6.0ab 


Average 7.7 7.2 5.3 


LSD (0.05) ns ns 2.4 
Values followed by the same letter within a column are statistically not different. LSD = Least 


significant differences, ns = not significant, CS = Cropping systems. 


 


 


 


 


 


 


 


Table 6.1.1: Feeding potential of grass/legume mixtures in terms of phosphorus 


production (kg ha
-1


). 


 


Sites  Cuts Available 


DM (kg ha
-1


) 


Number of 


LSU 


Available 


P (kg ha
-1


) 


Number of 


LSU 


UNIN Cut 1 7.5 7.5 17 8.1 


 Cut 2 1.8 1.8 6 2.9 


 Cut 3 4.6 4.6 8 3.8 


Mokopane Cut 1 4.5 4.5 9.2 4.4 


 Cut 2 3.1 3.1 15 7.1 


 Cut 3 7.6 7.6 17 8.1 


Dan Cut 1 0.39 0.39 0.94 0.4 


 Cut 2 2.2 2.2 4 1.9 


 Cut 3 3.1 3.1 5 2.3 


LSU = Livestock Units, P = Phosphorus, CUT = cutting treatments 
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Table 6.1.2: Feeding potential of grass/legumes mixtures in terms of Calcium 


production (kg ha
-1


). 


 


Sites  Cuts Available 


DM (kg ha
-1


) 


Number of 


LSU 


Available 


Ca (kg ha
-1


) 


Number of 


LSU 


UNIN Cut 1 7.5 7.5 47 16.2 


 Cut 2 1.8 1.8 11 3.8 


 Cut 3   20 6.9 


Mokopane Cut 1 4.5 4.5 27 9.3 


 Cut 2 3.1 3.1 25 8.6 


 Cut 3 7.6 7.6 58 20.0 


Dan Cut 1 0.39 0.39 2.2 0.75 


 Cut 2 2.2 2.2 14 4.8 


 Cut 3 3.1 3.1 13 4.5 
LSU = Livestock Units, Ca = Calcium, CUT = cutting treatments 
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