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Beans and Maize: 
important examples 
of multiple cropping 

Beans and maize a re two basic constituents in the diets 
of the Latín American people. This is especially true in 
rural areas and in the economically marginal sections of 
the large cities. N ot so well known is the fact tha t about 80 
percent of the beans produced in Latín America come 
from small farms; in addition, the maj ority ofthese beans 
are grown together with maize. And, 60 percent of the 
maize produced is seeded in association with other crops, 
most frequently with beans. C learly, associated cropping 
of beans and ma ize account for a large part of the total 
production of these two basic constituents of the Lat ín 
American diet. 

These facts plainly justify the efforts severa! nat ional 
and international institutions :...._ among them CIAT -
are directing to problems related to multiple cropping, 
especially maize grown together with beans. This 
production system is a reality on countless small farms in 
Latín America. The farmer produces the two crops first to 
feed his own family and then to sell the surplus in the 
marketplace. 

CIAT researchers a re studying both climbingand bush 
types of beans for the bean-maize association. The bean 
agronomy group is attempting to stabilize yíelds of beans 
grown alone at about four tons per hectare and yields of 
beans grown with maize at about two tons. The scientists 

.....llave already attained these levels und er optimum 
. : conditions. The efforts are focused on stabilizing yields 

under various ecological conditions and reducing. as 
• · · muchas possible. the need for applying inputs to help the 

' • farmer cut costs. 

M uch of the research deals prima rily with the 
• production aspects, actually growing the two crops 

together. The agronomy group, however, coordinates its 
priorities and activities with those of other disciplines in 
the CIAT Bean Progra m, namely plant breeding, plant 

Yields of more than 4.000 k i lograms per hectare are possible 
when climbing beans are grown in monoculture. 

pathology. entomology. soils, mícrobiology, physiology 
and economics. Prese nt work in evaluating and 
distributing gerrn plasm to client groups such as national 
programs and other entities has been bui lt on activities 
that go back six years. Sorne ofihese majar activities. and 
the year of their initiation. a re: 

* Collection of germplasm ( 1970) 

* Preliminary evaluation of accessions in the 
germplasm bank ( 1975) 

* Selection ofoutstand ing progenito rs to include in the 
breeding program ( 1976) 

* Replicated trials ( 1975) 

* lncrease of avai lability of seed ( 1976) 



• 1 nternational trials to verify ranges of adaptability 
( 1977) 

• Extensive trials in various national programs ( 1977) 

Two other efforts of the overall research program 
complement the evaluation and development of new 
germplasm. These are: 

• Agronomic studies of bean-maize assoc1at10ns 
including density and methods of planting and weed 
control; and, 

• Studies of genotype-environmental interactions 
factors that are importan! in germplasm evaluations. 

Severa) other factors are also importan! in forming a 
total package of technology. These are, however, best 
studied within each country or at the micro-environment 
level. They include: times for seeding, management of 
moisture (irrigation), fertilization, evaluation of location
specific technology, soil management and economic 
evaluation. 

Severa) preliminary results are available from the early 
experiments in bean-mai7e intercropping. 

• Optimum densities in locations like the Cauca 
Yalley of Colombia (where CIAT is located and where 
conditions are favorable for bean production) are: 
200,000 plants per hectare for bush beans (planted alone 
or with maize); and, about 150,000 plants per hectare for 
climbing beans (alone or with maize). 

• 1 f no environmental or growth factors are known to 
limit production. intercropped beans and mai7e can be 
seeded at the optimum densities for planting either crop 
alone. 

High seeding densities must be used if climbing beans in 
monoculture are to yield heavily. 
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• Combinations of various herbicides applied at low 
levels are more efficient and economical than high leveJ¡,
of a single herbicide in controlling weeds in intercropped 
beans and maize. 

• Yields of maize planted with either bush or climbing 
beans are not apparently decreased by the association 
planting but remain about the same as yields of maize. 
planted alone. 

• Very early results show no interaction between the~ · 
system of seeding and the variety of beans planted, but 
this must be confirmed. · 

Only limited genetic variability has been identified ip 
• he climbing beans collected in Latín America. 
Additional explorations must be made in every possible 
ecological niche of the continent and the world. lt is 
estimated that onJy 20 percent of the available genetic 
material of climbing beans and 50 percent of the material 
of bush beans have been collected up to now. 

A rapid evaluation system must be developed and 
evaluated for existing germplasm and that to be collected 
in the future. 

Definitions are needed of the magnitude of the 
genotypic-environmental interactions under different 
environmental conditions. 

lt is necessary to initiate a program of genetic 
improvement to combine various high-yielding sources 
with sources having resistance to the principal insects and 
diseases. 

A series of optimal alternatives for bean-maize 
associations must be established that are strictly related to 
planting systems in Latín America. It would be desirable 
to especially consider the socio-economic conditions of 
the small farmer in developing these alternatives. 

An active training program for technical personnel is 
needed to take advantage of research in bean-maize 
intercropping. Principies can be applied to other crop 
prod uction systems; well-trained personnel can apply this 
knowledge and field experience to the systems and crops 
common in their own localities. Thus, a multiplier effect 
of these C IA T research efforts can be extended into other , 
crops and ecological zones. 

While these investigations are concentrated at CIA T,
trials are being initiated at other locations in Latín 
America with support from national institutions. Trials 
are often done on prívate farms, to study the application 
of these systems in stabilizing yields of beans and maize. -
Attainment of this yield stability will signify a great step 
forward in increasing the production and agricultura! 
productivity in the rural zones of Latín America. 



• The close association between bean and maize plants implies 
that both compete critically for water. light a·nd nutrients 
necessary for growth. 

• 1nsures New system 
e lean cassava seed 

lt is often difficult to obtain sufficient material to assess 
a new cross or line of an asexually reproduced plant. In 
addition to initial needs, if early evaluations are 
promising, the material must be further multiplied as 
rapidly as possible for advanced trials and regional testing 
at the farm level. 

Cassava is an important example of a crop reproduced 
asexually at the commercial leve!. 1t has, however, a low 
propagation rate. A mature cassava plant furnishes 
sufficient vegetative material for 10-30 commercial 
cuttings (25-cm long) annually. Consequently, the 
propagation rate is considered to be only 1: 10-30 
annually. If shorter, two-node cuttings are used , the rate 
will be somewhat higheF, perhaps as high as 1: 150 a year. 
The shorter cuttings require, however, special moisture 
conditions and cleanliness in the field so a reproduction 
system utilizing short cuttings is not practica) for use 
under farm conditions. 

~., In view of these limitations in cassava propagation 
, .. rates, CIA T researchers ha ve developed a simple system 

for rapidly multiplying vegetative materials. The system 
will have a wide range of applications because it requires 

• no expensive equipment, little space and the entire 
process is simple. Perhaps, most importantly, the 
planting materials produced are free of diseases. 

With this system it is possible to obtain, under 
optimum conditions, as •many as 36,000 commercial 
cuttings within a year from one mature plant. Figure 1 
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illustrates how cuttings from the single plant are 
multiplied to produce many commercial-size stakes. 

The first step consists of building a propagation 
chamber for sprouting the stem cuttings. Ordinary hollow 
concrete blocks with wide holes are la id on edge as shown 
in Figure 2 to forma bed 2.4 x 1.2 meters. The holes in the 
blocks are sealed at the bottom so they will hold water for 
humidity maintenance during the sprouting period. 

T o insure proper drainage, the area inside the bed is 
filled with about JO centimelers of crushed stone. Over 
this is spread sterilized, lateritic soil (adjusted to pH 6) for 
the rooting medium. The soil can be sterilized with either 
20 liters of JO percent formaldehyde or with methyl 
bromide at the recommended rate. (Methyl bromide is 
very poisonous; application instructions should be 
followed carefully). If needed, fertilizer can be added to 
provide medium fertility. 

A simple wooden frame covered with transparent 
plastic or polyethylene is built to cover the chamber. 
Dimensions of the base of the cover should be large 
enough that the edges of the frame rest over the centers of 
the holes in the concrete blocks. 

Propogoflon stock 

/ 

150 
TV«l-node stem 

cuttings 

4 shoots per cutting 

Fig. 1. Diagram illu.trating CIAT'1 call8va propagation 
sy.tem utilizing 1mall .tem cuttlng1. 
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Fig. 2. Seeding of two-noded stekes in the propagation 
chamber to obtain sprouta for rooting. 

/ 
Fig. 3. The propagation chamber ahowing abundant aprouta 

ready for cutting and rooting. 

When the chamber is ready, stems of mature cassava 
plants at least eight months of age are sawn into two-node 
lengths (a hacksaw is ideal). After immersion for five 
minutes in a 5 percent solution of A rasan, the cuttings are 
planted horizontally, one centimeter deep, in the chamber 
(Fig. 2). The soil should be watered to maintain adequate 
but not excessive moisture. Holes in the blocks must be 
kept full of water to maintain high humidity in the 
chamber. 

Small glass flasks are used to root the sprouts when 
they are ready forcutting in about three weeks. Discarded 
injection vials with capacities of about 25 cubic 
centimeters and with two-centimeter diameters are very 
effective and cheap and easy to obtain. Before using, the 
rooting flasks are sterilized for 30 minutes in boiling 
water. The water in which the sprouts are rooted is also 
boiled for 30 minutes and allowed to cool before filling 
the flasks. Flasks should be placed on a white painted 
table in a simple frame so they remain upright. A 
transparent, plastic covered frame similar to the one over 
the propagation chamber is used to protect the flasks with 
their sprouts from rain water contamination. 

'When sprouts in the propagation chamber are eight 
centimeters long (Fig. 3), they are cut one centimeter from 
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Fig. 4 . Rooted cutting ready for field tranaplanting. 

the base with a sterilized razor blade or very sharp knife 
The original two-node cuttings are left in the bed to 
resprout. Each cut sprout is placed in its own rooting flask 
in only sterile water. During the first week, the sprouts 
may look as if they are dying when many of their leaves 
wilt a nd fall. However, after two weeks, new leaves 
develop a nd the first roots will appear. When the sprouts 
attain sorne vigor, but before roots get very long, the new 
plant is transplanted into the field (Figs. 4 and 5). The 
young plant should be buried up to the base of the first 
leaf, taking care to protect roots from damage. The 
transplants should be watered for the first two weeks. 

In the propagation chamber, new sprouts can be cut for 
rooting when they are eight centimeters long. Each two
node cutting should produce eight sprouts within four 
months after planting in the bed (Fig. 6). lf this 
production rate is maintained a nd a ll transplants live in 
the field , at the end of a year there should be 1250 plants 
between eight and 12 months of age. lf each one yields an 
average of 30 larger. commercial cuttings or stakes. then 
the original parent plant has produccd 36.000 planting 
sta kes. 

rhis new system of vegetative material propagation 
should have wide application because it doesn't require 

Fig . 6 . Theae rooted cuttinga in water have already paaaed the 
ideal stege for tranaplanting in the field . 



Fig. 6. Two cassava stakes of two nodes each that have had 
sprouts cut from them. The stakes may produce up to 
nine sprouts per node. 

e.xpensive installations or equipment. The method is 
simple; an agricultura( technician can care for the 
propagation chambers and rooting units. Thus, national 
progra ms ca n multiply promising vegetative mate rial to 
fill the needs of fa rmers who require disease-free plants 
produced in a short time. 

With this propagation method, pla nting materia l free 
of cassava bacteria( blight (C BB) is easily obtained. C BB 
reduces early growth of new plants in the field and 
increases the incidence of root ro t. This disease can cause 
yield losses of up to 50 percent. It spreads rapidly by 
means of contaminat~d propaga tion material. T his 
propaga tion method provides C BB-free material which 
should be used as basic pla nt ing seed . Conseq uently. the 
system ought to provide a rapid increase of material 
a lways free of this severe disease. 

ln-country training 
provides capable 
livestock leaders 

Since 1968 CIAT has conducted an extensive program 
to train productio n specialists, both in crops and livestock 
production. The specialists are qua lified to solve 
problems at the farm level in severa l disciP-lines a nd to 
identify production limiting factors. 

In the case of animal production specialists, C \AT 
trains animal scientists, veterina rians and even 
agronomists specializing in work related to a nimal 
production. In rea lity, ma ny specialities - ra ngi ng from 
animal health to pasture weed cont rol - are covered by 
livestock production. The livestock production specialist 
working in the lowla nd tropics must often be familia r 
with a ra nge of disciplines. 

C IA T's livestock production trainees come from 
institutions promoting animal production. T rainees are 
selected on their aptitudes, on their professional positions 

7 

a nd on their abilities to assume leadership roles in 
livestock production. U ntil 1974, trainees first stuQied at 
CIAT, in Palmira, to acquire the necessary theory, then 
were sent to the North Coast of Colombia where they 
were assigned to previously selected livestock ranches for 
work on more practica) aspects of livestock production. 

After following that program for four years, CIA T 
tra ining specialists decided to change the locational focus 
of livestock training courses. The non-Colombian 
tra inees had experienced sorne problems during the 
practica) phase on North ~oast ranches. First, they 
encountered different names for drugs, forage species, 
weeds and insects that were unlike the names in their 
home countries. Secondly, economic factors were 
d ifferent , including the values of steers, cows, labor costs 
for hand labor compared with the use of agricultural 
machinery, a nd prices of agricultural inputs. These 
differences seriously affected the decision-making process 
on the ranches. The trainee is expected to advise the 
rancher from time to time on methods of improving 
operations. Beca use ofthe lack ofunderstanding, trainees 
were frequently not effective in working closely with the 
ra nchers. Thus, a n importa n! part of the overall training 
program did not operate efficiently. 

.Because of these limiting factors, in 1975 a new formal 
was developed to train livestock production specia lists. 
The new formal featured placing the trainee back in his 
home country for the practica) phase ofi the course. This 
would serve three purposes: ( 1) Professionals would be 
a ble to use their knowledge of conditions in their own 
countries; (2) aft er finishing the course, the benefits of the 
tra inee's work in the course would remain in the home 
country; a nd , (3) the technology transfer process would 
be stregthened as na tiona l institutions assumed the 
respo nsibility of continuing assistance programs to the 
ra nchers who pa rticipated in the tra ining program. 

Two students in a CIAT animal production course empty mineral 
supplement into a trough in a ranch corral in Paraguay. 



A t rainee (left) and a technician prepare a herbicida solution to 
apply on pastures. 

/\:. the first tc'>t of thc..,e 1dea~. a training program wa~ 
c ... tahlishcd in Paragua) in collaboration \\Jth thc 
national govcrnment and ~e\eral national 111\tltlltton~ 

activt: in thc livestock scctor.Amung thc~c m~titution:. are 
thc ,I · .tnllt~ ol Vetcrinary Med1cine at the llnncrsity of 
Asunción and SE:'IIAI FA. an organi1ation working on 
eradic<rting lnot ami mouth di ... ease and \\hich has 
rcceivcd grants from thc lnter-1\mcrican Lkvclnpment 
BanJ.. { Hl !)). ·\lter eqahlt~hlllg the cooperati\l' agrec
ll1l'lll. th~· ltcld rn,gr;lln \\ilS Sl'l up in the Departamento 
htall') 1ll ~1J~IPne .... in a ctllk produe~ng arl'¡¡ nl.'ar the 
1<,,, n \)l ~an .luan Bautt,ta . 

rhe cou r~c \\a~ e~ta hlt ... hed f olltm i ng t he \él me tcaching 
mcthod dcvelopcd on the "\ orth C oast of Colomhia . Thc 
11 Paraguayan tramee' \\ort...cd at thl." ranchc\ for ... ix 
month~ \\ith ~upenision by an in~tructor of thc ClAT 
training ollice. Thc course cndcd sw:cc!-.sfull~ in 
Dcccmbcr 1975. after recct\ tngl."nthusiasttc 'uppnrt from 
thc Paragua)an govcrnment and thc cooperating 

inst it utions. 

M uch interest cxi!-.t!-. for repeating thc <.:ourse in 
Paragua) in 1977 but in sorne other pan of thc country. 
which has a largc ranching econom~. Other Latin 
American countries havc asked for similar course~. for 
such training to be ~uccessful and of lasting value to a 
country. se,eral conditions mu~t be present. rhese will 
determine '' hcther futurc course::. will be conducted in 
other countrics. Support and cooperation must be 
present tn term:. of human re~ources. cooperative 
ranches. transportation within the countr} and 
government or other institutional interest 111 continuing 
assistancc programs to ranchers aftcr the formal course 
has ended . When thesc conditions are prescnt. this new 
training method for li,estock production specialists 
offers many possibilitie:. and advantages for de\eloping 
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the beef production sector in the tropical areas of Latin 
America. 

The Paraguayan training experience rcccived much 
favorable comment in local newspapers and on television. 
The following is extracted from an artícle \\ hich appeared 
111 the 11/1 >cl..'~:mbcr 1975 issue ol/.a Trihww. publishcd in 
A\UI11..'1lll1 

"1\ postgraduate course for training li\'estock 
productton specialists. sponsored by the Yeterinary 
Faculty and CIAT, which is located in Colombia. ended • 
with great success. The course !asted for 10 months and 
was t he first testing of that coursc outsidc of Colombia. 1 n 
this (training) module. specialist~ identify the problems in 
the location in \\hich they work. including those of 
animal. ecological. cconomic and ~ocial natures. 

"A~ Dr. Eduardo Ruí1 Almada. dean ofthe Vetennary 
1- acult~ of Paraguay cxpressed it, this type of training 
pcrmih putting ade4uate solutions into action. Thc 
course. at thc postgraduate leve!, was part of the second 
'cmc,tcr of thc ~ixth course of the Yeterinary Faculty. in 
the ne\\ cnursc plan. \\hich is bascd on a new concept of 
thc \Ctcrinary medicine profession. It givcs major 
cmphasis to thc aspects of nutnllon. pasture 
tmprO\cmcnt. and utilization of feeds produced on thc 
larm and replaccs the old concept of giving major 
tmportancc lo preventive medicine. clinical veterinary 
pract ic~· and inspcct ion of agricult ural inputs. 

·'!Jr. Patrict... Moorc. coordinator of the animal 
... cicncc~ training program at ClA T. expressed the opinion 
that thi~ international center would offer courses similar 
tn thc onc which cnded in December 1975. in order to 
ohtain a multiplier effect \\ ithin Latín A menean 
l..'nuntncs of thosc cfforts CIAT is makmg to train 
'pcciali!-.h in the animal scicnce .... " 
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