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Resumen

El proyecto “Allsides’ constituye un intento para aqionentar la produccion agricola
de Jamaica Una mayor provision de alimentos para la poblacion es el obfetivo que se
frata de alcanzar mediante una explotacion intensiva de los limitados recursos natura-
les. Se requiere investigacion adicional en Jamaica, sin embargo los sistemas de cultivas
intercalados que han sido examinados muestran su fdcil adopeion por parte de los pe-
queros agricultores. Aun cuando solo un pequeiio porcentaje de las 220 000 pequeiias
fincas adoprara el sistema de cultivos intercalados, se podria esperar un awmento con-
siderable en produccion alimenticia, ingreso y empleo en Tmmnaica. Ademds, el produc-
tor individual se beneficiard con los siguientes dos sistemas de adtivos intercalados,
por ejemplo 1) papas ivlandesas y ribanos, cuando son intercalados con fiame (Dios-
corea cayenensis) v, 2} maiz dulce y frijoles cuando son intercalados con flame, pro-
dujeron un incremento del 67 y 31 por ciento sobre el ingreso neto del agricultor,
respectivamente, con relacion al sistema del monocultivo del fame. Cuando se compa-
ran los sistemas de cultivos intercalados mencionados (1] y (2] con el sistema tradicio-
aal mds productive, el primero produce un ingreso de 300 por ciento y el segundo de
400 por ciento sobre el sisteina fradicional

Todavia existen muchas dudas de cardcter econdmico y bioldgico respecto al siste-
ma de cultivos intercalados, el cual representa un campo prapicio para efectuar inves-
Hgacion imudtidisciplinarie. ET presente trabajo muestra los resultados del primer aiio
del provecto piloto para el desaivollo del sisterma “Allsides” de cultivas intercalados. Se
recomienda tener cautela al interpretar y tomar decisiones con base en éstos resultados

Introduction

ecent world food shortages and prospects for
b inadequate supplies in the futuye have prompted
growing interest in new or improved cropping
methods in developing countries. In many of these
nations a significant part of domestic staple foods
are produced by very small farms which have been
by-passed by the well-known Green Revolution (3,
6, 9, 1), For the most part, the gains in productivity
and income of these rural people will require the de-
velopment for and use by many farmers of new high-
yielding, science-based crop and animal production
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systems tailored to the unique combination of scil,
climate, biological, economic and cultural conditions
of every locality and region in every nation For
this reason, increasing scientific attention is being
directed to the study and improvement of the
ceniuries-old practice of multiple cropping used on
many of the small fapms in developing nations (1, 4,
11, 13, 16).

Multiple cropping describes forms of cropping
practices where total production from & land unit in
a farming year is achieved through growing crops
simuitaneously, sole crops in sequence or a combina-
tion of mixed and sole crops sequentially. A more
specifically defined system-intercropping-refers to
two or more component crops grown simultaneously
on the same land, although not necessarily sown or
harvested at the same time. Intercropping implies
some pre-planned spatial arrangement of piants in
contrast to mixed cropping which may be nothing
more than a random plant combination or arrange-
ment.
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Advantages of the variants of muitiple cropping
may include improved utilization of solar radiation,
soil moisture and nutrients, reduced soil erosion and
pest control as well as provide the small farmer
improved nutrition, lower risks of crop failure and
efficient use of available land and labor over time
{2, 5,12, 14, 15, 18). Only quite recently have agri-
cultural researchers recognized these advantages
and the potential for improving traditional small-
farm multiple cropping systems To date, research
has focused primarily on the biological aspects of
multiple cropping with very limited attention being
given to economic analysis of traditional and
improved systems.

This paper reports an economic analysis of the
first-year results of intercropping research carried
out in Allsides, Jamaica. Nine intercropping systems
are evaluated against a base yellow yam (Dinscoren
cayenensis)y treatment with similar levels of tech-
nologies and management In addition the alternative
croppings systems are compared to a Jow and high
yield traditional monoculture system of yellow yams.
The traditional farm system represents the low and
high vield range of small-hillside farmers in the
Allsides Project Area Jamaica, with high rural and
urban unemployment, a population density of
440 people per square kilometer of arable land, an
estimated 220 000 farms ol less than two hectares,
alarming rates of annual soil loss from the moun-
tainous farmiands [131 metric tons per hectare (54
tonsfacre) on slopes of 17 degrees (17] and declining
food output, presents a set of conditions highly
conducive to the introduction of new and/or
improved intercropping systems

The Allsides Pilot Development Project

The Alisides Pilot Development Project, started in
February of 1977, is the seccond phase of a national
program aimed at utilizing the low productive sloping
land through the development of efficient com-
mercial farming systems There are approximately
400 farmers living inside the project area with an
average farm income of J$850.00 per family (8).

The area is characterized by deep rupgged cut
valieys enclosed by steep hills with 90 percent of the
252 hectares being over 15 degrees slope. The tradi-

tional crop cuitivated, as well as tie main source of

family income, is the yam (Dioscorea spp). The tiadi-
tional cultivation practices consist of bumning the
vegetation and manuaily preparing the steep hillsides
by bushing, clearing and forking the land into one
meter square mounds for the planting of the yams.

These practices, together with the maintenance of

weed-free plots result in serious deterioration and

depletion of soil resources, sediment pollution, and
inefficient use of production inputs.

The Inter-American Institute of Agricultural
Sciences (HICA) and the Conservation Unit, Ministry
of Agriculture are providing technical assistance and
training personnel in the field of intereropping. The
project’s main objectives are to increase rural farm
incomes, improve family nutritional levels and
expand domestic production through better cropping
systems, and improve conservation treatments.

The design of the agronomic research involved one
menoculture and nine  intercropping  treatments
replicated five times on fifty, thirty square meter
plots on bench terraces eight feet wide with a five
degree backward slope The terrace ridges were
seeded to ‘Napier’ grass (Penniserimn purpurum)
to reduce deterioration. All treatments were grown
on the same soil type, wirefence clay loam. Each
system experienced the same yam staking pattern,
and received 6.7 ton per hectare cach of chicken
manure and lime

Nine of the ten cropping systems studied had two
to three compenent crops infercropped with the
yvam crop which was common to all treatments. Each
intercropping system was designed to meet dietary
acceptance, climate coaditions and cultural prefer-
ence within the Alisides Project area. Fertilizer and
iime rates were calculated according to the results
from the microplot and lime experiments conducted
previously by ICA (7). The type of component crop,
date of planting and harvesting, plant density,
amount of fertilizer applied and labor used per
system are summarized in Table 1 for both the inter-
cropping systems and the traditional farming systems.

Methodology and Hypotheses

Enterprise budget analysis was used to compute
return values to gross margin, net farm income (2
return to family laber, equity and management), farm
labor, risk and management, and farm investment
capital. Although these intercropping budgets are not
specific to any particular farm they do relate to 2
specific soil type and technology level.

The yield per hectare was the calculated average
yield of the five replicated treatments per crop at
harvest time Systems total gross income was com-
puted by summing the individual values of compo-
nent crops and the yam crop. Data collected [rom
unterraced farms in the Project Area were used to
develop low and high yield budgets which represented
the ange of the traditional monoculture (yam)
system. The traditional farm system had a lower
level of technologies and management applied than
did the experimental plots.
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Table 11 Type of Cropping System, Date of Planting and Harvesting, Plant Density, Fertilizer Amount and Labor Required Per System,
Per Hectare, Allsides Pilot Development Project, Jamaiea.

Date Plant Fertilizer (kgfhiectare)  Labor
System Bensity Reguire-
Planted Harvested N PO, K,Q ments
" " Mandays/
hectase
1 Yellow Yam April 1977 March 1978 10 000 125 150 75 32177
iI Yellow Yam April 1877 Marct: 1978 10 GO0 50 50 25 5313
Red Pea April 1977 Faly 1977 89 00 50 50 25 -
Onion August 1977 March 1978 88 888 8O 50 50 -
1131 Yellow Yam April 1977 Masch 1978 10 000 50 50 25 454 6
Sweet Corn April 1977 August 1977 30 000 75 50 50 -
Red Pea September 1977 November 1977 89 000 50 50 25 -
IV Yeilow Yam April 1977 March 1978 10 600 50 50 25 464 5
Grain Cormn April 1977 August 1977 30 GO0 50 50 25 -
Irisly Potato October 1977 January 1978 16 666 75 50 25 o
\% YeHow Yam April 1977 Masci 1978 10 GO0 50 50 25 6177
Irisls Potale April 1977 June 1977 15 600 50 50 25 -
Radish July 1977 August 1977 133333 30 20 25 -
Aflrican Red Pea October 1977 February 1978 44 444 50 30 25 -
Vi Yelow Yum April 1977 March 1978 10 00 50 50 25 4275
Pumpkin May 1977 -1 - 10 400 40 50 25 -
Sweet Corn September 1977 December 1977 30600 50 50 50 -
VIE Yellow Yam April 1977 Muarch 1978 10900 50 50 25 5486
Cabbage April 1977 August 1977 30900 40 50 25 -
Carrol August 1977 December 1977 66 066 40 50 25 -
Red Pea December 1977 March: 1978 89 000 50 50 35 -
VHI Yellow Yum Ajpril 1977 March 1978 10 800 50 50 25 474 .43
Sweet Potato April - October 1977 10 000 50 50 25 -
Red Pea September 1977 December 1977 89 000 80 50 56 -
X Yellow Yam April 1977 March 1978 10 000 55 - 25 491 73
Cassava April 1977 - - 10 QG0 100 160 5G -
Red Pea April 1977 Taly 1977 89 000 - - - -
X Yellow Yam April 1977 March 1978 10 0G0 6258 75 375 45466
Ginger April 1977 - - - - - - -
Sweet Potato Aupust 1977 March 1978 10 0G0 55 - 25 -
Traditional Farm Sysiem
Low Yield April 1977 March 1978 10080 44 133 200 145
High Yiekd April 1977 Muareh 1978 10060 44 133 200 145

I Crep not harvested

2 One manday cquals 8 hr
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Information concerning prices of production and
technical inputs were obtained from private dealers
in Christiana and Kingston. Product prices used were
bused on guaranteed market prices offered by the
Agricultural Marketing Corporation

Five specific hypotheses are examined in this
paper with respect to land, labor, capital and manage-
ment. The potential intercropping systems were
evaluated against the monoculture system grown
under similar soil, environmental and technology
levels. The hypotheses tested are as follows:

[. Labor productivity is greater in the inter-
cropping systems than for the yam monocul-
ture system.

2. Land productivity forthe intercropping systems
is higher than for the yam monoculture system,

3. Gross Margin  (income above variable cost) is
preater for the intercropping systems than for
the yam monoculture system.

4, Returns to Management and Rigk are greater for
intercropping systems than for the yam mono-
cuiture system.

5 Capital requiremenis are greater for the inter-
cropping systems than for the yam monocul-
ture system,

Results

The hypotheses that land and labor resources are
more productive and capital requirements are higher
for the intercropping systems than for the mono-
culture system are summarized in Table 2. Land
productivity is measured by summing total kilograms
of economic bio-mass produced per system, per
hectare. Economic bio-mass refers to the portion of
plant material with economic value Eight of the
intercropping systems gave at least a 9 percent increase
of economic bio-mass above the monoculture system
System V vyielded the highest amount of economic
bio-mass per hectare, 44 and 188 percent higher than
system 1 and the high-yicld traditional farm system,
respectively Only system VIII had a lower yield of
economic bio-mass than did the monoculture system

Labor productivity, measured by retums to farm
iabor showed that three of the intercropping systerms
provided higher labor returns than the yam mono-
culture system However, all nine intercropping
systems showed higher farm labor returns than two
traditional farming systems {Table 2} System il
provided 10 and 265 percent respective increases

Table 2: Summary of Land and Labor Productivity, and
Capital Requirements forthe intercropping Systems
and Trnditional Farm  System, Alsides Pilot
Development Project, Jamaica,

Capital Requirement

Percent
1onne/ ) Total Return
System iéectare (_)f Prol&:{;gi-ity: Vériz}i)]e to l"zu'm
Economic yo o naay ostf Investment
Rio-Mugs? hectare Capital/
(15} hectare IS
1 3148 19.12 4 573,45 83
1I 37 .44 1595 582876 98
[H 4184 2101 4 770.66 127
v 36.74 14.79 5 B60 47 73
v 4529 17.01 6594.30 109
Vi 39 84 1979 4641 82 112
V1 34.25 1263 491148 71
VIH 29.09 10.79 479551 48
X 37.69 17.51 492074 106
X 41.93 19.81 511467 114
fraditional Farm System
Low
Yield 1123 396 3 894.94 o
High
Yicld 1372 5.76 3894 94 4

1 Assumes that a kg ol associated crop material is equal to o
kg of yam material.

[ ]

Labor productivity is mcasured as fabor income per
manday. Labor is a residual ckimant A charge for
management and capital has been subtracted from net
farm income Also labor refers only to the expended und
does not represent the potential lubor of the family.

3 A zero was recorded since the low yigld traditional farm
system had @ negative return

4 Al values are reported in Jamaican dollars In 1978 one
US doltur = 255 Jamaican dollars

above the yam monoculture system and the high-
yield traditicnal farm systems.

Labor requirements increased 92 percent {rom the
yam monoculture system to a four-crop system of
yam intercropped with ‘irish Potatoes’ (Solanum
tuberosum 1) sequentially (oflowed by ‘Radish’
(Raphanus sativuys), and then ‘Red Pen’ (Phaseolus
spp)* Yam intercropped with “Sweet Com’ (Zes
mays L.) sequentially followed by ‘Red Peas’ gave
the highest return to farm labor of 1521.01 per
manday which represented a 250 percent increase
above the curent average market wage rate of 156
per manday. The two traditional {arming systems
returned about J$3.96 and 185.76 per manday for
the fow and high yield budgets, respectively.

% The red pea is 4 local name used for the traditionad field
bean
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Capital requiremients, measured by total variable
costs, showed that all nine of the intercropping
systems had higher capital requirements than the
maonoculture system or the traditional farm system.
Systemi VI had the smallest increase of 5 pereent
above the monoculture system. At 44 peicent above
the moncculture, systemn V had the largest capital
requirements of the ninc inlercropping systems
Fixed capital requirements were the same for all ten
alternative cropping systems.

Another measure of capital productivity is the
return to iotal farm investment capital. System Il
provided the highest return fo totak [arm investment
capital, 127 percent, which was a 53 percent increase
abeve the impioved monoculture system. Six of the
infercropping systems provided higher returns to
total farm investment capital than the monocuiture
systems. The average return to total farm investment
capital of the intercropping systems was 227 percent
higher than that for the high yield traditional farm
system. The high yield traditional farm system gave
a return of 4 percent to total farm investment capital.

Results for the hypotheses with respect to farm
income are summarized in Table 3. For eight of the
intercropping systems, gross margin was at least 11
percent higher than the monoculture system. Only
System VI was lower (15 percent) than the mono-
culiure system. The average gross margin for the nine
intercropping systems was 30 percent higher than the
monoculture system and 300 percent higher than the
high vield traditional farm system. Farm income
increased J§1 138 on the average, for the inter
cropping systems when compared to the mono-
culiure system, Net additional income represents
the additional reward for the additional time and
energy spent managing two or three crops inter-
cropped with the yam crop.

Six of the iniercropping systems provided higher
returns to management and risk than the monecul-
ture systemi. For the nine intercropping systems
average returns to management and risk were 20
percent higher than the monoculivre system and
110 percent above that for the high-yield tiaditional
farm systems.

Summary

The Allsides Project is one effort to increase
Jamaica’s capacity to feed its expanding population
from its limited land resources. Much additional
multiple-cropping research is required in the country,
yet several of the intercropping systems examined

Table 3: Summary of Gross Margin, Net Farm Income, and
Returns to Management and Risk lor the Inter
cropping Systems and Teaditional Farm System,
per hectare, Allsides Pilot Development Projeet,

Jamaica' .

Return to

Gross Net Farm e
System Margin Income M:::lba?;l[.:!l
| 9 304 67 8919 719 6 38163
1 12440 20 12 355 32 § 231 49
IH 1386228 13477.40 16124 65
Y 140 344 92 996003 647503
vV 1523465 14 B49.79 10 394.04
VI 13046 00 1216700 899172
Vi §0 37531 G99642 6 075.67
VIIE 795242 751753 4094 96
IX 1261475 1222980 B 648 .00
X 13 §55 85 12770 97 939274

Traditional Farm System

Low
Yictd 2354 46 i 994 89 -31702
High
Yield 302386 298329 67131

1 All values are reported in Jantaican dollars In {978 one
U.S dollar = 2 55 Jamaican dollary

show current potential for adoption by small farms
in famaica. I adopted by even a relatively small
percentage of the 220 000 small farms, a considerable
increase conld be expected in aggregate food produc-
tion, income and employment. Several advantages
could also accrue to the individual producer. For
exampie, two  inlercropping systems, lrish potatoes
and radish intercropped with yellow yams, and
sweet comn and red peas intercropped with yeilow
yam, provided a 67 and 51 percent increase in net
farm income, respectively above the monoculture
system. When these two systems are compared to
the high yield traditional farm system the income
increase was approximately 300 to 400 percent,
respectively

Much remains unknown about the cconomic
as well as the biclogical relationship of intercropping.
Economics and Agronomy are inseparable in research-
ing intercropping systems. Intercropping provides an
excellent framework within which to undertake
multidisciplinary research and development. This
paper presented only the first year's results of the
Allsides Pilot Development Project intercropping
systems. Care must be taken when interpreting and
making decisions on the basis of these results.



68

TURRIALBA: VOL 31, NUM. 1, TRIMESTRE ENERO-MARZG 1981

Literature Cited

. AIYER, A, K. “Mixed Cropping in India.”

Indian Journal of Agriculture Science. 19:
439-343. 1949,

BAKER,E F. [.and P W NORMAN. “Cropping
Systems in Northern Nigeria” Proceedings
of Cropping Systems Workshop, Los Bafios,
Philippines, pp. 334-61, 1975,

. BUNTING, A. H. “Pest, Population and Poverty

in the Developing World.” J. R. Soc. Arts,
pp. 227.39 1972,

DONALD, C. M, “Competition Among Crop and
Pasture Plants.” Adv. Agronomy. 15:1-118.
1963

. FISHER, N. M. “A Limited Objective Approach

to de Design of Agronomic Experiments
with Mixed Crops.” In Symposium on Inter-
cropping in Semi-Arid Areas, Morogoro, Tan-
zania, 1976,

. FRANCIS, C. A, C. A. FLOR, and §. R,

TEMPLE. “Adapting Varieties for Inter-
cropping Systems in the Tropics.,” American
Society of Agronomy Special Publication 27,
Madison, Wisconsin, p. 235, 1976

HARRISON, R. €, E. McDONALD, and A H.
WAHAB. ‘Fertility Assessment of Newly
Terraced Hillsides Soils Using Microplot
Techniques.” Inter-American Institute of
Agricultural Science, Pub. 14, 1978, King-
ston, Jamaica.

INTER-AMERICAN INSTITUTE OF AGRI-
CULTURAL SCIENCES. “Allsides Pilot
Development Project.” Draft for Royal
Commonwealth Agricultural Society King-
ston, Jamaica, pp. 45, 1977.

. INTERNATIONAL RICE RESEARCH INSTI.

TUTE (1RRE) “Multiple Cropping”, Annual

10.

11

13

14,

15.

6,

17.

18.

Report for 1973, Los Bafios, Philippines,
pp. 21-34. 1973,

INTERNATIONAL RICE RESEARCH INSTI-
TUTE (IRRID). “Cropping Systems”, Annual
Report for 1974, Los Baftos, Philippines,
pp. 32347, 1974,

KING, F. H. Farmers of Forty Centuries, New
York: Harcourt, Brace and Co., 1911,

. LITSINGER, I. A, and K. MOODY . “Integrated

Pest Management in Multiple Cropping
Systems.” American Society Agronomy
Special Publication 27, Madison, Wisconsin,
pp. 293-312. 1976,

NICOL, H. “Mixed Cropping in Primitive Agri-
culture.” Emp. J. Exp. Agr. 3:189-95. 1935,

OELSLIGLE, D, D, R. E. McCOLLUM, and B
T. KANG. “Soil Fertility Management in
Tropical Multiple Cropping.” North Carolina
Agr. Exp. Sta., Paper No. 4 952, 1976.

OGUNFOWORA, O,, and D. W NORMAN. “An
Optimization Model for Evaluating Stability
of Sole Cropping and Mixed Cropping
Systems Under Changing Resources and
Technology Levels” Rural FEconomy
Society 8:71-96. 1978,

RUTHENBERG, H. Farming Systems in the
Tropics. London: Clarendon Press, 1971.

SHENG, T., and T. MICHAELSEN. “Run-off
and Secil Loss Studies in Yellow Yam.”
UN/DP/FOA Study, Report JAM/671 503,
Rome, Italy, p. 2. 1973,

SIDDOWAY, F. H, and A. P. BARNETT.
“Water and Wind Erosion Control Aspect
of Multiple Cropping.” American Society
Agronomy Special Publication 27, Madison,
Wisconsin, pp. 317-33. 1976.

Turrialba Vol. 31, No. 1, 1981, pp. 63-68





