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Introduction

Each region of the developing world has unique nutri-
tional -demographic problems and potentials. Such problems
are compounded in the central Andean region because its
population has the highest density and birth rate in South
America while consumption levels of protein and calories
are among the lowest in the Western Hemisphere. Tradition-
ally most people of Colombia, Ecuador, Perfi and Bolivia have
lived in highland areas.

These countries also contain vast humid tropical low-
lands east of the Andes (Figu?e 1) into which highways are
being built due to petroleum discoveries and colonization
plans. Such highways are leading the poorest of the rural
poor away from over-populated highland areas to establish
small farms in the eastern lowlands (8). A sizeable part -
of each family farm is utilized for products of primary

need such as foodcrops, swine, chickens and fuelwood.

* Paper presented to International Conference on Ama-
zonlan Agricul tural and Land Use Development, spon- .
sored by ICRAF/CIAT/RF/GTZ/NCSU, Cali,Colombia, April
16-18, 1980. English translation of Spanish manu-

*%  Member of INIAP/UFLA/TBRD Technical Assistance Mission.
Author acknowledges assistance given by Summer Institute
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A shifting form of agriculture is practiced by small
farmers east of the Andes (25,26,32). As human populations
and expectations increase, rest periods in shifting cultiva-
tion are shortened, accelerating in an alarming rate soil
deterioration and weed/pest invasion, and critically decreas-
ing yields precisely as needs are increasing (25, 30, 32).

One promising solution is to intensify the rest period
with =wine, chicken and fuelwood production (1,2,3,4,6,17,
19,21,28). Forage and fuelwood legumes increase soll aera-
tion, organic matter, nitrogen and available phosphorus,
as well as control soil erosion and leaching (4,5,20,27).
Swine also improve soil fertility by depositing organic
matter which stimulates legume/Rhizobium symbiosis and by
suppiying fecal microorganisms which mineralize crop resi-
dues (4). In addition, swine can improve small farm income
(7) and produce low cost animal protein without cereal

grains (29).

The American lowland tropics have the highest per
capita swine population in the world (Table 1), more than
five times that of tropical Africa and Asia (33). Most
swine and chickens in the tropical lowlands east of the
Andes are produced on small farms (Table 2) utilizing an
open range production system with banana as the principle
swine feed and corn as the supplemental chicken feed.

Integrated Foodcrop,
Swine, Chicken and Fuelwood Production

In Amazonian Ecuador, studies are being realized to
intensify open range swine husbandry utilizing the follow-
ing mixture of perennial species in a multi-strata production
system: ‘Dasmgdium ovalifolium (tré&bol tropical), Canna ‘
edulis (achira), Musa acnmlnata x M. balhlslana ABB (orlto)
and lnga edulls (guaba) S : .

The umbraphllus 1egume Dgsmadlum Qxallfgllum constltutes
the“ground-floor (19) as forage legumes are more palaﬁaple B



and more efficiently utilized by swine than are grasses
(10,14). The root forage Canna edulis and banana Musa
acuminata x M. halbisiana ABB are local perennial crops
with low labor and soil fertility requirements and produce
low cost feeds for direct consumption by swine (11,15,16,
18,24,31,33). The fast growing native legume tree Inga
edulis improves soil fertility and structure (22) as well
as produces fuelwood (1,2,3) on an eight year rotation
cycle (Figure 3).

Initially, conventional agriculture is practiced on a
new plot each year: land clearing and production of short
cycle species in conformity with one or another classical
multiple cropping system. The perennial species of the
future multi-strata system are interplanted during short
cycle cropping (Figure 4). Following a two year period of
short cycle cropping, the mentioned perennial components
will have reached a vertically stratified state of develop-
ment. TFour distinet strata are rapidly differentiated and
the resultant multi-strata structure and multi-species
composition ecologically and biologically approaches a
sustained yield forest ecosystem (9,12,13).

A ten hectare family unit (Figure 5) is divided into
eight lots (1 ha. ea.) which are used following field crops’
(Table 3) for weanling pigs, fattening pigs and breeding
sows. Also, eight lots (0.2 ha. ea.) are formed and used
following garden crops (Table 4) for individual farrowing
pens. Six strands of barbed wire and closely woven living
Jdatropha curcas (pifion) posts are used as fencing (23).
Internal swine parasites are chemically controlled (leva-
misole) every three months synchronized with alternate gra-
zing. Also, a 0.4 ha. lot is used for the farm home, chicken
house and fruit trees (Table 5).
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Figure 3. Intégrated foodcrop, swine and fuelwood production.
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Table 1. American countries with large swine populations
(SOURCE: World Almanac, 1978).

Number of people per hog

1. Brazil | | 2.3
2. Ecuador | 2.7
3. Haiti 2.8
4. Nicaragua 3.3

5. U.S.A. 3.9




Table 2. Percentage of swine by farm size in Ecuador
(SOURCE: Ministerio de Agricultura y Ganaderia

1978).
Farm size % of swine
0 - 20 ha. 81.7 %
20 - 50 ha. 10.7 %

+ 50 ha. L 7.6%




Table 3.

Ma jor foodcrops in Amazonian Ecuador.

Local name

Maiz
Yuca

Platano

Papa mandi
Papa china

Papaya

Scientific name

Zea mays
Manihot esculenta

Musa acuminata x
M. balbisiana AAB

]  £tiToli
Calocasia esculenta

Carica papaya

Variety

INIAP VS-2
Native

Local

Native
Local

Native




Table L.

Minor foodcrops in Amazonian Ecuador

Local name

Mani

Fréjol comln
Fréjol ratdn
Fréjol vainita
Habas nativas
Haba blanca
Ashipa

Pina

Cocona

Badea
Granadilla
Mafz pequeno
Camote

Papa de soga
Pujin - '
Achocha

Tomate criollo
Zapallo
Cuchicol
Cebolla criolla
Caha de aszlicar

Scientific name

Arachis hypogaea
Phaseolus vulgaris
Yigna unguiculata
Phaseolus lunatus
Canavalia engiformis
Pachyrrhizus fuberosus
Ananas comosus

Solanum topiro
Passiflora quadrangulanis
Passiflora edulis

Zea mays

Ipomea batatas  _
Dioscorea trifida
Cyclantera pedata
Lycopersicon esculentum
Cucurbita sp. '
Alternanthera sp.
Allium capa

Sacharum sp.

Variety

Native
Local
Local
Local
Native
Local
Native
Native
Native
Native
Native
Local
Native
Native
Native
Native
Local
Native
Native

‘Local

Local




Table 5.

Fruit trees in Amazonian Ecuador

Local name

Limbn mandarina
Lima

Naranja criollo
Mani de &rbol
Guaba Ilta
Arbol de pan
Cacao blanco
Zapote -

Abiyu

Anona

Uvilla

Guaba comin
Guaba machetona
Aguacate
Guanfbana
Chonta duro
Guayaba

Scientific name

cid 13 .

Cid limettoid

Citrus sinensis
Caryodendron orinocensa
Inga densiflora
Artocarpus alfilis
Theobroma bicolor

- Calocarpum sanpote .

Pouteria caimito
Annona squamosa
Pourouma cecropiaefolia
Inga edulis

Inga spectabilis
Persea americana
Annona muricata
Guilielma gasipaes
Psidium guajara

Variety

Local
Local
Local
Native
Native
Local
Native
Native
Native
Native
Native -
Native
Native
Native
Native
Native
Native
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AGRO-FORESTRY SYSTEMS FOR THE HUMID TROPICS
EAST OF THE ANDES:
II. Integrated Cattle and Timber Production.¥

by

John P. Bishop¥*¥
Esta01on Experimental Napo/Centro Amazdnico Limoncocha*#*
Instituto Nacional de Investigaciones Agropecuarias
Apartado 2600 - Qulto, Ecuador

Introductiaon
The humid tropics east of the Andes are presently
undergoing large scale deforestation in favor of cattle de-
velopment. Forests are substituted with pastures following
short-term cropping. Such development has provoked severe
criticism as there occurs serious soll deterloration and

few pantures persist. Today many of these pastures are
found abandoned (1, 9, 13).

One suggested solution is to associate forage grasses
with forage legumes and timber trees (2,3,4,5,6,7,8,10,11,
12,14,15,16). Forage legumes and timber trees can fulfill
the following functions: a) significantly increase soil
nitrogen by root associations with bacteria and fungi, D)
significantly fertilize soil through leaf-fall, c) notably
improve soil texture and aeration by physical and chemical
effects, and d) substantially increase income from smal]
farm pastures by sale of timber.

* Paper presented to International Conference.on Ama-
zonian Agricultural and Land Use Development, spon~
sored by ICRAF/CIAT/RF/GTZ/NCSU, Cali, Colombia, April
16-18, 1980. English translation of Spanish manuscript.

#**  lember of INIAP/UFLA/IBRD Technical Assistance Mission.
Author acknowledges assistance given by Summer Institute
of Linguistics. \

#%%  Average annual pre01p;tatlon 3102 mm, elevation 243 masl,
latitude 0°24°'S.



Integrated Cattle and Timber Production
In Amazonian Ecuador, studies are being realized to
evaluate the forage grass Brachiaria humidicola (kikuyo
amazbnico), legume Desmodium ovalifolium (trébol tropical)
and timber tree Cordia alliodora (laurel) in a silvo-pastoral
system (Figure 1).

At the beginning of the rainy season the B. humidicola
and D. ovalifolium are established using vegetative material
and planting stiék. The C. alliodora is also transplanted
(400/ha) at this time using rootstumps (Figure 2 & 3).

' The newly established pastures are not grazed for one
year or until timber trees are three meters high. Two
years after reforestation, trees are thinned to 200/ha and
again after four years leaving 100 high-grade trees per
hectare (Figure 4).

The Benefit
One hectare of pasture maintaining two bovines with
25% extraction per year will produce ten bovines in twenty

years. Estimating each adult bovine at US $300, cattle
income per hectare in twenty years will be US $3000.

One hundred Qgrdla trees per hectare can produce 100 m3
of timber in twenty years, Estimating each,m3 of Cordia at
Us $30, forest income per hectare in twenty years would be
US $3000. :

Therefore, timber production has great'potential to
improve the economic productivity, ecological stability
and sociological viability of small cattle farms in the
humid tropics east of the Andes.

For technology transfer to the rural masses, small
farmer training materials are belng prepared for use in
local adult education classes, regional radio educatlon

-

T

courses and practical classes in rural schoolg. Ee

L IR



-l CD(P

g

wor o eatt \l”“_L_f iy 11\|\\(
61 17 118 119 1237 years

')

3
—0
—0

-0

-9

0
-1
_{)
)
,.w-—\AQ)
90
~*<<)
-0

4

—

\%D

Thin Cordia to 100/ha.
Sell timber

Thin Cordia to 200/ha. ) Renovate pasure

Reforest

Begin grazing

£\

Plant: Cordia alliodoras
(laurel)
g ] » E ] L)
(trdbol tropical)
B himpd PL-e

(kikuyo amazdnico

Figure 1. Integrated cattle and timber production.




350 I I [

—d
-
—
—
o

™\

N
N
/

l

(!

300

Precipitation mm/month
) 4* ..\_17;— 113}
N
|
I\T—-_'
R e

o
Z
Q
L"' SR S
n
<

250 1N\

200

LI R R

150

» - i

BuTrn

“yr
JE e 1
Maiz Kikuyo amag_@_rli_g_p_______i
P . |
Trébol tropical [
————————— |
Laurel — ___ _______ j

Figure 2. Average precipitation (15 years) and planting sequence in the
Centro Amazdnico Limoncocha.




©rweaFelp Furquerd € 8andtJg

sIs4au o

(ooTUugzZRWER OANYTY) ETOTTPIUNY EBIIETUIEIY

(Teotdoayl t1oqaJy) WNTIOITIEAD WATPOWSSQ -

AN
S m - \\\\\\\\\\ _




— > - Cattle and timber production (40 ha)

1GCOm

1ha
g Foodcrop, swine, chicken and fuelwood
< — production (10 ha)
21 F,1 ] ]
) L
_1?— T~
250m

_§ __________é_

Figure 4. Mixed production system for 50 ha farms.




10.

11.

Literature Cited

Anon. 1978. Forestry for local community development.
FAO Forestry Paper No. 7, Rome, 114 pp.

Bishop, J. P. 1978. The development of a sustained
yield tropical ag o-ecosystem in the upper Amazon.
Agro-Ecosystems,4: 459-461,

Bishop, J. P. 1978. Desarrollo y transferencia de
tecnologia para pequenias fincas en la Regibn
Amazdnica Ecuvatoriana. En: Seminario sobre
Mane jo de los Sistemas Ecolbgicos y Alternativas
de Produccidn Agro-Silvo-Pastoril en la Regibn
Amazdnica Ecuatoriana, patrocinada por el Insti-
tuto Nacional de Colonizacidn de la Regibn Ama-
zbnica Ecuatoriana, Limoncocha, Ecuador.

Bishop, J. P. 1979. Produccidn ganadera-forestal en
el trdépico hfimedo hispanoamericano. En: XIII
Conferencia Anual sobre Ganaderia y Avicultura en
América Latina, patrocinada por la Universidad de
Florida, Gainesville.

Bishop J. P. and Munoz, K. 1979. Produccibn ganadera-
forestal en la Regidn Amazdnica Ecuatoriana. En:
Reunidn de Trabajo sobre Pastos Tropicales, patro-
cinada por el Centro Internacional de Agricultura
Tropical, Cali, Colombia.

Cook, B. G. and Grimes, R. F. 1977. Multiple land-
use of open forest in south-eastern Queensland
for timber and improved pasture: Establishment
and early growth. Trop. Grasslands, 11:239-245.

Gregory, E. W. 1972. Integration of grazing in tropical
forestry-—-An experiment in comblnlng cattle raising

with pine plantation forestry in Fiji. Seventh
World Forest Congress, Buenos Aires. '

Kennard, D. E. and Walker, B. H. 1973. Relatlonshlps
between tree canopy cover and Panicum maximun in
the vicinity of Fort Victoria. Rhodesian J.
" Agric. Res., 11l: 145-153. '

King, K. F. S. and Chandler, M. T. 1978. The wasted

lands. International Council for Researoh in
Agro- forestry. Nalrobl.

Kirby, J. M. 1976. Agricultural land-use and the ,
settlement of Amazonia. Pacific Viewpoint, 15:
105-131. ' :

Kirby, J.M. 1976‘”‘Fofeet:g552ihg; ‘A +echn1que for
the tropics. World Croya, 28: 248-251.



12.

13.

14,

15.

16.

17.

-.;{)l'—

Knowles, R. L., Klomp, B. K. and Gillingham, A. 1977.
Report for the Fiji Pine Commission on forest gra-
zing research. Rotorua. New Zealand Forest Service,

13 p.

Parson, J.J. 1976. Forest to pasture: Development
or destruction? Rev. Bio. Trop., 24 (Supl. 1):
121-138.

Payne, W. J. 1976. Possibilities for the integra-
tion of tree crops and livestock production in
the wet tropics. J. Sci. Food Agric., 27:888.

Peck, R. B. 1977. Sistemas agro-silvo-pastoriles como
una alternativa para la reforestacidn en los tré-
picos americanos. Bogot4, Colombia, CONIF, 73-84 p.

Thomas, D. 1978. Pastures and livestock under tree
crops in the humid tropics. Trop. Agric. (Trini-

dad) 55: 39-44,

Wyatt-Smith, J. 1979. Agro-forestry in the Tropics:
A new emphasis in rural development. Span 22: 65-67.



