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ABSTRACT 

9 Grazlug an J.llla 1 s , mal.nly cattle aud sheep are lmportant components of toe 

1 O agrlcultural productl0n systems in the rain forest areas Dwarf sheep and 

1 1 goat are common in the humid zone of Afriea, as a source of meat and 

1 2 ~ncome Carabao (water buffaloe) and cattle are the mS1n draft force in 

1 3 erop (mainly rice) production systems in Southeast Asia, where grazing 

14 under plantatlons for beef procluctlon 18 a180 common Giveu the high 

15 cattle population and high levels of demand for beef aud milk in tropical 
\ 

16 America, ranchlng tor cattle production ln the humid tropics has been 

17 expanding lU the Brazilian Amazon and ln Central Amerlca Also small 

18 tarmers after clearlng the forest for crop productlon move lnto mlxed 

19 farmlng systems incorporatlng cattle as a way of saVl.ng aud income 

20 gener-atlon Tne main problem of cattle ranching and mixed farmlng ln the 

21 raln forest areas i5 the lack of sustaluability of the productl.on systems 

22 Open pastures with the existing technology rapidly degrade lncreaslng 

23 pressure for further deforestation 
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¡lIbe paper discusses tbe possibilities and potential of integrated 

2 (tree-pasture) systems in the ra~n forests as means of developing 

3 susta1nable production systems Examples of spontaneous low stocking 

4 s 1lvopastoral (grazed tree plantat1ons) systems occurring in Southeast Asia 

5as well as experiences with multipurpose trees (fence-shade-crop-fodder) in, 

6trop1cal America are presented 

7 
i 

8 Research results on the interaction between trees and pastures, trees and 

9grazlng an1mals 1n silvopastoral systems, and about the shade tolerance of 

¡Ograsses and legumes, are presented 

11 

l2The soc10economlc and blolog1cal constraints for the development of 

131ntegrated silvopastoral systems are discussed 

14 future research are presented 

15 
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1 INTRODUCTlON 

2 

3 Deforestation and environmental degradation, of maJor concern in the rain 

4 forests, are the result of logging, shifting cultivation, plantat10n 

S agriculture, and cattle raising The initial boost in so11 iertility 

6 following slash and burn i8 rapidly lost when original vegetatl.on 16 not 

7replaced by production systems capable of nutrient recyc11ng Degradat1on, 

8 including run-off, leaching, and soU erosion, is the cornmOn feature of 

9land uSe in the humid tropics when population pressures in crease 

10 

11 Cattle raising is the predominant production system in the disturbed I 

121ands of the Central American rain forest and the Amazon Cattle in 

13 Southeast Asia are mostly used as draft anima18 in intensive agriculture 

14 In the humid belt of Africs, cattle are not important due to the disease 

15 tripanosomiasis, sheep and goats are the most common anlmals in the 

16 predomlnant sh1ft1ng cult1vation systems 

17 

18 The ma1n forces induclng deforestation and degradatlon are of a 

19 soc10economie nature The rain forests of Afriea are cleared mostly for 

20 Subs1stence agriculture The Southeast Asian ra1n forests are also be1ng 

21 cleared for 8ubsistenee agriculture and tree plantation development In 

22 Latin America, settlers, normally landless rural people, mOve l.nto rain 

23 forest areas in an at tempt to leave poverty behind Because of poor land 

24 resources and the ephemeral l.ncrease ln soil fertilJ.ty occurring after 

25 clearing and burning of the orlginal b1omass, farmers (settlers) often 

26 degrade the environment and then move to open more virg1n forest or to 

27 abandon the area The abandoned degraded lands are sold to remalnlng 
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1 ucc~ssful settlers or to capital investors These second-hand farmers are 

2the ones establishing pastures. and it ls in this way that land ls 

3 onsolldated ln medium- slzed properties for catele raislng Examples of 

4 hl.s oceur in Caquetá, Colombl.a, Pueallpa. Peru, Guácimo-Guápiles, Costa 

5 iea, and Azuero, Panama, in all of which dual-purpose cattle production 

ystems (beef and ml.lk) are being developed and integrated wlth erops and 
\ 

rees in varying proportions These semi-intensive Central American and 

ndean Amazonian integrated productl.on systems are small to medl.um (20-300 

Sl.ze On the other hand. extensive, large-sized cattle ranchlng has 

eveloped in the Brazilian Amazon as a result of subsidies and incentl.ves 

11 iven by government to induce large enterprises to invest in the reglon! 

12 (SUDAN, 1983) These fiscal incentives. initiated during the sixties, have 

13fortunately now be en stopped sinee the late seventies 

14 

15 Lack of appropriate technology for lntensification of land use and 

onservatlon of natural resourees, together wlth l.nadequate nat10nal 

evelopment polieies. are the maln forces behlnd the ever inereas1ng 

eforestation and degradation ln Africa, Southeast Asia, and Latin Arnerica 

ecosystem degradation and lack of sustalnab111.ty of prevalllng 

roduetion systems lS a maJor challenge for research 

21 

22 This reVlell discusses the POSSl.bllities and potential of integrated 

23 sl.lvopastoral systems for sustainable production in disturbed ral.n forest 

241ands 

25 

26 

27 



1 THE ROLES OF SILVOPASTORAL SYSTEMS IN THE RAIN FORESTS 

2' 

5 

3 1 Production systems in Telation to population density 

4 

5 To a large extent, population density i8 the major determining factor 

61n rhe development of agricultural production systems In F1gure 1, 

7 changes in management intensification of forest, of agriculture, and of 

B an1mal production systems are shown in relation to human population 

91ntensity When low population density occurs, the predom1nant product1on 

10 systems are gathering and long-fallow shifting cult1vat:wn, together with 

11 incipient extensive ranching for beef production When road infrastructurel 

12 18 available, timber extraction may also occur Under intermediate 

13 population densities, an \ntensification of resource management OCCUl."S, 

14 with timber extraction moving into reforestatian and forest management, 

15 while shifting cultivation is forced inta shorter fallows multipurpose 

16 trees become 1mportant and beef product1on systems move 1nto dual-purpose 

17 eattle produet~on systeros When h1gh population densities occur, the 

18 original forest practically disappears, trees are mostly in plantations 

19 (industrial products and timber), and erop producüon systems, greatly 

20 expanded in area, beeame high-input spec1al~zed systems Under these 
I 

21 conditions, dual-purpo~e cattle systems decrease in relevance, yielding to i 

22 specialized milk production ones 

23 

24 This relation between 1ntens1f~cation of land use and populat10n 

25 density provides a perspective of che dynam1cs of the product1on systems 

26 Many areas of che humid trop1cS, depending on distance to markets and' 

27 lnfrastructure, have d1fferent populat1on dens1t1es at the microregional 
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J level (e g, around cHies) This unevenneSS in populatíon densuy 

2 determines the predominant production systems For example, in the Amazon 

30f Brazil, in regions closer to cities such as Belém, Nanaus, and Porto 

4 Velho, medium to high population dens1t1es oceur As a result, beef cattlc 

5 production systems IIre shifting into dual-purpose producrion, slash and 

6 burn agn.culture 16 no longer feas 1ble due to short fallows, and 

7plantat10ns and multipurpose trees are becoming important as virgin foresr 

8 area 1s reduced Sinrultaneously, in more distant Amazon areas, popularion 

9 density ls st11l very low and gathenng of products (such as BrazJ.l nuts) 

10 and rubber tapp1ng, etc , occur along with extens1ve cattle ranch1ng More 

11 than 857 of the Braz1lian Amazon 1s still untouched, harboring natIve 

12 ethnie groups under very low populatian densitles 

13 

14 Integration of trees, crops, and pastures 1S most likely to oecur when 

15 intensificatlon 1s spurred by higher populatlon densities 

16 

17 

18 

19 

2 Potential roles of trees 

It ls =portant to ~1sualize the dlfferent roles of trees at two 

20 levels the farm level and the reg10nal or global ecosystem level Farmers 

21 hardly ever adopt a technology for lts potential contribution to the 

22 ecosystem level New technologies based on the use of trees and pastures 

23 must: be made attractive to farmers for their contribution to potential 

24 profit and management obJectives On the other hand, awareness by 

25 decislon-makers of potential benef1ts at regional levels should lead to 

26 po11cies fostering the adopt1on of s1lvopastoral systems 

27 
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1 RoleR Rt farm level 

2 

3 At the farm level, the potencial roles of trees l.n silvopastoral 

4 systems are 

5 

6 

7 

LIving f ence Fencing in semi-intensive and intensive production 

systems is extremely l.mportant, and its establishment and mSkntenance 

are expensive By reducing maintenance costs, 11vl.ng fences could be 

B adoptable by farmers 

9 

10 Forage The role oí íorage trees in rain forest areas wl.th no or 

11 reduced dry seasons is of little importance However, the huml.d 

12 tropics include large areas with a definite three- to four-month dry 

13 season During these periods, farmere may fa ce shortages of 

14 high-qua1ity feed The possibi11ty oí uti1izing tree foll.age to 

15 supp1ement feeding and grazing during these dry periods may be 

16 important for farmers Leucaena, Gll.rl.cl.d1a, and Erythrina are sorne 

17 known possibi11ties for areas wlth higher fert11ity 80118 

1 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Shade In the process of intensificatl.on of cattle procluct10n, the 

systems shift from beef ranching 1nto more intensive dual-purpose 

ones This shift occurs together with increases in European blood in 

crossbred anJ.mals l.n order to 1ncrease ml.lk production potent1al 

These more efficient animals wi11 require Iower temperatures in the 

paddock area Thus, trees prov1dl.ng shade for thls type of anl.mal 

mlght be an essential,component 
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\ 
1 Nitrogen fixation N:Ltrogen and phosphorus, ~n che predom~nantly acid 

2 soils of the humid tropics, are the most ~mportant nutr~ents for 

3 sustainability of production systems As inorgan~c SOUTees are 

4 expensive, effic1ent N-f1xing herbaceous and tree legumes eould be 

5, adopted 

i 
6: 

7 Lneome In addition, the benefits oi trees and pastures :tu these 

systems should be measurable in economlc terros Technologies 

9 contributing to savings III the use of inputs, increased productivHy 

10 oí land and an1IDals, and reduced rnaintenance costs of the system are 

11 the ones to be adopted Timber, industrial and fruit trees are very 

12 important to generate additional incorne in these systems 

13 

14 Roles at the regional-global (ecoqystem) level 

15 

16 As ment10ned earlier, irnportant benef~ts of the :tutegration of trees 

17 and pastures may not be directly relevant to farmers However, they are 

18 extreme1y 1mportant fer the conservation of land resources and the 

19 environrnent as a whole Politicl.ans and decl.Sl.on-makers at the national 

20 and internacional level shou1d be fullv aware of these potentlal roles 

21 

22 So11 conservation Ut1lizing deep-rooted adapted trees in assoc~atl0n 

23 with high cover pastures affective in recycl1ng nutrients can play the 

24 ~mportant role of preventing soi1 eros ion in h111y areas ln the huml.d 

25 tropics However, when sIopes are steepest and in watershed areas, 

26 reforestatlon l.S probably the best alternativa 

27 
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1 Water regu1ation Trees and pastures can contribute to reduction in 

2 run-off by improv1ng vegetation cover, as we11 as structure and 

3 permeability of soils, through profuse and deep rooting These 

4 improved covera w111 al so contribute to h1gher evapotranspiratl0n, 

5 thus improving the hydrolog1c balance 1n the ecosystem and thereby 

6 m1nimizing water10gging and flooding 1n the lower parts of the 

7 watershed, as well ali¡ tapping water and nutrients from deep in the 

8 soil profile during the dry season 

9 

10 Capture of COZ At the global level, the greenhouse etfect lS au 

11 important consideration for planting trees in aSsoc1atlon with 

12 pastures ln the humld regions oi the world 
I 

Higher biomass vegetation 

13 w111 capture CO 2 , thus compensating tor imbalances caused by the 

14 release of COZ into the atmosphere under deforestation 

15 

16 Albedo The color and reilect1ve power (che fract10n of the inc1dent 

17 11ght of the electromagnetic radlatlon that ls reflected by the 

18 surface of plants) of vegetation ls different depending on the 

19 predominant species 1n the blomass Open grass pastures tend to be 

20 yellow-green, when N fixing herbaceous and tree legumes are 1ncluded, 

21 
r blue-green, improving les: the albedo of the pasture becomes more 

22 capacity to capture solar energy and heat This ",ill greatly 

23 contribute to a better balance of air temperature at the ecosystem 

24 level 

2S 

26 
Economic growth If trees and pastures are effect1vely contributing 

27 
to farmera I income, the ensuing diverS1ficatlon in economic growth 
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1 could increase regional sustainabJ.lity Regional wealth wJ.ll trlgger 

2 the development of lnfrastructure and a better standard of l1vlng for 

3 tlle society 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
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OME EXAMPLES OF SPONT&~EOUS SILVOPASTORAL SYSTEMS 

n Hainan Island, China, rubber plantations are grazed Othocloa nodosa ls 

4 he predominant grass which grows nat1.ve under the trees Grazing 1.S done 

Sto produce beef as a plantation byproduct, and manure ls al so moved close 

6 o the trees manually to replace chem1.cal fertl1izatlon On Malays1.an 

7 ubber plantations, families of laborers, mainly lndian 1.n origino own 

8 rossbred eattle These eattle utill.ze the native grassland (mostly 

spp and Paspalum spp ) grOW1.ng under the trees in the plantation 

10for ffil.lk productl.on Grazing lS supplemented with cut-and-carry Elephant 

11grass (Pennisetum purpureuw) Grazers return faeees into the forage crops 

12 systems Also in Malaysl.a, young rubber plantatl.ons are grazed by sheep, 

13 to assist wlth weed control and to obtain extra l.ncome from mutton In 

14 Chumphong, Thalland, coconut plantations are also grazed by eattle to 

15utilize the native grasslands that spontaneously oeeur These grasslands. 

16 ostly made up oi Axonopus compres sus and Paspalum conJugatum, are utilized 

17to produce beef, as extra in come to small- to medium-sized copra farmers 

18 

19 Production systems in Latin America are different and integratl.On is 

201ess obvl.oUS However, sorne 1.nteresting cases also occur In Napo, 

21 Ecuador, small-sized farming systems l.nclude coffee and subs~stence crops i 

22 in shifting cultivation and pastures based on Braeh~aria numidieola to 

23 reduce the need for labor in weed control eattle are used for beef 

24 produetton and as a savings mechanism in an 1.nflationary eeonomy In Rio 

25 Braneo, Acre, Braz~l. in predominant Alfisols, Brazil nut (Castaña du Pará) 

261s a native tree present in the or;¡.g~nal forest When clear~ng the area, 
i 

27 farmers protect these trees from clearl.ng and burning, establ~shing crop: 
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12 

pastures around the trees In this way. a valuable tree erop 

to the economy of the beef eattle produetlon system In 

entral Ameriea and southern tropical Mexieo, eattle produetion systems on 

oderately aeid soils eornmonly use l1v1ng fenees of legum1nous multlpurpose 

itrogen-fixing trees su eh as Glirieidia seplum and Frythrina spp In this 

ay, Eence malntenanee cost i5 redueed, sorne shade for anlmals is provlded, 

nd a source of feed is available for use during the dry sea son 

9 rhase are a few examples of na tu rally occurrlng silvopastoral systems 

101n the humld tropics As Can be reallzed, totally integrated systems occur 

11 ostly in Southeast Asia, where cattle and small ruminants are a byproduet 

120f plantations By contrast, ln Latin Ameriea, trees are used mostly in 

13support of the predominant eattle industry (fence. forage, ahade, nitrogen 

14fixation) or as a byproduct of the predominantly cattle-producing systems 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

\ 
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IRESEARCH RESULTS 

2 

3The behavlor of silvopastoral systems in s given ecological environment i5 

4~ainly affected by interactIons among their three components trees, 

5 pastures, snd animala The greae majority of information available deals 

6 with relationships between two of the three components Let us then 

7 analyze interactiona bet'Ween trees and pastures first, followed by those 

8 between trees and graz~ng management, as well as the shading effect on 

9 pasture apecies 

101 

! 

Il;! lnteraction of trees and forage plants 

12 

13 Peck (1988) suggested Gliricidia sepium, Erythrina spp, Jathopa 

14 carcas, and Euphorbia cotinifolia as potential 11 ving fence-pos t species, 

15 based on their capacity to root from stakes As shown in Table 1, sorne of 

16 these species, such as Erythr1na poeppigiana, could a1so improve the crude 

17 protein content of grasses underneath, without reducing tne1r dry matter 

18 yie1ds (Daccarett and Blydenstain, 1968) On the otnar hand, grasses and 

19 legumes as cover crops 1n planta tions contribute to the reeycl~ng of 

20 nutrients in the system Chee Yan Kuan (1981) reported about 300 kg of N, 

21 20 kg of P, 100 kg of K, and 20 kg of Mg being recycled by a legume mlX 

22 over five years in a young rubber plantatíon This was by far greater than 

23 the recycling capacity o{ the native grassland made up ofAxonopuq 

Zl¡ compressus, Paspalum conJugatum, ol' the indigenous weed bushes (Table 2) 

25 Table 3 presents tne effeet of three different covers on the growth of 

26 rubber traes after five years Imperata cylindr1ca do es not contribute to 

27 recyc11ng of nutrients and probably competes with the trees, resulting 1n 
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1 smaller trees than those that have the cover ofAxonopus compres sus and 

2/paspalum eonJugatum, or the legume mix, regardless 

3 
i 

of sod type 

4; In Sri Lankll, Ferdinandez (1972) reported the effect of three improved 

5 grasses on coconut yield, compared with rhe weeds that naturally grow under 

6 the trees (Figure 2) Brach~aria ID1IIlforrnis and Brach~aria brizanrha 

7 pastures favor productivity over time of rhe coconut plantarion, while 

8 Panicum maximum, with higher so~l nutrient demanda, competes with the 

9 trees, thus reducing coeonut yields 

10 

11 Figure 3 shows the dynamlcs oi dry matter on ofíer ~n d~fferent sown 

12 and native spec~es grao:ed with two beasts/ha, under a f~ve-year- old oi1 

13 paIm plantation The rapid decline of the sown species. Styloaanthes 

14 gUlanensis and eommon Guinea grass (K maximum), contrasts with the 

15 increase and reeovery of the native shade-tolerant grass Axonopus 

16 compres sus Peng and Ibrah~m (Table 4) study the dry matter y~eld oí 

17 separate grasses under a closed canopy of o~l palm plantat~on As can be 

18 seen. y~elds are low compared with the potential yield of these grasses in 

19 open environments, however, sorne oí the species, such as Axonopus 

20 compressus, Brachiaria decumbens, Panicum max~mum, and F1gure 2 

21 Paspalum con]ugatum, are able to produce more than Cynodon plectostachyus 

22 and Setaria sphacelata, whieh are strongly affected by shadlng 

23 

24 lnteraction of trees and grazlng management 

25 

26 The relat~onshlp between tree growth/Y1e1d and grazlng management 

27 

\ 
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tenas to ind1cate that the higher the stock1ng rate the lower the effaet of 

2 graz1ng on adJacent trees 

3 

4 
\ The level of stocking rate is known to be inversely related to animal 

5 performance However, Chen et al (978) reportea that h1gh stocking rates 

6 tend to favor tree productivity Th1S can be expla1ned by the effect of 

7 graz~ng on reducing root systems as well as water and nutrient competition 

8 of grasses in the sward (Table 5) 

9 

10 Reynolds (I981) conducted a graz:tng trial under coconuts ~n Western, 

11 Samoa, including d~fferent improved grasses and the local grassland, grazed 

12 with a stocking rate of 2 5 steers/ha 
I 

His results showed that an1mal 

13 production from improved pastures more than doubled the productivity of the 

14 local grassland, withou t a maJor change in coconu t ylelds However" sorne 

15 grasses reduced coconut y1elds slightly more than others (Table 6) 

16 

17 Rl.ka et al (1981) reported results from a grazing tr1al companng 

18 d1fferent stocking rates on sown Brachiaria decumbens associated with 

19 Centrosema pubescens pastures, along w1th nativa grasses, in terms of 

20 animal productl.on in relation to the local feeding system which utl.lued 

21 cut-and-carry native grassland materials supplemented with banana stems and 

22 coconut leaves This experlment a150 compared the effect of the improved 

23 pasture w1th that of the ungrazed plantation native grassland in terms of 

24 coconut y1elds The results oi this trial are presented in Table 7. where 

25 liveweight galns on the l.mproved grass-legume pasture are hlgher than the 

26 ones obtained wlth the local feeding system 

27 

Coconut yl.elds were also 

\ ' '- \ - - -

r ·-I~r 
j 

~TEC.A 
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1 higher than those obtained w1 th the ungrazed native grassland 

2 liveweight gains were obtained w~th lower stocking rates, and h1gher 

3coconut ylelds w1th higher stocking rates 

4 

5 In the Soloman Islands. Watson and Whiteman (1981) evaluated d1fferent 

6 stocking rates on an improved pasture made up of a mixture of three 

7 Brachiaria spp , together with the legume cocktail oi Centrosema pubescens. I 
8 Kudzu, and Stylosanthes guianensis This pasture was compared w1th the 

9 natura11zed grassland made up ofAxonopus compressus, Paspalum con]ugatum, 

10Centrosema pubescens, Mimosa pudica, and Calopogonium mucuno~des A 

11 three-year average of 11vewe~ght ga:ms and coconut y~elds for the d1fferent 

12 stock1ng rates in the two contrast1ng pastures is presented in TabIe 8 It 

13 shoul d be noted that. during the experimental period, the sown pasture 

14 degraded to a dominance of the native species The naturalized sward gave 

15 signiflcantly hlgher l1vewelght ga1ns and better coconut yields 

16 

17 The scant data available would suggest that 1mproved pastures could in 

18 general beneflt tree growth. but that w111 depend on the type of pasture 

19 species used and grazl.ng management applied The presence of trees could 

20 improve the quality of the adJ acent pasture But shade will probably be 

21 one oi the most important factors in the interaction Different canopy 

22 structures and spat~al arrangements of trees w~ll affect the amount of 

23 11ght 1nterference, wh1le pasture plants show different degrees of 

24 tolerance to levels oí sunllght 1nterception 

25 

26 

27 
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1 Shading effect on pasture grasses and legumes 

2 

3 The effect oí shading on pasture grasaes and legumes was reported by 

4 Enksen and Whitney (1982) F1gure 4 shows the effect of 1ucreasing ahade 

Son dry matter yield of several pasture legumes While Stylosanthes 

6¡SU1anenS1s linearly reduced product1v1ty under l.ncreasing levels of shade, 

7 Desmadl.um intortum and Ce~rosema gubescens showed better tolerance to the 

8 reductl.on of full sunllght F1.gure S show$ the effect of shad1ng on dry 

9matter yield of Panicum maX1mum, Brachl.ar1a decumbens, and Brachiar1a 

10 m1l11form1s Sorne degree of tolerance ta shad1ng was shown (0%-30% shade) 

11 by these grasses This lnformat10n ls conflrmed by Wilson and Wang (1982), 

12 who reparted a positive response of Panicum maximum cultivar Green Panic to 

13 shade af up to 40,. llght lnterceptlon Figure 6 presents the results of 

14 Toledo and Fisher (1988) on the response of Andropogon gayanus to 

15 increasing levels of shading in total dry matter yield and in terms oí 

16 root, scem, and leaf partl.tloning This data conflrms the capablhty of: 

17 sorne C
4 

grasses to respond to low levels of shad1ng But, thl.s positlve 

18 shade response of C
4 

grasses i8 not yet well understood In fact, Burtan 

19 et al (1959) and Lud10w (978) postulated that both growth and rate of 

20 photosynthesis of C4 grasses are linearly reduced by shade A poss1ble 

21 explanation of these latter findings could be that the effect of 

22 interception of solar radiation on photosynthesis and transpiratian rates 

23 were confounded, suggest1.ng that higher photosynthetic eff1ciencies were 

24 obtained at slightly lower transpiration levels Another possible 

25 explanat10n is that nitrogen levels in the tissues are 1ncreased with 

26 shade, implying coat nitrogen content 1n leaves has an important effect on 

27 the eff1ciency of the plant photosynthetlc system In fact, Flelscher et 
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lla l (1984) reported an increase in nitrogen content of Panicum maximum wlth 

211ncreaSing levels of shade (Figure 7), corroborating the findlngs of 

31Daccarett and Blydenstein (1968) reported earlier 

4 

5 It 1s clear that variahility exists among grasseq and legume¡, in thelr 

6¡capaoty to tolerate shade It must be recognized, though, that most 
, 

71mproved grasses in the tropics haITe been collected originally in open 

8grassland environments (tropical savannas) ThlS is the case wlth 

91Hyparrhenla spp, Andropogon spp, Brachiaria spp, and Panlcum spp 

I 
lO:However, som", grasses, sueh as Axonopus sompressus, Paspalum con]ugatum, 

! 

!land Stenotaphrum secundatum, do grow in the wiId in shaded environments 

12 

13 Figure 8 shows data from Wong et al (1985) on the effeet oí shade on 

14 the cumulative dry matter yield of several grasses It lS clear that 

15Pan!cum maximum (eommon), Brachlaria decumbens, and Setarla sphacelata 

16drastically reduced the!r productlvity below 60% full sunllght In 

17 contrast, other grasses, such as Panicum maximum (Green Panlc), tolera te 

18 higher levels of shading Axonopus compressus Sllghtly !ncreases 

19 produc tivHy under shade, while Paspalum conjugatum is essentlally 

20 lnsensitl ve to shadlng Slm11ar work by Smlth and Whiteman (1983) reported 

21 drastic reductl0ns in yleld of Brachiaria decumbens and sorne moderate 

22deellne ln yield of Brachlaria milllformis and Paspalum conJugatum, 

23 contrasting Wl.th the more uniform performance ofAxonopus compres sus and 

24 Stenotaphrum secundatum grasses undar shade l'he level of prOdUCtivlty 

25 potential of tllese grasses is lower than that of tllose which prefer full 

26 sunl1ght However, thelr competitlveness lncreases under ahade (Flgure 9) 

27 Winstead and Ward (1974) reported that Stenotaphrum secundatum does not 
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¡,change its rate of net pbotosynthesis and dark respiration under shade In 

2 contrast with eynodon daetylon (Table 9). this finding suggests that S 

3;secundatum might be a C
3 

tropical grass CIAT eollected about 40 

4 aceess~ons ofAxonopus spp , Paspalum spp , and Stenotaphrum secundatum 

5 under shaded environments 1n Southeast Asia, Africa, and Latin America 
\ 

6These colleet10ns were evaluated in Quiliehao by Toledo et al (1989) under 

70pen and shaded environments Some of the materiaIs were not able to 

8 survive during the dry season under full sunIight. others redueed ylelds 

'9 under open envlronments, and sorne were essentially insensitive to shade 

10 Variabiliey exists w1thin species and among tham The most prom1sing 

11 speeies from which to select shade-tolerant mater1al were Axonopus 

12 compressus, Paspalum conJugatum, and Stenotaphrum secundatum It was found 

13 that their dry season performance depend on the depth of their rooting 

14 systems 

15 

16 Axonopus eompressus was found to be the grass with the shallowest rooe 

17 system which enable them to utl11ze superf1clal water under shade without 

18 eompet~ng wlth trees for deep water and, consequently, it 1S drastically 

19 affected during the dry per10d in open enV1ronments Other shade tolerant 

20 grasses such as Paspalum conJugatum and Stenotaphrum secundatum have 

21 somewhat deeper root systcms. which allow them to also perform welI in the 

22 open Table 10 shows the pos1t1ve effeet of shading on root length at 

23 different depths of the soil profile in Axonopus compres sus and che 

24 nonsign1ficant affeet of shading in root development of Paspalurn conJugatum 

25 and Stenotaphrum secundatum This work of Toledo ct al (1989) concIuded 

26 w1th the selection of a few accessions from these three species that have 

27 potential for association on tree pIantations 
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I RESEARCH NEEDS 

2 

3 The previously selected results sutnmarize studies made on the integration 

4 f trees and pastures in the humid tropics It should be recognized that, 

5 so far, this integration is limited to occur only in specific environmental 

6 and farming conditions It should also be recognlzed that the :mtegration 

70f silvopastoral systems has an 1mportant potential role for the 

8development of semi-intensive production systems of h~gher yleld and 

9 sustainabillty for already deforested areas of the rain forests However t 

10 for the expansion of s~lvopastoral systems, several constralnts of a 

11 biological and socioeconomic nature must he overcome , 
12 

13 Biological constraints 

14 

15 This subJect 18 more easily presented in components Let us first 

16100k ar biological constraints for pasture species G!ven the prom1s!ng 

17 results of research activities of the RIEPT (International TropÁcal 

18 Pastures Evaluation Network) and CIAT' s Tropical Pastures Program tor the 

19 development of acid-tolerant pasture legumes and grasses, the adaptatian of 

20pasture species to shade and campatibil~ty with trees appear to be the most 

21 important b~ological constraints Even though the principIes of graz1ng in 

220pen areas apply directly to shaded env~ronments, the levels of 1ntensity 

23 of grazing and days of utilization and rest will certa~nly require 

24 adJustments for the efficient ut~llzatlon of the swards under tree: 

25 canopies 

26 

27 
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1 The main biological constraint for tree species 18 adaptation to poor, 

2 acid soils At present grasses and legumes are becomlng available for 

3 poor , acid 80ils, however, there are no commercial trees available for the 

4 typical Oxisols and Ult~sols that predomlnate in rain forest environments 

5Pictures 5 and 6. taken the same day, show Gliricidia seplum planted on the 

6 same date in two contrast~ng soils, a fertl1e Vertisol on the left and an 

7 UItisol on the right Promising shrub species, such as Cratylia flor!bunda 

8 and Flemingla macrophila, shows better adaptation to aCld poor soils 

90ther important constralnts for the integration of tree species are the 

10 slowness of es tabh.shment from seed snd the difflcul ties of rootlng from 
r 

11 stakes for the essy establishment of trees and early grazing of pastures I 
12 Flnally, a technical constraint that is algo important 18 the lack of 

13 knowledge about optimum densities and grazing management of plantations 

14 when used with pasture covers for anlmal production 

15 

16 Socioeconomlc constralnts 

17 \ 

18 Technologles are not adopted lf the socioeconomic enV1.ronment 18 not 

19 appropr1.ate and their use ls not attractive to farmers In Latin America, 

20 pasture and cattle production ha ve essentially no majar soc10econOffilC 

21 constralnts for development, in contrast with majar limitations in relat!on 

22 to tree planung The constraints which arise are malnly occasioned by 

23 marketing Valuable fruit/timber species, such as Pupunha (piguayo) or 

24 Guaraná, have extremel!y restrlcred market The long-terro nature of timber 

25 tree investment and the risk related to future revenUeS are also 

26 constraints investments are made today and harvesting lS severa! years 

27 ahead ln an extremely dynamic economic world 
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1 Rasearch priorities 

2 

3 On the basis of these constraints and ln light of existing knowledge, 

4 the following research needs and priorities can be suggested 

5 a) 

6 -

7 

8 

9 -

10 

11 

12 -
13 

14 

15 

16 b) 

17 -
18 

19 

20 -
21 

22 

23 

24 

25 

26 

27 

For the pasture component 

Includlng shade tolerance as a crlterion in the collectl0n and 

screening of foraga grasses and legumes 

Srudies on compatibl1ity of pasture specias with trees ln terros of 

competitl0n for water, 60il nutrlents, and allelopathlc factors 

I 

AdJustment oí grazing management in terros oí grazing intenslty and 

days of occupation and rest These studies should be conducted with 

different animal species (cattle, sheep, goats) 

For the tree component 

Collection and screening of multlpurpose trees for adaptatlon to poor, 

aCld soils 

Studies to eharacterlze the abl1ity of different species to root fro 

stakes, for the purpose of provldlng living fenee posts 

Regrowth capacity and palatability of different tree species 
\ 

defoliation, for selection of plantq to be used as forage trees 

.J 
Agroindustry and marketing of tree products for the expanslon of thel 

utilization 1n the humld tropics 
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1 e) Finally, the following research needs are suggested for tree pasture 

2 interactlon 

3 - Development of establishment methods, including timing, for the 

l¡ establishment of components and the use of inputs and f:mancing of 

5 pioneer annual crops 

6 

7 - Studies on the biological and economic competition of trees and 

8 pastures in relatl0n to tree densities. age of plantatl0n. and 

9 carrylng capacity of pastures under the tree canopy 

ID 

11 - Studies and documentation of the N fixation capacity of tree and 

12 herbaceous legumes, and their effect on productivity and qualley of 

13 the integrated silvopastoral system 

14 

15 -

16 

17 

18 

19 -

20 

21 

22 

23 

24 

25 

26 

27 

Studies to evaluate the effect of trees, pastures and grazing animals 

on sOll physica1 and chemlca1 conditions (compaction, OM%, pH ) 

through time 

Studles to optlmize the whole system ln terms of lntegrated management 

for maXlmum productlvity and conservatlon of natural resources 

\ 
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1 FINAL REMARKS 

2 

3 Silvopastoral sysrems offer great potential for the development of 

4 effic1ent, highly productive, and sustainable systems 1n the disturbed 
\ 

5 lands oi the rain forests An intensive research effort towards study the 

61ntegration of trees and pastures i8 required, in order to technical1y 

7overcome the previously mentioned constra1nts by mean s oi genet1c 

8 development and improvement, systems management, and socioeconom1C 

9 understanding 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
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TabIe 1 

2 

Dry matter 
trees 

29 

Grasses* 
3 Tree cover DM yield 

(kg/ha) 
Crude prote~n 

4 

5 Leguminous 

6 

7 

Erythr~na poepplgiana (Poró) 
Plthecoloblum saman (Samán) 
GIiricidia sepium (Madero negro) 

8 Boraginaceae 

9 Cordia alliodora (Laurel) 

10 No trees 

6390 
7200 
6390 

7520 

7500 

(n 

8 4 
6 7 
6 5 

6 2 

6 O 

11 '" Mix of Panicum maximum. Paspalum fasclculatum. Homolepis aturensis. 
and Dlgitarla decumbens 

12 
SOURCE Daccarett and Blydenstein. 1968 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
\ 

24 

25 

26 

27 



1 
TabIe 2 

2 
Total amount ¿y nutrients returned to the soll by d~fferent 
cover plants over f~ve years in a young rubber plantat~on 

30 

3 ______ ~----__ ~kg~/~h~a~ __ ~----~~ 
N P K Mg Cover plants 

4 

5 P phaseoloides + E pubescens 
+ Calopogonium mucunoides 

6 
~ compressus + ~ conJugatum 

7 
Indlgenous bus hes 

8 
SOURCE Chee Yan Kuan, 1981 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

226-353 18-27 85-131 15-27 

21i-65 8-16 31-86 9-15 

13-117 3-10 46-140 3-18 



1 Table 3 

2 

Effect of CQvar wlth Imperara cy11ndrica, naturalizad 
grasses, and 1egumes on the growth of rubber trees over 
fIve years 

3 

4 Cover 

5 
I cyl1ndrica 

6 
A compressus + P conJugatum 

7 
P phaseoloides + C pubxscens 

8 + Calopogonlum mucunoides 

9 
SOURCE Chee Yan Kuan, 1981 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Glrth (cm) 
lnland so11 Coastal so11 

16 3 23 9 

36 3 40 1 

39 6 ·H 4 

31 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Table 4 Dry matter yield oi grasses 
under closed canopy of oil 
palm plantation 

DH yield 
Species (kg/ha/year) 

A compressus 929 a 

B decumbens 1728 a 

C electostachl::us 63 e 

P maximum 1029 a 

P conJugatum 1146 a 

S sphacelata 322 b 

SOURCE Peng and Ibrahim, 1983 

\ 

32 
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2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Tabla 5 Livawe~ght gains and oil palm yields result~ng from grazing 
native sward under five-year-old plantation 

SOURCE Chen et al • 1978 

\ 

33 
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4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

lB 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Table 6 LiITeweight gaios and coconut yield in coconut plantation 
comhlned t./lth dlfferent grasses in Western Samoa. wlth a 
stocking rate of 2 5 steers/ha 

34 

Pasture 
Liveweight galns 

(kg/head /year) 
eoconut yield 

(nuts/ha) 

Local 

1 indl.cum 

B m:Llhformis 

B brizantha 

B mu tl.ca 

P maximum 

SOURCE Reynolds, 1981 

\ 

51 b 

109 a 

155 a 

158 a 

143 a 

134 a 

4407 

3812 

4482 

4053 

3065 

3497 



1 rabIe 7 

2 

\ 

Effect of"sown improved grass-legume pasture and graz1ng 
on animal Iiveweight galns and coconut y1eld in Indonesia 

35 

3 Treatment 
Stocking rate 

(beasts ¡ha) 
Llvewe1ght gains 

(kg/head/day) 
Nut yield 

(kg/ha/month) 

4 
Sown B decumbens 

5 + e pubescens 

6 

7 
Native grasses under 

8 coconut 

"" 9 Local feeding system 

2 7 
3 6 
4 8 
6 3 

10 " Bah cattle (Bos""banteng) "ere used 

o 321 
0313 
o 293 
o 249 

o 235 

507 
516 
713 
779 

483 

"" Animals fed on cut natural pasture + banana stem + coconut Ieaf 
11 

SOURCE Rlka et al • 1981 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Table 8 Effect of stocking rate and pasture type on liveweight gains 
and coconut yield over three years graz1ng uncler eoconuta 

StockJ.ng ra te Ll.vewel.ght gains Coconut yl.eld 
Pasture (head/ha) (k¡¡/head/da¿) (nuts/tree!¿ear) 
Sown* 1 5 O 398 87 

2 5 O 340 84 
3 5 O 273 96 

Natural** 1 5 O 427 93 
2 5 O 368 90 
3 5 O 270 91 

SE for comparisons 
withl.n pastures O 019 4 

* Brachiaria mutl.ca + B decumbens + B huml.dl.cola + C )2ubescens + 
P phaseolol.cles + ~ guianensis 

** Axonopus compres sus + R conJugatum + e 
+ Calopogonl.um mucunol.des 

SOURCE Watson and "~iteman, 1981 

\ 

pubescens + Ml.mosa pudl.ca 

36 



1 Table 9 Rate of net photosynthesis and dark respiratian (mg CO2 /dm 
land area/hr) of two grasses grown under two 11ght 
enV1ronments 2 

3 

4 Grass 

5 

6 Cynodon dactylon 

7 
Stenotaphrum secundatum 

8 

9 

\ 

Light 
environment 

Sun 
Shade 

Sun 
Shade 

SOURCE W1nstead and Ward, 1974 
10 

11 

12 

13 

• 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Net photo
synthesls 

57 9 a 
29 4 b 

31 4 b 
34 1 b 

Dark 
resp1ration 

15 9 a 
5 6 b 

3 9 b 
5 4 b 

37 



38 

1 T~ble 10 Root length (km/ha) in the 80H profile of grasses under 
full light (-S) and shade (+5) 

2 
SoU Shade AxonoEus PasEalum 5renotaEhrum 

3 depth level comeressus conju¡¡:atum secundatum 
(cm) 01 acce8- 04 acces-) (1 acces-

4 s~ons) s10n8) 810n) 

5 
0-10 -s 7384 6327 9531 

6 +S 10816* 5741 8281 

7 10-20 -5 1887 1967 3396 
+5 3199* 2132 2558 

8 
20-30 -5 1222 1304 1596 

9 +S 1643* 1243 1205 

10 30-40 -S 732 1077 1363 
+s 1351* 1160 1305 

11 
40-50 -5 372 901 1187 

12 +s 875* 998 962 

13 * Significant differences (P > O 05) between shade levels 

14 SO URCE Toledo et al , 1989 

15 

16 

17 

18 

19 

20 

21 
\ 

22 

23 

24 

25 

26 

27 
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grasses (Adapted from Enksen and 
Whltney, 1981 ) 



lo. 
Q) --C1l 

E 
>-
lo. 

Cl 

6 ~._~. 

5 

4 

Total 
00 

1 o o 
o 00 

Stems 

O Leaves 
100 80 60 40 20 O 

% Full sunlight 
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Figure 9 Total aboveground DM yleld of grasses over SIX 
harvests at dlfferent hght transmlSSlon sltes under 
coconuts (Adapted from Smlth and Whlteman, 1983 ) 



Plcture 1 Cattle grazlng under a rubber plantat10n 1n Ha1nan lsland, 
Ch1na 
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Plcture 2 Trees as llvlng fences ln Bugaba, Panama 



Plcture 3 Shade lovlng Axonppus compres sus grass, ln QU11lchao, 
Colombla \ 



Plcture 4 SuperflClal root development of Leucaena leucocephala 
cv Cunnlngham. In a l1med oXlso1 ln the Brazl1,an. 
Cerrados 

\ 


