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Development of Plant Genotypes 
for Multiple Cropping Systems 

C. A. FRANCIS 

IN THE RECENT BOOK, To Feed the World: The Challenge and the 
Strategy (Wortman and Cummings, 197"), the current food situation 
in developing countries is reviewed in detail, and strategies are pre­
sented for the application of technolgy to overcome the world's 
growing food deficits. Multiple cropping ha: been practiced over the 
centuries to produce basic food crops, but has been relatively un­
affected by research and technology. 

BACKGROUND ON MULTIPLE CROPPING 

Traditional Cropping Systems 
Small ,.'arm agriculture predominates in most regions of the 

developing world. The cropping systems are characterized by low 
levels of purchased inputs, intensive labor use, traditional cultivars, 
and relatively low yields of component crops. Multiple cropping 
systems providc a stability of production, diversity of diet and in­
come sources, and a distribution of labor through the year. These 
characteristics are summarized in Table 6.1 with suggested impli­
cations for plant breeding. Multip!e cropping systems make efficient 
use of land-usually the most scarce resource-through much of the 
potential cropping year. New technology has had little impact on 
these systems. it is difficult to generalize about multiple cropping 
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i'able 6.1. Comparison of monoculture and multiple cropping systems with implications for crop improvement. (Adapted fom 
Altieri et al., 1978; Dickinson. 1972.) 

Characteristic 

Net production 

Species diversity 

Nutrient/light use 

Nutrient cycles 

Weed competition 

Insects/diseases 

Labor requirements 

Diet contributions 

Economic stability 

Social viability 

Monoculture 

High 
(with fossil fuels) 
Low 

Poor-moderate 

Open (leaching 
losses) 
Intense 

Severe 

Seasonal 

Low 

Low 

Volatile 

Multiple Crop 

Moderate 
(near monoculture) 
Moderate-high 

Moderate-high 

Closed (with 
perennials) 
Moderate 

Moderate 

Distributed 

High 

High 

Stable 

Breeding Implication for Multiple Crop Genotypes 

Specific cultivars may be needed for some multiple 
cropping systems. 

System approximates native vegetation and crop 
variability may be desirable. 

Component crops may complement each other in light 
interception and rooting patterns. 

More efficient use of lower levels of applied fertilizer 
desirable. 

'Crop competition suppresses some weeds; more difficult 
to use herbicide mixes. 

Some insect control from system; less difference i. 
disease incidence. 

More operations possible by hand on small areas: 
multiple hand harvests possible. 

Nutritional quality a desirable tiait :or most consumed 
crops. 

Risk reduced by diversity, range of crop maturities to 

spread income. 
Different client gioups and levels of technology generally 

involved. o 
ri 



Genotypes for Multiple Cropping 

systems. Navertheless, the table lists comparisons that generally 
describe the differences between contrasting systems in most zones 
where a dichotomy of farm size and use of technology exists in the 
tropics. 

National production of many food crops has not kept pace with 
increased demand in most developing countries, partly due to their 
production in multiple cropping systems at the subsistence level, and 
the use of the best land for production of export crops. The net 
result has been a manyfold increase in food imports over the past 40 
years (Wortman and Cummings, 1978). An increased awareness of 
the importance of multiple cropping systems by scientists in the 
tropics is leading to greater emphasis on research to improve com­
ponents of these systems. 

There was much early work in the U.S. on maize-soybean 
mixtures for silage (see Wiggans, 1935, for other references), but 
this practice apparently was never widely accepted. More recent 
work on double and triple cropping in temperate zones has empha­
sized agronomic aspects (ASA, 1976, Chaps. 3, 6, 10, 13, 16). 

Reviews of multiple cropping systems have appeared through 
the years (Aiyer, 1949; Dalrymple, 1971; Kass, 1.978; Willey, 1979a, 
1979b), and recently as the result of technical symposia (Papendick 
et al., 1976; Jain and BahI, 1975). The concept of improving tra­
ditional cropping systems as an alternative to complete renovation 
and introduction of massive technology is receiving increasing 
blupport from some research leaders in the developing world. 

The potentials for increased production through the inte­
gration of appropriate technology into traditional systems have 
been summarized (Francis, 1979). Crop cultivars in present systems 
often represent years of natural evolution for survival and selection 
by the farmer for production. Though relatively low in yield 
potential compared to improved cultivars grown in monocultures 
with high levels of technology, these traditional cultivars generally 
are good competitors with weeds and other associated crop species, 
are relatively resistaAt to prevalent insect and disease pests, and 
possess a high level of variability. This low potential yield level may
be due in part to the coevolution of pests that limit productivity in 
the centers of origin of basic food crops (Jennings and Cock, 1977). 
Moreover, there has been very limited use of improved cultivars 
from the experiment stations in these traditional cropping systems. 

Cultivars Usmd in Cropping Systems 
Broadly defined as the culture of more than one crop in a given 
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area in one year, multiple cropping is further described by a range of .aore specific terms: associated cropping, double or triple cropping,:ntercropping, mixed cropping, relay cropping, and ratoon cropping.
An. attempt to reach agreement on the definitions of these terms was-nade in the symposium sponsored by ASA in 1975 (Andrews and .assam, 1976). Some of the most frequently used terms are: 

Multiple Cropping: intensification of cropping in time and space dimensions; growing two or more crops on the same 
field. 

Sequential Cropping:growing two or more crops in sequence
the same field; crop intensification 

on 
in the time dimension 

only.
Double cropping: growingtwo crops in sequence.
Triple cropping: growing three crops in sequence.
Ratoon cropping: cultivation of crop regrowth after harvest.Intercropping: growing two or more crops simultaneously on
the same field; crop intensification in both time and space
dimensions. 
Mixed intercropping: growing two or more crops simultane­
ously with no distinct row arrangement.

Row intercropping: growing two more
or crops si.nultane.
ously where one or more crops are planted in rows.
Strip intercropping: growing two .or more crops in differentstrips wide enough to permit independent cultivation, but 
narrow enough for crops to interact agronomically.
Relay intercropping: growing two or more crops simultane.
ously during part of the life cycle of each with second crop
planted before harvest of first. 

Related Terminology:
Sole cropping: one crop grown alone in pure !;tands at nor­
mal density; synonymous with solid planting.

Monoculture: repetitive growing of the same sole crop on the
 
same land.
 
Rotation: repetitive cultivation of an ordered succession of
crops 
on the same land; one cycle often takes several years to 
complete.
Associated cropping: general term synonymous with inter­
cropping.
Simultaneous polyculture: synonymous with intercropping.
Cropping pattern: yearly sequence and spatial arrangement
of crops, or of crops and fallow, on a given area. 
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Cropping system: i-ropping patterns used on a farm and theirinterac',.jns with farm resources, other enterprises and 
available technology.
Mixed farming: cropping systems that involve the raising of crops, in combination with animals, and/or trees.
Cropping index: number of crops grown per annum on a
given land area x 100.
 
Land equivalent ratio (LER): ratio of area needed under sole
cropping to that of intercropping at the same management

level to produce an equivalent yield.
 

Crop A 

Crop Monoculturo
 

Crop A Crop B
 

oubCroppng 

np A Crop CropC 
U 

T'riple Cropping 
.. 

oCropA 

Ratoon Cropping 

Crop A Crop BI 

Relay Cropping 

Crop A 

Crop B 

I nte rcrou, ino_ 

Time 

Fig. 6.1. Diagrammatic comparisons of principal multiple
cropping systems.
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A comparison of several common systems is diagrammed in 
.ig. 6.1. This summary illustrates the complexity of systems and our 
imited ability to research and communicate about them. 

There is no clear definition of a multiple cropping system from 
:he genetic point of view. But there is no question about the di­
;ersity 6f genotypes in a 15-crop mixed culture of food crops, in­
:luding perennial species, in the humid tropics of West Africa. Nor 
.s there debate about a potato-maize-bean system in Colombia, a 
•ice-maize association in Ecuador, nor a traditional wheat-barley­
jat cereal mixture in northern Europe. A multi-line cereal variety is 
enetically diverse, as is a m-.ize (Zea mays) composite or population, 

:r a mixture of bean types grown by small farmers in the tropics. 
Yet we generally would not consider these multiple crops. Figure 
3.2 illustrates ichematically the range of genetic diversity which 
axists in cropping systems, from the extremely diverse shifting 
:ultivation and 15-crop mixtures to the extremely narrow single­
ross maize hybrids. For this discussion, multiple cropping will 

-efer to those systems that include more than one species in the 
ield during the same year, or the same species grown in ratoon, 
•ela,, or sequential plantings. From a multiple genetic system 
nterpretation, the world's cropping systems clearly represent a 

Natural Cropping
 
ecasystems M&ximum Genetic Diversity systems
 

Tropical S~hifting cultivation 

rain forests - in humid forests 

Temperate zone
 

forests 15-crop mixtures in
 
West Africa
 

Natural plains a ize-casnava-bean
 

qrasslands mixture
 

Maize-bean mixture
 

Maize-rice mixture
 
some Hgrthern 
ping foresto Wheat-barley-oat mix 

Bean cultivar mixture
 

Multiline cereals
 

Wheat varieties
 

Double cross maize
 
hybrids
 

Sinlo cross maize 
hybrids 

Minimum Genetic Diversity
 

Fig. 6.2. Schematic representation of genetic diversity in cropping 
systems and natural ecosystems. 
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srectrum of genetic diversity as illustrated above. A combination of 
high productivity and long-term stability of production probably can
be maintained by choosing an appropriate point on this spectrum in 
each ecological situation. This is a rational alternative to the trend of 
current agricultural technology which is moving rapidly to mono­
culture and to genetic uniformity across large areas. The dangers of
genetic uniformity have been described in Adams et al. (1971),
Allard and Hansche (1964), Borlaug (1959), Browning and Frey
(1969), Jensen (1952), and Trenbath (1975a).

Use of improved cultivars to better exploit total available re­
sources in a specific crop environment is central to applied plant
breeding. In complex traditional cropping systems, or where the 
growing season- is long enough to permit alternatives to mono­
cultures, the concepts of time, space, and production per day must
be considered in the design of cultivars to best use total available
 
moisture, light, and nutrients (Bradfield, 1970). The plant breeder's

challenge is to develop new cultivars appropriate to the range of
 
cropping systems and microclimates which characterize many small
 
farm regions. The questions of whether specific cultivars should be

developed for multiple cropping systems, 
or for different levels of
technology, have not been addressed by the majority of our crop

improvement programs.
 

The following 
 sections emphasize the more intensive inter­
cropping systems that combine two or more crops in the field at the 
same time. This is not to minimize the importance nor the potential
that double and triple cropping systems have today or will have in
the future. There are problems to be solved agronomically, as well 
as a challenge to improve cultivars specific to new planting dates
(with changes in day lengths, temperatures, and moisture levels).
These problems can be solved through application of known tech­
nology, use of existing improved cultivars, and the techniques of 
traditional agricultural research. A concentration of the discussion 
on intensive intercropping is jus'tified because only limited work has
been done in genetic improvement for these systems, and new 
methodology may be needed to efficiently and rapidly achieve the 
genetic advances necessary to increase productivity. 

Variables Inherent in Multiple Cropping Research 
Before addressing the central theme of improved cultivars, it is

useful to consider carefully the limitations of existing research re­
sults. Cultivars used to evaluate cropping systems have been of two 
types: traditional genotypes grown by farmers, often with limited 

7 
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yield potential, and improved genotypes developed for high input 
monoculture systems. Subjecting traditional cultivars to increased 

-levels of fertilizer or higher densities in multiple cropping systems 
often meets with the same lack of yield advance that this approach 
achieves in monoculture. Introduction into multiple cropping 
systems of new and high-yielding strains developed in monoculture 
has met with greater success, especially when done in coordination 
with well designed and comprehensive agronomic trials with these 
same systems. With maize and climbing beans (Phaseolus vulgaris), 
the best combinations of improved cultivars, high plant densities, 
adequate fertility, and plant protection have given yields of 
5000 kg/ha and 2000 kg/ha for maize and beans, respectively, in 
about 140 days in the Cauca V;dlley of Colombia (Francis, 1978). 
With genotypes developed for monoculture and without a specific 
program to select genotypes that are optimum for the intercrop 
system, these yields cannot be expected to approach the genetic 
potentials possible in multiple cropping. 

To evaluate genotypes for multiple cropping systems, or to 
evaluate the contribution of any other single component, it is neces­
sary to hold a number of other factors constant. A summary of the 
more important fa'.-tors-genetic, cultural, and climatic/soil-is shown 
in Fig. 6.3 for a monoculture system. Genetic and cultural factors 

NT ERACTIONS 

cenetic Factors 	 Cultural Factors
 
Crop A genotype 	 L~nd preparation

Pest genotypes PlanLin9 system I density
 

Crop X past Fertilization
 
interactions 	 Weed control/cultivation
 

Pest control
 

N 
Irrigtion
 

INTERACTIONS INTERAC IONS
 

CROP A.
 

Climatic & Soell
 
-Factors
 

Light CO Wind
 
Soil fertility & type
 
Topography
 

RaInfall, aous aSid distributlion 

Fig. 6.3. Factors which may vary and interact in a monocrop 
system in one location. 
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generally are under control of the researcher and to some degree are 
controlled by the farmer. Interactions among these three groups of 

factors add to the complexity of research and to the uncertainty of 
farming, especially for the small farmer with little control over his 
natural environment. 

Consider next a simple case of multiple cropping, with two 
crops planted at about the same time in the same field. Figure 6.4 

which must be considered when twoillustrates additionJ variables 
crops are grown in association, with the increased number of possible­

and among these new genetic and culturalinteractions between 
variables and the environment. With 17 factors in the monocrop 
situation, there are 136 combinations of two factors which might 
possibly interact. With 26 factors listed in Fig. 6.3, there are 325 
such combinations-and this is among the simplest of possible 
multiple cropping situations. 

Varying one or more cultural factors in an experiment vastly 
increases the amount of seed, space, and other resources needed. 
Thus evaluation of cultivars should take place at a specified level of 
fertility, water control, pest and disease management, and weed 

control. If one component of a two-crop association is to be evalu­
ated, the simplest procedure is to .choose and maintain an appropri-

INTERACT IONS 

Cultural Factors
 
Land preparation
 

Genetic Factors 


Crop A genotype 
 A)
(Planting systemsystem 9)
Crop B genotype
A ainercton(Planting 

A 8 intyeraction 
 Relative planting

Pest genotypesdae
 

dates

A a pest interaction 
BaXpost interectioli Densities of A & 9 

(Fertilization)
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(Weed control/culti­
vation)
 

(Pest control)
 
Irrigation
 
(Harvest)
 

B A B 

INleR;.ACT I S 
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INTRACTIONS 

T,S - L:Clumtic and Soil l I 
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Light CO2 Wind
 

Soil fertility & type
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PItinfaLl,
amount, and distributien
 

Fig. 6.4. Factors which may vary and interact in a two-crop multiple 
cropping system in one location; cultural factors complicated by inter­
cropping are in parentheses. 
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a.e genotype of the other. A more complex scheme to simultane­
ously improve two species may be possible. Densities, planting dates, 
and spatial location of each component should be held constant. As 
in any experimental design, uniformity of soil and topography will 
enhance the precision of the experiment. This series of constraints 
is'complicated by the possibility that resvlts and conclusions could 
be specific to the location, soil type, and prevailing climate in each 
season. The complexity of genetic improvement for multiple 
cropping systems is clear. Within this context and these limitations, 
we can consider the improvement of cultivars. 

SPECIES CHOICE AND GENETIC SELECTION 

Species Choice in Cropping Systems 
Most research on multiple cropping systems has focused on 

agronomic aspects-planting dates, densities, spatial orientation, 
fertilization, pest control, and other appropriate cultural practices. 
There has been some emphasis on the selection of appropriate crops 
td associate under a specific set of conditions. Since this does not 
involve what breeders consider genetic selection, species choice is 
preferred to describe this type of agronomic activity. 

Historical data indicated an interest in the testing of species 
in combinations to seek yield advantage over monoculture (Zavitz, 
1927). Most studies have appeared in the past decade. Agboola and 
Fayemi (1971) found that cowpea (Vigna sinensis) and greengram 
(Phaseolus aureus) have less effect on maize yields, and were more 
toleiant to shade, than seven other legumes in Nigeria. Short cycle 
pulse crops were found to fit best into double and triple cropping 
sequences in India (Saxena and Yadov, 1975). Studies in Tanzania 
(Enyi, 1973) explored the best combinations of cereals and legumes 
for total food production, with sorghum/pigeon pea (Sorghum 
bicolor/Cajanuscajun) giving the highest total yields. The screening 
of twelve potentially useful shade tree species in India was ac. 
complished by measuring tea (Thea surensis) yields as the criterion 
for evaluation (Hadfield, 1974). These are but a few examples of the 
many trials which have been conducted in many parts of the world 
to determine which species to choose in combination with ap­
propriate agronomic practices. The crop species by system inter­
actions which are obvious in these tests led to the logical question 
of which cultivars of each species are most appropriate for multiple 
cropping systems. 

10 



Genotypes for Multiple Cropping q1 

Cultivar Choice in Cropping Systems
Having determined which species to emphasize in a multiple

cropping system, researchers often have screened or tested a range of
available genotypes for their performance under some set of environ­
mental and cultural conditions. This is a logical first step in geneticimprovement for multiple cropping systems. Examples are many. A
 
late cotton (Gossypium hirsutum) cultivar associated with groundnut

(Arachis hypogaea) is preferred over an early cultivar, since late

flowering produces most of the cotton after harvest of the under­
story crop (Rao et al., 1960). Several authors who tested pigeon pea
cultivars reported that early and dwarf genotypes (Singh, 1975),
nonbranching and heavy terminal bearing genotypes (Tarhalkar and
Rao, 10.5), and spreading plant types (Tivari et al., 1977) were
preferable under each specific system and set of conditions. This

illustrates the specificity of plant type needed for contrasting inter­
cropping systems.
 

Traditional cultivars of maize provided 
 better support than

improved cultivars of maize for associated climbing beans in
 
Guatema.pa (ICTA, 1976). Maize of medium maturity gave best
 
total system yields when double cropped with legumes in Florida
(Guilarte et a!., 1974). Crookston and colleagues (1978) followed 
winter rye (Secale cereale) with three maize hybrids and achieved
highest tottal biomass yields per year with a maize about 14 percent
later maturing than normal full season, planted at two times normal 
density (total dry matter 25.9 MT/ha).

Dry beans (Phaseolus vulgaris) commonly are planted in as­
sociation with maize in Latin America. Among four cultivars tested
in Brazil, the strong climber lowestwas yielding in simultaneous
planting and highest yielding in a relay system, compared to bush 
and weakly indeterminate types (Santa-Cecilia and Vieira, 1978). In 
contrast, research in Peru indicated higher yields from indeterminate 
climbers planted simultaneously with maize, and higher yields for 
bush types planted near harvest time of the maize (Tuzet et al.,
1975). Prostrate cultivars of cowpea generally were less affected by
shading of intercropped maize than erect types tested in Nigeria 
(Wien and Nangju, 1976). The leafy and semierect type 'VITA4' has 
proven to be one of the best individual genotypes in a:,sociation with
maize (IITA, 1976). In another test at the International Institute for 
Tropical Agriculture (IITA), the strong climber 'Pole Sitao' was least
reduced in yield in association, compared to potentials in mono­
culture. 

Choice of cultivar may depend on its effect on another principal 

II 
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crop. In sugarcane (Saccharum officincrum) culture in Taiwan, 
sweet potato (fpomoea batatas) may be intercropped during the
,early part cf the cycle; short, dwarf-vined types of early maturity
must be selected to minimize competition with the cane crop (Shia
and Pao, 1964; Tang, 1968). Vegetable crops deveioped for these
intercrop systems need to be shallow rooted (to plant with sugar­
cane), shade tolerant (if designed for relay systems), or relatively
drought tolerant if developed to follow rice (Oryza sativa) at the end
of the rainy season (Villareal and Lai, 1976). Thus cultivar choice
depends on the relative importance of the two or more crops in the 
system, the potential growing season and optimum planting system
(simultaneous, relay, sequential), and the genotype by system inter­
action of available germplasm with predominant cropping systems.
Conflicting results from different studies with the same species
reflect the complexity of interactions already described for these
traditional systems, as well as the specificity of environmental con­
ditions which surround each research location. 

Genotype by Cropping System Interactions 
Several examples of genotype by system interaction were given

in a previous symposium (Francis et al., 1976). Significant inter­
actions were described for cultivars of beans (intercrop with dwarf 
maize vs. intercrop with normal maize; Buestan, 1973), soybeans
(Glycine max) (monocrop vs. intercrop with maize, sorghum, or
millet; Finlay, 1974), and mungbeans (monocrop vs. intercrop
with maize over three seasons; IRRI, 1973, 1974). The only signifi­
cant correlation of monoculture yield with that in intercropping was
reported by Baker (1975) for sorghum, though only four genotypes 
were included. We concluded that interaction of genotype by
cropping system was an important reality in some crops and deserved 
study by the plant breeder. 

Additional data now are available on various crop species and 
over a wide range of environments. Genotypes by system interaction 
may be evaluated by calculating the correlation of monocrop with
intercrop yields. This is a rapid and uniform method of evaluating
data frorn the literature and from annual reports (Francis et al., 
1976).

Sorghum, millet (Setaria italica), and maize data are summa­
rized in Table 6.2. A number of comparisons from the University of 
Philippines College of Agriculture-International Rice Research Insti.
tute-International Development and Research Center (UPCA-IRRI.
IDRC) Program in Los Bafios, Philippines (Gomez, 1976, 1977) 



Table 6.2. Correlations of monocrop with intercrop yields in cetcals. 

Crop n 
Average Yield (kg/ha) 

Monocrop Intercrop (system) ryicld rrank Reference 

Iiaize 
Maize 
Maizi 
Maize 
Maize 
Sorghum 
Pearl Millet 
Pearl Millet 
Sweet Maize 
Green Maize 
Popcorn 
Flint Maize 
Glutinous Maize 
Flint Maize 
Sorghum 
Sorghum 

18 
20 
20 
20 
20 

4 
40 
40 
15 

5 
7 

38 
10 
58 
16 
16 

4413 
5619 
5003 
5619 
5003 
2393 
1050 
1050 

584 
3200 
2730 
3770 

671 
588 

2644 
2920 

4220 (climbing beans) 
4681 (bush beans) 
5768 (bush beans) 
3479 (climbing beans) 
3836 (climbing beans) 
3056 (millet)
1270 (pigeon pea) 
1040 (sorghum) 
2481 (40% shade) 
2450 140% shade) 
2120 (40% shade) 
2540 (40% shade) 
1816 (40% shade) 
1149 (40%shade) 
2706 (40% shade) 
1670 (40% shade) 

.44 

.90** 
.40 
.89** 
.73** 
.95*
.68** 
.61"* 
.28 
.07 

-. 30 
.37* 
.12 
.35** 
.65** 
.43 

.36 
.83** 
.27 
.83** 
.6-** 
.8L
.64B* 
.61"* 
.29 
.38 

-. 50 
.35* 
.27 
.35** 
.67* 
.46 

Torregroza, 1978 
Francis et al., 1979 
Francis et al., 1979 
Francis et al., 1979 
Francis et al., 1979 
Baker, 1975ICRISAT, 1977 
ICRISAT, 1977 
Gomez, 1977 
Gomez, 1976 

Gomez,'1976 
Gomez, 1976 
Gomez, 1977 
Gomez, 1977 
Gomez, 1977 
Gomez, 1976 
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contrasted monoculture following 	rice with the same series of geno-
Artificial shading in 

types in monoculture under 40 percent shade. 

this ambitious tropical screening 	program simulates in monoculture 
an associated taller crop such as

the competition for light from 
maize. Average yields in the trials range from less than one MT/ha to 

and cereal yields in association are neither 
more than five MT/ha, 

consistently lower nor consistently higher than monoculture. The
 

yields likewise are
correlations of monoculture with intercrop 

aalways significant. Though
variable, generally positive, but 	not 

number of the r-values are significant, this statistic must be greater 

than 0.7 to give a coefficient of determination (r2 value) greater 

four of the comparisons does genotype explain
than 0.5; only in 

variation in yields across systems. Corre­
more than half of the 
lations for rank generally follow the yield results and may be more 

yields if a breeder intends to select a certain
important than 

percentage of the tested lines without evaluating in both systems.
 

Though no specific data were presented, Kass (1976) indicated 

a positive correlation of rice yields in monoculture and association, 
when six cultivars were grown in three locations. Sayed Galal et al. 

(1974) reported strong positive correlations (r = 0.91, r = 0.98) in
 

two consecutive seasons between intercropping tolerance of parental
 

stocks and their topcrosses of maize. They concluded that this
 

indicated a hereditary component to intercropping tolerance.
 
grain legumes and sweet potato a-.e summarized in
Data for 

mono-Table 6.3. A number of correlations are significant between 
are not always con­

culture and intercropping. These correlations 
sistent from one season to the next, as illustrated by lines 2 and 3
 

20 climbing bean cultivars were tested in two con­where the same 
secutive seasons with 	 the same intrcropped maize hybrid. The
 

was highly significant in one z.ason (0.82)
correlation coefficient 
Two consecutive seasons withand nonsignificant in the next (0.41). 

20 bush bean cultivars (lines 5 and 6) gave more consistentthe same 
results, with significant correlation coefficients in both seasons.
 

Mungbean correlations in lines 14 and 15 were not consistent in two
 
were in these 	compari­seasons. Correlations consistently positive 


Of special interest is the unreplicated trial with 500 genotypes
sons. 
in two systems (line 8); the correlation was 0.33 betweenscreened 

in monoculture and those with intercropping. Significantyields 
between bean yields in 	ronoculture and in associationcorrelations 

with maize also were reported by Clark et al. (1978) and by Chiappe 

and Huamani (1977). 
Soybean and mungbean data from the Philippines were similar 10 



Table 6.3. Correlations of monocrop with intercrop yields in legumes and sweet potatoes.
 

Average Yield (kg/ha)
Crop n Monocrop Intercrop (system) ryiel rrank Reference
 
Beans, climbing' 
 9 1700 377 (maize),ans, climbing 20 2024 

.90** .88** Francis et a., 1978b615 (maize)Beans, climb,'ng .2** .80**20 2897 Francis et al., 1978bBeans, bush 1038 (maize) 419 1318 954 (maize) .09 Francis et al., 1978b
Beans, bush 20 1873 .91** .93** Francis et al., 19 78c
1157 (maize)Beans, bush 20 2295 
.88** .53* Francis et al., 19 78c971 (maize)Beans, climbing 64 .51* .54* Francis et al.,2212 995 (maize) .82** .83** 

1 9 78c 
Beans, climbing Francis (unpublished)500 2531 1118 (maize)Beans, climbing 10 2986 .33** • • • Francis (unpublished)840 (maize H210)Beans, climbing 10 .61* .442986 CIAT,1978847 (maize Suwan)Beans, climbing .2410 2986 .52 CIAT, 1978649 (maize LaPosta)Soybeans .41 .37.16 1019 CIAT, 1978714 (40% shade) .53*Mungbeans 20 .50* Catedral & Lantican, 19771149 368 (40%shade)Mungbeans .53* .48*18 1511 Lantican & Catcdral, 1977558 (maize)Mungbeans .1320 1170 .24 IRRI, 1973570 (maize) .67** . IRI, 197Sweet PotatoGroup I .61* ]R ,1974 

16850
11 2640 (40% shade)Group I 12 .14 .2214140 e 19772730 (40% shade) .87**Group IV1 12 13600 .89** Gomez, 19771700 (40% shade)Group IV .58*12 20100 .44 Gomez, 197734 00 (40% shadz) .46 .52 Gomez, 1977 
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to those of beans. Sweet potato correlations were positive but 
variable in screening trials comparing normal monoculture with a 40 
percent shade situation, analogous to the light environment when an 
understory crop is associated with maize. 

A number of authors have observed the importance of genotype 
by system interaction, and concluded that it cannot be ignored by 
the plant breeder. Working in wheat (Triticum aestivum) and ba'.'ley 
(Hordeum uulgare), Sakai (1955) found no consistent relationship 
between yield of a cultivar in mixture and its yield in pure cultur.e. 
Over the years, the experience with mixtures of pasture species nas 
led some researchers to the conclusion that genotypes expected. to 
yield well as components of a mixture must be selected specifically 
for that objective (Dijkstra a,:d de Vos, 1972; Fyfe and Rogers, 
1965; Harper, 1967). Bean cultivars tested across environments led 
Hamblin (1975) to conclude that relative performance of genotypes 
in mixtures in one environment is not necessarily the same as relative 
performance in another set of conditions, since competition between 
genotypes interacts with the environment. This same conclusion has 
been reached by Lantican (1977) working with field ciops in the 
Philippines and by Villareal in the Asian Vegetable Research and De­
velopment Center (AVRDC) in Taiwan (Villareal and Lai, 1976; 
Villareal, 1978) with sweet potato, tomato (Lycopersicon escu­
lentum), and other horticultural crops. 

When cultivars are compared among different intercropping 
systems, these correlations generally are high. Examples in Table 6.4 
indicate significant r-values for yields of maize, climbing beans, and 
soybeans across several comparable cropping systems. The differ­
ences in environments between two intercropping systems generally 
may be less than between a monoculture and an intercropping sys­
tem. The interaction of genotype by cropping system is one type 
of genotype (G) by environment (E) interaction. The magnitude 
and significance of G XE interactions may vary over years, locations, 
and planting dates. These also will vary among cropping systems, 
depending on how great the differences are among the environments 

*where genotypes are tested, and on how the specific genotypes in a 
trial react to the specific environments included. 

Firm conclusions on the importance of the genotype by system 
interaction are difficult to achieve, and possibly misleading. It is 
dangerous to generaJize at this point. The results of any specific 
comparison are highly influenced by the lines that are chosen for 
that comparison. This important point may explain the conflicting 
results which we observe (Hamblin, 1979). 



Table 6.4. Correlations of crop yields between two associated cropping systems. 

Average Yield (kg/ha) 

Crop n 
Association 1 

(system) 
Associa:.ion 2 

(system) ryield rrank Reference 

Maize 
Maize 
Bean, climbing 
Bean, climbing 
Bean, li-i-abing 
Bean, climbing 
Soybean 
Soybean 
Soybean 

20 
20 
10 
10 
10 

9 
12 
12 
12 

4681 (bush bean) 
5768 (bush bean) 

840 (maize H210) 
840 (maize 11210) 
847 (maize Suwan) 
941 (dwarf maize) 
560 (maize) 
560 (maize) 
650 (sorghum) 

3479 (climbing bean) 
3836 (climbing bean) 

847 (maize Suwan) 
649 (maize LaPosta) 
649 (maize LaPosta) 
829 (normal maize) 
650 (sorghum) 
280 (millet) 
280 (millet) 

.93** 
.66 * 
.67* 
.90** 
.89** 
.26 
.60* 
.44 
.69** 

.89** 

.58** 
.60 
.84** 
.75** 
.36 
.39 
.34 
.60* 

Francis et al., 1979 
Francis et al., 1979 
CIAT, 1978 
CIAT, 1978 
CIAT, 1978 
Buestan, 1973 
Finlay, 1974 
Finlay, 1'74 
Finlay, 1974 
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Statistical Alternatives for Genotype by System Comparisons
There are a number of statistical alternatives for evaluating themagnitude and nature of G X E interactions. The analysis ofvariance and partitioning of sums of squarer due to the several.sources of variation has been used most extensively. Though morerigorous and precise than correlations, an analysis of variance re­quires access to the original data by replication, which usually arenot included in publications or annual reports where much of thesedata are found. Other estimates of G X E interaction are possibleusing the means of genotypes in each system.
Data are presented in Table 6.5 from 
 three trials of climbingbeans associated with maize; two trials of bush beans associated withmaize; two trials of mungbeans associated with maize; and two trialsof maize cultivars associated both with climbing beans and with bushbeans, in which the contrasting mondculture systems forcultivar were included for comparison. 

each 
The bean and maize trialswere conducted at the International Center for Tropical Agriculture(CIAT) in Colombia, and the two mungbean trials were conductedon the IRRI station in the Philippines (data frGm R. R. Harwood).Mean yields in each system, and average differences in yield (withtheir respective variances), are presented in the first seven columns.Yield reductions ranged from a high of 69 percent in the firstclimbing bean trial to a low of 38 percent in the first bush bean trial,among the trials of legume species. It is interesting to note thesimilarities between paired trials, since these included most of thesame genotypes of the test crops in two seasons. These comparisonsin Table 6.5 are for climbing beans (lines 1 and 2), bush beans (lines4 and 5), and mungbeans (lines 6 and 7). The standard deviations ofthe proportionate raductions in bean yield are remarkably similar inthe trials with four replicationj each conducted at CIAT (ines 1. 2,4, and 5); these range from 0.060 to 0.063 in the four trials. Theother climbing bean (line 3) and two mungbean trials included onlytwo replications in each cropping system, and have a range from0.075 to 0.104 in standard deviations of the proportionate reductions.
The analyses of variance using replicated data from these same
trials are summarized in the first five columns of Table 6.6. Geno­type (G) by system (S) interactions were highly significant in fourtrials, and significant in two more. From this analysis, one maysuggest that selection for spec;fic genotypes in each system could beindicated in those systems with a highly significant G X S inter­action. F-values for G X S from two seasons and the same geno­types, as indicated above, are similar.

If data were not availa'le from replications, but number of 



Table 6.5. Statistical alternatives for comparing yields intwo cropping systeas, I. 

Yield (kg/ha) Proportionate Yield Reduction 

Test Crop n Monocrop Associated (crop) Di{'fercnce Sd ilfercnce Reduction Sreduction 

Beans, climbing 20 2024 615 (maize 1409 429 .69 .063 
Beans, climbing 20 2897 1038 (maize) 1859 323 .64 .061 

Beans, climbing 64 2212 995 (maize) 1217 633 .54 .104 

CD 
Beans,bush 19 1873 1157 (maize) 716 232 .38 .063
 
Beans, bush 20 2295 971 (maize) 1324 225 .58 .060
 

Mungbeans 18 1511 558 (m.ize) 600 182 .63 .075
 
Mungbeans 20 1170 570 (maize) 600 185 .51 .100
 

Maize 20 5619 4681 (beans, bush) 938 .17
 
3479 (beans, climbing) 2140 .38
 

Maize 20 5003 5763 (beans, bush) -765 .15)
 
3836 (beans, climbing) 1167 .23.
 



200 Chapter 6 

specific plant to plant interactions suggests that no single breeding 
procedure will be indicated for all crops and cropping systems. The 

can be drawn from the limited experi­,best 	recommendation which 
to date is to concentrate on easily identified qualitative traits inence 

the early generations: seed color; endosperm type; disease and insect 
habit; and gross adaptation to prevailing-resistance; plant growth 

temperatures, rainfall, day lengths, and levels of soil fertility. When 

generations have been advanced and seed increased in self.pollinated 

crops 	under the most convenient system for evaluating these qualita­
tive traits, the advanced generations can be tested in appropriate 
cropping systems for quantitative traits such as yield potential, com­

petitive ability with associated species, and stability of production. 
Where heterosis is important as in maize and sorghum, some 

form 	 of dynamic recombination and testing such as full-sib or half­
sib family selection could be practiced. This allows testing of 
promising families for quantitative characters in each generation. 
This 	 system is used extensively by CIMMvYT in the international 
maize program. It is not known whether hybrids with the specificity 
of adaptation of traditional single crosses or double crosses could be 
applied to these complex and variable cropping systems which 
characterize multiple cropping. Prolificacy in maize and tillering in 

sorghum would appear to be traits which would greatly enhance their 
potential yields at low densities, while allowing light to penetrate to 
an understory crop. An adequate testing program over locations and 

systems would allow the identification of lines, as well as the evalu­
ation of a number of promising hybrids, if this route appeared 
desirable. Distribution of existing maize hybrids in the tropics to 
large 	 numbers of small farmers has been successful only in a few 
countries. 

PRACTICAL SCREENING AND TESTING OF NEW CULTIVARS 
The first critical step in the development of genotypes for 

multiple cropping systems is the decision of whether q separate 
breeding and testing program is necessary. If that decision i affirma­
tive, the most efficient r ossible breeding scheme must be devised for 
rapid handling of large r umbers. Promising new genotypes identified 
in the program must bc tested both on the experim'ent station and on 
the farm; this is crucial before seed increase and wide-scale appli­
cation of a new component of technology. Finally, the diversity of 

systems which characterize many small farmer zones presents some 
unique challenges in the transfer of technology. Each of these 
question is explored. 
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Decision to Breed for Intercropping Systems 
Results of trials conducted to date indicate no clear and gener­

specific breeding program foralized decision on whether ci not a 
or justified. Factors which shouldintercropping systems is needed 

include the magnitude and nature of the correlationsbe considered 
X S interactions), resources available for the(significance of the G 

ob­total improvement program, similarity of traits and breeding 

between the two (or more) breeding schemes underjectives 
the two 	 or more al­consideration, and relative importance of 

ternative cropping systems in the ref'.?n into which improved geno­

types are to be introduced. 
The positive signs of almost all correlation coefficients in Tables 

6.2 and 6.3 suggest that two separate breeding programs rarely would 

There generally is a positive association (though riotbe justified. 
twoalways significant) between yields in the contrasting systems. 

will affect each species in aPrevalent insects and diseases likewise 
region in almost any cropping system, although differences in severi­

ty between systems may dictate a change in relative priorities. 

Efficient 	response to applied fertility is vital in improved cultivars; 

but the 	 modified natural fertility of an intercrop system which 

legumes, for example, may require less additional fertil­includes 
izer for component cereal crops, and again may influence priorities. 

The relative importance of each crop in a system must be considered, 
to total yield or income, and theas well as the contribution of each 

of yield of one crop with yield of the other. The mostinteraction 
efficient combination of the two (or more) crops is the desired end 

product, with efficiency measured in yield, net income, nutrition, or 

other appropriate units. 
Limited research personnel, facilities, and operating budget en­

of these scarcecourage the technician to make most efficient use 
a breeding program, anyresources. With a fixed resource base in 

primary improvementdilution 	 of funds to support two or more 
less genetic progress in anyactivities would be expected to give 

specific direction than a single effort with one system and a relative­

ly small number of breeding objectives. If a decision is made to 

focus entirely on a multiple cropping approach, due to the pre­
one or more related systems in a region, this woulddominance of 

and adap­suggest a potential for rapid progress in yield potential 
tation in that system. The division of germplasm and breeding 

projects with no inter­activities 	 into two separate and unrelated 
change between them rarely would be justified. It is possible to 

design an efficient combination for critical selection of parents, 
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early generation screening for disease and insect resistance, and 
systematic testing in more than one cropping system. Examples used 
in several programs in the tropics are given in a later section.
' .Extremely important among these biological and other variables 
is the potential production to be achieved in multiple cropping sys­
tems in a region through introduction of improved genotypes, and 
whether over the short or medium term farmers are likely to pre­
serve these systems or change to monoculture. A complex decision 
based on availability of relevant technology, information and capital,
past experience, risk and other nutritional and economic factors, and 
the willingness and capacity of the farmer to modify his current 
system must be taken into consideration in the design of a crop
improvement program for multiple cropping systems. 

Phenotypic Traits Desirable for Intercropping 
When the predominant cropping system or systems have been

identified, and when the most critical limiting factQrs to production
have been established and quantified, and a decision has been 
reached on which system or systems will be used in the improvement 
program, the next focus is on specific breeding objectives for each 
component crop species. Selection criteria vary with crop, cropping
"ystem, prevalent pathogens and insects, unique stress conditions in
each region, and eventual use of the product, including relative 
prices and demand for component crops. An early decision within 
the cropping systems context is whether to breed improved geno­
types that are specific to the farmer's current system, or whether 
some agronomic modifications-planting dates, densities, spatial
arrangement, crop species, rotations-should be considered in the 
design of new components for the systems. Genetic improvement
projects rarely are efficient in this context if not linked to a dynamic 
and imaginative activity in agronomy. Given the complex combi­
nation of factors summarized in Fig. 6.4, it is difficult to generalize
about traits desirable for genotypes in a multiple crossing system.
There are many reports in the literature about specific traits, but
only a cursory treatment is available on this aspect in the previous
.review (Francis et al., 1976). 

Photoperiodand TemperatureSensitivity 
The genetic capacity to grow and mature in a given number of

days, independent of day length, is a trait often associated with 
successful genotypes for intensive multiple cropping systems
(Dalrymple, 1971; Jain, 1975; Moseman, 1966; Phrek et al., 1978; 
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Swaminathan, 1970). Photoperiod insensitivity has been among the 

important breeding criteria since the inception of rice improvement 
in IRRI (Coffman, 1977). This trait allows planting of a cultivar on 

any convenient date, with flowering and maturity controlled by 
genotype reaction to prevailing temperature patterns and to some 
degree to other cultural and natural fertility factors. Coupled with 

shorter duration cultivars, this capacity in rice and other crops 
encourages an intensification of the cropping system with additional 
crops during the same year. Photoperiod insensitivity is valuabie in 

mungbeans (Phaseolusaureus) (Tiwari, 1978) and other legu-aes for 

intercropping, relay cropping, or double cropping with a principal 
cereal crop. In some specific situations, photoperiod sensitivity may 
be important in one component crop to assure that its major growth, 
flowering, and filling period do not coincide with another com­
ponent of different seasonal duration. The suggestion that tempera­
ture insensitivity be incorporated (Tiwari, 1978) is useful in terms of 
broad adaptation and in tolerance to stress conditions (high and low 

extremes in temperature), but crop growth rates independent of 

temperature are biologically impossible. 

CropMaturity 
Short crop maturity has been cited as a desirable trait in most 

reports (Moseman, 1966; Swaminathan, 1970) due to the potential 
this provides for intensification of the cropping system through addi­
tion of species or multiple plantings of the same species during the 
crop year. Short duration has been an important trait in most of the 
new rice cultivars released by IRRI, though genotypes currently 
being developed for low input agriculture include medium and long 
maturity alternatives (Coffman, 1977). Mungbeans (Catedral and 

et al.,Lantican, 1978; Gomez, 1976, 1977; IRRI, 1.72; Phrek 
1978), soybeans, and cowpea (Gomez, 1977) are among the short 
cycle legume crops which fit well into these intensive cropping 
systems (Jain, 1975). Early and concentrated flowering to give 
uniform maturity is desirable in mungbean (Carangal et al., 1978). 
Sweet potato (IRRI, 1972) and maize (Gomez, 1977; Hart, 1977) 
cultivars with a short duration cycle likewise are desirable for 
intensive systems. Tall and long-cycle rice may fit better into some 
intercropping systems in Central America with maize of short dura­
tion, where the rice flowers and fills grain after the maize is doubled 
(Hart, 1977). In the international mungbean trials, Poehlman (1978) 
reported that vigorous late- and extended-flowering cultivars were 

andmost desirable for rainfed locations with low light intensity 
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higher temperatures, while short-cycle genotypes were best underhigh light conditions, irrigation, and cooler temperatures.
More important than the maturity characteristics of oneponent are com­the ways in which the two or more crops fit together in asystem. Generally, the combination of an early and a !ate maturingcrop isdesirable, to better utilize available growth factors at differenttinmes (Andrews, 19 72a, 1972b). Sorghum-millet intercrops atInternational Crop Research Institute for the Seni Arid Tropics(GCRISAT) (1977) were most successful when the earliest sorghumwas combined with the latest millet, or when the earliest millet wascom: nod with the latest sorghum, and these maturity differenceswere found to be more important than height differences of the twocomponents. Selection of component crops with appropriate ma­turities is a critical part of the improvement program. 

Pant Morphology
Short erect cereals have been developed for nitrogen respon­siveness (Coffman, 1977), and this same trait is desirable for mostmultiple cropping applications. Medium to short cereal crop plantsprovide less competition to an understory legume or intercroppedcereal of another species (Andrews, 1972a). Determinate growthhabit and medium to short plantheight are desirable in most legumes(Catedral and Lantican, 1978; Gomez, 1976, 1977; IRRI, 1972). Inthe maize-bean system, however, a climbing cultivar of bears appearsto have greater yield potential than a bush type with simuitaneousplanting (Francis, 1978; Hart, 1977). Yield of a taller maize culti­var was less affected than yield of a dwarf hybrid by an associatedclimbing bean (CIAT, 1978), and which type is most desirable de­pends on total system yields and .eiative prices of the two crops(Francis and Sanders, 1978). Height differences between twocomponents may be more important than the absolute height ofeach component (ICRISAT, 1977), and the interaction of com­ponent crop height with relative planting densities must be con.sidered (Zandstra and Carangal, 1977). Leaf angle of crops affectsthe amount of light transmitted to lower components of a system,and influences distribution of light to different levels of leaf areawithin the canopy (Trenbath and Angus, 1975; Wien and Nangju,

1976). 

RootingSystems
Shallow rooted mungbean cultivars are most desirable for inter.cropping with a more permanent crop such as sugarcane to minimize 



205Genotypes for Multiple Cropping 

competition for water and nutrients (Catedral and Lantica-, 1978; 
Gomez, 1977). In general, the combination of two or more crops 
with different rooting patterns, such as a shallow-rooted species with 
a deep-rooted species, should give a better total water and nutrient 
extraction potential than either crop grown alone, or than the 
combination of two crops with similar rooting patterns (Krantz, 
1974; Swaminathan, 1970). 

PopulationDensity Responsiveness 
Component crops which respond to increased 'density give 

greater flexibility in the design of cropping systems with varied 
proportions of each crop in a mixture (Francis et al., 1978a; IRRI, 
1973; Swaminathan, 1970). Optimum mixtures vary with the 
species, density response of each component, type of intercropping 
system, relative prices for the crops, and alternative schemes for the 
greatest total exploitation of the growth environment. 

Early Seedling Growth 
Particularly in low input cropping systems, early and competi­

tive seedling growth is highly desirable to partially control weed 
growth (Catedral and Lantican, 1978; Gomez, 1977; IRRI, 1972). 
Growth of one species in a mixture also may be suppressed by 
allelopathy, an important interaction in weed/crop combinations 
or in multiple cropping systems (Trenbath; 1976). There is apparent­
ly genetic variation within some species tested for ability to alter 
weed growth 'for cucumber [Cucumis sativus] example, see Putnam 
and Duke, 1974). 

Insect and Disease Considerations 
Pe _j that attack a given crop species in each region can be 

controlled or the attack modified to some degree by crop rotation 
and design of cropping systems (Altieri et al., 1978). Intercropping 
tall and short species may reduce attack on one or the other due to 
physical interference with insect movement (Chiang, 1978). Shorter 
duration crop cycles result in a shorter exposure time of each species 
to pests, and a longer total system cropping period may lead to 
higher population levels of naturally occurring biocontrol agents 
(Litzinger and Moody, 1976). Trenbath (1977) reviews the situation 
of reduced attack by insects on crops in mixed culture relative to 
monoculture, and, in a -previous report, classified pest and disease 
interactions with crops according to several possible mechanisms: 

paper effect, compensation effect, and microenvironmental ef.7;fly 
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fects (Trenbath, 1975a). There is apparently less difference between 
.intercropping and monoculture in the incidence of diseases, 
compared to insects, although the advantages of crop diversity for 
preventing widespread disease epidemics have been discussed (Day, 
.1973; Harlan, 1976). These insect and disease interactions with 
cropping systems are important because of the relative importance 
which must be placed on each resistance trait in a breeding program, 
and the stability which host plant resistance lends to these intensive 
cropping systems for the small farmer. 

Screening Techniques for a Breeding Program 
The first step in screening germplasni has involved large tests 

of available germplasm under alternative systems (see Tables 6.2 
and 6.3). An example of the extension of this methodology to a 
double cropping system with rice was described by Carangal et al. 
(1978) for the evaluation of mungbean cultivars. Seven locations in 
Southeast Asia, as well as seven locations in the Philippines, were 
used to test a standard set of genotypes. 'Bhacti' was the best culti­
var across countries, while 'CES-1D-21' was the best cultivar across 
locations in the Philippines. This is an international approach to 
cultivar choice; it is helpful in the identification of limiting factors 
and in the appropriate selection of parents for a breeding program. 

Theoretical considerations for breeding of two or more species 
have been published by Hamblin and colleagues (Hamblin and 
Donald, 1974; Hamblin and Rowell, 1975; Hamblin, Rowell, and 
Redden, 1975). Comparisons of the use of pedigree br-eding vs. 
bulk breeding are discussed, and a theoretical design is descr:Oed for 
the simultaneous selection of two species for yield and ecological 
combining ability. Practical applications of the methods were not 
found in the literature. 

The cowpea breeding program in IITA (IITA, 1976; Wien and 
Smithson, 1979) has focused on intercropping in the evaluation of 
some advanced lines. Tests in several locations in Nigeria during 
'1976 and 1977 revealed large differences among lines tested, and 
'TVu1460' and 'TVu1593' were identified as cultivrs with promise 
for this intercropped system. 

Maize breeding in the ICTA program in Guatemala had con­
centrated on monoculture improvement in the lowlands until Poey 
and colleaguet (1978) established a new and innovative selectioni and 
recombination program. They are farm testing 500 full-sib families 
in nonreplicated 5-n rows, with half of each row associated with 
beans. These results, analyzed using five locations (five different 
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farms) as replications, lead to recombination of the best families on 
the experiment station and another cycle of farm testing. Two sub. 
regions-15 0 0 t' 1800 meters elevation and above 1800 meters 
elevation-are included, each with a separate set of families. Though 
no results are available yet for evaluation, this selection scheme 
appears likely to meet its objective of minimizing the genotype by 
environment. interaction which has plagued highland maize improve­
ment schemes in Central America and the Andean zone for years. 

The climbing bean improvement program in CIAT can be used 
to illustrate a series of logical steps in the breeding process which 
leads from problem ide-itification through agronomic testing, 
crossing, early generation, and advanced line evaluation. Recognition 
of the need for improved cultivars of climbing beans in association 
with maize (Mancini and Castillo, 1960; Francis et al., 1976) led to 
an early screening of available germplasiri from the Phaseolus germ­
plasm bank in Centro Internacional Agricultura Tropical (CIAT). 
This initial screening of almost 2000 accessions and seed increase on 
trellis supports in monoculture was followed by a screening of 500 
promising lines in two cropping systems: intercrop with maize and 
monocrop on trellis (see line &,Table 6.3). A subset of the best 
cultivars was tested in a replicated trial with the same two systems 
(see line 7, Table 6.3) in the next season. Concurrent agronomic 
trials explored the optimum planting dates for climbing beans with 
maize (Francis, 1978), densities of the. two crops (Francis et al., 
1978a), and the interaction of genotype by system with a small set 
of cultivars. Subsequent research on maize cultivars (CIAT, 1978) 
revealed that 'Suwan-l,' a cultivar with intermediate height, relative­
ly narrow leaves, and lodging resistance, gave the greatest expression 
of differences in yield among bean cultivars. 

Testing of 30 potential climbing bean parent materials in three 
highland locations (CIAT, 1978) showed highly specific temperature 
adaptation and a range of reaction in growth habit and flowering 
pattern to this range of envizonments. Preliminary evaluation of 
germplasm in association with maize is now conducted in hills which 
include three bean plants and three maize plants per bean progeny; 
this allows a cheap and effective evaluation of large numbers in a 
small area. Cultivars with good pod set, growth habit stability, 
apparent disease resistance, and a range of seed color were selected as 
parents and intercrossed. Because of the relatively high and positive 
correlations between intercrop and monoculture yields in climbers 
(Table 6.3), and because of the difficulty of testing for yield in early 
generations, these progeny were tested in early generations for re­
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sistance to rust, bean common mosaic virus and anthracnose, and
given a preliminary yield evaluation in monoculture (CIAT, 1977).
At least 1000 progeny 'per cross are evaluated (CIAT, 1978).

Advanced generation testing in four locations--nonoculture in
Popayan, intercrop with maize in Palmira and Obonuc-), relay with 
maize in La Selva-recently was completed. Following seed increase
in the first season of 1979, the best selections from this initial set of 
crosses will be entered by Davis and colleagues into the International 
Bean Yield and Adaptation Nursery for Climbers. This is the first 
time that an international trial has been developed by crossing,
selecting, and testing specifically for use in a multiple cropping
system. It supplements the 1978 international trials of climbing
beans which were selected and increased from the germplasm bank. 

The CIAT climbing bean improvement proram concentrates on
development of cultivars for simultaneous intercropping or relay
systems, with sufficient testing at the different stages to identify
superior types for monoculture. The bush bean improvement pro­
gram, conversely, is directed toward efficient types for monoculture, 
or for double or relay cropping. The most promising bush selections 
likewise are tested in association with maize at regular intervals in 
the breeding process. Other bean plant ideotypes of a semi­
determinate nature are being selected for relay and other intensive
cropping systems (CIAT, 1977; Laing, 1978). Concentration of 
bush bean culture and a unique set of insect/disease problems in the
lowlands, compared to the climbing beans and associated cropping
systems in thisthe highlands, simplifies process somewhat in the 
Andean zone. 

These breeding progams are all recent, and procedures have 
not been compared to alternative methods nor across several crops.
They will give the first germplasm specifically developed for intensive 
systems. Over the next few years they should give relevant compari­
sons from which researchers in other regions, working on other 
crops, may be able to gain some perspective and save time and 
resources when designing new programs. 

On-Farm Testing and Transfer of Technology
Critical to success in any crop improvement program is the

testing of promising cultivars in the cropping systems and environ­
ment in which they will be grown by the farmer. Mechanisms for
evaluation of new cultivars vary with the type of research organi­
zation and national policies on extension and agricultural develop. 
ment. Whatever the mechanism for validating new technology, 

7/5~
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several problems must be considered which are inherent in multiplecropping systems and the biological, economic, and cultural en­vironment in which tney are used.
As mentioned previously, it is difficult to generalize aboutmultiple cropping systems and the farmers who use them. Manysmall farm regions are characterized by a multiplicity of systems,with muc. variation in planting systems, densities, species composi.tion, and microclimatic influences. Planting dates oftendcpendent on are

rainfall patterns; thus they are somewhat uniform ina region. The number of species and major cropping systems alsomay be limited due to crop adaptations, markets, and preferredspecies in the diet and tradition. Thus it may be possible to identifya small and discrete num! r of systems in which to test cultivars
in a zone.
 

If cultivars are to be introduced into existing systems, 
 theprocedure is less complicated than if cultivars are one component ofa new or modified production package which ircludes other inputsand requires education of the farmer. Testing must be realistic,and any validation on the farm cannot depend on a transplantingof experiment station technology which is unrealistic or unavail­able to the farmer. Enough replication throughout the region ofapplication must be accomplished to assure 
over 

an adequate evaluationthe range of possible soil and climatic conditions to be facedby a new cultivar. This replication of testing generally is limitedby lack of resources, but many ingenious schemes have been devisedwhich maximize farmer participation and input, and thus extend asmuch as possible the scarce funds available.Although broad adaptation is desirable in improved cultivarsfrom the breeder's or seed producer's point of view, the individual
farmer's immediate concern 
 extends only to his own range ofcropping system variation: and the soil and climatic conditions which1- has experienced on his farm. If yield potential in specific systemsand cultural conditions must be sacrificed for genetic adaptation to awide range of conditions, sorr compromise must be attempted be­
tween these conflicting objectives.


Several examples of on-farm testing have been cited. 
 The maizeselection procedure in the Guatemalan highlads (Poey, 1978)involves farm tests during the initial stages of fanily evaluation, andpresumably these same collaborators may be willing to test resultingpopulations or synthetics from the program. The Philippine programin collaboration with IRRI is sending new crop cultivars from thescreening activity to additional sites in Southeast Asia. The CIAT 
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bean program already has begun wide testing of bush cultivars in 
various systems, and has initiated through national research programs
the first climbing bean trials in areas where Lhese bean types are 
grown with maize and other support systems. There is no single
scheme that is superior or to be recommended for this testing step;
the most important issue is that adequate emphasis and resources 
should be put on this critical phase of research. 

Economic and cultural factors may be more imp,)rtant than 
biological variable, in the eventual adoption of new cultivars. 
Certainly the economic advantage of a new cultivar alone or as a 
part of a modified cultural system, as compared to the current culti­
var, will be critical to success. Genetic characteristics such as seed 
color, size, taste, and cooking qualities may influence acceptability
of a basic food crop cultivar. The nature and cost of the change in 
cropping system which may be needed for a new cultivar could 
negate any advantages of the technology, if these modifications are 
not understood and accepted by the farmer. If additional inputs 
are required, is the farmer capable of financing them, or is credit 
available to him at a realistic rate of interest? These questions plus
others specific to each zone and crop must be considered in the 
design of new technology by the breeder who hopes to improve
production through new cultivars and cropping systems. 

POTENTIAL PRODUCTIVITY OF MULTIPLE CROPPING 
SYSTEMS
 

Traditional multiple cropping systems with unimproved culti­
vars and lo%. levels of technology have been preserved by farmers to 
reduce risks, to provide a nutritious and varied diet, and to make 
better use of available land than would be possible with a comparable
monoculture. With few outside inputs and traditional management,
low crop densities, and limited moisture and/or plant nutrition,
neither the combined crop components in a mixture nor a single
'spec.es in monoculture is fully exploiting available resources, such 
as light, energy, and other nonli.l'iting growth factors. Thus it is 
not surprising that researchers have found in these low management
systems that intercropping generally has an advantage over mono­
culture, sometimes up to 400 percent (Herrera and Harwood, 1973),
When available components of technology-new cultivars, fertilizers, 
pest control, irrigation, density recommendations-which have been 
developed for monoculture are introduced into both systems, yields
increase and the relative advantage of intercropping is reduced to 
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levels of 10 to 40 percent in the better species combinations 
(Francis, 1978; Herrera and Harwood, 1973; Hiebsch, 1978; Lohani 
and Zandstra, 1977). 

The potentials of a m,:,tiple cropping system depend on the
competition of component .topspecies for available growth factors 
and some types of complew, ntation between (among) species.
Those cases in which overyiel'"ing (intercrop yield greater than yield
of most productive component in mionocu!ture) occurs are of 
greatest interest to the farmer, and this is the principal objective of 
crop improvement for multiple cropping systems. According to
Andrews (1972b), overyielding of intercropping over monoculture 
occurs in those combinations in which: (1) intercrop competition is
less than intracrop competition; (2) arrangement and relative
numbers of the contributing crop plants affect the expression of the 
difference in competitive ability, (3) competition between crops isalleviated when their maximum demands on the environment occur 
at different times (either by choosing crops with different growth
cycle, or by planting at; different times); (4) the seasonal period of
growth is tolong enough permit better total exploitation of this
total season by two or more crops; and (5) legumes can be inter­
cropped with nonlegumes under poor r fertility conditions. 

The (classic papers de (1960) and by Donaldby Wit (1963)
should be consulted for the basis of quantitative interactions be­
tween species. One of the most comprehensive recent reviews on 
crop interactions in multiple- cropping is that of Trenbath (1976), to 
which the reader is referred for more complete treatment of the 
nature of competition in mixed culture. withOnly those aspects
direct relevance to crop improvement are discussed here. 

Competitive Ability and Yield 
Reports in the literature disagree on the association of competi­

tive abil:ty with yield in pure stand. Successful competition for 
scarce resources is critical to crop production by components of a
mixture. An early report on barley and wheat cultivars (Sunesor.
and Wiebe, 1942) found that survival in mixtures was unrelated to
yield of component cultivars in pure stand. A good correspondence
between high yields in monoculture and good competition in
mixtures has been reported for barley (Allard and Adams, 1969;
Harlan and Martini, 1938), for wheat (Allard and Adams, 1969;
Jensen and Fedorer, 1965), and for maize (Kannenberg and Hunter,
1972). A m.gative relationship between yield in pure stand and 
competitive ability was reported in barley (Wiebe et al., 1963) and 
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in rice (Jennings and de Jesus, 1968). Donald (1968) explored the 
that atheoretical basis for this negative association and suggested 

*weak competitor in mixtures actually makes a miv-imum demand on 
resources per unit dry matter produced, and thus produces more in 
pure stand. 

Competitive ability and the selective value of genotypes appear 
to be influenced strongly by environment, !ncluding the effects of 
neighboring plants (Allard and Adams, 1969; Hamblin, 1975). When 
genotype performance over a series .i environments is plotted 
against the environmental mean yields (average of all genotypes in 
each environment, see Eberhart and Russell, 1966; Finlay and 
Wilkinson, 1963), the rate of response by individual genotypes to 
improving environments is variable (Hamblin, 1975). Likewise, it 
has been shown in the section on genotype by system interactions 
that in several species the relative performance of genotypes varies 
with the cropping system. Add to this the possible complication 
cited by Hamblin and Donald (1974) in barley, where yields of 
progeny in the F 3 were not correlated with yields in the F 5. There 
also was a negative correlation of F 5 grain yield wich F 3 plant 
height and leaf lengths, factors favor;hlp to cc,ipeting ability. 

If experience with one species suggests that the best 
yielding genotypes ii. a population will be eliminated by compe­
tition in early generations, then evaluation of spaced plants and 
a pedigree system probably is indicated (Hamblin and Rowell, 
1975). If the individuals which compete well in a population are 
the best sources of germplasm for increased yields in later gener­
ations, then a bulk breeding scheme could be used in self­
pollinated crops (Hamblin and Rowell, 1975). Further research 
on breeding methodology is badly needed to advance our 
understanding of which approaches are most appropriate 
and most efficient. 

Species Interaction and Resource Utilization 
Crop species present in the field at the same time-whether 

'planted simultaneously or in relay pattern-interact by competing 
for available resources. There is rarely a competition for physical 
space, but rather for the light, water, nutrients, or CO2 which that 

.space receives or contains. Trenbath (1976) describes in detail the 
mechanisms by which genotypes compete for resources. Both field 

and greenhouse studies have attempted to quantify the nature of 
intra and interspecific competition and to determine how this 
division of resources is accomplished (for example, Donald, 1958; 
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1974; Osiru and Willey, 1972; Trenbath, 1974b; Trenbath
Hall, 

and Haiper, 1973; Willey and Osiru, 1972).
 

The picture which emerges is of a dynamic and complex inter­

among two or more crop species and
action in several dimensions 

an individualtheir physical environment. Competition begins for 


plant when growth and development is retarded or altered from
 

what it would be if no other individuals were present. This inter­

action ends only when that plant is removed from the crop environ­

or when it ceases to actively (in the case of root absorption of 
ment, 

case of light interceptionwater and nutrients) or passively (in the 

oy a taller though mature plant) compete with neighboring plants 

of the same or a different species. The challenge to the plant
 

c:op component to efficiently exploit

breeder is to design each 

the maximum economic yield
resources in this environment with 

a
produced per unit of resources and per unit of time, and wit h 


minimum effect on the same exploitation by the other species.
 
two or moreTotal resource utilization is most complete when 


species occupy different ecological niches within the cropping system
 
Growth cyc!es of the intercropped species
(Loomis et al., 1971). 


may be different (Lohani and Zandstra, 1977; Osiru and Willey,
 

1972), accomplished either through varied planting dates or choice
 

(' crops with different maturities. This complementary use of
 

time 1950, as cited by Trenbath, 1976)
resources over (Ludwig, 
two or more crops with shorterholds potential in zones where 


cycles and greater efficiency could occupy the field which now
 
potentialgrows a single long cycle crop, or where a part of the 


cropping cycle ISnot utilized.
 
The complementarity of taller cereals and shorter legume
 

and Osiru, 1972) or of differentspecies (Francis, 1978; Willey 

species (Khalifi and Qualset, 1974;
component heights in related 

makes better use of light through the growingTrenbath, 1975a) 
season. What has been called complementary competition for
 

one component
light describes the compensation for yield loss by 
The nature of this compensa­by increased production in another. 

use will determine in part whethertion and complementary resource 

a mixture will overyield a monoculture. Spatial exploration of
 

different layers by roots of two or more species is another type of 

which may have advantages in deep soilscomplementation 

(Trenbath, 1974a).
 

Differences in patterns of light interception or root exploration
 

are useful not only in the choice of species and cultivars, but also in
 
of promising cultivars of each
the conscious genetic selection 

3-3 
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component species to best complement others in a multiple cropping 
system. The degree to which two or more species, and new cultivars 
of those species, can more efficiently and completely exploit total 

success of multiple croppingresources will determine the potential 
systems compared to high input monocultures. 

CONCLUSIONS AND RECOMMENDATIONS 
The potential fot improving multiple cropping systems at any 

of thelevel of technology or management depends on the ability 
researcher to combine genetic advance with new agronomic methods. 

on the farmThe realization of this potential to increase production 
requires viable tests of the best combinations and the eventual 
transfer of the new technology. Relevant research in these systems 

requires: (1) a thorough knowledge of existing cropping systems and 

the reasons for their popularity; (2) a comprehensive understanding 
of the nature and variation of prevailing climatic and soil conditions, 
and both the growth potentials and stress which they will impose on 
growing crops; (3) a practical experience with the limiting constraints 
to production in prevalent crop species: and (4) enough perspective 
on breeding, agronomy, plant protection, cropping systems, eco­
n.omics, and politics to make rational decisions on priorities in a 
breeding program. This is a colossal task! 

The challenge will not be met successfully by an isolated indi­
vidual working in a single academic discipline. Nor will the answers 
to these complex questions arise from any single basic research proj­
ect or one applied development effort. A research focus that crosses 
departmental lines and the traditional disciplines, and that includes 
the spectrum from basic to applied activities, will have the best 
chance of success. 

Who will train the geneticists and plant breeders to carry out 
these activities, and how should a program be organized? Is it 
possible to give scientists a relevant preparation for improving com­

plex cropping systems in the tropics with an academic program and 

field apprenticeship in the temperate zone? And will the existing 
rules and organization of universities and research institutions in all 

parts of the world allow this to occur? 
We as educators must accept this challenge. The responsibility 

for training young plant breeders from the developing world requires 
a better appreciation on the part of those doing the training in crops 

and cropping systems in these countries. A graduate study program 
:hould reflect the importance to future success of a broad technical 
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preparation and capacity to communicate with specialists in other 
disciplines. The international centers have organized staff and re­
search activities into interdisciplinary teams and can collaborate on 
thesis work for some students. Selection and development of thesis 
topics to give the best possible preparation for handling the complex 
types of biological problems that limit crop yields in the tropics are 
essential. 

It is neither a small nor routine respbnsibility to design and 
direct a graduate program for a potential research leader in the de­
veloping world. 

We as students and researchers have an even greater responsi­
bility. Th% potetip! of crop species improvement for multiple 
cropping systems will not be realized without a concerted effort in 
the field, both on the experiment station and on the farm. We must 
explore the complexities of existing systems, sort out the com­
ponents that are susceptible to research and improvement, and 
.subject the most promising alternatives to rigorous evaluation under 
real world conditions. This is an application of the scientific method 
to solving practical problems of the farmer. 

The world food crisis is upon us, and the geneticist and plant
breeder have a significant role to play in its solution. Multiple crop­
ping systems are complex, but they hold an exciting potential for in­
creasing food production which has not yet been realized. Through
the successful integration of our activities with those in other disci­
plines we can begin to focus on the complex problems which have 
limited the use of improved crop technology by most farmers in the 
tropics. The use of more intensive systems also opens a new and 
greater potential for increased production in temperate zones. We 
can each contribute in some way to a dynamic and imaginative re­
search and training program which will make the greatest possible use 
of our talents in genetics and plant breeding to meet the challenge of 
increased world food r-oduction. 



-Discussion 

R. K. CROOKSTON 
R. M. LANTICAN 

1. R. M. LANTICAN. Breeding work in a tropical setting is 
challenging because one has to deal with a myriad of situations 
associated with year-round seasonable variability; many options in 
the use of energy, including labor; and an array of established

.cropping systems. This challenge can tax the limited manpower and 
resources of national breeding programs, so a unified and systematic 
approach to problems in crop production becomes imperative to a 

'plant breeding program. Certainly, breeding programs must be 
confined to major crop production systems prevailing in a geographic 
region that create the greatest impact on the food supply and socio­
economic situations. 

In Asia, excluding China, Korea, and Japan, there are 39 million 
ha in the rain-fed wetlands that offer great potential for increased 
food output. This rain-fed area normally is used for growing a single 
crop of rice each year, and most of it remains idle for the rest of the 
year. With new early maturing rice cultivars, direct seeding on dry 
seedbeds replaces the traditional methods of transplanting seedlings, 
and as a result, cropping intensity can be doubled. The other major 
area available to crop production in the tropics is the space under 
plantation crops like coconuts, oil palm, and rubber, and between 
rows of sugarcane. In Asia, the coconut crop occupies 5 million ha. 
Thus, in tropical areas, the objectives when breeding plants for 
multiple or intercropping must be to adapt dryland erop strains for 
conditions of pre and postrice cultivation and to intercropping with 
plantation crops. 

Postrice cultivation usually encounters low moisture supply, hot 
or cold temperatures, and poor soil granulation. Plantings under or 
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between rows of plantation crops must contend with partial to full 
shading and competition for nutrients. So the breeding program
must be done for a cropping and management system where the only
avaiiable moisture is from rain; that is superior to traditional 
methods of second cropping.

In the Philippines, our first task was to establish the cropping 
system for which crop cultivars would be developed. So )ur ob. 
jective became to develop cultivars of dryland crops for a postrice
cropping system that is compatible with the soil pudriling and seed­
ling transplanting in rice cultivation. The second crop must rely on 
zero or minimum tillage. Seeds of the second crop are hand dibbled 
into the mud at the base of the rice stubble at a high density to make 
up for limited vegetative development of plants under stress. Sowing
is done into the base of the rice stubble because that is where the 
residual moisture is located. Spaces between rice rows become 
cracked and dry quickly; thus they have no reserve moisture for 
germinating the second crop. Next, the soil is mulched to con­
serve residual moisture. 

The second task is to screen crop species that will fit into the 
rice culture system. Dryland crop species researched to date are 
sorghum, mungbean, soybean, cowpeas, adzuki bean, rice bean,
peanuts, and potatoes. Mungbean- produce especially good yields 
on residual moisture. Corn, watermelons, and tobacco are used by
farmers traditionally, but they require supplemental irrigation.

For intercropping between rows of plantation crops, farmers
generally use coffee, cacao, banana, papaya, pineapple, grain, and 
root crops. Once, I observed a farmer's intercropping which involved 
four species. The highest canopy was coconut trees, the second was 
papayas, the third was pineapples, and the fourth was sweet 
potatoes. The most successful species for intercropping with 
plantation crops are sorghum, peanuts, cowpeas, tomatoes, potatoes,
ginger, and sweet potato. The most successful crops for growing
between rows of a newly established ratoon crop of sugarcane are 
vegetables and grain legumes. 

At issue is whether the establishment of a breeding program
exclusively designed to select crops and genotypes for postrice culti. 
vation is justified. My feeling is that it isnot. Trials with elite lines 
of sorghum and dryland leguminous species that have been con­
duc-;ed under dryland cropping, cropping under shade, and paddy
cultivation show that substantial degrees of cultivar by culture 
system interaction occur. However, high levels of yield are attain­
able already with elite cultivars of dryland crops grown under paddy 
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Any additional yield increment that could be obtained
conditions. 

an elaborate breeding
by exploitation of cultivar specificity through 

program designed for a rice-based system would not be justified, con­
limited availability

sidering the high cost of maintaining a program, 

of trained personnel, and low level of skill in and adaptation to using 

innovative technology by the average Asian farmer. 

More appropriate is a unified two-stage breeding and evaluation 

The first stage of selection would be
fur all conditions.program 

under optimum dryland environments to exploit known culti­
done 

general fitness and greater yield stability
var features that relate to 

of cropping systems and seasonal patterns. As an 
over a range 

behavior in the Philippines,
example, soybeans, which have erratic 


will produce quite stably if they: (1) mature in 80 to 95 days; (2)
 

to 5.0; (3) have a harvest index of 
have a leaf area index of 3.0 

a seed weight of 150 g or greater
30 percent or greater; and (4) have 

These traits can be assessed readily in the first stage 
per 1000 seeds. 

of selection, and genotypes that possess these levels of the traits
 

With the relatively small number of 
are generally widely adapted. 
genotypes that survive first stage selection, the second stage evalu­

ation should be initiated to exploit unique adaptiveness of tolerance 

may have to stress situations such as: (1)
that individual genotypes soil 
shading and competition effects from intercropping; and (2) 

compaction and drought unique to paddy field cultivation. With this 

two-stage seiection scheme, soybean breeding has been quite success­

ful in developing cuitivars for the tropics. 

Reports from the tropics suggest that
2. R. K. CROOKSTON. 

as a result of 
land usage has been improved from 10 to 40 percent 

that has aroused interest inIt is such informationintercropping. 
In western Minnesota, onein the temperate zone.intercropping 

was recently tested consisted of tempo­
intercropping pattern that 

rows of soybeans in a repeating
rary wind breaks of corn and 12 

Soybean yield per acre as a result of this arrangement was 
pattern. 

increased by 14 percent and the corn yields were a bonus. Apparent­

for the soybean yield increase was that the relative
ly, the reason 

over the soybean canopy was increased, and soybean plants
humidity 
were able to avoid water stress. 

other intercropping patterns
We have also researched two 

with corn and soybeans in Minnesota. For the first pattern we used 

a spacing of 75 cm between rows. We alternated single rows of corn 
rows of corn and 3 rows of soy­

and soybeans, and also sets of 3 

beans, 6 rows and 6 rows, 12 and 12, and finally 24 consecutive rows 
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As we moved from the control to
of each crop served as a control. 

and the like, corn yields increased; but soybean
12 and 12, 6 and 6, 

the same time, so that our land efficiency ratio
yields decreased at 

was held constant at a value of 1.0.
 

and soybeansThe second approach consisted for planting corn 
The planting pattern was alternate

with rows spaced 37.5 cm apart. 
of the maize hybrids, maize

single rows. Variables were maturity 
density. Planting date and stand

planting date, and maize stand 
density had dramatic effects on both'maize and soybean yields, but 

less than the
all combinations of variables resulted in land usages 

check. 
from these brief preliminary experiments is thatMy conclusion 

on management approaches before it is 
more 	 research is needed 

cultivars for their suitability in a multiplesensible to evaluate or
 

intercropping system in a temperate region.
 

3. S. GALAL. When making a comparison of intercropping
 

systems with monocultures for land equivalent ratios, it is important
 

that optimum planting patterns and plant densities be used for both.
 

In Minnesota, the pattern used for comparing solid planting and
 

the same, and under these circumstances it is un­
intercropping were 

occur. in
likely that a land equivalent ratio greater than 1.0 could 


Egypt, when optimum but different planting patterns were used
 
a land equivalent ratio


for monoculture and intercropping systems, 

of 1.75 was obtained.
 

are of 	two4. 	 R. J. BAKER. Interactions among crop genotypes 

One occurs when there are significant changes in ranks of thetypes. 
the second occurs without significant change in

genotypes, and 

ranks. From a plant breeding point of view, only the first one is
 

important. Unfortunately, the analysis of variance procedure fails to
 

differentiate between these two types of interaction.
 
Dr. Francis computed correlation coeff-cients and argued that a 

an indicator of no interaction. This argumenthigh correlation was 
must thatis true, statistically, but the real question is, How high 

there 	is no inter­correlation be in order to conclude that indeed 

action? It may be erroneous to conclude that interaction exists when 

a correlation is as low as 0.6 or 0.8. The low correlation may be due 

to random errors in one or both environments-not due to inter­

action. 
The real caution, however, is involved when a researcher uses 

one method over another. For example, onecorrelations to select 
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correlation is not significantly different from zero, whereas thesecond is; so the researcher concludes that the research methodology
used to obtain the data for computing the second correlation is thebest to use in future experimentation. But if the two correlations arenot significantly different, there is no real basis for choosing among
the methods of experimentation. 

5. S. JANA. An aim of plant improvement for intercropping sys­tems, of necessity, is to select genotypes that are good interspecies
competitors. Several studies with barley and wheat have shown thatgenotypes that produce well in monoculture are not always the bestsynergists when grown in genotype mixtures. Is this also true fortropical legumes such as cowpeas in Nigeria or beans in Colombia? 

6. C. A. FRANCIS. The cereal data are confusing. Correlationsbetween competitive ability and yih!'c in pure stand are variable,
that is, some are positive, some are negative, and some are zero. So
the central question remains, Are the traits that give yield potentialto a cultivar in monoculture the same traits that provide for good
value in associated croppings? 

7. R. SHABANA. In Egypt, a positive correlation of 0.9 was
found between intercropping tolerance of maize inbreds and their 
corresponding hybrids. 

8. S. N. NIGUM. With intercropping, there are different plantingpatterns for different intercropping species and also for different
cultivars. So should planting patterns be superimposed upon the
experiments designed to select complementary genotypes of two

species that will be components in an intercropping system?
 

9. C. A. FRANCIS. Probably the most efficient way to investi­gate this whole area is to work on one species at a time while holding
the rest of the system, such as density, planting dates, and the like,
constant. This means selecting among variable genotypes of one
component crop in one field, selecting among variable genotypes of a second species in another field, and eventually bringing the selected
cultivars of the component species together. Concurrent agronomic
research can fine tune tbe intercropping system. Selecting withintwo species at the same time, plus agronomic variables in a factorial
system, can result in so many treatments and interactions that theexperiments become unmanageable and the data uninterpretable. 
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10. R. L. VILLAREAL. Panel members feel that there is no need 
to have a specific program to develop cultivars of crop species for 
multiple cropping, relay cropping, and intercropping systems. Actu. 

a specific program. Cropally, there is good reason for having such 
cultivars should be custom-tailored for a specific environmental 
condition or planting pattern, and in research at the AVRDC in 
Taiwan, this has actually been done. Tomato and sweet potato culti. 
vars have been developed for use on fields that remain idle after a 
rice crop has been harvested. Land after rice has only residual mois­
ture which is enough to germinate a seed crop but not to see the crop 
through to maturity. One sweet potato genotype that followed new­
ly harvested rice under minimum input conditions, that is, no supple. 
mental irrigation, low level fertility, and no pesticide, could survive 
exceptionally well and produce many roots and support these roots 
to maturity. The main difference between a poor and a good per­
forming sweet potato was in the ability of the good performer to fill 
the already initiated roots to maturity. In the poor performer this 
trait was absent or not well developed. 

Also, several breeding lines of tomatoes have been found in the 
Philippines that will germinate, survive, and give economic yield 
,4ollowir'g a rice crop. 

11. F. MARQUIS-SANCHEZ. Intercropping systems that now exist 
in tropical countries have evolved throughout the evolution of agri­
culture as heterogeneous systems, so doesn't it make sense that 
breeding programs carried out to produce genotypes for this system 
of farming .should be initiated from the very beginning under an 
intercropping system instead of having one phase of selection in 
monoculture? 

Such a breeding program would capitalize on the positive inter­
actions among genotypes under the intercropping system. 

12. C. A. FRANCIS. That is an excellent point. Doing the se­
lecticn work under real farm conditions might give very good prog­
ress, at least for that specific intercropping system. If one particular 
cropping system is prevalent in a zone, perhaps it would be well to 
work with that system only. 

This approach will narrow rapidly the potential applications of 
new cultivars, however. A compromise may be to conduct prelimi­
nary trials under the appropriate system in the experiment station, 
and carry out some advanced cycles under a range of on-farm con­
ditions. 
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.13. 0. LELEJI. The concept of intercropping is much more com­
.plex than most researchers realize. In indigenous agriculture in 
Nigeria, a farmer is apt to use from five to ten crops in his intefcrop­

.,ping system. However, as researchers, we assume that the inter­
areactions in intercropping are simple. For example, in no study 

more than three or four crops grown together at the same time in a 
mixed planting. Further, indigenous intercropping varies from farm 
to farm, and from year to year on the same farm, depending on what 
is more profitable for the farmer. Therefore, plant breeders cannot 
develop genotypes specifically for an intercropping system because 
there is no typical intercropping system. 

14. C. A. FRANCIS. As stated earlier, the location where research 
on multiple cropping should be conducted is open to question. Per­
haps research results from experiment stations cannot be extended 
to all real farm situations, to all other cropping systems, to all soil 
types, and the like. But this criticism or skepticism can be made for 
any agricultural research, whether directed to agriculture in develop­
ing or developed countries. It must be accepted at the outset that 
the extension of results from research to an individual farm requires 
a bit of experimentation by the farmer himself. 

15. F. AGBO. There is an intrinsic high correlation between eco­
nomic and biological yields. Can harvest index be a reliable measure 
of economic productivity? 

16. C. A. FRANCIS. The correlation between harvest index and' 
economic yield is well established for a number of crops, but gener­
ally harvest index has not been explored as a means of increasing the 
efficiency of tropical food crops. Many tropical crops have extreme­
ly low harvest indexes, so if more emphasis were placed on the 
carbon partitioning process in plants, very rapid progress might be 
made in improving economic yields in some tropical crops. 

17. E. A. CLARK. It is said that one reason why small farmers in 
the tropics prefer mixed cropping is that this practice confers yield 
stability over years and environmental fluctuations. Conversely, 
some reports indicate that large year to year and season to season 
variations occur in yields from mixed cropping, both in terms of 
absolute yield and relative to monoculture systems. If mixed 
cropping systems are inherently more stable than . monoculture 
systems, what factors confer this stability? 
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18. C. A. FRANCIS. In a study of 80 comparisons that includedmonoculture maize, monoculture geans, and the bean-maize inter.crop, the intercropping system was more stable both in production
and in income. The main factor of yield stability is likely some kindof biologic buffering, that is, one condition is favorable for one cropand unfavorable for another, and vice versa. With this situation theintercrop somehow outcomes better than the monoculture overyears. The same holds on the economic side. As prices fluctuate,the more crops that are in the system, the better are the buffersfrom an economic standpoint. We need more information onnutrient cycling, root exploration, light interception, and other
aspects of intimate crop associations. 

19. K. DIESBURG. Perhaps insurance value or stability of inter.cropping would have its greatest advantage in marginal agricultural 
areas. 

20. C. A. FRANCIS. Multiple cropping situations are just assusceptible to diversity of climate and soil as are monocultures, sowe need to separate the advantages of diversity on a given farm fromthe advantages of multiple cropping. Diversity, even in monocropsystems, such as planting half a ha to each crop, gives the samebuffering against 6MVf6mics as does multiple cropping. Unless thereis a clear advantage in higher land efficiency ratio by putting cropstogether, as much diversity can be created within a given farm withmonocultures of several crops as with multiple cropping. 

21. J. GASKILL. Plant pathologists and entomologists know thatgrowing the same crop year after year in the same field tends tocause a buildup in certain plant pathogens, insects, and nematodes
with a consequent reduction in yield 
 of that crop. Is the sametendency to be qxpected where a fixed mixture of crops is grown
 
on the same land area year after year?
 

22. C. A. FRANCIS. Probably, over a long period, a simple inter­cropping system of two crops will succumb to disease problems, butmuch less rapidly than a single monoculture will. Apparently, theinsect situation varies much more among cropping systems than the 
disease situation. 
23. K. RAWAL. Across the continent of Africa, multiple cropping 
is indigenous to agriculture. But whenever introductions were made 

17123 



224 Chapter 6 

of cash or commercial crops, such as cotton, peanuts, and cocoa,
monocultures of these crops have developed. And such mono. 
cultures have been successful. 

24. A. M. THRO. There has been some criticism of multiple crop­
ping systems developed by experiment stations as being too labor 
intensive. Yet labor availability is purported to be no proilem in 
developing countries. What is the labor situation for agriculture in 
developing countries? 

25. R. LANTICAN. At the moment, developing countries tend to 
have an adequate supply of labor for the farming industry. In some 
countries such as Taiwan, where much manufacturing industry has 
developed, labor for farming is now in short supply and expensive,
and cropping systems have had to adapt to this change. However,
in most developing countries, there likely will continue to be some 
excess labor for some time into the future. This labor needs to be 
utilized, so why not utilize it in the farming industry? 

26. 0. LELEJI. That is a good point. Intercropping as practiced 
now is not amenable to mechanization. But how can we know that 

-ten years from now, when our research is to be applied, that the 
developing countries will have an adeauate labor supply to support
multiple cropping as a way of agriculture? .s changes occur in the 
society and economics of tropical countries, genotypes bred for 
today may no longer be useful' 

27. R. K. CROOKSTON. Even in the midwestern USA, as land 
values continue to increase, it is becoming profitable for American 
farmers to use methods for intensifying the usage of their land. 
Intercropping or multiple cropping may be one way to accomplish
thi,. In fact, this is the justification for inter and multiple cropping 
research in American experiment stations. 

28. E. A. CLARK. It :3 commonly said that one of the primary
limlts to adoption of an intercropping system in the USA is that it 
car.not be mechanized. Is there any modification of existing ma-
Kinery or new types of machinery that might permit mechani. 
zation of intercropping systems? 

29. R. K. CROOKSTON. With conventional planters, there is no 
problem in designing the planter box arrangements for sowing crops 



Genotypes for Multiple Cropping 225 

in an intercropping system. Herbicides are available that control 
weeds in a combination of corn and soybeans. 

Harvesting is a real problem, however. In Georgia, two farmers 
grow corn ana soybeans in combination, and the corn matures 
slightly ahead of the soybeans. It is a tall corn with the ears placed
above the soybean canopy, so they drive through the field and 
harvest the ears of corn above the soybean plants. After the corn 
stalks have dried, they harve3t the soybeans. This may not sound 
like a satisfactory approach. However, if agronomists can devise an
intercropping system that will give a land efficiency ratio well 
above 1.0, engineers will invent a machine to take care of harvesting 
the component crops. 

REFERENCES
 

Adams, M. W., .A. H. Ellingboe, and E. C. Rossman. 1971. Biological uniformi­
ty and disease epidemics. Bioscience 21:1067-70.

Agboola, A. A., and A. A. Fayemi. 1971. Preliminary trials on the intercrop.
ping of maize with different tropical legumes in Western Nigeria. J. Agr.
Sci., Cambridge 11:219-25. 

Aiyer, A. K. Y. N. 1949. Mixed cropping in india. Indian J. Agric. Sci. 19 
(pt. 4):439-543.

Allard, R. W., and J. Adams. 1969. Population studies in predominantly self­
pollinated species. XIII. Intergenotypic competition and pcpulation'
structure in barley and wheat. Am. Natural. 103:621-45. 

Allard, R. W., and P. E. Hansche. 1964. Some parameters of population
variability and their implications in plant breeding. Adv. Agron. 16: 
281-325. 

Altieri, M. A., C. A. Francis, A. van Schoonhoven, and J. D. Doll. 1978. A 
review of insect prevalence in maize (Zea mays L.) and bean (Phaseolus
vulgaris L.) polycultural systems. Field Crops Res. 1:33-49. 

Andrews, D. J. 1972a. Intercropping with sorghum, pp. 545-56. In Roa, N. G. 
P., and L. House (eds.), Sorghum in sevenies. Oxford and iBH Publ. Co., 
New Delhi. 

Andrews, D. J. 1972b. Intereropping with sorghum in Nigeria. Exp. Agric. 
8:139-50. 

Andrews, D. J.; and A. H. Kassam. 1976. Importance of multiple cropping
in increasing world food supplies, pp. 1-10. In Multiple cropping. Am. 
Soc. Agron. Spec. P-.bl. 27. 

Baker, E. F. I. 1975. Research on mixed cropping with cereals in Nigerian
farmng systems: A system for improvement, pp. 287-309. In Proc. 
Int. Workshop Farming Syst., Int. Inst. Semiaridon Crops Res. Trop.,
Hyderabad, India. 

Blijenburg, J. G., and J. S. Sneep. 1975. Natural selection in a mixture of 
eight barley varieties grown in six successive years. 1. Competition 
between the varieties. Euphytici :305-15.Borlaug, N. E. 1959, The use of mui.-ineal or composite varieties to control 
airborne epidemic diseases of self-pollinated crop plants, pp. 12-27. InProc. First Int. ITheat Genet. Syrup., Univ. Manitoba, Winnipeg, Can. 



226 
Chapter 6 

Bradfeld, R. 1970. Increasing food Droduction in the tropics by multiple
cropping, pp. 229-42. In Aldrich, D. G. Jr. (ed.), Research for the worldfood crisis. Am. Assoc. Adv. Sci., Washington, D.C.Browning, J. A., and K. J. Frey. 1969. Multiline cultivars as a means of dLcease
control. Annu. Rev. Phytopath. 7:355-82.
Buestan, H. 1973. Programa de leguminosas de grano. 
 Inf. Anu. 1973. Estac.Exp. Boliche, Inst. Nac. de Invest. Agropecu., Guayaquil, Ecuador.Carangal, V. R., A. M. Nadal, and E. C. Godilano. 1978. Performance ofpromising mungbean varieties planted after rice under different environ­ments, pp. 120-24. In First Int. Mungbean Symp., Asian Veg. Res. Dev. 
Cent. 

Catredal, I. G., and R. M. Lantican. 1977. Evaluation of legumes for adaptationto intensive cropping systems. II. Soybeans, Glycine max. Philipp. J.
Crop Sci. 2:67-71.

Catedral, I. G., and R. M. Lantican. 1978. Mungbean breeding program of Univ.Philipp., Los Bailos, Philipp., pp. 225-27. In First Int. Mungbean Symp.,
Asian Veg. Res. Dev. Cent.

Cent. Int. Agric. Trop. 1977. Annu. Rep. Cali, Colombia.
Cent. Int. Agric. Trop. 1978. Annu. Rep. Cali, Colombia.Chiang, H. C. 1978. Pest management in corn. Annu. Rev. Entomol. 23: 

101-23.
Chiappe, L., and J. Heamani. 1977. Oportunidad de sier,- ra continuada de

maiz sobre tres variedades de frijol. Univ. Agraria La Molina, Lima,
Peru. Mimeogr.Clark, A., R. Shibles, and D. R. Laing. 1978. Corn and bean interactions in
mixed culture. Cent. Int. Agric. Trop. Mimeogr. (unpublished).Coffman, W. R. 1977. Rice varietal development for cropping systems atIRRI, pp. 359-71. In Proc. Symp. on Cropping Syst. Res, and Dev. forthe Asian Rice Farmer. Int. Rice Res. Inst., Los Ballos, Dhilipp.Crookston, R. K., C. A. Fox, D. S. Hill, and D. N. Moss. 1978. Agronomic
cropping for maximum biomass production. Agron. J. 70:899-902.Dalrymple, D. G. 1971. Survey of multiple cropping in less developed nations.Foreign Econ. Dev. Serv., USDA, Foreign Econ. Dev., Res. Publ. 12. 
!08 pp.

Day, P. R. 1973. Genetic variability of crops. Annu. Rev. Phytopath. 11: 
293-312. 

de Carvalho Prado, E., and C. Vieira. 1976. Yields of climbing bean varietiesgrown on trellises at three spacings. In Bean Imp. Conf. Newsl. 19:18-19.de Wit, C. T. 1960. On competition. Vers!. Landbouwk. Onderzoek. No. 66.8,
Wageningen. 82 pp.Dickinson, J. C. 1972. Alternatives to monoculture in the humid tropics of
Latin America, Prof. Georgr. 24:217-32.

Dijkstra, J., and A. L. F. De Vos. 1972. The evaluation of selections of whiteclover (Trifolium repens L.) in monoculture and in mixture with grass.
Euphytica 21:432-49.

Donald, C. M. 1958. The interaction of competition for light and for nutrients.
Aust. J. Agric. Res. 9:421-35.

Donald, C. M. 1963. Competition among crop and pasture plants. Adv. Agron.
15:1-114. 

Donald, C. M. 1968. The breeding of crop ideotypes. Euphytica 17:385-403.Eberhart, S. A., and W. A. Russell. 1966. Stability parameters for comparing
varieties. Crop Sci. 6:36-40.Enyi, B. A. C. 1973. Effects of intercropping maize or sorghum with cowpeas,
pigeon peas or beans. Exp. Agric. 9:83-90.Finlay, K. W., and G. M. Wilkinson. 1963. The analysis of adaptation in a plant
breeding program. Aust. J. Agric. Res. 14:724-54. 



227 

Genotypes for Multiple Cropping 

Reg. Soybean Conf., 
C. 1974. Intercropping soybeans with cereals. 

Finlay, R. 
Mimeogr. 20 pP. Hort-Addis-Ababa. Multiple cropping potentials of beans and maize. 

1978.Francis, C. A.
science 13:12-17. 

C. 19. In 
Small farm cropping systems in the tropics, 

A. 1979. 
D. Thorne (eds.), Soil, Water and Crop Production.Francis, C. 


Thorne, D. W., and M. 


AVI Press, Westport, Conn. 
1978. Economic analrsis of bean and maize 

A., and J. H. Sanders. Field Crops Iles. 1: 
Francis, C. 

versus associated cropping.
Monoculturesystems:319-35. 

197 8a. Density re­
and .1. H. Sanders. Crops Res.

C. A. Flor, M. Prager, cropping systems. Field 
Francis, C. A.,of climbing beans in two 

sponse 
1:255-67. varieties for1976. AdaptingS. R. Temple. In Multiple Cropping,

Francis, C. A., C. A. Flor, andthe tropics, pp. 235-53. 
intercropping systems in 

Am. Soc. Agron. Spec. Publ. 27. Genotype X environment 
and D. R. Laing. 1978b. 

C. A., M. Prager,Francis, climbing bean cultivars in monoculture and associated with 

interactions in 
Crop Sci. 18:242-47. 1978c. Genotype X en­maize. and C. A. Flor.Laing,

Francis, C. A., M. Prager, D. R. 
bush bean cultivars in monoculture and associ­

invironment interactions 
ated with maize. Crop Sci. 18:237-42. Genotype x environment 

G. Tejada. 1980. 
C. A., M. Prager, and and associated with two

Francis, in monoculturein maize cultivarsinteractions 
Crop Sci. (In piess).types of beans. Effects of varying variety and spacing on 

Rogers. 1,65. J. Agric.Fyfe, J. L., and H. H. 
of lucerne and tall fescue. 

yields and composition of mixtures 
Inter-Sci. 64:351-59. El-Hinnawy. 1974. 

F. Ibrahim, and H. H. 
Jr., L. H. Hindi, A.

Galal, S., as a bio.assaying method for screening shade­
corn with soybean 71: 185-86.cropping 

tolerant corn stocks (Zea Mays L.). Z. Pflanzensucht. Progress rep. 3, 
for intensive cropping.

Varietal screening Cent. Prog.,A. 1976.Gomez, A.. Rice Res. Inst-Tnt. Dev. Res. 
Los Barios-Int.Univ. Philipp., 


Los Balnos, Laguna, Philipp.
Univ. Philipp., 
Varietal screening for intensive cropping. Progress rep.2, 

Res. Cent. ?roj.,A., 1977. Dev.Gomez, A. Res. Inst.-Irt.RiceT. Bafos-Int.Univ. Philipp., 
Ba ios, Laguna, Philipp.

Univ. Philipp.,. s 
An analysis of the role of legumes in 

1977.Zandstra.Gomez, A. A., and H. G. Exploiting the Legume-RhizobiunSymp. on 
multiple cropping systems. 

Coll. Trop. Agric. Misc. Publ. 145. 
in Trop. Agric., Hawaii.

Symbiosis 
Dep. Agron. and Soil Sci., Univ. Hawaii. 

Some double cropping1974. 
R. E. Perez-Levy, and G. M. Prine. 

and WestGuilarte, T. C., warm season in North 
under irrigation during the 

possibilities 
Florida. Proc. Soil Crop Sci. Soc. Fla. 

tea plantations. 1. The
Indianin the north-cast

W. 1974. ShadeHadfield, 11:151-78.
shade pattern. J.Appl. Ecol. 

of interferenc' between plants of 
nature

L. 1974. Analysis of the de Wit analysis toHall, R. 
Concepts and extension of the 

different species. I. 
Aust. J.Agric. Res. 25:739-47. 

examine effects. 
Effect of environment, seed size and competitive ability on 

1975.Hamblin, J. 
yield and survival of Phaseolusvulgaris (L.) genotypes in mixtures. 

24:435-45. plant form,Euphytica The relationships between 
C. M. Donald. 1974. 

HambUn, J., and Euphytica 23:535-42. 
competitive ability and grain yield in a barley cross. 

(Pers. commun.).Hamblin, J., 1979. of the relationship
1975. Breeding implications 


Hamblin, J., and J. G. Rowell. 
 i4 



228 	 Chapter 6 

between competitive ability and pure culture yield in self-pollinated grain 
crops. Euphytica 24:221-28. 

Hamblin, J., J. G. Rowell, and R. Redden. 1976. Selection for mixed cropping. 
Euphytica 25:97-105. 

Harlan, H. V., and M. L. Martini. 1938. The effect of natural selection in a mix­
ture of barley varieties. J. Agric. Res. 57:189-99. 

Harlan, J. R. 1976. D'seases as a factor in plant evolution. Annu. Rev. Phyto­
path. 14:31-51. 

Harper, J. L. 1967. A Darwinian approach to plant ecology. J. Ecol. 55: 
247-70. 

Hart, 	R. D. 1975a. A bean, corn and manioc polyculture cropping system. I. 
The effect of interspecific competition on crop yield. Turrialba 25: 
294-301. 

Hart, 	R. D. 1975b. A bean, corn and manioc polyculture cropping system. II. 
A comparison between the yield and economic return from monoculture 
and polycultural cropping systems. Turrialba 25:377-84. 

Hart, 	 R. D. 1977. Characteristicas de variedades que pueden tener potencial 
como componentes de los sistemas de cultivos en Yojoa, Honduras. 
Reunion Int. Colab. Tec. Cen. Agropicu. Trop. Invest. y Ensenyafnca-Cen.
Int. Agric. Trop.-Cent. Int. Mejoramiento de Maiz y Trigo-Inst. Int. Am. 
Cincias Agric., Turrialba, Costa Rica. Mimeogr. 3 pp.

Herrera, W. T., and R. R. Harwood. 1973. Crop interrelatiouships in intensive 
cropping systems. IRRI Semin. Unpublished Mimeogr. 24 pp.

Hiebsch, C. K. 1978. Interpretation of yields obtained in crop mixtures. ASA, 
Agron. Abstr.. p. 41. 

Inst. Cienc. y Tecnol. Agric. 1976. Programa de Prod. de Frijol, Inf. Anu. 
Guatemala. 

Int. Crops Res. Inst. Semiarid Trop. 1977. Report of the cropping systems
research carried out during the Kharif (moonsoon) and Rabi (post­
monsoon) season of 1976. Int. Crops Res. Inst. Semiarid Trop. Farming
Syst. Res. Program. Mimeogr. 

Int. Inst. Trop. Agric. 1976. Annu. Rep. Ibadan, Nigeria.
Int. Inst. Trop. Agric. 1977. Annu. Rep. Ibadan, Nigeria. 
Int. Rice Res. Inst. 1972. Annu. Rep. Los Bafios, Philipp.
Int. Rice Res. Inst. 1973. Annu. Rep. Los Bahos, Philipp.
Int. Rice Res. Inst. 1974. Annu. Rep. Los Batios, Philipp.
Jain, H. K. 1975. Breeding for yield and other attributes in grain legumes. 

Indan J. Genet. Plant Breed. 35:1r,9-87. 
Jain, H. K., and P. N. Bahl. 1975. Symposium recommendations. Indian J. 

Gene.;. Plant Breed. 35:304.5. 
Jennings, ?. R., and J. H. Cock. 1977. Centres of origin of crops and their 

productivity. Econ. Bot. 31:51-54. 
Jennings, P. R., and J. de Jesus. 1968. Studies on competition in rice. I. 

Competition in mixtures of varieties. Evolution 22:119-24. 
Jensen, N. F. 1952. Intra-varietal diversification in oat. breeding. Agron. J. 

44:30-3.1. 
Jensen, N. F., and W. T. Federer. 1965. Competing ability in wheat. Crop 

Sci. 5:449-52. 
Kannenberg, L. V., and R. B. Hunter. 1972. Yielding ability and competitive

influence in hybrid mixtures of maize. Crop Sci. 12:274-77. 
Kass, 	D. C. 1976. Simultaneous polyculture of tropical food crops with special 

reference to the management of sandy soils oE V. ) Brazilian Amazon. 
Ph.D. thesis, Cornell Univ. 265 pp. 

Kass, D. C. L. 1978. Polyculture cropping systems: Review and analysis. 
Cornell Int. Agric. Bull. 32, Cornell Univ., Ithaca, N.Y, 

Kl;alifa, M. A., and C. 0. Qualset, 1974. Intergenotypic competition between 



229 Genotypes lior Multiple Cropping 

Lall and dwarf wheats. I. In mechanical mixtures. Crop Sci. 14:795.99. 

Cropping patterns for increasing and stabilizing agriculturalKrantz, B. A. 1974. 
production in the semi-arid tropics. ICRISAT Farming Syst. Workshop, 
Hyderabad, India. 43 pp. 

beansLaing, 	D. R. 1978. Adaptability and stability of performance in common 
Cent. Int. Agric. Trop., Cali, Colombia. Mimeogr.(Phaseolusvulgaris L.). 

patterns.Lantican, R. M. 1977. Field crops breeding for multiple cropping 
Res. and Dev. for the Asian Rice Farmer, Int.Proc. Symp. Cropping Syst. 

Rice Res. Inst., Los Bahos, Philipp. 
and I. G. Catedral. 19 77. Evaluation of legumes for adaptationLantican, R. M., 

to int-nsive cropping systems. I. Mungbean, Vigna radiata (L.) \Vilczek. 

Philipp. J. Crop Sci. 2:62-66. 
Litzinger, J. A., and K. Moody. 1976. Integrated pest management in multiple
 

cropping, pp. 293-316. In Multiple Cropping, ASA Spec. Publ. 27.
 

Lohani, S. N., and H. G. Zandstra. 1977. Matching rice and corn varieties for
 

intercropping. Int. Rice Res. Inst. Mimeogr. 14 pp. 
Loomis, R. S., W. A. Williams, and A. E. Hall. 1971. Agricultural productivity. 

Adv. Agron. 22:431-68. 
Ludwig, W. 1950. Zur theorie der konkurrenz: Die annidation (Einnischung) 

als funfter evolutionsfaktor. Zool. Anz. Ergangzungsband zu Band 145: 

516-37. 
D. M. A. Castillo. 1960. Observaciones sobre ensayosMancini, "" S., and 
el cultivo asociado de frijol de enredadera y maiz. Agric.prei,minares en 

Trop., Colombia 16:161-66. 
Moseman, A. H. 1966. International needs in plant breeding research, pp. 409­

20. 	 In Frey, K. J. (ed.), Plant breeding. Iowa State Univ. Press. Ames, Ia. 

0., and R. W. Willey. 1972. Studies on mixtures of dwarf sorghumOsiru, D. S. 
and beans (Phaseolus vulgaris) with particular reference to plant popu. 

lation. J. Agric. Sci., Cambridge 79:531-40. 
Phrek, G., E. Methi, and J. Suthat. 197S. Multiple cropping with mungbean in 

AsianChiang Mai, Thailand, pp. 125-28. In First Int. Mungbean Syrmp., 
Veg. Res. Dev. Cent. 

1978. What. we have learned from the international mungbeanPoehlman, J. M. 
nurseries, pp. 97-100. In First Int. Mungbean Symp., Asian Veg. Res. Dev. 

Cent. 
Poey, F. 1978. (Pers. commun.)..Guatemala. 

1974. Biological suppression of weeds: 1vi-Putnam, A. R., and W. B. Duke. 
dence for allelopathy in accessions of cucumber. Science 185: 370.72. 

Rao, M. R., P. N. Rao, and S. M. Ali. 1960. Investigation on the type of cotton 

suitable for mixed cropping in the nothern tract. Indian Cotton Genet. 

Rev. 14(5): 384-88. (Field Crops Abstr. 1962. 15:377). 

Sakai, K. 1955. Competition in plants and its relation to selection. Cold Spring 
Harbor Symp. Quant. Biol. 20:137-57. 

Santa-Cecilia, F. C., and C. Vieira. 1978. Associated cropping of beans and 

Effects of bean cultivars with different growth habits. Turrialbamaize. I. 

28(1):19-23.
 

durationSaxena, M. C., and D. S. Yadav. 1975. Multiple cropping with short 
pulses. Indian J. Genet. Plant Breed. 35:194-208. 

Schutz, W. M., and C. A. Brim. 1967. Inter-genotypic competition in soybeans. 

I. Evaluation of effects and proposed field plot design. Crop Sci. 7: 
371-76. 

On the yields of sugarcane interplanted withShia, F. Y., and T. P. Pao. 1964. 
Rep. Taiwan Sugarcane Exp, Stn.different varieties of sweet potato. 

35:55-63. (Field Crops Abstr. 1965, 18:306). 
Singh, L. 1975. Breeding pulse crops varieties for inter and multiple cropping. 

Indian J. Genet. Plant Breed. 35:221-2S, 

http:14:795.99


230 	 Chapter 6 

Suneson, C. A. 1'969. Survival of four barley varieties in a mixture. Agron. J. 
41:4 59-61. 

Suneson, C. A., and G. A. Wiebe. 1942. Survival of barley and wheat varieties 
in mixtures. J, Am. Soc. Agron. 34:1052-56. 

Swaminathan, M. S. 1970. New varieties for multiple cropping. Indian Farming 
20(7):9-13.

Tang, C. K. 1968. A study on interplanting sweet potato with sugarcane. I. 
Date of interplanting, variety of sweet potato and row width of autumn 
plant cane. Rep. Taiwan Sugarcane Exp. Stn. 31:27-55. 

Tarhalkar, P. P.. and M. G. P. Rao. 1975. Changina cuncepts and practices of 
cropping systems. Indian Farming 25(3):3.7, 15. 

Tiwari, A. S. 1978. Mungbean varietal requirements in relation to cropping 
seasons in India. no. 129-31. In First Int. Mungbean Symp., Asian Veg.
Res. Dev. Cent. 

Tiwari, A. S., L. N. Yadav, L. Singh, and C. N. Mahadik. 1977. Spreading plant 
type does better in pigeon pea. Trop. Grain Legume Bull., Int. Inst. Trop.
Agric. No. 7:7-10. 

Torregroza, 	 M. 1978. (Pers. commun., Nat. Maize and Sorghum Program,
Inst. Colombiano Agric., Cent. Natl. Inst. Agric.) Tibuitata, Bigoff, 
Colombia. 

Trenbath, B. R. 1974a. Biomass productivity of mixtures. Adv. Agron. 26: 
177-210. 

Trenbath, B. R. 1974b. Neighbor effects in the genus Arena. II. Comparison 
of weed species. J. Appl. Ecol. 11:111-25. 

Trenbath, B. R. 1975a. Dive:sify or be damned? Ecologist 5:76-83. 
Trenbath, B. R. 1975b. N'eighbor effects in the genus Avena. III. A diallel 

approach. J. Appl. Ec ). 12:189-200. 
Trenbath, B. R. 1976. Plant interactions in mixed crop communities, pp. 129­

69. In Multiple Cropping, ASA Spec. Publ. 27. 
Trenbath, B. R. 1977. Interactions among diverse hosts and diverse parasites.

Ann. N. Y. AcadrSci. 287:124-50. 
Trenbath, B. R., and J. F. Angus. 1975. Leaf inclination and crop production.

Field Crop Abstr. 28:231-44. 
Trenbath, B. R., and J. L. Harper. 1973. Neighbor effects in the genus Avena. 1. 

Comparison of crop species. J. Appl. Ecol. 10:379-4 00. 
Tuzet, R., V. L. Chiappe, and R. Sevilla. 1975. Comnaracion de diferentes 

modalidades de siembra en el cultivo asociado maiz-frijol. Inf. del Maiz,
Univ. Nac. La Molina, Lima, Peru. 8:10-11. 

Vignarajah, N. 1977. Component technology: varietal recuirements. pp. 347. 
48. In Cropping Syst. Res. and Dee, for the Asian Rice Farmer, Int. 
Rice Res. Inst. Synip. Proc. 

Villareal, R. L. 1978. (Pers. commun., AVRDC). 
Villareal, R. L., and S. H. Lai. 1976. Developing vegetable crop varieties for 

intensive cropping systems, pp. 373-90. In Cropping Syst. Res. and Dev. 
for the Asian Rice Farmer, Int. Rice Res. Inst. Symp. Proc. 

Wiebe, 	 C. A., F. G. Petr, and W. Stevens. 1963. Interplant competition between 
barley genotypes, pp. 546-57. In Stat. Genet. and Plant Breed. Natl. 
Acad. Sci USA. Natl. Res. Coun. Publ. 982. 

Wien, H. C., and D. Mangju. 1976. The cowpea as an intercrop under cereals. 
Symp. Intercropping Semi-Arid Areas, Morogoro, Tanzania. 17 pp.

Wien, H. C., and J. B. Smithson. 1979. The evaluation of genotypes for inter­
cropping. Int. Intercropping Workshop, Jan. 10-13. Int. Crops Res. Inst.
Semiarid Trop., Hyderabad, India. 

Wiggans, R. G. 1935. Combinations of corn and soybeans for sik ,e. Cornell 
Univ. Agric. Exp. Stn. Bull. 634. 34 pp. 

Willey, R. W. 1979a. Intercropping: Its importance and research needs. Part I. 
Competition and yield advantages. Field Crop Abstr. 32:1-10. 



231 Genotypes for Multiple Cropping 

Willey, R. W. 1979b. Intercropping: Its importance and .:search needs. Part II. 
Agronomy and research approaches. Field Crop Abstr. 32:73-85. 

Willey, R. W., and D. S. 0. Osiru. 1972. Studies on mixtures of maize and 
beans (Phaseolus vulgaris) with particular reference to plant population. 
J. Agric. Sci., Cambridge 79:517-29. 

Wortman, S., and R. W. Cummings, Jr. 1978. To feed the world: The challenge
and the strategy. Johns Hopkins Univ. Press, Baltimore. 440 pp.

Zandstra, H. G., and V. R. Carangal. 1977. Crop intensification for the Asian 
rice farmer. Agric. Mech. in Asia. Summer, 1977, pp. 21-30. 

Zavitz, 	C. A. 1927. Forty years experiments with grain crops. Ontario Agric. 
Coll. Bull. 332. 

<I/
 


