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Sustainable agricultural productivity is now the key goal of
both de;eloped and developing countries (Edwards st al., 1298).
In the latter, the aption of increasing sroaductivity solely by
means af external inputs such as lime, fertilizer, and
herbicides, remains hevond the reach of most farmers. Bood

stewardship of the soil ther becomes of naramount concern as
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ideally, the nutrients needed for agricultural production should
come predominantly from fluxes into and cut of the =il crgaﬁic
matter rather than from fertilizer additions to the soil nutrient
soplution (HMarwood, 19298). Any net loss of soil arganic matter
represents a loss of £h§ farmer = cepital, especially the poorer
farmer az, in terms of a farmer’'s lifetime, the soil is an, non-—
renewable resource.

I Latin America population growih rate is ex:eedfng the
rate of increase in agricultural output (Vera et al., 1993} and
thérefﬁré ﬁrawuativit? must increase Wwith a concurrent
maintenance or improvement of the zeoil, Vaerious options to
achieve such sustainable increases in oroductiviiy have been
discussed by Sanche:z and Salinas (1981), Toledo and Nores {19B&),
Sanchez (1987}, and Goedert (1987) for both the humid tropics
{(mainly forest) and the acid scil savannas. Brass/legume pastures
feature. prominently in the proposed opiicons discussed in the
above articles. However in a summary of the resesrch policies on
s0il management for sustainability, Hentley (1991) targeted
research on the use of fodder grasses and legumes for sustainable
agriculture and scil conservation as an “outradepusly and
consistently neglected” area. In thie article we examine the role
of forage grasses and legumes in productich systems of the acid-
sai}xaavannas ot Latin America. Evidence is presented from long
term experiments with grass/legume pastures, which demonstrates

both the soil imgroving gualities and the increases in
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Tun eﬁasystemg dominate the land in trmp;caé L tin émeraca, the
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rain fDFEﬁtﬁ, and the savanﬁas. Here we will address the main

problems associated with agrlcultural production and soil

management pertaining mainly to the savanna ecosystems in the
region., Aspecte of soil management in the rain forest regions are

discussed elsewhere (2.9., Sanchez, 19873 Villachica et al.,-
19%9@; Smith et al., this meeting). L

Generally, the lands of tropical Latin America atE'Qged,for

extensive cattie ranching with savannas covering about 45% of the

land arga“or 243-million hectares (Huntley and Walker, 19823 Vera
and Seré, 1985%)., The savanras -represent the major under-utilized
resource in the continent and are found on the Cerrados of Brazil

-

{18@jmif1iun‘hectaras), the Llanos of Colgmbié {17 million),
Venezuela (28 million) and Buvyana (4 million) and'thg s;vanaa ot
Bolivia (4 million) {Cole, 198&). In Brazil and Venezuela these
iands are being rapidly exploited. Table 1 shows the trends in
the sreas under crop and pasture in Latin America. .

The Latin‘ﬁmeriﬁan tropics carry some 258 m haad,;f catti%,.
with an annual production of some 7 million metric tannes ort
megatonnes (Mt) of beef and véal, and 31 Mt of milk representing

*

13.8 and 6.6 percent aof the world total, respectiveiy {Table 2).
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there have been substantial structural changes away from

£}

proéuctzon 1ncrea$e$ lag behind population growth and - pateatlal

R
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-demané far beef {Vara et al., 1993). . t . »55fe' R ﬂﬂ.

Thaere ;%,‘in addition, substantial crop production inyzi;

tropical Latin America, with the major‘prdductian areas occurring

§

in Brazil (Table 3). Crop production includes 44 Mt.éf‘pgize, of
which érazil (55 percent) andd Mexico (27 per;ent) ércdﬁcenﬁé |
percent of £he total. In 199@, 17 Mt of rice was produced, of
which 58 percent was produced. in Brazil and 26 per;ent:én the i
?bmaining tropical South American countries, and 23 Mt of ﬁaybean
over BB percent of which was produced in Brazil. '~ Soybean

productxmn has expanded by over 12 percent orn an annual rate in

the 24 years 1944 to 199@ (Table 3). Although integrated crap- °

“The regzcn hawaver is not self 5aff1clent in these commodities as

"

pasture systems exist in the region, over the last twelve yéars"

_integrated:craﬁwpasture systems particularly in the Erhéilian .
ﬁerradcs; in this region uéiaad rice yie;ds are low at‘arﬁuﬂdjl.S
tiha; 1arge1y'because the traditional varietiss 1odga‘aa$ily;whea
supplisd with mnre'than modest levels af fertilizer {Sanint etl
)al., i???).'fﬁureever,_graiﬁ quality is poor and pricesiar&
discounted by 20-30% when compared with'the.irrigdteﬁ sector
prices (Teixeira and Sanint 1988). With the restructuring of the
rconomic support to crop production in Brazil, in aany areéﬁ ricve
ks, Fuowrnts

has given way to soybean monocropping. In the newly pioneered

areas particularlyi where beef still remains profitable, there

¥ .’
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nutrient reserves, scil acidity and phosphorus fixation (Table
4). Around 78% of the soils in the savaﬁna regicns are eithek
oxisols (43%) or ulti§olg {324). Further detaiié of the'climatie
and topeographic parameters for the %avamnas@?gfg been summarized
by Eue@ert {1987) aﬁd'Vera et al. (1993). Eﬁwaran et al, (1992}

have mgtimateé that oxisols can lose 507 of their sustainability

under low input agriculture within 2@ years, a rate which is much

. more rapid than alfisols, mollisols or vertisols. Thus even . *

though' these sonils.are endowed with relatively good physical‘iJ
conditions and great depth, they must he managed carefully for

s

sustained p?mddctian, ! LT e
The pastures of the'é?rradas of Brazil are mainly pure grass
with about 4@ million ha planted to a singleé ganotypekaf .
Brachiaria decumbens which is usually established after, a pémneer
crap of upland rice (Zeiglér et al., 1993}). Hawever without
maintenance fertiliser théﬁa pastures ate degrading mainly qgn*ta
phmﬁpha{us and nitrogen déficienciea and ;tgacks from séittlabugs

{Cercopids), (Fenster and Leon; 1979; Spain, 1993; Salinas and

Saif, .199@0; Valerioc J.R. and Nakano, 1988). y
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"have beef Targe swingﬁ‘awéy from cropping to pasturssx(Saningretg

al., 1992). .. . SRR e
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The main soil chemical constraints in Latin America are‘lcw<jﬁ"_£



- IV. Approaches to alleviating the constraints

" gimilarly, aon areas under mGNchmgping of 5aybaan5“ané‘cther ‘

énnual crops in Brazil, yzelds are not sustaxnable gue to waed ;a,;‘

cmmpetxtlon, d@pletion of low nutrient reserves and 5311 phy51c31

problems euah-as campactgmﬁ and erosion (EMPA, 1987 Qanchez,f

'i

i??é; Seguy et al., 1988; Bpain, 1993; Stoner et al,,_199;;

Zeigler et al., 1993). In addition cropping-in the Cerrados...” .

usually requires liming at rates of at least 2 t/ha to adjust the

L] .
. "

law soil pH iSoedert, 1983; 1987).

Iy uncpenad savanna FEQLQH% suth as the Llanos or! plaina mf
Calombxag»cuitivatlsn of crops is llmxteﬁ by deflczeﬁ;més dnm
infrastructure, such as roads {Table S) an&va'laqk<¢f a iécai.
source af lime to ameliorate moil acidity.'Th@ﬁa.areas remain as
exteféive 1oww$npuf low-output ranching aygtems‘utiliﬁgﬁé mainly

native savannas grasses. The latter have a very low nutritional .-

quality for grazing animals due pradﬂminantly to -the low resarves

af piant avazlable nutrzents (Lascano, 1992y Fisher at'al;,.'
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A. Belection of acid tolerant germplaém'

.

+

1. Forage grasses and legumes

For areas of acid infertile soils of the lcwiand-trggicé; which

have little prospect of utilizing even moderate levels cf inputs

of lime and fertilizer, the Tropical Forage Program of CIAT

&

B S N

.
- . . Tl s
L



s

“

e

»

UL
";

=T o0t

adopted the 5tratﬁgy ﬂf ﬁeiectxng acid—-talerant fﬂrage grass and v

Q‘- ‘

~legume specieﬁ a&& developing low-input manag&mwnt t@chniqueﬁ to v

"establish the‘selected materials. Us;ng a ragxmnal germplasm (fJ‘m

evaluatzon apprmach, a pmrtfollc cf acid-— tolerant germplasm

-

‘options for the major ecosystems of tropical America oW exlsts

(Toledo et al., 198@;%13% and Lapointe, 1992). =~ I

| The results of this tééhhmicgy in terms of animaimiivéx
weight gains. {stx have been spectacular egﬁéﬁiaﬁﬁy thﬂ a iegame
in the ;;stare. For example, in the Colombian Lianﬂﬁ graﬁﬁfiégsme
gaﬁtursﬁihave more than doubled animal LWG and ahmwn a l@-fold
increase in productivity per ha compared wit% a managed native
savanna {(Fig 1);-Tha grass/legume pasture increaaed LWG per héad
by 5@% and Lﬁa/ha.incraased by 2@8-3@Y. compared with thé grass |
only pasture.-lmpreasiva improvements, in reproductive performance
angd milk prcductlcn have also been dacumeﬁtzéw{¥hamas et al.,

1992),

2 Sgiand rice

‘QIQ?*ﬁ’rige ;regram has daveloped iiﬂEEfo upland rice that are

adapted to savanna acid soils with aluminum“saturatimn-Ieveiﬁ S —

75% (8Barkarung and Zeigler, 199@). These lines are tolerant to
moderate drought stress and prevalent dlﬁeases such as rzca blast
and the "hoja blanca" virus. ‘The yield potentials are high, in
the order a} 3.5-5.@ t/ha and lodging problems are considerably

reduced compared with other upland varieties for the savannas

(Zeigler et al., 1993; Vera et al., 1993).

*
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B. The role of legumes — leng term effects

The fixation of nitrogen by forage legumes is a key ccmpoﬂent'af
the low-input technology. for tropical pastures as grasses are
usually N-deficient {(Toledo and Nores, 19846). The input of N via
binlogical fixation improves the nutritive value of the forage
{protein and minerals) and hence animal production. In addition
nutrient cyciing is thought to be improved via increased litter
quality and a faster transformation of nutrients into plant-
available forms via animal ingestion and excretion (Floate,
1981).‘Hmwever foir the Latin american tropices there is little
evidence for this or indeed for ithe expechted build up of organic
matter under legumes (Gethin Jones, 1942} or pastures (T%tE,
1987).

A grazing experiment gn an oxisol in Colombia with grass and
g{aﬁ%"lagume pastures has been wsed to examine the beneficial
long term effects of a forage 1egumé in terms of soil ‘improvement
and increased animal pradu;tivity‘

The pastures were sown in 1278 at Carimagua A=3@°'N, 71=19 W,
192 masl. This area receives around 2288 mm rainfall annually,
mairnly during May-November with a distinct dry season between
December and March. Svils are orisols (tropeptic haplustox
isohyperthermic) with pHi{Mz0) 4.7-4.9, aluminum saturation > 844,
3 cmmi(+)/kg Al, and low émﬁuntﬁ of avallable nutrients in the

order of @.1 cmol/kg Ca and Mg; @.1 cmel/kg X and P (Bray 11).
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The grass Brachiaria decumbens cv. Basilisk (éIéT &Bb ) waﬁu
sown in 1978 alone or with & m strips of Puesraria phasaa?aiﬁés
CIAT 99@@ (kudzu) in duplicated 2 ha paddocks (Tergas et al, -
1984), The lequme strips initially covered about 3@% of the total
arga but gradually the éaguma became distributed throughout the
pasture. Rates of fertiligation at establishment were {(kg/ha), 33
P on the grass and 44 P, 4@ 'K, 14 Mg and 22 S on the strips of
legume. In 197% the strips received 18 K, 18 Mg and 22 85 as a
maintenance fertiliser and thergafter all pasture treatments
received 16 P, 9 K, 92.5 Ca, 8 Mg and 11 8 every two years up
untii 1987. After this date fertilization of the pastures was
discontinued.

Continuous grazing started in December 1978 and details of
the stocking rates used are given by Lascang and Estrada (1989).
Basically the stacking rates varied between 1| and 2 animals/ha
depending on the season. Liveweight gains were measured every 56
days and forage availability and botanical composition 4 times
per year using guadrat cuts.

* Frw ML regn

1. Animal production

These pastures have now persisted for 14 vears and increases in
animal production due to the legume P. phaspoloides were first
observed in the rainy seasaon after 3 years compared with the A.
decumbens grass only pasture (Fig Z). Differences in animal LWG

during the dry seasons however, were noted durimg the first vear

ki
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(Fig 3),. The legume content in this pasture has fluctuated around

*

a mean of 374 (Lascano and Estrada, 1¥8%).

2.‘Saii chemical parameters K ‘ o
After 1@ years the smil'arganic matter levels were higher in the
-2 cm praofiles of the grass and grass-legumé pisture compared
with the native savanna but there were little or no differences
in soil aorganic nitrogen levels betwesen the pastures (Table 6).
In these snils the contribution of the legume carbon to soil
arganic matter was epstimated by &§*FC isotope measurements using
the difference in natural levels of 515C between the Ca Qrasses
and Cx iaéumes (e.g. Cerri et al., 1991}). The results (Fig 41
show that the legume contributed 29% of the total soil carbon in
thé top 2 vm of so0il and this contribution decreased gradually

down the soil profile (Rao et al., 19%92).

3. Spil physical parameters

There were little aor no significant differences between the
treatments in terms of scil bulk density, resiaé%ﬁce o
genétratimn, water infiltration rates or total porosity {(OAyarza
unpublished). However there was a hetter distribution of soil
aggreqgates under the Qrass and especially the grass/legume
pasture compared with the undisturbed savanna (Fig 5). Over 3I3%
of the aggregates from the grass/legume pasture were larger than
@.5mm. For the grass only pasture this value was 25% while anly

1% of the savanna soil aggregates were greater than B, 5mm.

12
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4., Bpil fertility

N mineralisation

The qualitative differences in soil arganic matter and
dgifferences in soil &géregaie distribution naiad abhove were
accompanied by differences in potential rates of N mineralisation
between spil from the grass only and grass—legume pastures as
measured by two incuﬁaticn methods (Table 7). Potential rates of
mineralisation were consistently higher with soil from.
grass/legume pastures compared with grass only pastures

irrespective of the method uﬁéd.
Yielés of a subsequesnt wupland rice crop.

In 19B9 one half of the experiment described above was sown to
one of the new acid-tolerant upland rice varieties (CIAT line
&1946~33~11~1-3) with differing levels of fertilisation (Sanz et
al., 1993). The experiment was repeated with a gecanﬁ.rice crop
in 19%@. The benefit of the lagﬁme to the rice crop can be seen
in the data fram the treatment receiving 25 kg/ha P but nmo N
(%able B). For the first rice crop am extra 1.7 t rice/ha was
obtained after the grass—legume pasture compared with the grass
only basture representing about 28 kg N/ha gﬁ‘agprmximately the
gquivalent of 86 kg N fertilizer/ha (assuming a nitrogen harvest

index of B.865 and a fertilizer recoavery rate of 58%). Faor the

11
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second rice crop the yield advantage from the grass-legume

paétura was @.8 t/ha.

8. Period to attain 807 of the benefits
It is relevant to ask how long is it necessary to maintain a

grass/legume pasture on an oxisol in order to ohtaih.the yield

benefits noted above. Dne approach is to use a model of the

expected levels of N mineralisatiorn from the grass/legume
residups using data weighted for both grass and legume annual dry
matter praducéian and their respective rates of .litter
decomposition during the wet season {Thomas and Asakawa, 1993).
During the dry season decompasition is about 2-3 times slower
than during the wet season and is ignored here. Annual pasture DM
production was estimated to be about 13 t DM/ha/yr (212 day wet
season) with animals consuming 407 of the pasture. This leaves a
total of 9.8 t DM/ha/yr as above ground materiallwhigh turns over
each year {(assuming production is at steady state on an annual
basis). Then ﬁaing a 37% legume content and concentrations of N
in grass litter of B.&4Z N and 1.91% ® in legume litter (Lascano
and Estrada, 1@89; Thomas and Asakawa, 1993), we estimate a
return to the sﬁil of 63.6 kg legume N (3.33 t x 1.91%4 N} and
34.8 ky grass ﬂ {(3.47 £t x @.6% N}, For the contribution from
roots we assume a shoot:root ratio of 1.4 (Rao unpublished) and a
N concentration of 2.6% N giving 3& kg root N (& t % D.&% N).
Thus the total amount of N available for recycling via

decomposition is about 133.6 kg N/ha (63.6+34+36). Decomposition

12
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of tropicral forage grass and legume litter can be described by a
single exponential decay model {Thomas and Asakawa, 1993). From
this study the weighted mean daily decomposition rate :anstaﬁt

for grass and legume N was around B3.8@815%, Using this rate

.

. constant wé car estimate the cumulative amounts of N available

from mineralised plant residues for each year of a 18 vear
pericd. These data are pre§énted in Fig 6. ke estimate that after
2 years we would obtain arocund 88% of the benefits of a 18 year
ald pasture in terms of N mineralised per year, and 9@4 after 3
years. (he actual amounts of N available may vary depending on
the validity of same of the assumptions made above, but the
pattern of N availability over time is unlikely to differ
greatly. Thus we might expect significant henefits iﬁ“ﬁﬁrms of N
supply to a subsequent crop from a moderately grazed grass-legume
pasture, with a lequme content of 374, after 3~4 yearse if year 1
is qansié?red only for establishment., Changes in soil physical
conditions however, are likely to reguire longer periode. The
expected input of N into the soil pools with varying legume
contents and degrees of pasture utilization have been discussed

elsewhere {(Thomas, 1992).

C. The use of inpu£5

1. Forage grasses and legqunmes

13 RO R
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%he establishment of acid-tolerant grasses and legumes reguires

moderate levels of fertilization (Sanchez and Salinas, 1981).

Ranges in kg/ha for the major nuirients are; 1a-28 P; 1028 g;

5@-4Q2 Ca; 1@ Mg. The lequme component is expected to supply the
N inbut although there }a some evidence that small doses of
starter N may aid the establishment of certain legumes, e.4.
Arachis pintoi (Thomas, 1993)}. These levels can be further
reduced if.the fertiliser is applied in bands, e.g. 3 kg P/ha can
be used instead of 20 kg {Avarza and S5pain, 1991). Where
micronutrient deficriencies occur with Zrt, Cu and B, applications

of between 1-3 kg element/Ma are recommended (Ayarza, 1991).

2. Uplapd rice

The new CIAT upland rice varieties planted in? the plains of
Colombia are Curren£iy receiving in kg/ha, 30 dolomitic lime, 50
P, 108 ¥, 80 N and 3 Zn. Of major importance is the fact that
some of these lines, e.g. CIAT line 23 (Oryzicta sabana &), do not
require liming at rates sufficient to raise the soil pH and they
are much less nutrient demanding than either the other upland
varieties currently in use in the recion or an irrigated rice
variety (Table 9.

The low input technology described by Toledo and Nores
(198&) was aimed at production from very marginal lands but as
these s0ils are improved under grass/legume pastures and crops
are grown, possibilities will arise f{for intensification of this

integrated crop-pasture system. However from a nutrient balance

14
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standpoint, it is obvious that as more nutrients are removed in
crop products and as the nutrient Cycles become more ”ieaky"‘as a
result of this intensification, there will be a need to replace
the -losses from the system,. Fertilizers supplemented with other
on~farm resources suth ;s crop residues, animal and green manures
will then become imcreasingly important.

It is alsa.avident that although the technologies developed
for the region are called “low-input”, as pointed out by Sanchez
and Salinas (1981), thisz does not imply the elimination of
fertilizer. The aim is to maximise the output per unit of
fertilizer added and minimise nutrient losses from ithe seil-plant
system by improving nutrient cycling. Phosphorus is probably- the
nutrient r&quiring*mcst attention as the acid-—-tolerant pasture
and rice germplasm cannpt be established without additions of
éurchaaad phosphorus and there are insufficient amounts available
in the unamended soils to improve recycling. Imprmvemenga in tﬁe
gfficiency of fertilizer use are poussible as it has been
demonstrated, for sxample, in long ters experiments on the
Brazilian Cerrados, that the recovery of phosphorus fertilizer is
high even with high phosphorus fixing soils and this, combined
with the residual value of the fertilizer, makes phosphorus
fertiiization‘ecaﬂmmically worthwhile {(Goedert, 1983). Further Le
Mare et al. (1987) have shown with Cerrade soil, that phosphorus
tfertilizer could be used more efficiently when combined with

green manures or crop reszidues. More studies of this seort are

needed to improve fertilizer efficiency.

13



Another important aspect of the use of inputs relates to the
persistence of the legume component, which can be a problem in
grazed pastures. As discussedlby Sprent and Raven (1985), if‘the
major soil nutfients other than N are limiting then, fFom an
erlutionary viewpoint,'it is better that legumes invest energy
and photosynthate into producing a ¢grzater volume of root tissue
than nodule’ tissue o that they can scavenge the soil for
rnutrients including N. Legumes are often guoted as requiring
greater amounts of nutrients, such as phosphorus, than grasses
but this remains controversial and unproven. In addition some
“tropical forage legumes require less phosphorus than certain
grasses (Sanchez and Salinas, 1981). Nevertheless if we can
extend Sprent and Raven’'s evolutionary perspective to legume
persistence, then the legume-based systems will have greater
chances of success if all nutrient deficiencies other than N are
alleviated. This will also increase the competitiveness of the
legumes in grass/leéume pastures. In acid soils, external inputs
and the rapid'recycling of the limilting nuyfﬁgnts will play a
major rale in this scenario.

The use c% 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 su:cess%ui management of the savanna acid soils
for increased production. Much needs to be done te improve our

knowledge of this area, especially the integration of fertilizer
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8ince 1989 the technologies associated with the use of acid-—
talerant furaée aéd upland.;ice ge;mnlaam havé beeﬁ immbined and
tested in rimﬁwpastura systema {Vera et 31., 19@3' Sanz et ai.}
19933 Zeigler et al., 1923). This has usually taken the furm nf.

the simultanecus sowing of forage grasses and legumes with {i&e
IS 1 4 + '

v

to establish an impémvedlgraﬁﬁflegume pasture with a‘piuneer crap

-

of rice in either grevmnuﬁiy unopened areas &f natlve savanna or

alregdy apened savannas with degraded pastures. In Brale the

i

'tethnolugy‘&as been used suc&es%fully since 1987 to tecuperata

degraded pastures on ‘limed soils or soils with pH{H=0} 5.8-5.9

.

in a system known locally as the “"Sistema Barr&ir?o“; In this

system upland rice-is sown with Brachiaria spp. but without

forage legumes (Kluthcouski et al,, 1%%1). A third possible use

is the rotation of cereals and pastures in a classic legume-~based

ley. In all of these systems the rice crop is harvested after

105-120 days, the pastures establish much faster than the

traditional low-input techﬁélmgy by utilizing the residual

fertilizer not removed by the rice crop. The improved

grass/legume pastu?ea are then ready for grazing'aftar the rice
harvest whereas traditionally the pasture requires one year to-

+

estabplish. The system is more efficient in land preparation.and
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4

,estab}zshang e ground cover faﬁtar end more ccmpletely than the -
separate establishment of rice or paﬁture.'In addztzan,the_,f73“

overall nutrient status of the acid soils are improved as-a ﬂ

result of the appl;catlon cf fertmlmzer& (Vera et al.;‘i??3} in a

£

manner simllar to that repmrteﬁ for the humié trap:cs {Sanchez,v

+
o R
s eV - v 2

- - - -

1987). o . : ’ | oL SRR
Fu?ther, as we‘repertéd above (Table B), when rice is-grown

after a grass/legume pasture increased vields can be expected ™

‘compared with cropping afte? a grass only or native savanna

pasture. Thus there is the p&t&ﬁtzai for xnteﬁszfyxng the system :

- r
'

zﬂ regeated pasture/crop aequenceﬁi . . . - "Q*lf
. ‘, ‘:y , 4

The rzcefpaature systams are proving to be 5uccasﬁfu1 1n the
Llénas af Celcmbla where the breakwavan vield for the cmst of the
rxca-paﬁture system is araund 1. & t/ha of raca.'?ieldﬁ An excess
af 2 t/ha have been obtaxned in onwfarm trxals over 3 cansecutxve
yearﬁ-(?ara et al., 1993). In 1992 between 5-6&, mmm h@ wmra 5own
t either rice or r;ce-pastures. Prior to 1@?% these Areas, wﬁ;é
used ﬂxcluﬁ;valy for extensive ranchlﬁg. in Erazxi xt haﬁﬁbaen
estimated that about 52,000 ha of degraded~pastur@s h&v& besn
rmnovated by sowing rice/pastures using the "Sistema Barrexr&a"
(Kluthcmuﬁki pers. comm..). Thus the aystemsjzggﬁ?atb
agronomically feasible and economically attractive (Rivas et al.,
1991; Sanint et al., 1998). |
In financial tegms the rice crop dramaticaily imprm;es the .

»

‘caah flow of pasture improvement by providing substantial

v

18 - } .
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‘revenues’ Nlthln the yaar ot establishment. {Sanint et &1., 1??@}

?hzs lmprovemant in cash flow can allmw further crmpﬁlng and L
,reduma the number of years a paﬁture is uaad Thu@ the prnblem of
‘paﬁture managamant and particularly legume peraistence, beaomes

‘less critical as the pasture can be converted tu crags with nr
wlthcat undawscwlng with imprmved grasa and legume specxaa. The
systam wxll however reguire crnp grmductamn expertlse élther from

the grazier or wvia contract arrangements. The 1attar is aiready

pccurring in the Colombian Llanos. ”?Wﬁ“"

. - o= . . - C e \ . -
fr . . . e
LS

Potential of rice-pa%ture&- .

I3

In Brazll where upland rice has beem a traditional pxonaar :rop

it hag been usual tn use large amounts of lime (at least 2 t/ha)

1

ané the traditimnal rxce;lxqas have been prone to lodging where,N ‘

supply is also high {(Teixeira et al., 1989). The new acid- - :':~

tolerant lines require less lime (currently 380 kg/ha are used) -

v

ana qfs 1e§é prone tﬁ‘qugiﬁg. The root %ystemﬁaére more ablé to
withs&aad stréssga from aluminum and water compared with tﬁaf;'.»
‘traditionsl lines. Yields of 3-4 t/ha are ﬁb&sible com#afad-mftg
average yieids, of 1.2 t/ha in the Cerrado. In addition they. -
sttract pr;caﬁ equal to thase of the xrr;gated 5ectar,-_

It hag been estlmated that by the year 28295 there ig likely to be
3@ million ha-af improved pagture in the Cerrado (currantly there
-are 3@ é ha). If half of the area is renovated avery & years with

hl

rice/pasture an additional 4.2 m ha of rica-wouldkﬁe estabiishéd

-

vielding 7.6 million tans of rice (at 1.8 t/ha). This would meet

LS o

» ?»‘“ ’s



{Ernstberger, 1989);. -:’aﬁil=- _ A‘*‘ ‘f.:;#i:“

Durmng the 1980°'s Brazil's economic dxffxau}tzes.resultad 1n:2 o

.

a drastia reduction in subsidies to agrzcuiture in the C&rradag

{Sanint et al., 1992). Q$ mentioned earliarlthere is:a;traqd away

kS * .

from crepping te pasture in some of this area, which wxll requxre'

.

a more 1nput aff;c;ent sysatem to reverse. The rice— pasturm ﬁyﬁtem

E

is an‘examﬂla of such anvimgrmvad system, hut it is rétﬂgﬁiﬁﬁﬁ
that éeli;ieﬂ wiil undaubtedly play a key rmie,in the‘adﬁytgﬁn of

such éystama* In particular the concept of ley %arming*ih xh&‘

tragié%, i.e. rotating rice and other grain crops with paéture&, : -
is reﬁatively new and w111 ne&d mote information on apportunxt; “. T
costs and pollay requzrements as well as further evzdenca ;ar its

i

advantages over alternative land uses {Saleem and Fisher, 19%3).

W
+

AZthaugh vields of manacrapped rice using the new CIﬁT lxnas

.

have been ma;ntaxned fgr 3 successive vears in Cnlnmbxa, it is‘

not known how long monocropping can.be sustained on the exiﬁﬁlﬁ e
of the Llanos with the present technology. It is possible that =

the problems of soil compaction” and erosion encountered in the

Brazilian Cerrados will also occour in the Llanos. e -

VI. Future need for long term research s ( S -

M -
* .
= H . - . - '
E]

@
£

Although the successful use of grass/legume pastures has been

. damanstrated for enhanced animal and subsequent crop productlon

.

on an QXlSDl there remains the need to repeat these fmndzngs
B B N

,

-
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prnblem in many envmronmenta bat this aspect aGBUMES iesser‘,ﬂl?

»
- »
ks M

impartance if p&ﬁiuras can_ be renovated - econamzaally wlth tha “}rf*

rzte-pasture system descr;bed above. An aitermetxve currently

e

under study is the sowing of a cocktail of legumeg comb:n;ng

' -+

rapxd estahlxshmant of one legumﬁ (e.g. Stylm&anthﬁﬁ'sgp. Qr

]
. s

Centrosema spp.) with the . longer term pers:;tanuﬁugf § iegg@@

®

such as Arachis pintoi. : o - ‘

4

Studies of factors affecting iaqumeipgrﬁistwhce'and'pasﬁurﬁ
degradation afe ongoing in a 5 year experiment at .the. ICA-CIAT

éxperimental station in Colombia (Fisher et al., 1993). The *

testing of crop-pasture rptat;ana ‘with combinations of rice,
. . . 3

maize, soybeans, sorghum, green manures and grass/legume pastures

is currently underway both in Colombia {ICA-CIAT) and in Brazil

at EMBRAPA-CPAC, Pl@naltina;-ﬂuth ef these efforte invelve iﬁng

. ¥
€

T,

term. rotation- experiments using 8 year cycles. The main LT

.

.

are more efficient in the use of inputs and that thm§ are more
productive and sustainable than either continuous cropping ar R

pasturs alone. The role of tillage and other crap management

practices currently ongoing in Brazil {¢.g. Seguy et al., 1993,

which mainly involve crops and gresn manures, are complementary
to the activities daacri?ed above.
‘ﬂy comparing native savanna with imbrnved gra%a and

grass/legume pastﬁres with known differences in soil guaiity;

21
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s0il gquality while at the same time increasing animal

Al

AT

scil chemical and physeical factors are being identified wﬁichkmay

serve as indices of sustainability for the soil r&smurca#basé.
These will need to be tested in cther agroecosystems,: ' '.f"

The §n~station experiments are planned for a minimum ofmtwn
rotation.cycles ang arexbeing complemenied with on-farm |
monitoring of similar systems together with on—farm pértiéiﬁatury
research. This approach will expose the hypothesis and
technologies mentioned above to the riga#é of actual farm
conditions as well as providing an ﬁiﬁtm#itai‘geéﬁpeétive of land
use in éxistiag integrated crop-pasture systems.

VII. Conclusiaﬁé

1 — Data from a long term grazing experiment confirm the value of

forage grasses and especially legumss, for the improvement of

productivity with only minimum inputs of maintenance

fertilisation.

»

,"//

2 - On acid soils, the iﬁprmved soil conditions can result in
increased yields of a subsequent acid-tolerant rice crop. The'
combining af rice and pastures in pastlre-crop rotations has been
demonstrated to be agronomically and economically viable on acid
soils that are repraﬁanigtive af large argas of Latin ﬁmericgn

savannas. This technolegy is an example of enhanced productivity

while contributing to the maintenance or improvement of soil

22
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guality. The technology has thexpatential for. a large impact with . w

a minimum financial and ecological cost (Sanint et al., 1990).°

The two key factors in the success of this technology are 1)
acid-tolerant germplasm and 2) high fertilizer use efficiency of

- . R 3

" bBoth ;astuf& and rice plants.

- ¥

. i}

" LA I
.- e .
ey .

3 —‘Tm avéid problems assaciateé witﬁ monocropping mnigavaﬂﬁg
sails;-élg} so0il compaction, erosion and weed infastatimﬁ, an
mptién—would be the establishment of paﬁtur@—a;op rmtaﬁinna with
a pasture phase of I-4 years rather like a classical ley farming
é%atem. The‘§ikaliﬁaed of the adaoption of ley far&iSQ systems
will depend on technmimgical factors such as £he existence of a . -
viable forage seed industry, the availabilit;'of fartilizé;s and
improved extension activities a%d infrastructure. In addition
various pmli;y‘requiram&ﬂts such as access to credit and subsidy
incentives should be in place in order to stimulate interest from

farmers (e.q. see Saleem and Fisher, 1993)., .. ..

4 - There is now an urgent need to explore additional
alternatives to ricé-pasture, which should include a wider set of’
acid-tolerant germplasm (e.g., maize, sorghum, soybeans) in order

to achieve sustainable crop—-crop and crop—pasture systems.

3 - Although the research reported here has been exclusively’
cohcerned with acid sovil savannas the prin&ip%a of the integrated

use of grass/legume pastures with crops for soil

23 :



Amprovement and production increases at.relat?vely low éoéts
should be applicable to other agroecosystemslin the region;.:
including the forest margins and hillsides, where pastﬁres are
ubiquitous (CIAT, 1991). The technology can¥ificFease production
from existing agricultu}al lands thereby relieving pressure on
areas such as the tropical rain forests and it can.alsc bé used
to recuperate degraded lands. A key factor is the ability t;:
establish at low or economical cost, productive grass/legumé R
pastures as a means of overcoming the problems of decreasing

fallow periods in cropping systems and the beginning of soil

degradation.
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Animal live weight gains during the dry season
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Productivity of savanna and impraved pastures
on an oxisol. Data from CIAT (19%9@).

Relative animal live weight gains from

B.dectumbens/ P. phaseoloides pastures compared

with B. decumbens alone during the rainy

season on an axisonl in the Colombian llanos.
Data from Lascano & Estrada (198%9). o - measured
values @ - fitted regression line, y =

185.33@- 3845 = = @.48,

with B deéamben% alone or in association with
P. phaseoloides. Data from Lascano & Estrada
{1989). Mean praduction values (1979-87) were
gsignificantly diff&rgnt between treatments at

PL@.0@48.

Total C amd 6+=C values for snils under
different long-term pastures. B. decumbens with
or without P. phasecloides are 12 yearlold
paétures.(P, phasecloides alone pastu;a is 8

years old. Numbers in brackets are the
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percentages of soil C derived from the Iegﬁhe.

t L

Data from Rao et al. (1992). ‘ ~;‘,h

.
*
*
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"Figure 5. Aggregate size distribution of soil partiéles‘u

in the 8~18 cm layer from a clay loam oxisol '
under a long term B.decumbens pasture 3;th'ané
without P. phaseocloides compared with the -

native savanna. {(Ayarza, unpublished)

»
'l

Figure b&. Estimated kg N mineralised/ha/yr for a 1@ year
old B.decumbens/P. phaseocloides pésturé an an

oxisaol.
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Table 1. Trerids in the Ian(_:l areas in crop and pasture in Latin America. Source: CIAT, 1992).

Permanent pastures Annual and permanent crops
Regional group 1973/80 ‘ 1989 1973/80. - 1989
‘ ' “millions of ha o
Brazil and Mexico . 213.47 244.50 8798 10336
Tropical South America 126.87 137.62 19.23 . 21.33
Central America ' 11.86 _ 13.77 . 633 6.86
Caribbean _ _ 6.59 ' 7.00 6.16 - 660

Tropical Latin America aze79 40288 ., 11870 . 13809




Table 2. Livestock commodity datafortmpical Latm America, mcludang the
Caribbean (Soume CIAT, 1992). .

Annual Production Stock
1974/81 1990 Proportonof per  1974/81 1990

Commodity : world total capita '

A riillions metric % kg 000 head -

) ’ tons '
Beef and veal 4.61 7.05 13.8 18 201.5 2500
Cow milk 25.15 31.12 686 a1 26.9 325
Pigmest 246 254 37 7 678  Ti8
Poultry meat 200 7§ 430 116 1 . 7470 - 12110




- Table 3.

Data for the principal crop commodities in tropical Latin
America, including the Caribbean (Source: CIAT, 1992). .

T R o
.

Annual Production Annual growth
‘ rate 1966/90
Commodity . :
1974/ j900 Pe" area yield
81 - Capita sown ~ per ha
millions metric kg . % %
tons
Wheat 3.05 9.62 25 3.00 2.10
Maize 2598 4438 115 0.60 2.04
Potatoes 558 906 23 0.17 2.00
Cassava 3132 3084 ®& 0.18 -0.61
* Rice, paddy 850 17.34 45 1.08 1.69 K
" Dry beans 3.81 397 10 133 «1.07
Soybeans’ 092 2332 67 & 1223 161
Sorghum 20 415 149

231 - 789
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Table 4. Main constraints in terms of soil chemistry in Latin America

Area | % of total
-x10° ha area

| Low nutrlent status ~ * ost | a3
Aluminum toxicity o 821 38 .‘
High P fixation by iron oxides 615 | 28
Acidity withput Al toxicity 313 14 -
Low CEC | - L 18 | &
High Pﬁxaﬁon by allophane ~' 44 -
Others (e.g. salinity, alkalinity) 246 10

| Total area - | 2172

Data adapted from Sanchez and Logan (1992)
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"Table 5. Road length density in savenna regions

] - Region ‘ Paved roads
: : km/1000 km?
A Venezuslan llanos 50.9
Brazilian cerrados 5.7
Colombian hanos , 0.1
Data from Vera and Seré, 1985
. , . v PR :tzj%‘«y;v:,m_.

g ra
N
.
PP
L.
£y,
+
e
<
3
X
v,
S
1



" Table 6. Soill OM and total N in 10 yr old pastures compared with a
native savanna. :

Pasture .| Depth . :
T oem % OM % N
Native savanna 0-2 4.07 £ 0.13 - 0.160 £ 0.007
2-10 3.50 = 0.17 0.096 & 0.007
B, decumbens 0-2 4.82 + 0.27 0.189 : 0.016
2-10 3.56 + 0.13 0.110 + 0.008
B. decumbens/ g- 2 4.90 = 0.22 0.164 + 0.009 -
2-10

P. phasecloides 3.62 + 0.10 0.101 £ 0.006

Data from Thomas unpublished, means of 10 samples  S.E.
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Table 7. Potential N mineralization rates of soil under 8. decumbens -
or B. decumbens + kudzu pasture measured by two

- methods. . . _
ug N g soil” day"
B. decumbens B. decumbens +
kudzu

Incubation in pots in 0.519 + 0.085 0.913 £ 0.116
glasshouse for 4 weeks :
Anaerobic incubation '
at 40°C for 7 days 3.86 + 1.33 6.84 + 1.69

Data from Thomas unpublished, Means of 15 samples z S.E.’
~ Soil depth 0-20 cm.



Yields of a rice crop sown after a“0°yr”

old grass or grass/legume pasture.

" tonnes rice/ha

1.40 x ﬁ.g‘l

Year ' B decumbens | B. decumbens + kudzu
1989 1.36 £ 0.17 3.07 £+ 0.26.
1980 2.22 + 0.21

The rice crop received O N and 25 kg P/ha
+ S.E. (Sanz et al., 1893, Fisher unpublished)

"
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Table 8. Range of nutrient contents per tonne of u;:;land nce
Kg nutrient/t rice
Nutrient ‘Rice line
CIAT 3 CIAT 23 IAC 47 IR8
P 25 2 | 1015 | 5
K 1028 | 1322 | sse8 | 36
Ca 0.23 . 2-3 1619 3
Mg 156 -~ | 153 | 1013 "‘4
S 0.9-3 ' 1-2 62 | .2
Zn 0.004-0.110 0.004-0.10 .| 0.1-0.15 0,’04

CIAT lines are acid-tolerant upland rice varieties
IAC47 is a Brazilian upland variety
IR8 Is an Irrigated rice variety

. Deta from J.I. Sanz (unpublished)
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