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rainfall is distributed throughout the year, it is characterized by great variations ... frequency, from one to six frosts per year, mainly in June and July, with records. 
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Chapter 5



The South American Campos ecosystem Olegario Royo Pallarés (Argentina), Elbio J. Berretta (Uruguay) and Gerzy E. Maraschin (Brazil)



SUMMARY The Campos, grassland with few trees or shrubs except near streams, lies between 24°S and 35°S; it includes parts of Brazil, Paraguay and Argentina, and all of Uruguay. Grassland-based livestock production is very important, based on the natural grassland that covers most of the area. Stock rearing is on large, delimited holdings and is commercial. Both tussock-grass and short-grass grasslands occur. There is a dominance of summer-growing C4 grasses, with C3 grasses associated with the winter cycle. Cattle and horses were introduced in the seventeenth century and sheep in the nineteenth. Production is based on spring–summer growing grassland, with little use of sown pastures. Beef cattle predominate; sheep are mainly for wool, but some lamb is produced. Limited winter production and poor herbage quality are major limiting factors in livestock production. Soil phosphorus is generally low and this deficiency affects stock. Campos pastures are highly responsive to fertilizers, which can modify the specific composition of natural grassland; application of phosphate increases legume cover and the phosphorus content of forage. Fattening off grass can take up to four years; intensive fattening of younger stock uses some sown pasture. Sheep may be grazed with breeding herds of cattle. Exotic temperate legumes can be grown and may be over-sown into native swards after land preparation; once established, legumes encourage the development of winter grasses. This paper shows that it is possible to improve forage consumption from natural grasslands, implying an annual increase of 784 000 tonne of liveweight, without cost, in Rio Grande do Sul alone, through a strategy of high forage offer to the grazing animal, which also optimizes forage accumulation rates in the pasture.



INTRODUCTION The South American Campos is an ecological region lying between 24°S and 35°S, which includes parts of southern Brazil, southern Paraguay and northeastern Argentina, and the whole of Uruguay (see Figure 5.1), covering an area of approximately 500 000 km2. The term Campos refers to grasslands or pastures with a vegetation cover comprising mainly grasses and herbs; scattered small shrubs and trees are occasionally found, generally by the banks of streams.
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Figure 5.1 The Campos region of South America.



The grasslands of the Campos have enormous potential for cattle, sheep and horse production for meat, and for various wildlife products. This potential derives from the good environmental conditions, particularly the climate, which allows the growth of a great floristic diversity of edible plants that produce a huge bulk of forage throughout the year. The climate is subtropical to temperate, with very marked seasonal fluctuations; it is subhumid, because potential evapotranspiration in summer is greater than precipitation, which leads to moisture deficiencies in the soil. Although rainfall is distributed throughout the year, it is characterized by great variations between years; this irregularity is the main source of problems in forage production. The highest precipitation is usually in summer and autumn. Livestock production is one of the most important agricultural activities of the region, based on the natural grasslands that cover 95 percent of the area. Hence the great importance of this economic resource: its utilization in terms of maximum productivity while avoiding deterioration is an issue that



The South American Campos ecosystem



concerns farmers, researchers and others with an interest in natural resource conservation. GENERAL DESCRIPTION OF THE REGION Climate The Campos has a subtropical climate, very warm in summer but with frosts in winter. It is humid, often with moisture surplus in autumn and spring, but moderate deficits in summer (Escobar et al., 1996) Average annual temperature in Corrientes Province varies from 19.5°C in the south of the province to 22.0°C in the north. The average of the coldest month varies from 13.5°C to 16.0°C. Meteorological frosts are registered in the whole region, with low frequency, from one to six frosts per year, mainly in June and July, with records of first and last frosts from May to September. Average annual precipitation ranges between 1 200 and 1 600 mm, increasing from east to west. There is an unexplained increasing trend in mean annual precipitation; in the last 30 years autumn rainfall increased by more than 100 mm, while spring rainfall tended to decrease. Monthly rainfall distribution is variable: April, March and February have averages above 170 mm/month. A second rainfall peak occurs in October–November, with 130–140 mm/month, and lower values are recorded in winter. The moisture balance shows periods of excess (precipitation higher than evapotranspiration) in autumn and spring (March–April and September–October) and deficits in summer (December– January). Annual average relative humidity for all locations ranges between 70 and 75 percent, the lower values in summer and the higher in winter. Livestock production Cattle stock is about 4.2 million head in Corrientes Province (Argentina) and 10.1 million in Uruguay, with little variation in recent years. Sheep stocks have been declining consistently, and in 1996 there were 1.2 million head in Corrientes and 13 million in Uruguay. Low wool prices, reduction in domestic consumption of mutton and farmers discouraged by sheep rustling are the main causes. Wildlife The Campos Ecosystem, with abundant open tussock ranges and gallery forests along watercourses, provides a suitable environment for the development of a varied and abundant fauna. The great diversity of water bodies, flooded areas, small and big lagoons allowed the development of important populations of carpinchos or capybaras (Hydrochoerus hidrochaeris) in almost all the territory. Hunting of this animal for its valuable pelt is controlled by provincial authorities, and populations remain relatively stable. Deer are found in aquatic environments. Marsh deer (Odocoileus blastocerus) was an endangered species and now is controlled in protected areas in Brazil. In Uruguay, Ozotocerus
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bezoarticus is the typical deer. Other abundant species are yacares (Caiman spp.) and river wolves (giant otters, Pteronura brasiliensis). On the grassland part of the Campos there are armadillos (Dasypus spp.), viscachas (Lagostomus maximus), hares, foxes, partridges, rheas and ducks, which are rarely harmed by humans. Floristic composition Within the Campos there are various econiches, defined more by inherent botanical composition than by effect of use. The dominant vegetation in Corrientes is herbaceous, with few or no trees and shrubs, except for the Ñandubay forest. Hence the name Campos or Campos limpios. Perennial summer grasses dominate, with sedges next in importance, and are found in every grassland of the region. There are numerous legumes, but at very low frequencies. More than 300 species from 39 botanical families have been listed in the herbaceous strata (J.G. Fernández, pers. comm.), which reflects the great floristic diversity and botanical richness of these grasslands. Perennial grasses contribute 70–80 percent of the total dry matter (DM) yield; Cyperaceae follow, with 7 percent on higher ground and up to 20 percent in the marshy, low-lying wetlands (malezales). Legume contribution is always low, ranging from 3 to 8 percent of total DM yield on higher ground, and is practically nil in the lowlands of the malezales. In the Rocky Outcrops (afloramiantos rocosos) zone, natural grasslands have been regularly studied since the mid-1980s. In a grazing trial on 70 ha, 178 species were noted. The three most important grasses were Andropogon lateralis, Paspalum notatum and Sporobolus indicus. Other important grasses were Paspalum almum, P. plicatulum, Coelorachis selloana and Schizachyrium paniculatum. Other species seldom contributed more than 10 percent of total biomass. Desmodium incanum was the only legume that regularly contributed to summer forage. The most abundant Cyperaceae was Rhynchospora praecincta. A greater range of species contributes to the total biomass of short-grass grasslands, although three grasses – Paspalum notatum, Sporobolus indicus and Axonopus argentinus – are the most frequent. An important feature of this grassland is that winter grasses can contribute from 3 to 20 percent of winter forage, depending on grazing management. The commonest winter species are Stipa setigera, Piptochaetium stipoides, P. montevidense and Trifolium polymorphum. Climax vegetation Cattle and horses were the first domestic herbivores, introduced by Spanish settlers at the beginning of the seventeenth century; sheep arrived in the midnineteenth century. The introduction of domestic livestock to the natural grassland ecosystem has changed the vegetation type, as grazing is the main factor that keeps the grasslands in a herbaceous pseudoclimax phase (Vieira da Silva, 1979). Exotic plants, mainly from Europe, were introduced along
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with livestock, increasing the disturbance. There is little information about the characteristics of the grasslands previous to the introduction of domestic herbivores. According to Gallinal et al. (1938) “We do not know descriptions or precise indicators of existing vegetation prior to livestock introduction nor from the native immigration over areas that now are Campos”. Some imprecise references to vegetation were made at the beginning of nineteenth century by travellers such as the foreigners Azara, Darwin and Saint Hilaire, and by criollos such as Father Dámaso Antonio Larrañaga. From their descriptions it can be deduced that there were no forest zones, except for the banks of rivers, and that the landscape was characteristically a prairie with some small trees, shrubs and sub-shrubs. In an exclosure made in 1984 at the INIA Experimental Unit of Glencoe, Uruguay, (32°01v32wS and 57°00v39wW), where grazing was excluded on land that had been grazed for centuries, tall bunchgrass-like plants began to increase and short-grasses showed reduced cover. There was also an increase of sub-shrubs and shrubs such as Eupatorium buniifolium, Baccharis articulata, B. spicata and B. trimera, while B. coridifolia decreased, as it is a species that thrives when grasses are weakened by grazing. B. dracunculifolia, a shrub of three metres, which has branches that are easily broken by domestic herbivores, was found after six years of exclosure. The population of B. articulata remained stable for five years; thereafter all the plants died almost simultaneously, but after a similar period, the population re-established and died again, and now there are new plants developing. Original plants of Eupatorium buniifolium remain, and there are other, younger plants. The size of the grass bunches increased and the number of individual plant decreased, as shown by Stipa neesiana, Paspalum dilatatum, Coelorachis selloana and Schizachyrium microstachyum. There is a great development of grasses that were of very low frequency and rarely flowered under grazing, such as Paspalum indecorum, Schizachyrium imberbe and Digitaria saltensis. Native legumes, although of low frequency, also increased in vigour. The continued exclusion of grazing leads to increased litter accumulation, which changes the moisture retention capacity of the soil markedly. This effect, coupled with taller grasses, modifies the microclimate. The interruption of a factor that has driven vegetation to a new equilibrium point returns it to an earlier stage, but not exactly to the same starting point (Laycock, 1991). The situation after two decades of exclosure might be similar to that prior to domestic livestock introduction. GRASSLAND TYPES AND PRODUCTION SYSTEMS IN ARGENTINA The structure of the main grassland types of the Mesopotamia Region of Argentina was described by Van der Sluijs (1971). A paper on Grassland types in the Centre-South of Corrientes was published by INTA Mercedes (INTAEEA, 1977). Two different canopy structures are found, determined by the growth form and habit of the dominant species.



175



Grasslands of the world



176



On the one hand there are the tussock prairies, called generically pajonales (straw), with Andropogon lateralis being the commonest species, and there are grasslands dominated by Sorghastrum agrostoides, others by Paspalum quadrifarium and others by P. intermedium. These are typical of the ecological regions of Albardón del Paraná Sandy Hills (lomadas arenosas); with lateritic hills and malezales on higher sites. On the other hand there are short-grass grasslands, where dominant species rarely exceed 30–40 cm in height. Here the commonest grasses are Paspalum notatum, Axonopus argentinus and Sporobolus indicus. Long-term overgrazing causes grassland deterioration, which leads to a lower canopy, reduced floristic diversity and reduced vegetative growth. In this situation, flechilla becomes the dominant grass (Aristida venustula), so these grasslands are named flechillares. Deteriorated short-grass grasslands dominate the centre-south of the province, in the Rocky Outcrops regions and Ñandubay forest. Intermediate situations are found between the two grassland types, where pajonales and short-grass are mixed. These are mosaic grasslands, characteristic of the floramientos region. Growth and forage production Annual production from various grassland types and daily growth rates per hectare were evaluated for a 19-year period on Mercedes Experimental Station. A regrowth cutting methodology was employed, with mobile temporary enclosures (Brown, 1954; Frame, 1981). The main results were: • Pajonales Mean annual production was 5 077 kg DM/ha. Average monthly growth (Figure 5.2) showed regrowth in every month, including winter, when growth was 5 kg DM/ha/day. The average monthly growth rate was at a maximum in February, March and December. Growth rate distribution kg DM/ha/day



25 20 15 10 5 Figure 5.2 Average daily growth rates of a Pajonal grassland (19-year average).
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Years Figure 5.3 Yearly growth rate of a short-grass grassland over a 19-year period.



through the year correlated positively with monthly variations in temperature, showing an autumn peak higher than the spring one. Variability between years is high, particularly in summer, which is related to rainfall variation and high temperatures. Grassland production of the main grassland types of the northwest of the province was studied by Gándara and co-workers (1989, 1990a, b). These authors evaluated three pajonal-dominated sites: malezales, Corrientes and Chavarria, and mean aboveground production for four clipping frequencies was 5 260, 4 850 and 4 120 kg DM/ha/year for the three sites, respectively. • Short-grass Average production of a short-grass grassland was 5 803 kg DM/ ha/year, with great variation between years and an increasing trend over time (Figure 5.3). Maximum growth rate was attained at the end of the summer or early autumn (February–March), when growth rates were estimated at 25 kg DM/ha/day. July was the month with least growth; it was estimated at 5.5 kg DM/ha/day. Yearly forage production showed an increasing trend over time, but this could be related to an increasing trend in annual precipitation over the same period. Such an increase could lead to a progressive increase in carrying capacity. Nevertheless, the most remarkable conclusion from the data is the great inter-annual variability. • Flechillares Average production of the flechillares was 2 774 kg DM/ha/year. The highest growth rate was in February and March, followed by December; the lowest in June–July. This grassland has a seasonal distribution similar to the original short-grasses but has a proportionally better growth distribution between winter and spring. The carrying capacity of such grassland is low, and it becomes critical in years when rainfall is below average.
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Production systems Livestock production is based on the use of spring–summer growing grassland, with little use of sown pastures or other supplementary sources of feed. The main production system is a mix of breeding and fattening, with increasing preference for breeding. Specialized fattening systems are irrelevant. Predominant breeds are Zebu-based, followed by European breeds, Indian breeds and criollas. The main systems are characterized by low production efficiency. The average extraction rate for sale is only 18.9 percent, while the national average in Argentina reaches 23 percent. Sheep rearing is mainly for wool, and to a lesser extent for lamb. A cattle-sheep production system is applied by 3 400 farmers in the centre-south of the province. Predominant breeds are Corriedale, Romney Marsh and Ideal. Lambing rates in Corrientes average 60 to 65 percent, with a mean greasy fleece weight of 3.18 kg/head. Provincial sheep stocks have declined in recent decades, following the same trend as the national stock. The sheep stock in 1993 was 1.39 million head, with a greasy wool production of 4 427 000 kg. Productivity levels are low when compared with potential productivity in this environment. The reasons for this have been analysed by Royo Pallarés (1985), who indicated a series of environmental, social, economic and technical factors as the causes of low productivity in an economic inflation scenario. Gándara and Arias (1999) noted recently that resource mismanagement, limited adoption of improved technology, lack of service structures, poor cattle markets and small farm size were factors determining low productivity. Productivity of the best farms Many authors have reported productivity increases when some basic management technologies have been applied (Arias, 1997; Benitez Meabe, 1997; Royo Pallarés, 1985, 1999). In the north of Corrientes, average productivity at subregional level is 30 kg/ha/year, while at the Experimental Unit, where basic management practices were applied, 67.7 kg/ha/year were obtained (Table 5.1). GRASSLAND TYPES AND PRODUCTION SYSTEMS IN URUGUAY Grassland is defined as a vegetation cover formed by grasses, with associated herbs and dwarf shrubs, where trees are rare (Berretta and Nascimento, 1991). The most numerous botanical family is the Gramineae, both summer (C4) and temperate (C3) types; this association is an unusual characteristic of these grasslands. The most important Tribes are: Paniceae, including the genera with most species, Paspalum, Panicum, Axonopus, Setaria, Digitaria, etc.; Andropogoneae, with Andropogon, Bothriochloa, Schizachyrium, etc.; Eragrostea, with the genera Eragrostis, Distichlis, etc.; and Chlorideae, with Chloris, Eleusine, Bouteloua, etc. Winter-grass tribes, where most of the cultivated forages belong, are: Poeae, with the genera Bromus, Poa, Melica, Briza,
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TABLE 5.1



Average productivity in northwest Corrientes in comparison with an experimental unit. Production indexes



Marketing rate Weaning weight Weaning weight per cow Cows/total stock Liveweight production Carrying capacity



NW Corrientes



(%) (kg) (kg)



Experimental Breeding Unit



45 150 67 0.43 30 ––



(kg/ha/year) (Animal Units/ha)



69.2 197 136 0.65 67.7 0.56 – 0.73(1)



NOTES: (1) September–March. SOURCE: After Arias, 1997.



TABLE 5.2



Daily Growth Rates (DGR) and their standard deviation (kg DM/ha/day), and Seasonal Distribution (SD) (%) of yearly forage production from grasslands on the main soil types. Season



Soil type



SBR Basalt



SB D



Eastern Sierras Crystalline Soils (granitic) D Upper hill Sandy Soils Low hill North East Soils



Summer



Autumn



Winter



Spring



DGR



10.1 ± 4.9



6.8 ± 2.9



4.9 ± 2.5



9.9 ± 3.9



SD DGR



31.4 13.6 ± 5.9



21.2 8.8 ± 3.9



15.7 6.1 ± 2.4



31.7 13.0 ± 4.3



SD DGR



32.1 17.2 ± 7.8



21.0 10.9 ± 4.2



14.9 7.3 ±3.1



32.0 14.8 ±4.4



SD DGR



33.3 15.3



21.5 9.2



15.1 3.8



30.1 11.5



SD DGR



38.0 13.1 ± 7.3



23.4 8.6 ± 3.3



9.7 6.5 ± 3.2



28.9 17.0 ± 6.8



SD DGR



28.6 27.7 ± 5.6



19.3 7.3 ± 4.2



14.5 4.1 ± 2.3



37.6 17.6 ± 3.3



SD DGR



48.5 27.3 ± 8.4



13.1 7.5 ± 4.4



7.3 3.7 ± 1.5



31.1 22.2 ± 4.1



SD DGR



44.5 5.1



13.6 6.9



6.1 4.7



36.8 11.0



SD



18.3



25.0



17.1



39.6



NOTES: SBR = Shallow Brown-Reddish. SB = Shallow Black. D = Deep.



Lolium, Dactylis, Festuca, etc.; Stipeae, with Stipa and Piptochaetium – the bulk of the native species; and Agrostideae, with the genera Calamagrostis, Agrostis, etc., with only a few species (Rosengurtt, Arrillaga de Maffei and Izaguirre de Artucio, 1970). In general terms, the presence of winter species is associated with soil type, topography, altitude, fertility and grazing management. Plants from other families grow with the grasses, such as Compositae, Leguminoseae, Cyperaceae, Umbelliferae, Rubiaceae, Plantaginaceae and Oxalidaceae. Native herbaceous legumes are represented by many genera – Trifolium, Adesmia, Desmodium, Desmanthus, Galactia, Zornia, Mimosa, Tephrosia, Stylosanthes – but their net frequency is low, always below 3 percent in all types of grassland, except in very special habitats (Berretta, 2001). The natural grasslands are used for extensive livestock production, with little improvement, and correspond with the main soil types (see Table 5.2). Vegetation characteristics of each grassland type are defined firstly by the soil type, its physical and chemical properties, and to a lesser extent by topography and aspect.
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Some species are present in all grassland types, although with variable frequencies; others are present in some grasslands; others are characteristic and indicators of certain habitats. Within each grassland type there are vegetation gradients associated with topography (upper slope, middle and valley) that with soil depth differences and moisture conditions produce a range of associations. In swampy, flooded places there are Cyperus spp., Heleocharis spp., Canna glauca, Leersia hexandra, Luziola peruviana, Paspalum hydrophylum, Pontederia cordata, Sagittaria montevidensis and Thalia spp. Perennials from the various families predominate in all grasslands. Annuals are infrequent, but may become more prominent at some seasons of the year or due to management practices, such as grazing methods, fertilization, or the introduction of exotics or legumes. In grassland communities, a relationship can be established between the percentage contribution of each species to total biomass and its degree of contribution to soil cover. Theoretical studies (Poissonet and Poissonet, 1969; Daget and Poissonet, 1971) indicate that this relationship is commonly close to 20:80 – a Gini-Lorenz relationship. Vegetation surveys carried out in different grasslands and through several seasons showed relationships varying between 30:70 and 20:80 (Coronel and Martínez, 1983; Olmos and Godron, 1990). Despite the number of species found, which is generally high, only about ten species make a major contribution to forage production. Identification of these species is of particular interest when monitoring community evolution and planning cattle management. Identification of growth habit types (Rosengurtt, 1979) can help in making grazing management decisions. Most summer and winter grasses are of a caespitose vegetative type. Stoloniferous grasses are all summer cycle, except for one. Rhizomatous species belong to various families (Gramineae, Cyperaceae, Compositae, Leguminosae, Umbelliferae, etc.) and there are both winter- and summer-cycle rosette plants, primarily Compositae and Umbelliferae. Growth habit types are used as a substitute where there is a lack of precise data on the nutritive value of forages and enabling the ranking of hundreds of species in a useful way for consideration in present and future vegetation management (Rosengurtt, 1946, 1979; Rosengurtt, Arrillaga de Maffei and Izaguirre de Artucio, 1970). Table 5.2 shows detailed Daily Growth Rates and their standard deviation, and seasonal distribution of grass production in different types of grasslands. On some soils, forage growth reflects soil depth or topographic position, leading to different botanical compositions. On basalt soils, three vegetation types can be distinguished, directly related to soil depth. On shallow brown-reddish soils, vegetation cover is about 70 percent, while rocks and stones cover 10 percent and the rest is bare soil and litter. These values have some seasonal variations and show marked changes during droughts. Daily Growth Rates, expressed as kg DM/ha/day, is variable
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according to season and between years. Most annual forage grows in summer, but this season is the most variable due to high risk of drought on this soil. The commonest species are Schizachyrium spicatum, Chloris grandiflora, Eragrostis neesii, Eustachys bahiensis, Microchloa indica, Bouteloua megapotamica, Aristida venustula, Dichondra microcalyx, Oxalis spp. (macachines) and Selaginella sp. On the same soil type, but where the upper horizon reaches 15–20 cm in depth, other species are found, such as the summer grasses Paspalum notatum and Bothriochloa laguroides, and winter cycle grasses Stipa setigera (= S. neesiana) and Piptochaetium stipoides. The presence of more productive species changes the seasonal distribution of growth, so highest productivity is in spring and autumn, although total annual production is similar. Vegetation cover is 80 percent on shallow black soils – the rest is litter and bare soil – and varies between seasons and years. The most frequent species are Schizachyrium spicatum, Chloris grandiflora, Eustachys bahiensis, Bouteloua megapotamica, Aristida murina, A. uruguayensis, Dichondra microcalyx, Oxalis spp., Nostoc sp. and Selaginella sp. Less frequent are Stipa setigera, Piptochaetium stipoides, Bothriochloa laguroides, Paspalum notatum, P. plicatulum, Coelorhachis selloana and Adesmia bicolor. When the upper horizon is deeper, the usually less frequent species become more frequent. Total annual forage production on deeper soils is slightly greater, but seasonal distribution is different, with 70 percent of total forage being produced in spring and autumn. Deep fertile soils have a vegetation cover close to 90 percent, and the rest is litter. The main species on these soils are Paspalum notatum, P. plicatulum, P. dilatatum, Coelorachis selloana, Andropogon ternatus, Bothriochloa laguroides, Axonopus affinis, Aristida uruguayensis, Schizachyrium spicatum, S. setigera, Cyperaceae, Piptochaetium stipoides, Poa lanigera, Trifolium polymorphum and Adesmia bicolor (Berretta, 1998). On all three soil types, the deeper the upper horizon, the greater the spring growth, by up to 40 percent. This may be related to higher frequency of winter species which flower in spring and again in autumn when they regrow, and when growth can be as high as 28 percent of the total. On sandy soils, botanical composition changes are mainly associated with topographic position. Table 5.2 shows daily growth rate and seasonal distribution of forage production from upper and lower parts of a hillside, in the same topographic sequence. Annual forage yields from upper and lower areas averaged 5 144 kg DM/ha and 5 503 kg DM/ha, respectively, over eight years (Bemhaja, 2001). In such grassland, growth peaks in spring and summer, with 80 percent of total production. This is related in part to edaphic factors (depth, texture, moisture retention capacity), but more to the dominance of summer species, such as Paspalum notatum, Axonopus compressus, A. argentinus, Sporobolus indicus, Coelorachis selloana, Panicum milioides, P. sabulorum, P. nicorae (which is a characteristic species of such soils) and Eragrostis
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ELBIO BERRETTA



Plate 5.1 Landscape in the Sierras zone.



purpurascens. The commonest winter grass is Piptochaetium montevidense. Dwarf herbs, such as Soliva pterosperma, Eryngium nudicaule, Chevreulia sarmentosa, and Dichondra microcalyx, are relatively frequent. Native legumes are infrequent, with Desmodium incanum the most representative. Baccharis coridifolia and Vernonia nudiflora are the main weeds in invaded fields (campo sucio). Managed burning is common on these soils, as a tool to reduce dead material and to promote green spring regrowth and hence improve forage quality. Summer grasses are rough, clearly overshadow the sward and are little or not liked by livestock, except in very special circumstances; dead leaves and stems accumulate in winter, becoming even less palatable. The main such grasses are Erianthus angustifolius, Paspalum quadrifarium, Andropogon lateralis and Schizachyrium microstachyum, associated with some dwarf shrub and shrub weeds that thrive in this conditions and give place to campos sucios and pajonales (straw fields). Natural grasslands on Brunosols are species rich. It is possible to find 50 to 60 species in a 12 m2 plot. Some 30 percent of the species present represent 70 percent of total vegetation cover. Grasses are the most abundant, and 70 percent of them are summer growing. Depending on local management practices, natural grasslands may be covered by small shrubs or native trees. Legume presence under grazing conditions is sparse. Forage production averages 3 626 kg DM/ha/year in the lomadas zone and about 1 500 kg DM/ha/year in the Sierras zone (Plate 5.1). Most of the plants (80–85 percent) are summer-cycle perennials. In spite of rich biodiversity, the
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Plate 5.2a Typical grassland scenes on the Campos of Uruguay – Campos on shallow basaltic soil.



Plate 5.2b Typical Grassland Scenes on the Campos of Uruguay – Campos on granitic soils.



number of species that contribute to forage production is low; the Paspalum notatum–Axonopus compressuss association is notably the main contributor. Forage digestibility is usually low (48–62 percent) (Ayala et al., 2001). Typical grassland scenes on the Campos of Uruguay are shown in Plates 5.2a–f.
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Plate 5.2c Typical grassland scenes on the Campos of Uruguay – Campos on eastern hillocks.
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Plate 5.2d Typical grassland scenes on the Campos of Uruguay – Campos on sandy soils.



VEGETATION LIMITATIONS FOR ANIMAL PRODUCTION The main limitation of the humid subtropical grasslands is their poor herbage quality. Although this is well known, and has been the subject of many papers (Royo Pallarés, 1985; Deregibus, 1988), little progress has been made in overcoming it. C4-dominated grasslands, with high temperatures and good rainfall produce high growth rates, which leads to a dilution of nutrients and
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Plate 5.2e Typical grassland scenes on the Campos of Uruguay – Winter sunset over the Campos on granitic soils in southern Uruguay.



Plate 5.2f Typical Grassland Scenes on the Campos of Uruguay – Campos in Central Uruguay with cows grazing on basaltic soils.



a marked decrease in digestibility, which rarely exceeds 60 percent; forage crude protein levels barely reach basic cattle requirements. This situation is aggravated in winter by frost. Most of the year there is a “green desert” – a great bulk of low quality forage, in a difficult-to-graze pasture structure. The animals graze in a “sea of forage”, but have low intake. Fire is used in most cases to stimulate regrowth and improve grassland quality
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Salt deficiency was noted as a problem at the end of the nineteenth century in the Campos. Phosphorus deficiency was identified (Kraemer and Mufarrege, 1965), and since then it has become increasingly obvious that phosphorus deficiency is one of the main constraints on livestock production in Corrientes. The soils have less than 5 ppm of available phosphorus, so forage has a phosphorus content below 0.10 percent. This strongly limits both forage production and quality, which in turn limits the animal output that can be obtained. Research on many aspects of phosphorus nutrition of cattle and pastures have been conducted in Corrientes (Arias and Manunta, 1981; Arias et al, 1985; Mufarrege, Somma de Fere and Homse, 1985; Wilken, 1985; Royo Pallarés and Mufarrege, 1969; Royo Pallarés, 1985). Mineral supplementation to correct phosphorus deficiencies is the technology most accepted and adopted by farmers; but there are still doubts, misconceptions and practical problems in its implementation. Production systems The main production systems are: • calf production (Cría) only, with sales of weaned male calves and rejected cows, keeping replacement females; • breeding and growth (Recría), where male calves are kept after weaning, to be sold to other farmers at 18 to 30 months, before winter; • complete cycle, which is the breeding and fattening of all calves to slaughter, which can occur at different ages and weights; and • fattening, which can be on natural grasslands. In that case steers are finished for slaughter at over four years old, starting with one-year-old or older steers. Intensive fattening starts from weaned calves or young steers, using variable proportions of improved grassland or cultivated pastures. In any of these cases, cattle rearing may be accompanied by sheep (Plate 5.3). This is commoner in breeding than in fattening systems. Sheep breeding systems are similar. Castrated weaned lambs and rejected ewes are the main income source, but the current trend is to sell heavier lambs of more than 40 kg liveweight. According to grassland characteristics, mixed set stocking in cattle production has many limitations, mainly nutritional. Some of the major constraints are advanced age of heifers at first mating (a mean of three years old); low calving rate (65 percent); low liveweight gain of calves, with consequently low weaning weight (130–140 kg); advanced slaughter age (4 years); and low extraction rate (18–20 percent). Under such conditions, beef production on natural grasslands is about 65 kg/ha/year. Table 5.3 compares two management systems, with and without sheep, on basalt grasslands. Both systems were evaluated under grazing conditions with a continuous fixed stocking rate of 1 cow-equivalent per hectare, for four years. Despite the high stocking rate and simple management, the results show higher productivity levels than those of extensive production systems. Yearly variations in birth and weaning rates are the main factors determining animal
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Plate 5.3 Mixed grazing. TABLE 5.3



Reproductive performance and productivity of two management systems. Year



Cattle system 1 2 3 4 Average Mixed system 1 2 3 4 Average



Birth rate (%)



Weaning rate (%)



Weaning weight (kg)



Productivity (kg/ha) Liveweight Wool



80.0 60.0 87.5 75.0 75.6



77.5 55.5 75.0 70.0 69.5



141 141 137 143 141



109 78 103 100 988



– – – – -



75.0 55.0 78.0 65.0 68.0



70.0 50.5 75.0 60.0 64.0



153 143 166 160 156



107 72 125 96 100



10.1 9.0 10.3 9.8 9.8



SOURCE: Adapted from Pigurina, Soares de Lima and Berretta, 1998.



production. Weaning rates are higher in the cattle-only system, but weaning weight and total productivity were higher in the mixed system. Fattening steers on natural grasslands takes a long time because liveweight gains are variable between seasons, related to availability and quality of forage, stocking rate and presence or absence of sheep (Table 5.4). Different feeding, management and sanitary control strategies affect sheep production. Research programmes focus on increasing wool and lamb production efficiency, and the quality of both products. Technical options for extensive conditions are presented in Table 5.5. In traditional systems, nutritional levels are insufficient for breeding ewes in the last third of pregnancy, with consequent low weight and low fat score at lambing.



Grasslands of the world



188



TABLE 5.4



Steer liveweight variation (kg/head/day) and productivity (kg/ha/year) in relation to stocking rate and sheep:cattle ratio (S:C) in continuous set stocking on natural grasslands. Stocking rate (AU/ha) S:C ratio Season Autumn Winter Spring Summer Yearly average Total steer production kg/head/year) kg/ha(3)



0.6(1) 2:1 0.196 0.089 0.915 0.351 0.388



bc c a b A



141 A 75



0.8(1) 2:1 0.194 -0.176 0.858 0.413 0.322



c d a b A



0.8(1) 0.9(2) 5:1 0:1 Liveweight variation, kg/day 0.139 bc -0.248 c -0.086 c 0.075 b 0.828 a 0.758 a 0.297 b 0.604 a 0.295 AB 0.297 AB



118 A 84



108 B 54



1.06(1) 2:1



1.06(1) 5:1



-0.076 c -0.312 d 0.667 a 0.431 b 0.178 B



-0.130 c -0.397 d 0.720 a 0.436 b 0.157 B



108 B 125



65 B 62



57 B 38



NOTES: a, b, c – Averages in the same column with distinct letters differ significantly (P 
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