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Sustainable agricultural productivity is now the keygoal of 

both developed and developing countries (Edwards et al., 199.). 

In the latter, the option 01 incr~a5in9 productivity solely by 

mean,s of external input5 $uch as Lime .. fertilizar, and 

herbicídes, remains beycnd the reach of most farmers. Good 

stewardship 01 the soi1 then becomes ~1 caramount concern as 
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ideally, the nut~ients needed fo~ agricultu~al produ~tion should 

come,pr.edominantly from fluxes into and out of the soil organic 

matter rather than frero fertilizer additions to the soll nutrient 

solution (Harwoed, 1990). Any net lo~s of soil organic matter 

represents a 1055 of the farmer's capital, especially the paorer 

farmer as, in terms of a' farmer's lifetime, the soil is, an,non-

renewable resource • 

. In Latin America population growth rate is exceeding the 

rate of in crease in agricultura] output (Vera et al., 1993) and 

there~ore productivity must increase with a concurrent 

malntenance or improvement of the soi!. Various options to 

achieve such sustainable in creases ir. productivity have been 

discússed by Sánchez and Salinas (1981), Toledo and Nares (1986), 

Sánchez (1987), and Goedert (1987) tor both the humid tropics 

(mainly forest) and the acid soil savannas. Grass/legume pastures 

feature.prominently in the proposed options discussed in the 

aboye articles. However in a summary 01 the research policies on 

50il management ior sustainability, Bentley (1991) targeted 

research on the use of iodder grasa •• and legumes tor sustainable 

agriculture and soil conservation ~s an "outrageously and 

cansistent1y neglected" area. In this article we examine the role 

, . of forage grasses and legumes in production aystems of the acid-

so11 savannas oi Latin America. Evidence is presented from long 

term experimenta with grass/legume paslures, which demon5trates 

both ~he soil improving qualitiea and the in creases in 
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productivi'ty obtilinable trom the use of ac:ip-tolerant'foragei,':' 

germ~lasm with' minimum external ,inputs. . o.' . 
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11. Land use.iil.'Latin America 
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Two ecosystems dominate the land in tropical Latin America, the 
.:,0'-.;, .,.. h'~." . 

rain "forests, and tne savannas. Here we wi 11, address the main 

problems associated wi th agric:ul tur,al produc:tion arid soi 1 

managemen'Í: pertaining main 1 y to the' savanna ec:osystems, in the 

region. Aspec:ts of $oi 1 management in the rain forest regi,ons are 

discussed elsewhere (61.9., Sánc:he¡:, 1987; Villachica et 'a,l..~ 

1990; Smith et al., this meeting). , .' 
Generally, the lands of tropical Latin America are'~sed ,for 

extensive cattle ranC:hing,with savannas covering about 45% of the 
, , ' 

l .. nd arl!'a"i:1I':,'243-million hectares (Huntley .. nd Walker, 1982;' V,era 

and Seré, 1,985). The savannas 'represent the major under-utilized 

resourc:e in the continent and are found on the Cerrados of Brazi1 

(180:millionhectares). the Llanos of Colombia (17 million). 

Venezuela (28 milI ion) and Guyana (4 mi 11 ion) and 'the savanna of 

Bolivia (4 million) CCole, 1986). In Brazil and Vene¡:uela'these 

lands are being rapióly exploited. Table 1 shows the trenÓs in 

,the areas under c:rop an'd pasture in Latin America. 

The Latin American tropics carry $ome 250 m head,of cattle, 

with an annual produ~tio~ of some 7 million metric tonnes or, 

megatonnes (Mt) 01 'beef and veal, and 31 Mt of milk representing 

13.8 and 6.6 percent of the world total, respectively (Table 2). 
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'The region, however is not self sufiicient in these commedities as .' 

production lncreases lag behind population gre~th and.petential~' 
" ."".,,' • - ':- .í" l' :. 

,demand for, beef '(Vera et al.. 1993 ¡'. . '" .'.. '.\, ..... 
¡'" ~ : ,,);;~:: ~ ;" : ", .. 

Thel"e is • .'in addi tion, substantia 1 crop' preduction. in "~ 

tropical Latin Ame~ica, with the majo~ pl"6duction area. occurring 

in Brazil (Table 3). Cl"Op pl"oduction includes 44 Mt,of'~.ize, oi 
I , 

which Brazil (55 perce~t) and Mexico (27 percent) produce 82 

pel"ceht ot the total. In 1990, 17 Mt of l"ice .. as 'produced" qt 

which 58 percent, was produced, in Sl"azil and 26 pel"cent'in the 

r'emaining tropical South American countrles, and 23 Mt oi sOY,bean 

over SS percent 01 which "as producad in Brazil. 'Soybean 

production has expanded by over 12 percent on an annua1- ra'te in 

the 24 Years 1966 to 1990 (Table 3). Although integrated crcp-

past'ure systems exist in the region, over .the last twelwe years 

there have been substantial structural changes away from 

integrated 'crop,-pa'sture systems particularly in the Srazilian 
. , :. . '. 
Cerrados.' ,In th'is 'region upland rice yislds are lo .. at ,around' 1.5 

t/ha, largely because the traditional varietias 10dge'easi1y, when 

supplied with more than modest levels oi fertilizer (Sanint et 

al., 1992).' Moreover, grain quality Is pOOl" and prices are 
" . 

discounted by 20-30% when 'compared wi th' the irrigated sector 

prices (Teixeira and Sanint 1988). With the restructuring 01 the 

economic support to crop production in Erazil, in many areas rice 

has .given way to so~bean.monocropping. 
:~~l ')'., ....... >1:: 

In the newly pioneered 

areas particularlyf where beef still remains profi,table, there 
.'\ 
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.. have be eh l'.rge s .. ings' away frem c:ropping te pasturas ':(Sanint·' et :' 

al.,' 1992 J • " 
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III'.:Cons~rain,s ~o preduc:tipn 
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The main soi 1 c:hemical c:onstraints in Latin Americ:a are' low' :i: ' ,t.-

nutrient reserves, soU ac:idi ty and phosphorus fixation', (Table 

4). Areund 75% 0'1 the ,seils in the savanna' ,regions are, either 

oxisols (43%) or ultisels (32%). Further details of the c:limatic: , 
and topegraphie parameters fer the SaVannas ha ve been summarized 

-:-,.t-~~ "~" ..... .:rl, 

by Goe~ert (1987) and.Vera et al. (1993). Eswaran et al. (1992) 

have estimated that oxis01s can lese 50% of their 'sustainability 

under 10w input agric:u1ture within 20 ,Years, arate 'w!:,lieh 19 mueh 

more ,ra~id than a11iso1s, mollis01s or ver,tisols. Thus even, :', 

though' these soi1s, are' endowed with I"elatively good physical": 
, ... 

conditions and great depth, they must be managed carefully for 

sustained produetion. . .,.' , 
, . 

" The pastures 01 the Cerrados of Brazil are mainly pure grass 

with about' 40 million ha planted ~o a 'singlé genotype 01 

Brachiaria decumbens' whieh is usc,a11y establ ished afte"'; a pioneer, 

c:rop of.upland rice (Zeigler et al., 1993). Hewever without 

maintenanc~ 1erti1iser these pastures are degrading mainly Que te 

phospherus and nitregen deficiencies and attaeks f'rom spittlebugs 

(Cer:copids) , (F,enster an9 Leon¡ 1979; Spain .. 1993; Salin-as and 

Sai1, ,1990; Va'lerio J.R. and Nakano, 1988) • 
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Similarly, on areas under monoeroppin~ of soybeans and'other -
. ,,:.' 

, , 

annual, erops in Brazil, y,ields are not sustainabl:, due, to weed :, ,,;.: 

competition, depletion of low nutri'ent reserves and soil physi\:al 

problems sueh, as compaetion and eros ion (EMPA, 1997; Sanchez, ;', ' . . ,.: .. ,' 
1976; Seguy et al., 1989; Spain, 1993; Stoner et al., ,i991; "', .. ' 

, ..' . ' . 
• ,'o' 

Zeigler et aL.' 1993). In, 'addi tion eropping' in the cerrapos",: '," ,,' 

usually requires li.ini at ~ates of at least'2 t/ha to adjustthe 
.; . 

" 

tow soil pH (Goedert, 1983; 1997). , " 

In' unopel')ed savanna regions sué:h as thEi! Llanos 01": plairis' 01 

Colombia, cuiti-vation 01 crops is limited by deficiencies ,in 

in1rastrueture, such as roads (Table 5) and a'lack'of a l'ocal 

source 01 lime to ameliorate soil acidity.'These areas rema in as 

extensiva low-input low-output ranchin~ systems utilisin~ mainly 

native savannas grasses. Jhe latter haye a very lo ... nutritional , , 

quality 101" grazing animals due predominantly tothe low reserves . ' 

01 plant available nutri~nts (Lascano, 1992[ Fisher 

-1992) • 
',' .. " .... . 
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IV. Approaches to alleviating the eonstraints 

'. " • .1. 

A. Selection 01 acid tolerant germplasm 

l.' Forage grasses and legumes 

'," 

, " 
" 

, , 

,For ,areas of ac'id infertj.le soils of the lowland, tropic5, which 
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adopted the:.'strategy of selecting ac:id-tolerant 1érage gr'ass and .~' .. :. . ~\'. 
, legume spei;ies and developing '10",,-input management t~ch~ique5 to ' .. 

". "' 

'e$tabli$h the' selected mater~als. Using a regional germpla$m ",-.: ' .. 
, ". , , 

•• : O" 

evaIuation approach, a port10lio of acid-tolerant germplasm, "','-, ,.<:. 
'options for the major ,ecosystems of tropical"America 'nQw ,eMists', 

(Toledo et al., 1999; Miles and Lapointe, 1992). 
.,', 

'.: . ~ ,.' 

The results 01 this teéhnology in terms of animal live', 

weight gains, (LWl3)' have 'been spectacular especially with a legume . . . . -.. ' ,,.. 

in the pasture. For example, in tne Calambian Llanos grass/legume 

pastures have more than doúbled animal LWl3 and shown a .. 10-,folt! 

increase in productivity per ha compared with a managed native 

savanna (Fig 1).' The grass/legume pasture increased LWl3 per head 

by 50% and LWl3/ha increased by 20-30% compared with the grass 

only pasture. ,Impressive improvements, in reproductive performance 
• .,. .... w' _.'.:<,. 

and milk production,have a1so been documented (Tnomas et al., 

1992) • 

2. Upland rice 

"CIAT' s' rice program nas developed 1 ines of uplanq rice that 'are 

-" 

adapted to 5avanna acid so11s with aluminum"saturation ,levels .> -
75% (Sarkarung and Zeigler, 1990). These lines are tolerant to 

modera te drought stress and prevalent diseases such as rice blast 

and the "hoja blanca" virus. ~he yieId potentials are high, 'in 

tne order of 3.5-5.0 tina and lodging prOble?,s are, considerably 

r~d~ced compared witn'ot~er upland varie~ies far tne savannas 

(Zeigler et al., 199,3;' Vera et al., 1993). 

'. 
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B. The role of legumes - long term e.ffeets 

The tixation of nitrogen by forage legumes ls a key eomponent of 

the low-lnput teehnology. for tropical pastures as grasses are 

usually N-deficlent (Toledo and Nares, 1986). The input of N via 

biclogieal tixaticn improves,the nutritive value of the forage 

(protein and minerals) and henee animal produetion. In addition 

nutrient eyeling is thought to be improved via increased litter 

quality and a faster transformation of nulrients into plant-

available forms via animal ingestion and excretion (Floate, 

1981). Hcwever for the Latin American trapies there is little 

evid'ence far this or indeed for the expeeted bui Id up of organie 

matler under legumes (6ethin Jones, 1942) or pastures (Tate, 

1987) • 

A gra2ing experiment on an oxisol in Colombia with grass.and 

grass-legume pastures has been 'Jsed to examine the beneficial 

long term effect5 of a torage legume in terms of soi 1 'impraveme"t 

and increased animal productivity, 

The pasturas were sown in ,1978 al Carimagua 4-30'N. 71-19·W. 

150 maslo Thi5 area receives around 2200 mm rainfa1l annually, 

mainly during May-November with a distinct dry season between 

December and March. 9011s are oxisols (tropeptie haplustox 

isohyparthermic) with pHIH2 0) 4.7-4.9, aluminum saturation ) 84%, 

3 cmci(+)/kg Al, 'and low amounts 01 av.ilable nutrients in the 

arder of 0.1 cmol/kg Ca and Mg; 0.1 emol/kg k and P (aray 111 • 

B 
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Tne grdss Brachiaria decumbens ev. Basilisk (CIAT 606) ",as 

so",n in 1978 dlone 01' with 6 m strip,. of Pueraria phaseo}oides 

CIAT 9900 (kudzul in duplicated 2 h~ paddocks (Tergas et al, " 

1984). The legume strips initially covered about 30% of the total 

araa but gradually the legume became distributed throughout the 

pasture. Rates of fertilisation at establishment were (kg/nal, 33 

P on the grass and 44 P, 40"K, 1~ Mg and 22 S on the strips of 

legume. In 1979 the strips received 18 K, 10 Mg and 22 $ as a 

maintenance fertiliser and thereatter a11 pastura treatments 

receivad 10 P, 9 K, 92.5 Ca, 8 Mg and 11 S every two years up 

until 1987. After this date fertilization 01 the pasturas was 

discontinuad. 

Continuous grazing started in December 1978 and details 01 

the stocking rates used are given by Lascano and Estrada (1989). 

Basically tne stoeKing rates varied batween 1 and 2 animals/ha 

depending on the ~eason. Liveweight gains were measured every 56 

days and forage avaiJability and botanieal composition 4 times 

per year using quadrat cuts. 

. ", ..... '" ~'.-

1. Animal production 

These pastures have now persisted for 14 years and increases in 

animal production due to the legume P. phaseoloides were first 

observed in the rainy season aiter 3 years compared with the B. 

decl.lmbens grass enly pasture (Fig '2). Differences in animal LWG 

during the dry seasons newever, were noted during the first year 
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(Fig 31. The legume content in this pasture has 11uctua~ed around 

a mean 01 371. (Lascano and Estrada, 1989). 

2. Soil chemical parameters 

After 10 years. the soil organic matter levels were higher in the 

0-2 cm profiles of the grass and grass-Iegume"pasture compared 

with the native savanna bat there were' little Or no differences 

in soil organic nitrogen levels between the pastures (Table 6). 

In these soils the contribution of the legume carbon to soil 

organic matter was estimated by 81~C isotope measurements using 

the difference in natural levels of 51~C between the C4 grasses 

and C~ legumes (e.g. Cerri et al., 1991). The results (Fig 41 

show that the legume contributed 291. of the total soil carbon in 

the top 2 cm of soil and this contribution decreased gradually 

down the soil profile- (ROlo et al., 1992). 

3. Soil physical parameters 

There were little Or no significant differences between the 

treatments in terms of soil bulk density .• resis~"'nce to 

penetration, water infiltration rates or total porosity (Ayarza 

unpublished). However there was a better distribution 01 soil 

aggregates under the grass and especially the grass/legume 

pasture compared with the undisturbed savanna (Fig 51. Over 33% 

of the aggregates from t~e grass/legume pasture were larger than 

0.5mm. For the grass only pasture this value was 251. while only 

10% of the savanna soil aggregates were greater than 0.5mm. 

10 
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4. Soil fertility 

N mineralisation .. 

The qualitative differences in 5011 organic matter and 

differences in soi1 aggregate distribution noted aboye were 

accompanied by differences in potential rates 01 N mineralisation 

between soil tram the grass only and gr"ass-legume pastures as 

measured by two incubation methods (Tabla 7). Potential rates of 

mineralisation were consistently higher with soil from 

grass/leguma pasturas comparad with grass only pastures 

irrespective 01 the method used. 

Yields of a subsequent upland rice crop. 

In 1989 one haIf of the experiment described"above was sown to 

one of the new acirl-tolerant upland ,·ice varieties (CIAT line 

6196-33-11-1-3) with differing levels 01 "1ertilisation (Sanz et 

al., 1993). The experiment was repeated with a second rice crop 

in 1990. The benefit 01 the legume to the rice crop Can be seen 

in the data from the treatment receiving 25 kg/ha P but no N 

(Table 8). For the first rice crop an extra 1.7 trice/ha was 

obtained after the grass-legume pasture compared with the grass 

only pasture ~epresenting about 28 kg N/ha or appro"imately the . . ~ .. '-. 
equ~valent of 86 kgN fertilizar/ha (assuming a nitrogen harvest 

inde" 01 0.65 and a fertilizer recovery rate of 501.). For the 

• 
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second rice crop the yield advantage 'from the grass-legume 

pasture was 0.8 t/ha. 

5. Perlod to atta in 80% 01 the benefits 

• 

It is relevant to ask how long is it necessary to maintain a 

grass/legume pasture on an oxisol in order to obtai" the yield 

'benefits noted aboye. Dne approach is to use a model oi the 

expected levels 01 N mineralisation trem the grass/legume 

residues using data weighted 1er both grass and legume annual dry 

matter preductien and their respective rates of",litter 

decomposition during the wet sea.on (Thomas and Asakawa, 1993). 

During the dry season decomposition is about 2-3 times slower 

than du'ring the wet season and is ignored here. Annual pasture OM 

production was estimated to be about 15 t OM/ha/yr (212 day wet 

season) with animals consuming 40% ot the pasture. This leaves a 

total of 9.0 t DM/ha/yr as aboye ground material which turns over 

each year (assuming production Is at steady state on an annual 

basls). Then using a 37% legume content and concentrations 01 N 

in grass litter 01 0.6% N and 1.91% N in legume litter (Lascano 

and Estrada, 1989; Thomas and Asakawa, 1993), we estimate a 

return to the soil 01 63.6 kg legume N (3.33 t x 1.91% NI and 

34.0 kg grass N (5.67 t x 0.6% N). For the contribution trom 

roots we assume a shoot:root ratio of' 1.4 (Rao unpublishedl and a 

'. N concentration of 0.6% ~ giving 36 kg root N (6 t x 0.6% N). 

Thus the total amount 01 N available tor recycling via 

decomposition is about 133.6 kg N/ha (63.6+34+36). Dec?mposition 

12 



• 

• 

of tropical forage grass and legume litter can be described by a 

single expanential decay model (Thamas and Asakawa, 1993). From 

this study the weighted mean daily decomposition rate constant 

for grass and Iagume N was around 0.00l5. Using this rate 

constant we can estimate the cumulative amounts 01 N avaiIabIe 

fram mineralised plant residues for each year 01 a 10 year 

periodo These data are presented in Fig 6. We estimate that aftar 

2 years we would obtain around 80% of the benefits of a 10 year 

old pastura in tarms of N mineralised par year, and 90% after 3 

years. The actual amounts of N avaiIable may vary depending on 

the vaIidity 01 sorne of the assumptions made above, but the 

pattern of N availability over time is unlikely to diffar 

greatly. Thus we might expect signi'( icant benefits in' terms of N 

suppIy to a subsequent crop from a moderately grazed grass-legume 

pasture, with a legume content of 37%, after 3-4 years it year 1 

is considered only for establishment. Changes in soi1 physical 

conditions however, are likely to require longer periods. The 

expected input 01 N into the soil pools with varying legume 

contents and degrees 01 pastura utilization have been discussed 

elsewhere (Thomas, 1992). 

C. The use of inputs 

1. F,orage grasses and legumes 

13 
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The establishment 01 aeid-tolerant grasses and legumes, requires 

moderate levels of fertili~ation (Sánchez and Salinas, 1981) • 

Ranges in kg/ha for the major nutrients are; 1~-20 P; 10-20 K¡ 

50-400 Ca; 10 Mg. The le~ume eomponent is expeeted to supply the 

N input although there is some evidence that small doses of 

starter N may aid the establishment of certaih legumes, e.g. 

Arachis pintoi (Thomas, 1993). These levels can be further 

redueed i1, the fertiIiser is applied in bands, e.g. 5, kg P/ha can 

be used instead 01 20 kg IAyarza and Spai~, 19911. Where 

micronutrient deficiencies oecur with Zn, Cu and 8, applieations 

01 between 1-3 I<g e1ement/ha are recammended (Ayar~a" 1991). 

2. Upland rice 

The ne .. CIAT upland ,.-ice varieties planted :in" t'he plains of 

Colombia are eurrently receiving in kg/ha, 30~ dolomitie lime, 50 

P, 100 K, 80 N and 5 Zn. 01 major impartance is the fact that 

some 01 these Jines, e.g. CIAT line 23 (Ory~ica sabana 6), do not 

require 1iming at rates sufficient to raíse the soíl pH and they 

are much less nutrient demanding than either the other upland 

varieties eurrently in use in the region or an irrigated rice 

varíety (Table 9). 

The lo .. input technolegy desc~ibed by Toledo anó No~es 

(1986) was aimed at p~oductien f,.-oo, ver'y marginal lands but as 

these soils are impreved under gras./legume pastures and crops 
, , 

are grown, possibilities will arise for intensifieatíon of this 

integrated crep-pasture system. However frem a nutrient balance 

14 
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standpoint, it i5 obvioU5 that as more nutrlents are removed in 

erop produet5 and as the nutrient eycles beeome more "leaky" as a 

result of this lntensification, ther'e wjll be a need to replaee 

the 'losses from the system. Fertilizars sup~lement~d with other 

on-farm resourees such as crop residues, animal and green manures 

will then be~ome inereasingly important. 

1t ls also evident that although the technologies developed 

for the region are ealled "low-input", as pointed out by Sénehez 

and Salin'as (1981l, this does not imp!y the elimination of 

fertilizer. The aim is to maximise the output per unit of 

fertilizer added and minimise nutrient losses from the soil-plant 

system by improving nutrient cyeling. Phosphorus 15 probably' th'e 

nutrient requiring most attention as the aeid-tolerant pasture 

and 'rice germplasm can'not be eslabl ished without C\dditions 01 

purchased phosphorus and there are inaufficient amounts available 

in the unamended soils to improve rD~ycling. Improvements in the 

efficiency of fertilizer use are pos~,ible as it Mas been 

demonstrated, for example, in long term experiments on the 

ara.ilian Cerrados, that the recovery of pMosphorus fertilizer i5 

high even witM high phosphor~s fiMing 50i15 and this, combined 

with the residual v~lue of the fertilizer, makes phosphorus 

fertilization economically worthwhile (Goedert, 1983). Further Le 

Mare et al. (1987) have shown with Cerrado soil, that phosphorus 

• . fertilizer could be used more effieie~tly when combined with 

green manures or erop residues. More studies ef this sort are 

needed to improve fertilizer efficiency. 
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Another important aspect of the use 01 inputs relates to the 

persisten ce of the legume component, which can be a problem in 

grazed past~res. As discussed' by Sprent and Raven (1985), if the 

major soil nutrients other than N are !imiting then, from an 

e~olutionary viewpoint, it is better that legumes invest energy 

and photosynthate into producing a greater volume of root tissue 

than nodule' tissue so that fhey Can seavenge the soil for 

nutrients including N. Legumes are o·rten quoted as requiring 

greater amounts of nutrients, 5uch as phosphorus, ~han grasses 

but this remains controversial and unp,-oven. In addition some 

tropical forage legumes require le55 phosphorus than certa!n 

grasses (Sánchez and Salinas, 1981). Nevertheless if we can 

extend Sprent and Raven's evolulionary perspective to legume 

persistence, then the legume-based syscems will have greater 

chances of success if' all nutrient deficiencies other than N are 

alleviated. This will also in crease the competitiveness 01 the 

legumes in grass/legume pastures. In acid soils, e~ternal inputs 

and the rapid recycling 01 the limiling nutrients will playa 
':' . .... ". ,~. 

major role in this scenario. 

The use of acid-tolerant germplasm, which are less nutrient 

demanding than unadapted varieties, with improved nutrient use 

efficiency and the strategic use of external inputs are key 

factors in the successfuf management 01 the savanna acid soils 

for increased production: Much needs to be done to improve our 

knowledge 01 this area, especially the integration of fertilizer 

16 
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'inputs with ether'en-farm reseurces 

animal and green manures. 

" 
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,V.' Integrate:d rice-pasture systems . ' . , 
' .. ' . , 

Since 1989 the technelogies associated wi th' the use of acid-: 

telerant fer,age a~d upland ;ice germplasm have been combined and 

tested in r~ce-p~sture systems (Vera et al." 19~31 Sanz et al.: 
, ' " 

1993; Zeigler et al., 1993). ;his has usual1y taken the form 'of, 

the 'simultaneous sewing ,of, fel"'age grasses ¡i!.nd legumes with r.ice , 
te establish'an improved ,grass/legume pasture with a pioneer crep 

of rice in either pl"'eviously unopened areas qi native savanna "01'" 

already' epened savannas with degraded pastul"'es. In Brazil the 

'technelogy' has beeo used successfully since 1~87 to reéuperate 

degraded pastures en 'limed seUs el'" seils with pH(H",O) 5.0-5.9" 

in a system knewn lecally as the "Sistema Barreir80". In this 

system, upla'nd ,rice' is sown"" with ,"Bl"'achiiilria spp. but witheut 

10rage l!,!gumes (Kluthceuski et al., 1991l. A third 'possible use 
" 

, ' 

is the retatien 01 cereals and pasturas in a classic legume:"'based 

ley. In all of these systems the rice crop is har~ested aiter 

105-120 days, the pastures establish much faster trian t~e 

tra,di tional lew-input technólogy by L\ ti 1 izing the residual 

fertilizer not removed by the l"'ice crop. The improved 

. " 

• . gra~s/legume pastures ar!! then ready fer ·g ..... ¡zing" after the rice'; 

harvest whereas traditienally the pasture requires ene year ·to' 

establish. The system is more ef1icient in land pre~aration.and 
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fertilization and reduce~ erosion and nutrient 
, 

,establ ishirÍg 'a ground cover fas ter and more completely: ,than, the, 
........ ". ,::~.=,' ! 

separate estab1ish~ent Qf rice' or' p'asture. 'In additiQn, the ,;':":,, • 
.. ' 

Qllerall nutrient status 01 the acid soils are impr'Qved as'a " 

result of the a'pplicati'~n Qf; 1ertilil!ers (Vera et al ... '1993,L in' a 
, , 

" 

manner similar to that repor-ted for the hum id tr-opics (Sánchez, ' 
, ' 

1987) . 
. ~. ; ~ 

'~.' ---" .' ~ .... 
~ :,! .... -' - ", .. ' 

Fur-'ther-, as .. e 'r-epor-ted abOlle (Table 8), .. hen rice is ,gro .. n 

after- a grass/legume pasture increased yields can be expecte'd ,:" 

'compared .. ith cr-opping,a1ter a grass Qnly ~~ native savanna 

pasture. Thus there is the PQtential for- intensifying, the system 
, ' 

, , 

in'repeated past~relcrop sequences. , .. 
, .... 

• 

" ' .. 
, : ." 

" . " 
.,~ .;' , 

'The rice/pasture'systems ar-e proving to be succl!'ssful' in the 

Llanos of Colombia .. here the br-eak-ellen yield for the cost 01 the 

rice-pasture system is a'round 1.6 t/ha 01 rice. '-Vields, ,in excess 
", 

of 2 t/ha have' been obtained in on-farm trials oll~r 3 consecutive 

year-s' ! Veril et al., 19931. 1 n 1992 bet .. een 5-6,121121121 ha .. ere '!I0lOn 

to either rice or- r-ice-pastures. Prior- to 199121 these ar-eas, .. ere 
, '. 

used exclusively for- extensive ranching. In" Er-azil it :has' been 

estimated that ~bout 5121,121121121 ha 01 degrade¿,pa,tures h~v~ be en , 

renovated by so .. ing rice/pastures using the ·Sistema Barreir30· 

(~luthcouski pers. comm.,l. Thus the systems ar-e both 
l.. • :.-rh-~.- ·Jf .. 

agronomically feasible and economically attractive (Rivas et al., 

. , 
199~; Sanint et al., 199~). 

In financial terms the rice CrOP dramatically improlles the 

cash 110 .. 01 pasture improvement by providing substantial 

18 
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This improvemerit in ~ash tlow can ,allow further cropping an~.· ',. 
. , ' , , . '. . ' .. ~ ,"," .. ~ 

, reduce the number of years apasture i$o used. Thus the p~oblem' of 
, ,1 .: ' .' ~, :. ~ . " . .-

legume persi~tence .. ·'bec~mes' 
• • " ", ""1 ., 

pasture management and parti~ularly 

less' c::riti~al as the pasture ~an be ~onvE>rted to crop!!' witM,'or 
. . .' ~ .'. 

without under~owing with improved grass ,ani::f legume ,S~f1!C~~S~ Thl!f 

system will how~ver require crop production expertise~either"frpm ... 
the graziE>r or 'via,~ontract arrangements. TME> latter,is already 

oc~urring in the Colombian Llanos. 

PotE>ntial 01 rice-pastures' .: .. 
In Brazil ~here upland riCE> has been a traditional p{onE>er crop 

it has be en usual to use l,arge amounts of lime (at least 2. ':t/t"!a) 

and the traditional ricelines have been prone tó lodging where, N 

supply is al$oo high (~eixeira et al., 1989). The new acid~ 
" .':' = . 

toferant lines require less 1 ime (currentl y 300 kg/ha are us~d) .: 

and ~re le;s's prone to, l~dging. The root systems' are more able fo 
., '. 

withstand stresses frem aluminum and water ~empared with the: 

,traditional lines. Yields of 3-4 t/ha are p'i::lssible c:ompa,:,ed ,wfth 

average yields 01 1.2 t'/ha i'n the Cerrado. In addition ,.they, 

attrac:t prices equal to those 01 the irrigated sec:tor~.'. 

It /;las been estimated tha't by the year 2025 there i$o likely to be 

50 million ha'of improved pa~turE> in the Cerrado (c:urrently thE>re 

,are ,30 m ha). If half of.the area i$o renovated every 6 years with 

ri~e/pasture an additional 4.2 m ha 01 rice'would be establish~d 

yielding 7.6 milllon ton s of rice (at 1.8 t/ha). This would meet 

.. ~. 
," 1,9· 
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a drastic reduction in subsidies to agricul ture in the Cerrados ... ; 

(Sanint et al'. '. 1992). As mentioned earlierthere is··a .. 1:ren.d away 

from cropping to pasture in sorne of this area, which 'wi,11 "'equire . . ' 

a more input efficient systém to reverse. The ~ice-pasture system 

is anexample of such animproved system, but it i~ re~ognised. 

that polic:ias ""il1 undoubtedly play a key role :in the 'adoption of 

~uch systems. In particular the concept of. ley ~arming'ln ~he 

tropics, i.e. rotating rice and other grain crops with pasturas, . , 
• ls relativ~ly new and wl11 need mo~e information' o~ opportunity··· . . . 

c:osts and pO'licy requirements aS wel1 aS further evidence for' its 
.' ' 

adva~tages over alternative land uses (Saleem and Fisher, 19~3)., 
."" 

Although yields of monocropped rice using the new CIAT' ,Unes' . , .' . 
, . 

have bee"" maintained for 3 su~cessive years in Colombia, lt is~ . . .... ~ . 

not known h'9W long monocropping can. be sustained on the 'oxisols . f··o· 

of the Llanos wlth the present technol09Y. It lspossible that 

the prob1ems of. 5011 c:ompac:tion' :and erosion" enc:ountered in the 

Brazilian Cerrados wil1 also occur in·the Llanos. .' 

," .~ 

" .. ' .. 
, . VI. Future need 10r long term research .' , 

", -. ". . . .. . 
Al though the s,",cc:essful ~se of grass/legu'me pastures has been' 

demonstrated for enhanc:ed animal and subsequent crop production 
. 

on an oxiso1. 'there remains the need to repeat these 'findings 
"~.;:, .. .,r,.. ... ", ...... 
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rice-pasture s)/stem described above. An alternative éu:"rently 

under study is thEÍ so"'ing of a cocktail 01 lligumes combining; 
.': . '" ., 

rapid establishment 01 one iegume (e.g. StyJos'!'nthe5':spp',' or,' 
'. . • _. • J,"", ~ 

Centro5ema sr:>P.) with thelonger term persi.stence',c1 ;á-legu"!e: 

such as Arachís pintoí. 
": '. 

Studies 01 factors affecting legume'p!"Tsistencl! and'pasture 

degradation are ongoing in a 5 )/ear l!><pl!riml!n't at ,the, ICA-CIAT 
, , ' 

experimental ~tation in Colombia (Fisher I!t al" ~1993),'The" 

testing 01 crop-pasturll' rptations 'wi th comb"'1ri'iít';[ons 01 rice, 
i 

mai:ilI:~. so)/beans, sorghum, grll'l!n manures and' grass/legume pas'tures 

is 'currently underwaY"both,in Colcimbia (ICA-CIAT) and in Brazi~, 

at EMBRAF'A:':CPAC, Planaltina, 'Both 01 these efforts involve 10,nc;¡ 
" " 

~ .. -term, 't:'otati'on' experim)!!nts using 5 )/ear cycles. The main 
I _. , 

. ~':'., .. , 
, . 

h)/pothesis',being tested is' that integrated crop-pasture ,sy:otems .. '. 

are more e11icient in, the use of inputs and" that thl!Y ar~ more" 
, , 

productive and sustainable than eithl!r continuous cropping o~ 

pasture alone. The role 01 tillagl! and other crop management 

'. practices currently ongoing in Brazil (e.g. Sl!guy I!t al,', 1993), 

whfch mainly involve crops and gresn manures, are compleml!ntar)/ . . 
to ~he activiti~s descriped aboye, 

B)/ cO!llparin,g' native savanna wl th improved grass a'nd 

grass/l.gume pasturl!s with known differencl!s in soil Ruality, 

21 
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" .. 

soil chemical and physical factors.are being identified which may ~ 

serve as in'dices' of sustainability for the so11 resource base, 

These will need to be tested in other agroecosystems, , 

The on-station experiments are planned for a mlnimum of two 

rotation,cycles and ara being complemented with on-farm 

monitoring of similar systems together with on-farm participatory 

research. This approach wi11 ex pose the hypothesis and 

technologies meotioned aboye to fhe rigor;' 01 actual farm 

conditions as well as providing an historical perspeétive 01 land 

use in e~isting integrated crop-pasture sy,stems. 

, . 
VII. Conclusions 

1 - Data from a long term grazing experiment confirm the value 01 

forage grasses and especially legumes, Tor the improvement of 

soil quality while at the same time increasing animal 

product·ivity with only minimum inputs of main'tenance 

ferti1:i:sation. 

2 - On' acid ,50115, the improved s,oi1 conditions' can result in 

increased yields 01 a subsequent acid-tolerant rice crop. The' 

combining of rice and pastures in pasture-crop rotations has been 

demonstrated ~o be agronomical1y and economically viable ,on acid 

soi1s that are representativa 01 large .. raas 01 Latin American . ' 

savannas. This technology is an example 01 enhanced productivity 

while contributing to tne,maintenance or improvement 01 soil' 

22 
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quality. The teehnology has tne potential for, a large impact with ,-

a mínimum financial and ecologieal cost (Sanint et 'al., 199121). 
" 

The two key factors in the success '01 this tec:hnology are 1) 

ac:id-toler,ant germplasm and 2) high fertilizer use effieiency of 

beth pasture and rice plants. 
" 

3 - To avoíd problems associated .. ith monccropping on savanna 
, , 

, " 

soils"e.g~ soil compaction, eros ion and weed infestation, an 

option would be the establishment 01 pasture-c:rop rctaticns with 

apasture phase of 3-4 years rather like a classical ley f,arming 

system. The likelihocd of theadoption of' ley farming systems 

.. il1 'depend on tec:hnologic:al fac:tors such as the existence of a, 

viable forage seed industr~, tM ... availabilityof fertilizérs and 

improved extension activities and infrastructure. In addition 

various policy requirements such as'access te credit and subsidy 

incentives sheuld be in place in arder to stimulate interest from 

farmers (e.g. see Saleem and Fisher, 1993) ";'J,~;,~, ..... ,' 

4 - There is no .. an urgent need to explore addi tio'na 1 

alternatives to rice-pasture, ~hich should include a wider set 01' 

acid-tolerant ger.mplasm (e.g., maize, sorghum, soybeans) in order 

te a¿hieve sustainable crop-crop and crop-pasture systems. 

5 - ,AltMough tMe researc~ reported Mere has be en exclusively 

cehcerned .. ith acid soil savannas the principIe of the integrated 

use 01 grass/legume pastures with crops for soi1 

23 



• 

: .. , ' 

" 
',.; . .: ~ .. ,' 
';:' .. . .. , 

,improvement and production increases at,relatively lo .. costs " 

should be applicable to other agroecosystems in the region, " 

including the forest margins and hi)lsides, .. here past~res are 

ubiquitous (CIAT, 1991). The technology cari':>"'iñ'c'rease production 

from existing agricultura1 lands thereby re1ieving pressure on 

areas such as the tropical rain forests and it can also be used 

to recuperate degraded lands. A key factor is the ability to 

establish at lo .. or economical cost, productive grass/1egume 

pastures as a means of overcoming the problems of decreasing 

fallo .. periods in cropping systems and the beginnlng of soi1 

degradation. 
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LEGENOS TO FIGURES • , 

Figure 1. Productivity of savanna and impreved pastures 

en an exi501. Data from CIAT (1990). 

Figure 2. Relative animal live weight gain$ frem 

B.decumbens!'p. phaseoloides pastures compared 

with B. decumbens alone dur.ing the rainy 

season on an oxisol in th,. Colombian llanos. 

Data from'Lascano & ,Estrada (1989),' o - measured 

values o - fitted regression line, y M 

105.33,.'"' ..... 4H, ,1"'''' '" 121.68. 

Figure 3. Animal live weight gains during the dry'season 

",ith B'. decumbens alone 01'" in assoc:iation with 

P. phaseoloides. Data from Lascano & Estrada 

(1989). Mean production valúes (1979-87) ",ere 

significantly different bet",een treatments at 

P<0.048. 

Figure 4. Total C and S13C values for soi15 under 

, different long~term pastur.es. B. decumbens ",ith 

01'" without P. phaseoloides are 10 yea!'" old 

pastures. ·P. phaseoloides alone pasture i5 8 . . 
years old. Numbers in bra,ckets are the 
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Figure 5. 

Figure 6. 

" 

, , 

" ....• 
o' •• 

" " 

percentages of soile derived from the legume. 

nata from Rao'et al. (1992). 
, . 

., " 

.' 
Aggregate size distribution 01 soil partieles, 

in the 0-10 cm layer from a elay loam o~isol 

under a long 'term B.deeumbens pasture ~.ith and 

without P. phaseoloides compared with the 

nativa savanna. (Ayarza, unpublished) 

" 
Estimated kg N mineralised/ha/yr for a 10 year 

old B.decumbens/P. phaseoloides pasture on an 

o~isol. 
", " 
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Table 1. Trerids in the land areas in crop and pastura in Latin Ameriea Source: CIAT, 1992). 

Permanent pastures Annual and permanent crops 

Regional group 1973/80 1989 1973/80, 1989 
.. ' 

'millions of ha 

Brazil and Mexico 213.47 244.50 87.98 103.36 

Tropical South America 126.87 137.62 19.23 21.33 

Central America 11.86 13.77 6.33 6.86 

Caribbean 6.59 7.00 6.16 6.60 
• 

Tropical Latin America 376.79 402.89 119.70 138.09 
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TabIe 2. Uvestock commodity datá for tropical Latiil America, incIuding the 
Canbbean (Source: elAT, 1992). 

Annual Production Stock 

1974/81 1990 Proportlon of per 1974/81 1990 
Commodity world total cepita 

, milllons metric " kg '000 head 
• tons 

Beef and vea! 4.61 7.05 13.8 18 201.5 250.0 

CowmHk 25.15 31.12 6.6 81 26.9 32.5 

Pig meat 2.46 2.54 3.7 7 67.8 71.8 

Poultry meat 2.00 f. 4.30 11.6 11 ,747.0 ' 1211.0 ., 
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Tabíe 3. 

Commodity 

.' 

Wheat 

Maize 

Potatoes 

Cassava 

Rice, paddy 

, Dry beans 

Soybeans' 

Sorghum 

r " 

• 

Data for the principal aop commodlties in tropical Latín 
America, incIuding the Caribbean (Source: elAT, 1992). 

Annual Productlon 

1974/ 1990 per' 
81 'caplta 

millions metric kg 
tons 

3.05 9.62 25 

25.96 44.38 115 

5.58 9.06 23 

31.32 30.94 80 

9.50 17.34 45 

3.81 3.97 10 

0.92 23.32 67 

2,31 7.89 '20 
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Tabla 4. Maln constraints in terms of soil chemistry In Latln Americe 

.)' , 

Area % of total 
,x 10' ha area 

'", : 

" 

Low nutrlent status 941 43 

Aluminum toxlcity 821 36 

High P flXation by iron oxides 615 28 

Acldity without /ij toxlcity 313 14 

LowCEC " 118 5 " . , , ' 

High P fixatlon by allophane 44 2 

Others (8.g. salinity, alkalinity) 246 10 

Total area ' , 2172 
• 

Data adapted from Sanqhez and Logan (1992) 
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'Table 5, Road length denSity In savanna reglons -, 

Reglon Paved roads 
km/10OQ km-

" 
Venezuelan nanos 50.9 

. , ' -... : . 

Brazilian cerrados 5.7 

Colombian llanos 0.1 

Data from Vera and Seré, 1985 
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Tabla 6. SaO OM and total N in 10 yr old pasturas comparad with !il 
nativa savanna. 

. .' .. 

Pastura Dapth 
, ' cm %OM %N 

, 
Nativa savanna 0- 2 4.07 :1: 0.13 0.160 :t 0.007 

2-10 3.50 :t 0.17 0.096 :t 0.007 
.. 

B. decumbens 0- 2 4.82 :t 0.27 0.189 :t 0.016 
2 ~ 10 3.56 :t 0.13 0.110 :t 0.008 

, , 

B. decumbens/ 0- 2 4.90 :1: 0.22 0.164 :t 0.009 
P. phaseololdes 2 -10 3.62:1: 0.10 0.101 :t 0.006 

Data from Thomas unpublishad. means 01 10 samplas :t S.E. 
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Table 7. 

, . : .. . ,~ 

Potential N mineralization rates of soil under B. decumbens 
or B. decumbens + .kudzu pastura measured by two 

. methods. . . '; 
· ',: '" ~, . -,':: ",l.:' ":: .... :. .. . . 

.. ~~ . ,-",' '; ~ ..... :/ ... ~. 
-.: . " . 

"g N 9 soil"' dar' 

B. decumbens B. decumbens + 
kudzu 

Incubation In pots in 0.519 :1: 0.085 0.913 :1: 0.116 
glasshouse for 4 weeks 

Anaerobic incubation 
at 4O"C fer 7 days 3.86:1: 1.33 6.84 :1: 1.69 

Data from Thomas unpublished, Means of 15 samples :1: S.E. 
Soil depth 0-20 cm • 
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Table 8. 

Vear 

1989 

1990 

:.' 

. . '''. (', . ", 
. " 

. .. ~ .... - ~.: ." 
. ~. : .. 

Yields of a rice crop sown after 8':10'yr" 
old grass or grass/legume pasture. 

, tonnes rice/ha 

' 8. decumbens B. decumbens + kudzu 

1.36 % 0.17 3.07 % 0.26, 

1.40 % 0.21 2.22 % 0.21 
" 

, 
, ' 

The rice crop received O N and 25 kg P /ha 
:1: S.E. (Sanz et al., 1993, Fisher unpublished) 
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Tabla 9. Ranga DI nutrient contents per tonne of upland rice. 

Kg nutrient/t rice 

Nutriant Rice line 

CIAT3 CIAT23 IAC47 

P 2-5 2 10-15 
, 

K 1Ó-2EI 13-22 58-66 

Ca 0.2-3 . 2-3 . 16-19 

Mg 1.5-8 1.5-3 10-13 

S 0.9-3 1-2 ,6-20 

Zn 0.004-0.110 0.004-0.10 0.1-0.15 

CIAT lines are acid-~Ierant upland rice varieties 
1AC47 Is a Brazllian upland variety 
IR81s an Irrlgated rice varlety 

Data from J.I. Sanz (unpubllshed) 
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