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These results are different from
those reported by Finlay (1975}, who
observed that in maize/soyabean
and sorghum/soyabean intercrops an
alternate-row arrangement was
superior to planting in the same-
hole or on the same row. The
results in the present study could
have been due to the fact that
maize/bean intercropping in the
same hole achieved a higher number
of plants, better distributed over the
area, and thus improved
interception of light. This is
supported in the literature where it
is found that better utilization of
radiation is responsible for yield
increases due to intercropping
(Baker and Yusuf, 1976; Willey and
Osiru, 1972; Willey, 1979).
However, factors in addition to
better light interception could be
responsible for the superior
performance of the maize/bean
intercrop in the same hole. This
could result from the suggested
transfer of nitrogen from a legume
to a non-legume (Agboola and
Fayemi, 1971; Finlay, 1975). As
suggested by Thompson (1977) and
Willey (1979), the depletion of
nitrogen by the cereal could have
resulted in increased nitrogen
fixation. Crops planted in the same
hole will have had the greatest root
contact. Thus the beans could have
been stimulated to a greater
nitrogen fixation in the same hole
intercropping system.

Such factors could have been
responsible for the favourable effects
produced in the same hole
maize\soyabean and maize\cowpea
intercrops as reported by Osiru and
Willey (1972), Trenbath (1974), and
Keswani et al. (1977).

Summary and Conclusions

The change from sole crop to
intercrop conditions significantly
reduced the yield of each component
crop, but did not significantly affect
the yield components. Intercropping
both crop components in the same
hole rather than maize\bean
intercrop 1:1 row; maize\bean

intercrop alternate within the same
row gave the largest number of
harvestable plants and highest grain
yield.

Four methods of evaluating yield
advantages: LER; SLER; RYT and
Monetary Value (Tsh.), were applied
to the intercropping data. In all the
methods used, inaize/bean intercrop
in the same hole consistently gave
the highest yield advantage. This
was followed by the maize/bean
intercrop alternate within the same
row and finally the maize/bean
intercrop 1:1 row.

Before recommendations to farmers
on maize/bean intercrop planting
patterns are possible, other
parameters related to economic
viability of the intercrop and social
acceptability of the component
varieties need to be assessed with
farmers under their conditions.
Similar trials are now being
conducted on-farm under the
Farming Systems Research (FSR)
project sponsored by the
International Development Research
Centre (IDRC), Ottawa in two
villages.
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Table 1. Soil characteristics (of samples taken at 0-15 cm depth) at the experimental site during the 1987 and
1988 cropping seasons.

Method of
Characteristic Determination Results Remarks
Soil texture
% Sand 50 Sandy clay
% Silt Hydrometer 17 loam
% Clay 33
pH (1:1 water) pH-meter 6.0 Slightly
acidic
% Total Nitrogen Semi-micro 0.1 Medium
kjeldahl
Extractable
Phosphorus (ppm) Bray and 1.25 Low
Kurtz, 1945
Extractable
Potassium (me/100g) Ammonium acetate
saturation 0.45 Medium
Table 2, Environmental data for the 1987 and 1988 cropping seasons (March-July).
Total Mean Mean Mean
rainfall air temp humidity Radiation
Month Date (mm) (°C) (%) (MJm2)
Max. Min.
March 1-4 (21.8)* (32.8) (22.0) (63.3) (18.9)
3.3 34.6 21.8 42.0 211
15-31 (43.9) (31.8) (21.2) (56.2) (18.9)
188.6 30.5 21.6 62.5 14.7
April 1-14 (76.3) (31.7) (21.3) (62.7) (17.2)
33.5 30.5 21.1 61.6 7.4
15-30 (28.4) (29.4) (20.7) (68.6) (14.3)
53.5 30.4 21.4 64.6 55
May 1-14 (104.3) (28.7) (19.7) (70.5) (14.0)
4.8 29.5 18.2 84.1 14.9
15-31 (28.4) (29.1) (18.7) (67.7) (14.6)
7.9 29.8 18.7 87.4 14.2
June 1-14 (0.0) (28.4) (16.3) (57.0) (13.9)
15-31 227 27.0 18.7 57.7 14.2
July 1-14 (3.3) (28.2) (14.3) (52.5) (15.2)
15-31 0.0 28.8 18.2 52.6 13.3
(14.8)
14.6
(307.1)
336.5

Source: Sokoine University of Agriculture Meteorological Station.
* Data in parentheses correspond to the 1987 cropping season.
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Table 3. Treatment and plant population per hectare.

Plant population

pet hectare

Treatment Maize Beans

Maize monoculture 44,444 -
Bean monoculture - 111,111
Maize/Bean

intercrop In the 44 444 111,111
same hole

Maize/Bean

intercrop 1:1 row 22,222 55,556
Maize/Bean Intercrop

alternate within the 22,222 22,222

same row

Table 4. Grain yield, total dry matter of sole and Iintercrops of malze beans.

Treatment

1987

1988

Graln yleld in kg/ha

1987

Beans
1988

1987

Total dry matter in kg/ha

Maize
1988

Beans

1987

1988

Maize
monoculture

Bean
monoculture

Maize/Bean
Intercrop

in the same
hole

Maize/Bean
intercrop
1.1 rows

Maize/Bean
intercrop
alternate
within same
row

1840

1810

943°

893

1567+

1487+

883°

904"

701*

495°

424°

389®

718+

415°

373

340°

4658*

4409°

2300°

2689°

3888°

4001®

19974

2773°

2009°

1909°

11434

11100

1855*

1903+

1066%

1119°

Mean

SE

CV%

1371
453
33

1212
320
26

5652
146
26

561
208
37

3514
1032
29

3164
827
26

1543
417
27

1486
394
26

.

Means within the same column followed by the same letter are not significantly different using the Duncan’s Muitiple Range

Test at P= 0.05.
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Table 5. Grain yleld per plant of sole and intercrops of maize and bean

Graln yield per plant(g)

Treatment Maize Beans
1987 1988 1987 1988

Maize monoculture 37.1+ 33 - -

Bean monoculture - - 4.1¢ 3.8

Maize/Bean intercrop
in the same hole 35.6* 28.9 2.5° 2.9*

Malze/Bean intercrop
1:1 rows 36.9* 31,7+ 3.1* 2.8

Maize/Bean Intercrop
alternate within the

same row 33.4° 32.9* 2.9° 3.0°
Mean 35.6 31.6 3.2 3.1

SE 1.5 1.6 0.6 0.4
CV% 4.1 52 18.7 12.7

* Means within the same column followed by the same letter are not significantly different using
the Duncan’s Muitiple Range Test at P=0.05

Table 6. Evaluation of intercrop yleld advantages.

Method of evaluation used

Monetary Values

LER SLER RTY Maize Total Beans Total

1987 1988 1987 1988 1987 1988 1987 1988 Tsh. 1987 1988 Tsh.
Maize monoculture - - - - - - 15088* 12849* 27937 - - -
Bean mor.oculture - - - - - - - - - 15148* 15511 30,659
Malize/Bean intercrop
in the same hole 1.6 15 15 15 1.7 1.5 14849*® 12278* 27127 9163®* 8973* 18,136
Bean/Maize
intercrop 1:1 row 12 11 - - 1.1 1.2 7736® 7244> 14980 9163* 8065> 17,228
Bean/Maize
Intercrop alternate
within the same row 1.0 1.1 - - 1.1 1.1 7325° 7414 14739 8422% 7353° 15,775
Mean - - - - - - 11249 9946 - 10474 9976 -
SE - - - - - - 3722 2626 - 2715 3247 -
cv - - - - - - 33.3 26.4 - 25.9 33.5 -

* Means within the same column followed by the same letter are not significantly different using Duncan’s Multiple Range Test at P=0.05.



Effect of Chronological Arrangement, Spatial Arrangement and
Varietal Combination on Yield and Economic Feasibility
of Maize + Cowpea Intercropped
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Abstract

P.O. Box 1639, Accra, Ghana

The advantages of intercropping cereals with grain legumes are often limited by inappropriate planting dates,
spatial arrangements and varietal combinations. Field studies were carried out in the forest and transition zones of
Ghana to determine the effect of combinations of these factors on the ngricultural and economic feasibility of
intercropping maize and cowpea. Results have shown that simultaneously intercropping maize (Dobidi or Aburotia)

with cowpea (Soronko) in double rows is a viable alternative for cowpea farmers. Intercropping combinations make
better use of the land, generate higher benefits, reduce economic risk and enhance diet diversification.

Introduction

Farmers in Ghana intercrop cereals
with grain legumes. These systems
are managed with low technology
(low yielding varieties, low use of
inputs) which may often lead to low
vield and income. Common
combinations found include maize
Zea mays) + cowpea (Vigna
unguiculata), sorghum (Sorghum
bicolor) + millet (Pennisetum
americanum), maize + groundnut
(Arachis hypogaea) and cereals +
bambara nut (Voandzeia
subterranea). Efficiency of land use,
increased net benefit and diet
diversification are some of the
advantages of these systems.

It has often been reported that
maize depresses the yield of legumes
when intercropped. Reported
legume yield depressions include for
gsoybean (Wahua and Miller, 1978
and IITA, 1981), groundnut (Koli,
1975 and Mutsaers, 1978), beans
(Phaseolus spp) (Agboala and
Fayemi, 1971) and cowpea (Remison,
1978 and Adetiloye, 1980). Maize
yield depressions by intercropping
with legumes have also been
reported (Fayemi, 1971; Enyi, 1973;
Fisher, 1977 and Adetiloye, 1980).

Haizel (1974), Adetiloye (1980),
Cunard (1981) and IITA-SAFGRAD
{1983) have reported obtaining good
cowpea yields (>500 kg/ha) by
intercropping simultaneously and by
manipulating cereal row spacings
and cowpea population. Isenmilla ez
al. (1981) observed that yield loss of
cowpea intercropped with maize
could be reduced from 68 to 48% by
selecting the proper varietal
combination.

The field experiments reported here
were carried out in Ghana between
1986 and 1988 to study the effect of
varietal combination, spatial and
chronological arrangements on the
agro-economic feasibility of
intercropping maize and cowpea.

Materials and Methods

19886 Trial

Field experiments were conducted at
Ejura (forest-savannah transition
zone) and Fumesua (forest zone)
experiment stations during the
major season (April-August 1986).

A split plot design was used to
evaluate three spatial arrangements
(Figure 1) and three chronological
arrangements (i.e. time of planting
maize).

Both maize (‘Aburotia’) and cowpea
(‘Asontem’) plant populations were
held constant at 100% of the
monocrop population (62,500 and
125,000 plants/ha respectively) for
all the spatial arrangements. Maize
was interplanted into the cowpea
stand at three different times;
simultaneously, 5 days after
planting cowpea (5 DAP) and 10
days after planting cowpea (10
DAP). The maize was fertilized
with 80 kg N, 40 kg P,O, and 40 kg
K,O per ha. Pre- and post-
flowering insects were controlled in
cowpea. Partial costs and marginal
rates of return (MRR) were
estimated.

1987 Trial

A field trial was conducted at
Fumesua experiment station to
determine suitable varietal
combinations and spatial
arrangements for intercropping
maize and cowpea. Two varieties of
maize, ‘Dobidi’ (120 days to
maturity) and ‘Aburotia’ (105 days),
were simultaneously intercropped
with two cowpea varieties, ‘Soronko’
(80 days) and ‘Asontem’ (65 days) in
three spatial arrangements (Figure
2). Treatments were distributed in
the field in randomized complete
blocks with a factorial arrangement.
Sole crops were included for
comparison.

Maize was fertilized with 76 kg N
and 50 kg P,O, per hectare. Cowpea
was protected against pre- and post-
flowering insects. Weeds were
controlled by hand, two and four
weeks after planting.

1988 Trial

Two maize vaneties, ‘Dobidi’ (120
days) and ‘Aburotia’ (105 days) were
simultaneously intercropped with
two cowpea varieties ‘Soronko’ (80
days) and ‘IT82D-716’ (65 days) to
evaluate four varietal combinations
for intercropping. The treatments
were distributed in the field in four
randomized complete blocks in a 2 x
2 factorial arrangement.

Double rows of cowpea were
simultaneously planted between two
rows of maize. Plant population for
monocrop and intercrop maize was
62,500 plants/ha (0.8 x 0.4m, 2
plants/hill). Monocrop and intercrop
Soronko and IT82D-716 populations
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were 125,000 plants/ha. Maize was
fertilized with 76 kg N and 50 kg
P,O, per ha. Cowpea was protected
against pre- and post- flowering
insects.

Results and Discussion

1986 Trial

Maize grain yield was adversely
affected by spatial arrangement
(Table 1). In general maize grain
yield was higher when sole cropped
and decreased with delays in
planting. Double rows of cowpea
reduced maize grain yield, especially
when maize planting was delayed.
The lowest yields (0.7 and 2.2 t/ha)
were observed for double rows -10
DAP at Fumesua and Ejura,
respectively. The highest yield (6.9
t/ha) was observed at Ejura with
maize sole crop -5 DAP.

In general, intercropping maize into
cowpea stands increased cowpea
grain yield (Table 1). Visual
observations suggest the possibility
of a fertilizer effect on cowpea. Plots
with double rows of cowpea
consistently outyielded those with
alternate rows and sole crop cowpea,
particularly when maize planting
wasg delayed 10 days. The data
suggest that the cowpea variety
used exerts strong competition for
goil moisture and nutrients.

When maize and cowpea are planted
simultaneously, moving from sole
crop cowpea (Option B) to double
rows intercropped (Option C)
presents an economically attractive
alternative (Tables 2 and 3). The
highest net benefits (Cedis 101,317
and Cedis 139,785) and highest
MRR (524 and 570%) observed for
Fumesua and Ejura respectively.
Similar trends were observed for the
other maize planting dates. For
those farmers wirhing to distribute
the labour demand, intercropping 5
DAP is a viable alternative.

1987 Trial

Land Equivalent Ratio (ILER) was
higher than one for all the intercrop
combinations. This indicated a
more efficient use of land when
maize and cowpea are intercropped
(Table 4). Double rows of cowpea in
all varietal combinations and spatial
arrangements gave the highest LER
values observed (Table 4).

Results of a partial costs analysis
indicate that double rows of cowpea
generate the highest net benefit
(Table 4). Asontem intercropped
with Dobidi in double rows resulted
in the highest net benefit (Cedis
119,362/ha) followed closely by the
Soronko + Dobidi combination
(Cedis 100,911/ha). A marginal rate
of return analysis showed that if a
farmer growing solecrop Soronko
decides to intercrop with Dobidi, for
every additional 100 Cedis invested,
the farmer would recover 190 Cedis

(Table 5).

When intercropped, Soronko
outyields Asontem by 20%.
However, in sole crop, Asontem
outperforms Soronko (Table 4). The
yield depression in intercropped
Asontem may be explained by its
climbing habit, which makes
insecticide applications difficult. In
maize, Dobidi outyielded Aburotia
by 45% (Table 4).

An interaction among cowpea and
maize varieties was observed
(Figure 3). Both cowpea varieties
yielded higher when intercropped
with Aburotia. Aburotia, being
shorler, exerted less competition
than Dobidi, which has a faster
initial growth rate. Soronko proved
to be more competitive than
Asontem.

1988 Trial

Maize and cowpea yields were
reduced 23 and 47% respectively
when intercropped (Table 6). Maize
yield, which ranged from 1.9 to 2.9 t/
ha was not affected by intercropping

maize (Table 6). Generally, cowpea
yield was higher when intercropped
with Aburotia than with Dobidi
(Table 6). While Soronko yielded
significantly higher in the Aburotia
+ Soronko combination, the yield of
1T82D-716 was similarly depressed
in both combinations.

LER values (Table 6) for all
intercrop combinations were all
greater than one. Aburotia
intercropped with Soronko gave the
highest LER value (1.53) followed by
the Dobidi + Soronko combination
(1.40), the lowest LER value (1.04)
was observed in the Aburotia +
IT82D-716 combination.

The Dobidi + Soronko and Aburotia
+ Soronko combination generated
the highest net henefit (Cedis
102,803 and Cedis 102,262,
respectively) and the more
attractive MRR (Table 7). Both
intercrop combinations with I'T82D-
716 had a negative MRR (Table 7),
indicating that this variety is not
suitable for intercropping.

Conclusions

The economic analyses and
agronomic data suggest that
intercropping simultaneously maize
and cowpea in double rows is an
attractive alternative for cowpea
farmers. Soronko intercropped
either with Dobidi or Aburotia are
appropriate varietal combinations.
However for those farmers wishing
to spread the labour demand,
intercropping maize b days after
planting cowpea is also viable.
These alternatives, besides reducing
rigks, increase net benefit and MRR.
Therefore, it is recommended that
these results be verified on-farm.
Asontem and IT82D-716 are not
suitable for intercropping with
Dobidi and Aburotia.
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Table 1. Maize grain yleld (t/ha at 15% moisture) and cowpea grain yleld (t/ha at 13% moisture) as affected by
spatial arrangement and date of planting, 1986.

Fumesua Ejura

Treatments Aburotia Asontem Aburotla Asontem
Simuitaneous

Sole crop . 2.86 1.22 5.72 1.28

Alternate Rows 1.55 1.28 3.63 0.84

Double Rows 1.75 1.28 3.10 1.16
5 DAP

Sole crop 2.29 0.91 6.90 1.53

Alternate Rows 0.90 1.25 3.73 0.94

Double Rows 0.77 1.38 3.53 1.31
10 DAP

Sole crop 1.91 0.94 5.20 1.31

Alternate Rows 1.12 1.38 2.45 1.22

Double Rows 0.70 1.50 2.20 1.28

CV(%) ' 38.5 16.5 20.4 17.6

LSD(P=0.01) 0.86 0.37 1.63 0.42

Table 2. Net Benefit of Maize + Cowpea Intercropped as Affected by Arrangement and Maize Planting Date, 1986.

Solecrop Solecrop Alternate Double
Time of Maize Cowpea Rows Rows
malze planting (A) (B) (C) (D)

Cedis/ha

FUMESUA
Simuitaneous 49,206 ‘ 69,428 96,965 101,317
5 DAP 37,603 47,800 81,489 87,410
10 DAP 29,822 49,959 94,772 94,611
EJURA
Simultaneous 108,078 73,754 109,558 120,276
5 DAP 132,360 91,056 117,927 139,785
10 DAP 97,457 75,913 111,281 110,406

IUS$ = 60 Cedis
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Table 3. Marginal Rates of Return as Atfected by Spatial Arrangement and Maize Planting Date, 1986.

Time of maize

Marginal Rates of Return

pianting Ato C* AtoD BtoC BtoD
%

FUMESUA

Simultaneous 341 372 322 373

5 DAP 313 355 394 463

10 DAP 463 462 524 522

EJURA

Simultaneous 11 87 419 544

5 DAP Neg 53 314 570

10 DAP 99 184 414 404

* A = Malze Solecrop, B = Cowpea Solecrop
C = Alternate Rows, D = Double Rows

Table 4. Maize and Cowpea Grain Yield, LER and Net Benefit as Affected by Varietal Combinations and Spatial

Arrangement, 1987.

Cowpea  Maize Grain yleld
Spatial arrangement Variety Variety Cowpea Maize LER Net benefit
t/ha Cedis/ha
Alternate Rows Asontem + Dobidi 0.63 3.71 1.17 83,916
Double Rows Cowpea, Maize 80cm apart  Asontem + Dobidi 1.01 4.07 1.48 119,362
2 Rows Cowpea, Maize 120cm apart Asontemn + Dobidi 1.07 2.59 1.19 81,547
Alternate Rows Asontem + Aburotia 0.82 2.20 1.22 54,391
Double Rows Cowpea, Maize 80cm apart  Asontem + Aburotia 1.00 2.24 1.33 62,447
2 Rows Cowpea, Maize 120cm apart Asontem + Aburotla 1.27 1.44 1.23 55,694
Alternate Rows Soronko + Dobidi 0.69 3.35 1.26 76,243
Double Rows Cowpea, Maize 80cm apart  Soronko + Dobidi 1.20 3.48 1.68 100,911
2 Rows Cowpea, Maize 120 cm apart Soronko + Aburotia 1.13 1.19 1.37 68,980
Alternate Rows Soronko + Aburotia 1.01 2.08 1.47 60,429
Double Rows Cowpea, Malze 80cm apart  Soronko + Aburotia 1.70 1.71 1.86 79,186
2 Rows Cowpea, Maize 120cm apart Soronko + Aburotia 1.55 1.04 1.55 58,236
Sole Asontem 1.67 - 60,917
Sole Soronko 1.28 - 47,741
Sole Dobidi - 4.67 94,048
Sole Aburotia - 3.02 53,828

1 US.$ = 145 Cedis



86

Table 5. Marginal Rates of Return as Affected by Varletal Combination and

Spatial Arrangements, 1987.

Marginal rates of return’

Varietal combination BtoC" DtoC
%

Asontem + Dobidi 134 276

Asontem + Aburotia - 7.6

Soronko + Dobidi 34 190

Soronko + Aburotia 124 113

*  Other options were dominated

** B = Malze Sole crop, C = Double rows and

D = Cowpea Sole crop

Table 6. Maize and cowpea grain yield, LER and net benefits as affected by intercropping and varietal

combinations, 1988,

Grain yield

Maize Cowpea Net benefit
Treatment t’ha LER Cedis/ha
Sole crop Dobidi 3.6 89,511
Sole crop Aburotia 2.9 65,970
Sole crop Soronko 1.8 93,200
Sole crop IT82D-716 2.0 110,716
Dobidi + Soronko 2.8 1.1 1.40 102,803
Aburotia + Soronko 2.3 1.2 1.53 102,262
Dobid! + IT82D-716 2.9 0.7 1.20 85,744
Aburotia + IT82D-716 1.9 0.8 1.04 52,282
LSD (P=0.05) N.S. 0.13
CV(%) 45,6 13.5

1 US.$ = 230 Cedis

Table 7. Marginal rates of return as affected by intercropping and varietal

combination, 1988.

Marginal rates of return

Variety combination AtoC BtoC
%

Dobidi + Soronko 20 19

Aburotia + Soronko 111 52

Dobidi + IT82D-716 -13 -92

Aburotia + 1T82D-716 -45 -22

A = Sole crop Maize, B = Sole crop,

C = Intercrop
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Figure 1. Maize (M) + Cowpea (C) Spatial arrangement under study
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Planning of On-Farm Intercrop Trials

Session 4

S.R. Waddington, A. Low and P. Kunjeku, CIMMYT Southern Africa Regional
Program, P.O. Box MP 154, Mount Pleasant, Harare, Zimbabwe

Introduction

Experimentation with intercropping
in on-farm research (OFR) can be
complex and expensive. Hence OFR
experimental programs with
intercrops need to be carefully
planned and justified. The potential
number of combinations of crops,
plant densities, plant arrangements,
inputs and management practices
may be huge, but the most
appropriate choice of intercrop
pattern and management often is
not necessarily the one that
maximizes output. It is often
determined more by types and
amounts of land and labour
available to the farmer, household
food needs and preferences and
marketing conditions for the
different crops (Byerlee and Tripp,
1988). All of these factors may need
to be taken into account when
planning on-farm intercrop trials.
Planning may, therefore, become
complicated but is an essential
component of priority setting.

The basic aim of OFR trials to be
planned is to look at possible
technologies that offer potential for
increasing the productivity of
smaltholder farmers, usually within
the short term (3-5 years). Because
success depends on early adoption
by farmers, these trials are carried
out on farmers’ fields with farmer
participation.

If OFR trials are carefully designed
with clear objectives in mind, the
analysis and interpretation of
results becomes easier and much
more productive. Because
intercropping technologies can be
complex, a systematic approach to
developing clear objectives and
related appropriate treatments for
trials becomes more important than
ever.

General Aspects
of Planning

In on-farm experimentation the
emphasis ig on trials that examine
solutions to technical production
problems identified during
diagnosis. The planning of on-farm
trials is basically a process of taking
information from diagnostic sources
(surveys, agronomic monitoring
work, diagnostic trials), and results
from other trials to identify
experimental factors for
incorporation into new trials, or to
modify those factors in existing
trials. During planning we then go
on to organize trials with relevant
objectives and think about aspects of
trial design, data to collect and the
role of the farmer and the
researcher in that process. In
planning we rely on an adequate
appreciation of circumstances and
factors influencing the farming
system and the reasons farmers
have for their current practices and
variations.

In a publication widely available in
eastern and southern Africa Tripp
and Woolley (1989) describe a set of
tested step-by-step procedures for
the planning of problem orientated
OFR trials. Woolley (this volume)
covered the early steps in planning,
showing how output from diagnostic
efforts can be organized as input
into an effective planning process.
We look more closely at later steps
of planning (called ‘Identifying
possible solutions to the problems’
and ‘Evaluating possible solutions’,
by Tripp and Woolley, 1989) in the
context of developing solutions for
inclusion in on-farm intercropping
trials that address well-understood
problems. Many of the
considerations important in
planning intercrop trials can be
addressed in those steps. Additional
issues are discussed later.

Special Concerns for
Intercropping

Identifying Possible Solutions
How might the fact that we are
dealing with an intercrop affect the
choice of possible solutions?

First it is important to be clear
about which of two possibilities a
researcher is operating in:

a) Change in components of an
existing intercropping system --
where one or more modifications
of an existing farmer practice of
intercropping is to be tested.
This may address changes in
variety or management practices
for one or more of the component
gpecies.

b) Change of cropping pattern --
where one or more new intercrops
is to be tested as a replacement
for an existing farmer practice of
sole cropping, or where an
intercrop may be replaced with a
sole crop.

Change in Components of an
Existing Intercropping System
Here farmers already employ a set
of intercrop production practices to
achieve a set of outputs. Any new
technology will need to be evaluated
against the current intercrop
practice.

New technologies selected for test
will be closely related to the current
gituation, since we will be looking
towards making one or a few
changes at any one time. This
implies that the crop species and
most of the practices will be
determined by what farmers are
already doing. The modification(s)
under test may only involve one of
the component species. If the
treatments diverge too much from
current practice farmers will be less
likely to adopt the technology and
the results will be rather
meaningless, since the interaction
effects between treatments and non-
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experimental variables may be quite
different from when one or two
small modifications are applied to
farmers’ current practices.

It is also necessary to be clear about
what the farmer’s objectives of hig/
her present intercropping strategy
are. A modification may control
weeds or erosion better, but if the
farmer’s main concern is to save
labour inputs, the modification may
be unacceptable, even if it works
technically in terms of weed or
erosion control.

Modifications that change the mix of
crops must be consistent with
farmers’ demands for each of the
crops. The farmer may need to
balance all component crops in the
intercrop to satisfy dietary
requirements, spread labour peaks,
or reduce risks due to pests and
diseases or volatile markets (Reddy,
1988). In many parts of eastern and
gsouthern Africa, farmers that
practise intercropping are aiming
for a full yield of a main staple food
crop (usually a cereal like maize)
and some yield of the secondary crop
as a bonus (Reddy, 1988). Improved
technologies that raise the yield of
the secondary crop greatly but
reduce the yield of the main crop
slightly may not be considered by
farmers as suitable for adoption.

Similarly, doubling the cowpea mix
in a maize/cowpea intercrop may
increase total productivity, but if
half the cowpea leaves remain
uneaten and there is no market for
excess cowpeas, the modification
will not be acceptable.

Change of Cropping Pattern

This will usually involve substantial
changes in practices and resource
use, and will be difficult to introduce
piecemeal given farmers preferred
stepwise adoption behavior. The
implication is that few farmers will
be keen to adopt all aspects of a new
gystem at once. Appropriate
research should plan experiments to
look at different major component

groupings to suggest a range of
options and perhaps a sequence of
adoption.

Since a change in components of an
existing intercrop system is the
more common in OFR work the rest
of the paper lays emphasis on that
gituation.

Evaluating

Possible Solutions

Tripp and Woolley (1989) suggest
seven criteria to use to make sure
only possgible solutions with a high
chance of success will be included in
the experimental program.

These criteria are:

1) Probability that the technology
will function

2) Profitability

3) Compatibility with the farming
system

4) Contribution to reducing risk

5) Need for institutional support

6) Ease of testing by farmers

7) Ease of carrying out the
experimental program

We now look at aspects of these
criteria that are more relevant to
planning intercrop research.

Probability that the

technology will function

From the technical point of view
there are major doubts about the
worth of intercropping in some semi-
arid areas of Africa. For example, in
Botswana in average rainfall years
the gsorghum-cowpea intercrop
commonly employed by farmers
seems to provide only a slight
increase in LER and gross income
but it does give greater returns to
the limited resources of labour and
draught (Lightfoot and Tayler,
1987).

Care is alzo needed when planning
on-farm intercrop trials on the basis
of yield benefits or improved land
equivalent ratios (LER) obtained
from on-station trials. Such benefits
may disappear on-farm or be
masked by large amounts of

variability encountered on-farm. In
this case, a degree of flexibility on
some agronomic aspects of
intercrops is useful at the design
stage.

Profitability

In some cases profitability is likely
to be a less important criterion for
use in screening intercropping
solutions and it may be more
difficult to assess than for many
other types of interventions.
Intercrops tend to be grown by
farmers in part for subsistence and
sometimes entirely for subsistence.
In this case, non-monetary criteria
may be the most important for the
farmer.

Where it is valid to use net returns
to assess the worth of possible
intercrop technologies for inclusion
in on-farm trials, the calculations
needed are made more difficult by
multiple outputs, each of which
requires the assignment of a
different monetary value per unit of
produce.

Nevertheless, it will often be useful
to make some estimate of the likely
returns to the major scarce resource
in the system for a changed or
introduced intercrop (an example of
a partial budget for an intercrop
experiment is given in CIMMYT,
1988). If labour is scarce the
introduction of an intercrop or a
modification to an existing system
will only be acceptable if returns to
the extra labour required are
adequate.

There is conflicting evidence on
whether intercropping increases or
decreases returns to labour. Studies
show intercropping may not allow
more efficient use of labour for
weeding at least (Reddy, 1988), and
intercropping may give low cash
returns to labour (Mwania, 1988)
but other sources cite more efficient
use of labour as a major reason why
farmers adopt intercropping (Wood,
1984). More labour may be needed
per unit of land with intercrops.



91

Hand weeding or other mechanical
means are often slower in some
intercrops and herbicides more
difficult to use. These may have
implications for the spatial
arrangements of component crops in
experimental treatments, e.g.
management is easier if component
crops are on the same row.

Essentially the profitability criterion
needs to be assessed in terms of
returns to investing in, or the cost of
saving on, a unit of the output-
limiting resource(s) in the gystem,
and on a valuation of expected
outputs.

Compatibility with

the farming system

The compatibility criterion will have
vastly different implications
depending on whether we are
looking at replacing sole cropping
with intercropping or just modifying
an existing intercrop.

If the research is looking at
introducing an intercrop, the new
intercrop is likely to involve a big
shift from current management
practices and big changes in farmer
resources and knowledge may be
needed to make the technology
work. These may mean some other
important activity would have to be
modified or even discontinued,
something the farmer is not likely to
do unless the benefits from the
intercrop are large.

Modifications of current intercrops
should have fewer implications for
the system. Nevertheless these may
be important e.g. there may be a
change in labour pattern for an
earlier variety or new management
practice, or different consumer
acceptability of a new variety.

Contribution to reducing risk
How does the intercrop technology
affect risk? Most research on
intercropping indicates that
compared to a sole crop it should
reduce the risk of crop failure from
drought, pests and diseases. Most
of these findings come from humid

and sub-humid areas, but in drier
areas yield stability is little affected
(Lightfoot, Dear and Mead, 1987)
and can even decrease with
intercrops if there is excessive
competition for limited moisture.
Even in wetter areas, intercropping
may increase rigk in the farming
system if the greater labour
requirement of the intercrop
increases the likelihood of losses in
other parts of the system where the
degree of rigk is linked to labour or
to the amount of time spent on the
enterprise.

Need for institutional support
Complex intercrop interventions,
especially involving replacing a sole
crop with an intercrop, may require
training support for farmers from
the extension service. Also new
inputs such as seed may need to be
provided by support institutions.

Ease of testing by farmers

This is a function of the complexity
of the modified aspects of
technology, whether or not these can

be tried out a little at a time and the

amount of new learning needed.
Most new intercrops are quite
complex and therefore fairly difficult
for farmers to try out, particularly if
farmers have little previous
experience of intercrops or of sole
crops with the new component.
Some modifications of an existing
intercrop (e.g. change of component
genotype) may be easy to try.

Ease of carrying out the
experimental program
Experimental aspects of work with
intercrops are almost always more
difficult than for sole crop
situations.

Additional Considerations

Objectives for Intercropping

It is well recognized that the
farmers’ objective in intercropping is
often more than a desire to
maximize output (e.g. Willey, 1985;
Byerlee and Tripp, 1988). The
farmer will have to contend with

various practical constraints that
determine what amounts or
proportions of different crops need
to be grown.

Solutions involving intercropping
may be related to a problem
concerning an existing intercrop
pattern used by the farmers, or
gome form of intercropping may be
proposed as a solution to a problem
which in itself ig not related to an
intercropping practice by farmers.

Sole Crop Plots vs Plots of

the Farmers’ Practice

Mead and Stern (1980) make it clear
that the number and type of sole
crop plots needed in intercrop trials
depends on the objectives of the
trial. As mentioned earlier, in on-
farm intercrop trials the most
common aim is to test a modified
intercrop against the farmer’s
current intercrop. There is often
little thought of sole crops being a
realistic alternative that may be
taken up by the farmer. In these
trials the use of sole crop plots is
wasteful of researcher effort and
farm space since calculations of LER
are of marginal value.

Usually the important comparison is
between the new technology and the
farmer’s current intercrop
technology. Thus, far more
important than plots of sole crops
are plots of the farmer’s current
practice or expected practice in
several years time. As with other
on-farm trials the non-experimental
variables should normally be set at
current farmer levels. Even
defining a current farmer level for
inclusion as a treatment may raise
difficulties with intercrop trials,
because there is more chance for
variation in spatial pattern of the
component crops etc. (e.g. Mwania,
1988).

It may be useful to calculate LERs if
land is clearly a limiting resource.
This should be checked before
including sole crop plots that allow
the LER to be calculated. Even
then, the use of sole crop plots can
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only he justified if a likely option for
farmers is a move away from
intercropping to sole cropping.

Output Comparisons

During the planning of trials it is
important to make tentative
decisions about how the trial may be
analyzed and assessed. This will
help decide the types of data to be
collected.

When analyzing OFR intercrop
trials, often the most meaningful
comparison for the farmer is total
output from one or more
experimental intercrops and total
output from the farmer’s existing
intercrop or sole crop. In this
situation, use of methods that place
outputs on a comparable basis is
necessary to assess possible
advantages. At its simplest then,
this would involve some way of
combining one economic yield
component each from two crops, e.g.
maize grain and bean seeds, but
may need to involve multiple parts
of three or more plants, all with
different values to the farmer.

Possibilities are to use some
indicator of nutritional value (e.g.
calorie output) or to weight yields or
other outputs according to monetary
value. Choice of method will depend
on uees to which the farmer puts the
output. In an area where there is a
ready market and where the farmer
gells at least some of the output
then combined monetary value per
unit of output is most appropriate.
Most farmers in eastern and
southern Africa have access to a
market and monetary value should
be more appropriate in most cases.
The monetary values (or nutritional
values) will be calculated per plot
and then be subjected to analysis of
variance. Obtaining the relevant
money and nutritional values to
apply to the outputs then becomes
an important aspect of the trial.

Willey (1985) has reviewed ways of
evaluating outputs from practical
intercropping trials and the units to
use.

Given the multiple objectives of
intercropping, as with other more
‘subsistence’ orientated cropping,
there may be a strong role for
farmer assessment of intercropping
alternatives.

Farmer Participation in
Planning Intercrop Trials

The acceptance or rejection of a new
intercrop technology is the farmers’
decision. There will be more chance
of acceptance if the farmer was
involved in orientating the research
during key stages in the research
process.

Farmer participation in
implementing and evaluating on-
farm trials has recently been given a
lot of space in journals (e.g.
Farrington and other papers in the
July 1988 edition of Experimental
Agriculture). Adequate farmer
participation is even more critical
and cost-effective in work on
complex systems such as intercrops,
than with simpler crop systems (e.g.
Sumberg and Okali, 1988). Farmers
should be involved in defining the
research agenda, the conduct of
research, evaluation of results and
dissemination of findings. For these
complex and variable systems the
role of OFR is more to develop an
understanding of the range of
management options available to
farmers and how they can use those
options to fulfil their various
objectives, rather than to come up
with a prescriptive, rigid
recommendation (Sumberg and
Okali, 1988). Farmers’ views on
possible intercrop technologies need
to be taken into account in planning
(as well as clearly in evaluation) if
likely technical benefits of a new
intercrop technology are also going
to be perceived as benefits by
farmers. Planning for farmner
participation in implementing and
evaluating intercrop trials is
important as well.

Intra-household Considerations
Intra-household issues may become
a particularly important factor to
consider in intercropping trials
because the questions about “who
does what work when?”, “who
controls the resources and makes
the decisions?”, “who benefits?”
(Feldstein, Poats & Rocheleau, 1987)
may become conflicting in
intercropping situations, especially
where the intercrop includes both
cash and subsistence crops.

For example the “who does what
work when?” question may be
complex where one crop in an
intercrop is planted by females and
the other by males. Then decisions
on the preferred resource allocations
within the intercrop may differ
according to gender. Sikana (1987)
describes how separate field days for
men and women in Northern
Province, Zambia clearly
demonstrated that women were
most interested in bean trials, while
the men expressed most interest in
hybrid maize trials.

Other experience from Zambia
(Chabala and Ngwiru, 1986)
indicates how gender can influence
the acceptability of intercropping
interventions. Maize/beans
intercrop trials were introduced to
alleviate labour shortages in land
preparation, where maize and beans
had been cropped separately before.
Males were enthusiastic about the
trial, but females were not, since
they saw a threat to their
independent control of the bean
output if the beans were mixed with
maize -- a male dominated crop.

Balancing out such conflicts is
clearly a difficult, perhaps
impossible task. Nevertheless, good
intercrop planning requires that the
researcher remains aware of such
irsues, even if it i not possible to
fully account for them in the trial
design.
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lysine content (467 mg/gN). Not
only does a maize/cowpea intercrop
produce an approximately 10%
higher crude protein yield than sole
cropped maize but this protein can
be also better utilized in the human
diet (Ahmed and Gunasena, 1979).
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Figure 1. Diagrammatic presentation of a method of evaluating intercropping systems by convenrting

yields to “energy"”
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Using a Farmer Survey in the Evaluation
of Intercropping Trials On-Farm
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Introduction

This paper discusses the evaluation
of on-farm intercropping trials. The
type of research covered is that
conducted at a very applied level,
with a view to testing improved
technology or conducting exploratory
trials under farmers’ conditions.
The argument is that farmers
should be fully involved in the
evaluation of new technology with
reduced reliance on conventional
statistical methods of experimental
evaluation. Farmer assessment is
emphasized during evaluation
because the acceptance or rejection
of a new intercropping technology is
the farmers’ decision.

The emphasis placed on farmer
evaluation does not override the
value of existing methods to
evaluate intercropping trials.
Measures such as “land equivalent
ratios”, “returns to scarce
resources”, “returns to cash”,
“expected net returns” and
“nutritional values” are all useful
tools for screening intercropping
technologies (Steiner, 1984; Beets
1982; Chowdry, 1979). However, it
is argued that these methods are
more relevant and more easy to
apply when on-station type
experimental designs are used and
yield data is reliable.

The use of farmer evaluation
methods takes into account farmers’
intercropping objectives. Where
intercropping is practised a
multiplicity of objectives prevail
(Jodha, 1979). To make the
research results meaningful, the
evaluation should take into account
all the farmers objectives. A single
measure of outcome is therefore
unlikely to cover the farmers’
interests completely. Rather than
develop complex statistical
measures and procedures to cover
multiple objectives, it is more cost-
effective to conduct a qualitative
evaluation of on-farm intercropping
experiments, with maximum
involvement from farmers.

A qualitative evaluation is
advocated, not only because more
complex methods of experimental
evaluation are difficult to implement
on-farm, but because it also
orientates the research more to the
target group of farmers to whom the
recommendations are intended. The
paper describes qualitative
experimental evaluation using a
very simple questionnaire-based
survey to assess the benefits of
intercropping innovations on-farm.
A questionnaire is advocated
because it enables a systematic
collection of farmer opinion about a
new technology quickly and at a low
cost.

Before implementing a survey, it is
necessary to look at the kinds of
factors which the farmer is likely to
consider in evaluating intercropping
technologies.

Questions to Consider
in Evaluating
Intercropping Trials

A number of questions may be
considered when evaluating an
intercropping trial on-farm. While
most of these should normaliy have
been considered in the planning of
the trial, it is useful to reconsider
them before embarking on trial
evaluation.

What is the farmers’ current
objective in intercropping?
This basic question should be
reconsidered because it sets the
scene for more detailed questions.
While researchers often justify
intercropping in relation to higher
returns to scarce factors (land,
labour or cash), or reduction of rigk,
farmers may see things differently.
For example, diet diversity and
timeliness of food supply may be
more important to the farmer than
any of the factors considered
important by the researcher. For
this reason the farmer may
concentrate on the intercropping of

food crops in fields reserved for
household consumption, while the
researchers may be testing the
suitability of new varieties of cash
crops (such as hybrid maize and
high value legumes) for
intercropping.

What will be measured as
output?

Often the farmer will value other
paris of the crop in addition to the
grain, such as the leaves and the
stem residue. Iflegumes or other
plants such as cassava and sweet
potatoes with edible leaves are being
intercropped, will the leaves be
measured, and how? Is the residue
valued as animal fodder?

What are the labour
implications?

The technology in the trial may
demand extra labour during the
peak labour periods such as land
preparation, planting, weeding, pest
control and harvesting. Does the
trial have implications for labour
use and distribution in the
household? For example, in Zambia
analysis of intercropping trials in
Luapula Province has included a
computation of the impact of new
technologies on female labour (GRZ,
1987).

Has intercropping changed the
nature or timing of

operations?

While intercropping may increase
returns to scarce resources it may at
the same time make certain
operations more difficult for the
farmer. For example, if different
row sgpacings are introduced in a
gystem where farmers usually plant
behind the plough, the farmer may
be forced to change the system of
planting.

If row spacing remains the same,
the timing of other operations such
as mechanical weeding may have to
be changed in order to accommodate
intercropping. For example, in
cases where farmers use a ridger or
plough to ridge up the stems in
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order to cover top-dressed fertilizer
and smother weeds in the row, the

intercropped plants (such as beans)
may be adversely affected.

What are the cash implications?
Does the technology involve a
greater investment of cash? Is extra
cash required during a critical
period? Is one of the crops, such as
the maize, likely to be part of a
credit package and if so what will be
the effect of this on ability to repay
the loan? Who will benefit from sale
of any of the crops?

What are the risk implications?
If adequate experimental data is
available from past research to
support results on-farm, it may be
possible to gauge the risk
implications of the new technology.
Does the technology carry greater
rigks than the farmers’ current
practice, or does it reduce the
farmers’ risks?

What are the land implications?
Intercropping is often associated
with land scarcity. Will more land
be required in order to fully
implement the technology if the
farmer is to meet current targets for
particular crops? For example, if
maize is to be intercropped with a
legume, even though the value of
yield of the combined crops may be
higher from a given land area, the
farmer may still require more land
in order to produce a given target of
the staple crop.

How does the technology relate
to decision making within

the household?

The technology may affect household
decision making. For example, if
the technology involves
intercropping a cash crop controlled
by men with a food crop controlled
by women adoption may not occur
For example, a mnaize bean
intercropping trial conducted in
Zambia showed very promising
returns to land and labour but the
technology was not accepted because
in that particular area maize is a

cash crop controlled mainly be men
while beans is both a food and cash
crop, normally grown in separate
fields controlled by women. The
men farmers wanted to claim the
beans intercropped with the maize
as their crop to be sold for cash, but
the women objected to this (Chabala
& Ngwiru 1986).

How will the technology affect
household food supply?

The production of more food crops
does not necessarily mean an
improvement in the household food
supply. Asindicated in the above
example, some intercropping
situations have the effect of’
converting a food crop such as beans
into a cash crop and thereby
weakening the household food base.

Are new crops or varieties being
introduced through
intercropping?

When new crops and varieties are
being introduced into the system it
may be difficult to get the views of
farmers on the intercropping
technology being proposed.
Introducing too many new things
into an experiment malkes it difficult
for the farmer to evaluate. For
example if a new bean variety is
included in a maize/bean
intercropping system where beans
are normally grown as a sole crop,
the farmer may have difficulty in
evaluating both the new variety and
the intercropping patterns.

What are the chances that
inputs required will be
available?

This is a very important question
when new crops or varieties are
being introduced into the system. It
may be difficult to get seed
companies to produce enough seed
for legume crops such as beans and
groundnuts.

This list of questions ix not
exhaustive, and it will not be
possible to cover all aspects fully
using a simple farmer survey
However, it is useful to go though

such a list before implementing a
survey in order to identify the issues
which are likely to be important for
the target group farmers.

Implementing a Survey for
Evaluating On-farm Tvrials

Intercropping trials provide a
particularly good opportunity to
involve the farmers in the
evaluation of a new technology. The
differences between treatments are
by comparison with other types of
trial, very easy for the farmer to
identify and understand. However,
accurate measurement of output
from the trial is likely to be more
difficult than with other types of
trial due to differences in crop
maturity and the tendency of
farmers to harvest parts of the trial,
such as green leaves and fresh
grains, as they mature. Because of
problems of accurate measurement,
the qualitative aspect of evaluation
assumes relatively greater
importance compared with other
types of evaluation method.

While surveys are sometimes
tedious and time consuming, they
can provide very useful feedback
from the farmer to assist with the
overall design and direction of
research. It is usually dangerous to
simply ask a few farmers what they
think about the trial, or to expect
farmers to volunteer comments
during field days or when the
researcher is visiting the trial. On
guch occasions, the farmer often
keeps quiet or, wanting to be polite
and pleasant, restricts comments to
aspects of the trial which will not
oftfend the researchers or other
important visitors present.
Moreover, the researcher has a
tendency to remember only the
comments which support what he or
she has read in the literature or
experienced in other situations.

While surveys always give valuable
feedback on a trial, they will be
particularly useful if the questions
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listed above have not been
considered during the planning of
the trial.

A simple open-ended questionnaire
is the best format for collecting data.
Leading questions should be avoided
in favour of open-ended questions
which enable the farmer to present
his or her views. The questionnaire
can be divided into four parts, as in
the example provided in Annex 1.

The first part contains basic
information on both the farmer and
the trial. It is important, when
looking at differences in response
between farmers, to look at how
these relate to basic differences in
resource base, cropping choices and
household structure. To relate such
differences in household
characteristics to the types of
responses obtained will usually
require a sample size of 15-20 at a
minimum.

The second part of the questionnaire
concentrates on a treatment by
treatment evaluation of advantages
and disadvantages.

The third part is a simple ranking
by the farmer of the different
treatments in the trial.

Finally, and very important, the last
part contains general comments
from the farmer. In completing this
part a statement of what, if
anything, he or she intends to copy
from the trial on a larger scale the
following season should be recorded.

In the last three parts, appropriate
follow-up questions, such as “why
did you rank this treatment 1st?”
are very important as they provide
valuable insights into what is
important for the farmer, and what
his or her evaluation criteria are.

Both husband and wife should be
involved in the survey. Husbands
and wives may rank the same
treatments differently and may have
completely different feelings for a

treatment. If only one sex is
represented this should be indicated
on the questionnaire.

A survey can be conducted by the
trial assistant under the supervision
of the agronomist or social scientist
involved with the trial programme.
It is vital for the researchers
involved in the design of the trials to
be involved in the design of the
questionnaire and implementation
of the survey. It is also essential
that the survey be carried out at the
site of the trial while the crops are
in the field. If both husband and
wife are available for interview each
should be questioned separately.
This will ensure that gender
differences are captured as well as
increase the number of respondents
available for analysis.

While it is normally only possible to
conduct one evaluation survey
during the season, the survey can be
repeated if necessary, focussing on
critical cultural practices and/or
stages of crop growth.

The points made above are now
illustrated by describing a survey
conducted to evaluate an on-farm
intercropping trial in Lusaka
Province, Zambia.

Farmer Evaluation of an
Intercropping Trial in
Lusaka Province, Zambia

The trial was an exploratory trial,
attempting to test novel types of
intercropping in a system where
intercropping was practised only on
a very modest scale. Rather than
modify the existing system of
intercropping (involving earlier
planted maize at low densities with
other food crops), the trial aimed to
substitute the mono-cropping of late
planted maize with maize
intercropped at high rates with
either sunflower, beans or cowpeas.
There were two types of crop mix;
inter-rows of maize and the
intercrop or within-row mixtures
with maize. All was at a standard

row-gpacing of every third furrow of
the ox plough. The trial was planted
at 16 sites with two replications at
each site.

The aim of the trial was to examine
ways of reducing rigk to the farmer.
Many farmers normally plant their
maize very late in the season,
thereby losing yield. An intercrop of
a shorter duration would reduce the
risk of crop failure and also increase
returns to the land cultivated. It
was not thought feasible to replace
maize with a shorter season crop
because maize is the farmers’ staple
food.

The farmer evaluation was
conducted by administering a
questionnaire to 15 of the 16
farmers hosting the trial including
five women and 10 men. The
questionnaire was administered at
the site of the trial just before
harvest.

Farmers’ Ranking

The ranking was easy to implement,
but had to be interpreted with
caution (Table 1). A high ranking
did not mean the farmer would
adopt the practice. Many farmers
ranked certain intercropping
treatments as first but at the same
time reported no advantages of
these over their current practice.
However the ranking was
particularly useful in getting
farmers to pick out the most
promising treatments from the trial.

While the ranking by most farmers
revealed a clear preference to
continue with mono-cropping late
planted maize, several ranked
intercropping of alternate rows of
maize and beans as first. The
ranking indicated a preference for
intercrops in alternate rows, rather
than for the crops mixed in the row.
Two farmers ranked high the
intercropping of maize/sunflower in
alternate rows. However they
expressed a preference to plant the
two crops separately (in both cases
the sole maize was planted on a
poorer part of the trial site).
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Comments on Advantages and
Disadvantages

In general, farmers found it easy to
discuss the advantages and
disadvantages of the treatments in
the trial. Commenting on the sole
cropping of maize, five of the
farmers lent support to the logic
behind the trial by pointing out
disadvantages such as risk of crop
failure (3 cases) and limited variety
of food crops (2 cases). Further
support was given by more
favourable comments on the sole
maize in earlier planted trials where
fertilizer had been applied, rather
than the later planted trials where
no fertilizer was applied. Most
farmers showed interest in the sole
beans treatment, particularly on the
easiness of weeding and harvesting,
and also less shading and plant
competition from maize. The
negative comment came from a
farmer whose beans were mostly
destroyed by stem-maggot. Some
farmers said the beans in the trial
were planted earlier than they
normally plant beans. They were
concerned with incompatible
planting times. All farmers were
positive about sole cowpeas, even
though cowpeas are most often
intercropped in the system.
Favourable coruments related to
good yield and also easier weeding
and harvesting. The only negative
comment related to the trial
management; too high plant
densities and too close row spacing
in the trial. All farmers preferred to
grow sunflower as a sole crop. Their
reasons included less plant
competition, easier weeding, and
better crop growth. Negative
comments related to too early
planting. Competition with food
crops was mentioned by a female
head of household who, in
retrospect, preferred to intercrop
maize with a legume instead.

Comments on mixing intercrops
with maize in rows were mainly
negative although this is the current
farmer practice. Two out of five
farmers commented positively.

Mixing maize and beans received
more favourable comments. One
farmer noted that beans did not
adversely affect the maize, and
another indicated that the practice
gave two crops from one plot and
that the maize enabled the beans to
climb. However, three farmers did
not like the practice because of
weeding difficulties. No farmers
favoured mixing cowpeas in the row
with maize although this treatment
(at much lower rates of cowpeas), is
currently practiced. However, all
farmers commenting on this trial
were men. Women may give a
different response. Disadvantages
related to weeding, plant
competition, depressed maize yields,
and harvesting were pointed out.
Mixing of maize with sunflower was
rejected outright by all farmers.
Problems mentioned included
weeding and harvesting difficulties,
and differences in crop maturity.
All farmers noted a negative effect
of sunflower on maize growth.

Comments on inter-row treatments
were more positive. One farmer felt
beans could provide fertilizer for the
maize while another noted that if
one of the crops failed the other
would survive. Another farmer said
harvesting was epsier than when
the crops are mixed in the same
row. Disadvantages mentioned
were related mainly to extra space
required to produce enough maize
for consumption. One farmer
mentioned that the maize shaded
the beans and retarded growth.
While most farmers commented
positively on the maize/cowpeas
inter-row treatment, this was not
reflected in their rankings of the
treatments. Positive comments
related mainly to the advantages
over mixing in the same rows.
These included easier harvesting,
more air/space for crops, easier
interrow cultivation, and bigger
maize coba. Farmers did not like
the inter-row maize/sunflower
arrangement but some noted that it
was at least better than mixing the
crops in the sane row.

General Comments by Farmers
These represented a fairly
consistent set of views. Although
the trial was in its second year,
most farmers had a limited
understanding of its main objective.
For example, most of the farmers
said that the seed came late and the
trial should have been planted
earlier, not realizing that
intercropping was intended as an
alternative strategy for a late
planted sole maize crop. Most
farmers also stated that there
should have been bigger plots with
fertilizer provided. Many of the
farmers had a negative attitude to
intercropping. Only one saw
intercropping as a way of
maximizing land use, and two as a
way of reducing risks. It is possible
that if more of the plots had been
planted later, the risk spreading
benefits would have come out more
strongly from farmers’ comments.

Reasgons against intercropping
related mainly to greater difficulties
in performing certain operations,
particularly weeding, ox-cultivation
and harvesting. Differences of crop
maturity were also mentioned,
particularly between sunflower and
maize. With regard to trial
management, some farmers
commented critically on the spacing
and plant densities used.

Farmers were also asked to
comment on the cooking and other
qualities of the improved varieties of
beans and cowpeas used in the trial.
No farmers objected to the colour.
Most commented on the small size
of the improved seed compared with
the local varieties, but said this
would not stop them growing it. In
terms of cooking time, no difference
was noted, but farmers interviewed
said they preferred the taste of one
of the improved beans to the other.

Value of the Survey

While some yield data were
collected, they proved very difficult
to analyze because of site to site
variation and the mixing up of some
of the treatments harvested by the
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farmer. The survey, combined with
visual ingpection of plots therefore
served as the primary method of
experimental evaluation. The
survey clearly suggested that some
of the treatments, such as inter-
cropping of maize and sunflower,
were not worth repeating. However,
the high ranking of some
treatments, particularly inter-row
maize/beans and maize/cowpeas
may warrant further investigation.
Within-row maize/cowpeas,
although ranked quite low may also
be worth repeating with more
attention on women farmers. Other
treatments are probably not worth
repeating on-farm. In view of the
complaints about waste of land,
narrower row spacings may be tried,
planting every second furrow
instead of every third furrow. If
sunflower is to be included, it could
be tried out as an intercrop in
alternate rows with beans or
cowpeas for ox-owners able to plant
their maize on time. One factor to
be very seriously considered in any
trials with cowpeas or beans is the
prospect for seed availability at the
local depots.

The factor which most hampered the
farmers’ evaluation was their
limited understanding of the trial
design and objectives. This points to
the importance of involving farmers
in the design of trials and of
encouraging field staff to clearly
explain the purpose of trials to the
farmer.

Concluding Remarks

A farmer survey ig a useful tool for a
qualitative evaluation of
intercropping trials on-farm. It can
provide very useful feedback in a
short space of time and with
minimal resources.

An evaluation survey should not
however be regarded as a substitute
for existing proven methods of
experimental evaluation but a
complement. Both qualitative and
quantitative methods are important.
Careful observation of both the trial
and farmer practice during the
growing season is still extremely
important. In the example
discussed above, during the site visit
the researchers found the farmer
busy selling green maize to
marketeers from a late planted field
adjacent to the trial. This was an
advantage of late planted maize
which had been overlooked in the
trial design. Moreover, visits to
trials revealed that site variation
had greatly distorted differences
between treatments in terms of crop
performance. This effect may not
have come out in a simple
aggregating of yields across sites.

When on-farm yield data are very
accurate, economic analysis using a
range of parameters, can effectively
complement qualitative evaluation.
Parameters for economic analysis
can be selected in the light of the
farmers’ expressed objectives for
intercropping, such as land
shortage, labour shortage, food
security and risk reduction.

However, statistical analysis,
whether agronomic or economic, can
never be substituted for asking the
farmer to evaluate the technology as
tested in his or her field.
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Annex 1.

Lusaka Province Arpt Questionnaire:
Farmer Feedback on On-Farm Trials/Tests/Observation Plots

Season. Date. Interviewer

Target Area Farmer

Trial/Test Name

Date of planting

Farmers
List of treatments: Ranking

T1

T2

T3

T4

Description of farmer practice treatment is trying to improve on (e.g. variety, cultural practice etc.)

Farmers' Reaction

Treatment 1
Advantages over farmer practice

Disadvantages

Treatment 2
Advantages over farmer practice

Disadvantages

Treatment 3
Advantages over farmer practice

Disadvantages

Treatment 4
Advantages over farmer practice

Disadvantages

Farmers' General Comments (include intention or not to adopt as last question):
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Notes to Farmer
Feedback Questionnaire

This is an all purpose instrument to
enable a quick and systematic
farmer assessment of on-farm trials,
tests and demonstrations to add to
the agronomic and economic
analysis. It can be used for a trial
with up to four treatments, in
addition to the farmer practice. The
questionnaire can be administered
once, or more often during the
season, depending on the objectives
of the trial. It may be specially
useful when researchers have
limited contact with farmers
through the growing season.

Guidelines

1. Start the interview at the trial
site with the farmer and as
many of his or her househoid
present as possible.

2. If necessary make a sketch map
of trial site showing location of
treatments - this can be done in
the “GENERAL COMMENTS”

gsection.

Description of trial to include
master number if there is one.

“List of treatments” to contain a
brief description of the different
treatments, highlighting the
differences between the
treatmentas.

“Description of farmer practice”
shiould describe what the farnier
is actually doing on most of his
or her land relevant to the
technology to be tested (e.g.
crop/varieties grown, method of
tillage, specific cultural
practices etc.). Ifit is a variety
trial record the actual variety
name the farmer is using,
rather than “local variety/saved
hybrid”. DO NOT use a blanket
description of farmer practice
derived from previous survey
work.

“FARMERS REACTION” Take
one treatment at a time, making
sure the farmer is clear about
what that particular treatment
is. Try to avoid asking
LEADING QUESTIONS, and
give the farmer time to consult
with other household members
and talk for as long as possible
before you record the response.

Table 1. Farmer ranking of treatments in the maize intercropping trial.

7. “FARMERS RANKING”, again
make sure the farmer knows
what he or she is ranking.
Don’t force the farmer to rank
and if reluctance is shown write
“NO RANKING” and give the
farmers explanation of
reluctance to rank in the
general comments section.

8. “GENERAL COMMENTS”, can
be used to follow up on the
ranking, to get reasons why
certain treatments have been
ranked first and others last.
This will allow a check against
the consistency of previous
responses on the advantages
and disadvantages of the
different treatments.

Remarks on other aspects of the
trial can also be recorded here,
especially if the farmer intends to
adopt any of the treatments, general
relevance to the farmer, trial design,
and also factors such as site
variation or seasonal effect which
have influenced the performance of
a particular treatment or the whole
trial site.

Farmer ranking 1st 2nd 3rd 4th

Sole Malze 11 4 1 2 - 18
Sole Sunflower 1 4 3 0 - 8
Sole Beans 1 2 2 1 - 6
Sole Cowpeas 0 2 2 0 = 4
Mix in Row Mz/Sf 0 1 0 7 - 8
Mix In Mz/Bns 0 1 2 3 - 6
Mix in Mz/C Peas 0 0 0 4 - 4
Alt Rows Mz/Sf 2 1 4 1 - 8
Alt Rows Mz/Bns 3 1 1 1 - 6
Alt Rows Mz/C Peas 0 2 2 0 - 4

(15 responses, plus three for split plots)



Energy, Protein and Fodder Yield as Indices
of Intercrop Productivity

O.T. Edje, SADCC/CIAT Regional Programme on Beans in Southern Africa,

Introduction

Intercropping is a popular and
traditional cropping system of long
standing. It is a strategy used by
smallholder farmers for increasing
crop yields, crop diversity and the
stability of crop production (Gomez
and Gomez, 1983).

Intercropping is popular in the
tropics (Francis, Flor and Prager,
1978) because of several advantages.
These include: increased crop yields
(Willey and Osiru, 1972; Edje, 1982),
more efficient use of labour
(Norman, 1968), soil improvement
(Agboola and Fayemi, 1972),
reduction in pest incidence (Pearson,
1958) ete.

Although intercropping is popular
among smallholder farmers in the
tropics who grow the bulk of the
food crop, little research had been
done until the 19708 when
researchers started “.....going
outside the research stations and
talking to farmers who have been
experimenting with intercropping
for centuries.” This led to renewed
interest in intercropping in Africa,
Asia and Latin America and in the
warmer parts of Australia and the
U.S.A. Consequently, according to
Rao (1984, unpublished and cited by
Francis (1986)), a total of 1986
papers had been published on
intercropping by 1980.

Methods of Evaluating
the Productivity and
Efficiency of an Intercrop

Different methods or indices have
been used for evaluating the
productivity and efficiency of
intercrops. These include the
comparison of single and combined
yields, relative yield total (RYT) (de
Wit and van den Bergh, 1965; van
den Bergh, 1968), land equivalent
ratio (LER) (IRRI, 1974, 1975), area
time equivalent ratio (ATER)
(Hiebsch and McCollum, 1987),
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staple land equivalent ratio (SLER)
(Reddy and Chetty, 1984), relative
crowding coefficient (de Wit, 1960),
aggressivity (McGilchrist, 1965),
income equivalent ratio (IER)
(Andrews and Kassam, 1976),
financial value index, crop
equivalent (Mead, 1986), bivariate
analysis (Ezumah et al, 1987) ete.
The use, abuse, advantages and
disadvantages of the above indices
have been reviewed by Willey
(1979), Mead (1986), Ofori and Stern
(1987).

Energy (joules) and
Protein Yields as Indices
of Intercrop Productivity

Two possible indices for the
evaluation of productivity of an
intercrop could be energy (joules)
and protein production from the
system (Edje, Rao and Mughogho,
1979). This is illustrated with data
from a maize and beans trial at
Bunda College of Agriculture,
Lilongwe, Malawi (Edje, et al, 1981).

Maize (MH12) and beans (Nasaka),
were planted in monoculture and in
association. Both crops were
planted on ridges spaced 0.9m
apart. Maize and beans in
association were planted on the
same ridge with maize at the middle
of the ridge and beans in two rows,
on either side of the ridge. The
plant density of maize in
monoculture or in association was
36,228 plants ha! and beans in
monoculture or in association were
planted at 219,780 plants ha!. Crop
husbandry practices were as
recommended for both cropping
systems. The crop yields are shown
in Table 1.

From the yields in Table 1 both the
energy (megajoules, MJ) and protein
vields can be calculated from
conversion tables (Platt, 1962).

Calculation of energy

from maize

According to Platt (1962), 100g of
refined maize meal (60% extraction),
called ufa in Malawi (for nsima) or
unga wa sembe in Tanzania (for
ugali), contains 354 calories or
1483.3 J, (354 x 4.19 J). From Table
1, 10348 kg of maize will produce
6209 kg of ufa (60% of 10348 =
6209). If 100g of ufa contains 1483.3
J, (or 0.0014833 MJ), 6209 kg of ufa
=92.1 MJ. By similar calculations
9974 kg ha'! of maize in association
with beans, equals 5984 kg ha! of
ufa (60% of 9974). 5984 kg of ufa
will contain 88.8 MJ.

Calculation of energy

from beans

Again using Platt’s conversion table
in which 100g of the edible portion
of bean seed contains 339 calories or
1420.4 J (339 x 4.19 J) or 0.0014204
MJ. Therefore the 1673 kg of bean
yield in monoculture will contain
23.8 MJ. By similar calculation, 760
kg ha'! of beans in association with
maize will contain 10.8 MJ.

Calculation of protein

from maize

Using Platt’s table, with 8% protein
in ufa, the 10348 kg ha'! maize yield
in monoculture should produce 6209
kg (60% of 10348) of ufa and 497
(8% of 6209). The 9974 kg of maize,
being yield of maize in association
with beans, should produce 5984 kg
of ufa (60% of 9974) and 479 (8% of
5984) of protein.

Protein from beans

Using a conservative estimate that
beans contain 20% protein, 1673 kg
(the yield of beans in monoculture)
and 760 kg (yield of beans in
association with maize) should yield
335 and 152 kg ha! of protein
respectively.

From the four calculations above we
can now construct an energy and
protein yield table (Table 2) where
the total energy for maize in
monoculture, beans in monoculture
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and the total for both crops in
asgociation are 92.1, 23.8 and 99.6
MJ, respectively. The protein yield
for the corresponding cropping
systems are: 497, 335 and 631 kg
ha’l, respectively.

Theoretical Calculation
for Feeding Humans

The Food and Agriculture
Organization (FAQ) has estimated
that a 55 kg-active person requires
10.48 KJ of energy and 65g of
protein daily (Latham, 1971). The
energy from both maize and heans
in association (99.6 MJ) should meet
the requirement of 26 persons for
one year and the same cropping
system enough protein (631 kg) for
27 persons for one year. If on the
other hand, a farmer has planted
one half hectare of his field to maize
and the other to beans (both pure
stand), the farmer could have
realized 58.0 MJ (that is half of
(92.1 + 23.8 MiJ)) enough protein for
15 persons and by similar
calculations the farmer could have
realized 416 kg of protein (half of
(497 + 335)), enonugh for 18 persons
for one year. In other words the
yields frrom the associated crop could
have produced enough food to meet
the energy and protein requirements
of 26 persons for one year compared
to only 15 persons that the yields of
maize and bean could have
supported if both crops were grown
in pure stand. Clearly humans
should not live on a diet of maize
and bean alone. This will be
monotonous, although monotony
could be reduced by the use of
various maize and bean recipes.
Nevertheless, there will be need to
include other foodstufts to meet
nutrient needs and to satisfy
appetite.

Crop Residue for
Livestock Feed

At a recent workshop in Addis
Ababa, Ethiopia, the importance of
crop residues for feeding livestock in
smallholder farming systems and
the relationship between crop and
livestock production was
emphagized (McDowell, 1988).
According to Brumby (1987), African
countries recording increases in crop
production have also recorded a
corresponding increase in livestock
numbers. Despite the importance of
this relationship and the possible
availability of farmyard manure for
crop production, most agronomists
have not included non-grain dry
matter yields in their assessment of
cropping systems. Nor have plant
breeders been concerned with non-
grain yields. The low mass of non-
grain plant parts in new cultivars
has often resulted in their low rate
of adoption by small-scale farmers.

One aren in which there is strong
dependence on crop residue for
livestock production is the Hai
District of Kilimanjaro region in
N.E. Tanzania. 1tis densely
populated with up to 650 persons
per Kin? (Shem and Davis, 1988).
Hai district has two ecological zones
(lowland, below 900m above sea
level and middle belt, 900-1800m
above sea level. Because of pressure
on land, farmers have their
homestead, their coffee, banana and
livestock in the highlands of the
middle belt and their arable fields
(mostly an intercrop of maize and
beans) in the lowlands. There is a
mean distance of about 18 km
betwecen the homestead and the
arable fields. Because there ig no
land for forage production in the
highlands, crop residues (the niost
important livestock feed) from the
arable fields in the lowlands are
tranaported on the heads of women
and children and sometimes on
pickups. Often the lower leaves of
maize are removed for livestock feed

while still greenish yellow. Maize is
also detasselled around
physiological maturity and used as
fodder.

Beans are harvested by pulling the
entire plant and carrying to the
homestead where they are shelled
and the crop residues (stems, shells,
some leaves) are fed to livestock. In
Arusha and Kilimanjaro regions, the
bean stems are preferred to maize
stover, for livestock feed, because
beans have a higher quality and
higher proportion of edible stems
than maize (Shem et al., 1988).
Farmers in the lowland zone who
have no livestock or have surplus
fodder sell the fodder at the
roadside. Here maize stover and
bean haulms sell for 2.5 and 6.5
Tanzania shillings per kg,
respectively. Large-scale farmers
who grow beans for seed, bale bean
stems for sale.

Because of the importance of crop
residues in Arusha and Kilimanjaro
regions, Shem et al., (1988) have
carried out livestock feeding trials
using bean straw. They reported
that bean straw could meet the
nutrient requirement, except for
phosphorus, of a 400 kg lactating
cow producing less than 8 kg of milk
per day.

Crop Residue Yields as an
Index of the Productivity
of a Maize/Bean Intercrop
for Livestock Feed

One other possible index of the
productivity of maize/bean
intercrops is the production of crop
residues for livestock production.

This will be illustrated using data
from a trial conducted by Edje
(1984). The trial was planted at
Bunda College of Agriculture,
Lilongwe, Malawi during the 1982/
83 crop season. Maize, MH12 and a
climbing bean cultivar, 499/5, were
used. Both crops were grown in
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monoculture and in association.
Crop husbandry practices were as
described earlier for the experiment
on energy and protein yields. Dry
matter data are given in Table 3.

Taking the weight of an average
Malawi Zebu cow as 318 kg and
agsuming that 2.5% of body weight
will be fed as dry matter per day,
then each livestock unit will
consume 7.95 kg of roughage per
day. If 7.95 kg of dry matter is fed
per day, then the 6025 kg of dry
matter from both crops in
association (from Table 3) can be fed
for 758 days. Since it takes about
165 days to fatten a steer, the
associated cropping system will
provide enough maize stover and
bean stems to feed 4.6 livestock
units. If on the other hand a farmer
had planted one half hectare of land
to maize in pure stand and the other
half to beans in monoculture, he
rhould have realized 3439 kg (*/, of
5861 + 1017). This will have
provided enough fodder to fatten 2.6
livestock units only.

It should be noted that both maize
stover and bean stems are used as
roughage. These in themselves ao
not supply sufficient energy and
crude protein for cattle production
purposes. Therefore, to balance the
energy and crude protein
requirement, supplements such as
maize bran (madeya) will have to be
used. Maize bran will not be hard to
find since it ig a by product from the
processing of maize flour (ufa). The
inclusion of bean chaff (broken bean
plant parts, mostly shellg) in the
diet could reduce the amount of
madeya fed as supplement. These
are higher in crude protein and
phosphorus than the straw alone
(Shem et al., 1988). It might also be
necessary to include molasses to
provide fermentable energy and
increase dry matter intake; and
urea for rumen micro-organisms.

The direct use of farmyard manure
to increase goil fertility and improve
soil characteristics in this system
should not be ignored. The
availability of methane gas from
biogas for lighting, cooking and
heating and the eventual use of the
effluent as farmyard manure are
also important aspects of the use of
crop residues.

Concluding Remarks

Attempts have been made in this
paper through illustrations, to show
how energy and protein from seeds
and fodder of maize and beans in
association could be ured as indices
of productivity. The calculations
made have been to some extent
theoretical, but are simple and are
easy to interpret.

These indices can produce directly
useful values e.g. the nurnuber of
humans that can be fed on grain or
livestock on fodder. It is hoped that
human and livestock nutritionists
will be able to translate these
indices into more substantive
aspects of human and livestock
health and productivity.
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Table 1. Yield of malze and beans in monoculiure and in association at

Bunda College of Agriculture.

Seed yield (Kg ha')

Treatment Maize Beans
Monoculture maize 10,348 -
Monocuiture beans - 1,673
Maize and beans In assoclation 9,974 760

Table 2. Energy (MJ) and protein yields of maize and beans In monoculture and in association

Energy (MJ ha'")

Proteins (Kg ha™)

Cropping system Maize Beans Total Maize Beans Total
Sole malze 92.1 - 92.1 497 - 497
Sole beans - 23.8 23.8 - 335 335
Maize and beans in

assoclation 88.8 10.8 99.6 479 152 631

Table 3. Dry matter (kg ha'') of maize and beans in monoculture and in

assoclation,

Dry matter (kg ha'')

Treatments Maize Beans Tolal
Sole malze 5861 - 5861
Sole beans - 1017 1017
Malze and beans

in association 5602 423 6025




Statistical Analysis of Intercropping Experiments Designed Lo
Address Basic Research Issues

Roger Mead, Department of Applied Statistics, University of Reading, Reading, RG6 2AS, England

Measurements
and Analysis

The first thing to recognize is that
there is not a single form of
statistical analysis which is
appropriate to all forms of
intercropping data. Even for a
single set of experimental data it
will be important to use several
different forms of analysis. For the
two components of an intercropping
gystem the data may occur in
different structural forms. In
general data structures from
intercropping experiments will be
complex with different forms of yield
information available for different
subsets of experimental units.

Valid Comparisons

In considering alternative
possibilities for the analysis of data
from intercropping experiments it is
essential that the principle of
comparing “like with like” is obeyed.
If yields are measured in different
units, or over different time periods,
or for different species, then in
general comparisons will not be
valid and should not be attempted.
To illustrate the difficulties and
possibilities we consider a set of ten
“treatments”. Any actual
experiment would be unlikely to
include such a diverse set of
treatments though there would
typically be several representatives
of some of the “treatment types”
illustrated. The structure for the
ten treatments is as follows:

A comparison is valid only when the
units of measurement are identical.
Thus it is valid to investigate the
effect of different cereal crops on
legume yields of one

species(? ¥ ¥ ¥ ) or of the other

species (:zjgj‘O;.BSimilarly the effect
of different legume environments on
crop yield (°;*," %)) or %% The
effects of different treatment
gystems on pairs of yields may be
assessed by comparing the pair
() with (7,%) or (7,%;) with (CAMN
Particular combinations of the pair
of yields may also be compared so
that (*,/%,+*,/°,) may be compared
with (7% +2 /" ). However it is not
valid to compare (7 +/°,) with 7/
Y, 4%/ ) because the divisors are
different. In interpretation of these
sums of ratios as ‘Land Equivalent
Ratiog’ (Willey 1979; Mead and Riley
1981) the sum of ratios is thought of
in terms of land areas required to
produce equivalent yields through
sole crops. However, land areas
required to grow crop A are not
comparable with land areas to grow
crop B. Comparison of biological
efficiency through LER’s cannot be
valid for different crop
combinations.

The only measure by which all
different component combinations
can be compared must be a variable,
such as money, to which all
component yields can be dirvectly
converted, and which has a practical
meaning.

The Variety of Forms of Analysis
The only form of analysis which
retains all the available information
is multivariate. When the
performance of each component crop
may be summarized in a single yield
then a bivariate analysis of variance
is the most powerful technique
available. However only those
experimental units for which both
yields may be measured can be
included in a bivariate analysis.

Analysis of each crop yield
separately is also likely to be useful,
though it is important to check that
the variability for monocrop yields is
the same as that for intercrop
yields. Analysis of crop indices may
also be useful.

Bivariate Analysis

A bivariate analysis is a joint
analysis of the pairs of yields for two
crops intercropped on a set of
experimental plots. The philosophy
is that because two yields are
measured for each plot, and the
yields will be interrelated, they
should be analyzed together. The
interrelationship is important since
it implies that conclusions drawn
independently from two separate
analyses of the two sets of yields
may be misleading. There are two
major causes of interdependence of
yield of two crops grown on the
same plot. If the competition

Legume Cro Cereal Crop Monetary 2 Relative
Species ield Species Yield Value Performance

1 I o - - N -
2) I1 . - . . .
3) - - A a " -
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between the two crops is intense,
then it might be expected that on
those plots where crop A performs
unusually well, crop B will perform
unusually badly and vice versa.
This would lead to a negative
background correlation between the
two crop yields, quite apart from
any pattern of joint variation caused
by the applied treatments. Failure
to take this negative correlation into
account could lead to high standard
errors of means for each crop
analyzed separately, which could
mask real differences between
treatments.

Alternatively it may be that on
apparently identical plots, the two
crops respond similarly to small
differences between plots producing
a positive background correlation.
Again looking at separate analyses
for the two crops distorts the
assessment of the pattern of
variation.

To see how consideration of this
underlying pattern of joint random
variation is essential to an
interpretation of differences in
treatment mean yields some
hypothetical data are shown in Fig
1. Individual plot yields are shown
for two intercrop systems 1and A),
the mean crop yields for the two
systerns being identical for three
situations. In Fig la the pattern of
background variation corresponds to
a strongly competitive situation
(negative correlation), whereas for
Fig 1b there is a positive correlation
of yields over the replicate plots for
each treatment. In Fig lc there is
no correlation between the two crop
yields. In all three cases the
comparisons in terms of each crop
yield separately would show no
strong evidence of a difference
between the two systems. However,
the joint consideration of the pair of
yields against the background
variation shows that the difference
between the system is clearly
established in Fig la, that Fig. 1b
suggests strongly that the apparent
effect is attributable to random

variation, and that in Fig 1c the
separation of the two systems is
rather more clear than could be
established by an analysis for either
crop considered alone.

The Form of Bivariate Analysis
The calculations for a bivariate
analysis are formally identical with
those required for covariance
analysis. The difference is that,
whereas in covariance analysis there
is a major variable and a secondary
variable whose purpose is to
improve the precision of comparison
of mean values of the major
variable, in a bivariate analysis the
two variables are treated
symmetrically. Bivariate analysis of
variance consists of an analysis of
variance for X, analysis of variance
for X,, and a third analysis (of
covariance) for the products of X,
and X, Computationally this third
analysis of sums of products is most
easily achieved by performing three
analyses of variance for X,,X, and Z
=X, + X,. The covariance termns are
then calculated by subtracting
corresponding SS for X, and for X,
from that for Z and dividing by 2.
The bivariate analysis including the
intermediate analysis of variance for
Z are given in Table 1 for a maize/
cowpea experiment involving 3
maize varieties, 2 cowpea varieties
and 4 nitrogen levels in 3
randomized complete blocks.

The bivariate analysis of variance,
like the analysis of variance,
provides a structure for
interpretation. In addition to the
sums of squares and products for
each component ot the design, the
table includes an error mean square
line which provides a basis for
assessing the importance of the
various component sums of squares
and products. The general
interpretation of this analysis is
quite clear and is essentially similar
to the pattern of analysis of cowpea
yield. There are large differences
attributable to the different maize
varieties and to the variation of

nitrogen level: there is also a
suggestion that there may be an
interaction between cowpea variety
and nitrogen level.

Diagrammatic Presentation

We have argued earlier that
interpreting the patterns of
variation in maize and cowpea
yields without allowing for the
background pattern of random
variation can be misleading. The
primary advantage of the bivariate
analysis is that it leads to a simple
form of graphical presentation of the
mean yields for the pair of crops
making an appropriate allowance
for the background correlation
pattern. The graphic presentation
uses skew axes for the two yields
instead of the usual perpendicular
axes. If the yields are plotted on
skew axes with the angle between
the axes determined by the error
correlation and if, in addition, the
scales of the two axes are
appropriately chosen, then the
resulting plot, such as Fig 2, has the
standard error for comparing two
mean yield pairs equal in all
directions. The results in Fig 2 are
for the three maize varieties from
the example, and the size of the
standard error of a difference
between two mean pairs is shown by
the radius of the circle.

Construction of the skew axes
diagram is based on the original
papers of Pearce and Gilliver (1978,
1979) and detailed instructions for
construction are given by Dear and
Mead (1983, 1984). The form of the
diagram given in Fig 2 treats the
two crops symmetrically, in contrast
to the original suggestion of Pearce
and Gilliver, in which one yield axis
is vertical and the other is
diagonally above or below the
horizontal axis, depending on the
sign of the error correlation.

The interpretation of the diagrams
is extremely straightforward. The
results in Fig 2 show that the
differences among the three maize
varieties are important for both
maize and cowpea yields, with the
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difference between varieties 2 and 3
clearly less than between either
variety and variety 1. There is a
clear consistency through the
sequence of varieties 1 to 2 to 3,
with the increase in maize yield
being directly reflected in a decrease
in cowpea yield. The three points
fall nearly on a line illustrating the
strong relation between the two crop
yields over the three varieties.

(Note also that the correlation for
maize varieties, shown in Table 1, is
-0.98). Remember that random
correlation between the two yields
has been allowed for by the
skewness of the axes and the
displayed pattern is additional to
the background correlation pattern.

The results for nitrogen main effects
and the interaction of cowpea
variety with nitrogen are shown in
Figs 3 and 4. The four nitrogen
levels produce four pairs of mean
yields in an almost straight line.
The dominant effect is on the yield
of maize which increases
consistently with increasing
nitrogen. In addition there is a clear
pattern of compensation between
the two crop yields with cowpea
yield decreasing as maize yjeld
increases. The pattern of yields for
the cowpea variety/nitrogen
interaction emphasizes the two
effects of yield increase for one crop
and compensation between crops.
For variety A the effect of increasing
nitrogen is simply an increase of
maize yield, the “line” of the
nitrogen level means being almost
exactly parallel to the maize yield
axis. In contrast, for variety B the
dominant effect is the change in the
balance of maize/cowpea yields with
the maize yield increasing
consistently with increasing
nitrogen and the cowpea yield
showing a corresponding decline.

Significance Testing
There are two forms of test that are
useful in bivariate analysis, and
these correspond to the t and F tests
used in the analysis of a single
variate. We have already mentioned
in the discussion of the skew axes

plot that the standard error of a
difference is the same in all
directions in these diagrams.
Because of the scaling of axes, which
is part of the construction of the
diagram, the standard error per
observation is 1. The standard error
of a mean of n observations is
therefore 1¥n and the standard
error of a difference between two
points is V2/n.

Confidence regions for individual
treatment means can be constructed
as circles with radius V2F/n, where
F is the eppropriate percentage
point of the F distribution on 2 and e
degrees of freedom (e is the error
degrees of freedom).

The analogue for a bivariate
analysis of the F test in a univariate
analysis of variance is also an F
test. The basic concept on which the
test is based is the determinant
constructed from the two sums of
squares and the sum of products.
Suppose that the error SSP are E,,
E,, and E,,, then the determinant is

E,xE,-E?,

and it reflects both the sizes of E,
and E, and the strength of the linear
relationship between x, and x,. To
assess the treatment variation for a
treatment SSP with values T, T,
and T, we calculate a statistic, L,
which compares the determinant of
treatment plus error with that for
error.

(T, + EXT, + E)) - (T, + E,)?
L=

Esz - Ezn

The test of significance then
involves comparing

F = (JL-1)(e/t)

with the F distribution on 2t and
2(e-1) degrees of freedom, where t is
the degrees of freedom for the
treatmernit component. For the
maize variety effect

T,=17.52 T,=0.4094 T,,=-2.632
E,=15.90 E,=05993 E,=-1414

(33.42X1.0087) - (-4.046)*
=2.303
(15.90%0.5993) - (-1.414)*

L=

F =11.90 on 4 and 90 df and is very
clearly significant

The results of the various bivariate
F tests are seen in Table 1 for the
maize/cowpea data. Perhaps even
more than univariate F ratios, such
F statistics should be interpreted
only as general indications of overall
changes in variation pattern. Itis
still true, as in univariate F tests
that the overall F test may not reach
significance while particular
treatment comparisons are
significant. In addition, because the
bivariate F test summarizes
variation over all treatment levels
for both variables, the scope for
particular comparisons to be
significant while the overall statistic
is not, is greater.

Nonetheless the analysis produces a
fairly clear picture, supplemented by
the plots in Figs 2 through 4. The
effects of maize varieties and
nitrogen levels are large (much
greater than the 0.1 percent level)
and the pattern of response of the
two crops is shown in Figs 2 and 3.
There is a clear suggestion that the
pattern of nitrogen is modified by an
interaction with cowpea varieties
(interaction significant at 5 percent
on F on 6 and 90 DF).

Indices

Indices are used in many forms of
data summary to combine
information. If we wish to compare
systems of cropping involving two or
more measurements then we must
either accept that the systems are
not comparable because they differ
in several aspects, or convert yields
onto a single scale. Consider, for
example, mean yields for four
treatments in a maize/cowpea
experiment
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Treatment Maize Cowpea
1 2365 458
2 5323 319
3 4722 -
4 - 1490

Treatments 1 and 2 involve both
crops; the other two treatments are
for sole maize and sole cowpea. In
any assessment of the overall
performance of treatments 1 and 2
we have to balance the lower maize
yield and higher cowpea yield of 1
against the higher maize yield and
lower cowpea yield of 2. It is simply
not possible to say in any absolute
terms that 2 is better than 1
because such a judgement would
imply some limit on the relative
values of maize and cowpea.

The same problem occurs if we
compare intercrop treatments with
gole crops. The comparison of 2
with 3 is clear in that 2 must be
preferred to 3 since it provides more
yield for both crops. However, even
in this case the question of how
much better 2 is than 3 does not
have a simple answer. The
comparison of 2 with 4 is, once
again, a question of balancing gains
against losses.

Those arguments lead naturally to
the conclusion that only
comparigons involving simultaneous
consideration of both crop yields are
valid in that they retain all the
available information. However,
practical considerations require that
conclusions are sometimes based on
a single value for each treatment.
The gain from being able to make
quantitative comparisons of
treatments simply on a single scale
will often outweigh the loss of
information. Further, different
indices lose different components of
information and it must therefore be
expected that if several indices are
used, contradictory conclusions will
result. Experimenters, and even
atatisticians, sometimes express
surprise that two different indices
appear to lead to different

comparative conclusions; such a
reaction merely means that they
have not realized that they are
expecting the impossible.

Simple Value Indices

Simple indices involve the allocation
of a value to each crop and the
subsequent calculation of a total
value from the sum of the values for
the separate crops. If the values of
two crops are assessed as K, and K,
then the total value of an intercrop
treatment producing mean yields Y,
andY, is

V=KY, +KY,

The most frequently used value
index is that of financial return.
Other value indices include protein
and dry matter. The main criticism
made specifically of financial indices
is that prices fluctnate and hence
the ratio of K, to K, may vary
considerably. A partial answer to
this criticism is to employ several
price ratios.

Index of Biological Advantage
The most important index of
biological advantage is the relative
yield total (RY'T) introduced by de
Wit and van den Bergh (1965), or
land equivalent ratio (LER)
reviewed by Willey (1979). The
index is based on relating the yield
of each crop in an intercrop
treatment mixture to the yield of
that crop grown as a sole crop. If
the two crop yields in the intercrop
mixture are M,, M, and the yields
of the crops grown as sole crops are
S,, 5y, then the combined index is

MA MU
L="+"=LA+LB
S, S

A B

The interpretation embodied in LER
is that L represents the land
required for sole crops to produce
the yields achieved in the
intercropping mixture. A value of L
greater than 1 indicates an overall
biological advantage of

intercropping. The two components
of the total index, L., and L
represent the efficiency of yield
production of each crop when grown
in a mixture, relative to sole crop
performance.

Comparison and Analysis of
LER Values

The assessment of advantage of a
single intercrop combination
requires careful thought. When it is
desired to compare different
intercrop treatments using LER
values, the need to calculate the
LER to produce meaningful
comparigons is accentuated. There
are now two problems.

The first is the choice of divisor, and
I believe that comparisons of LER
values are valid in their practical
interpretation only if the divisors
are constant for all the values to be
compared. If different divisors are
used for different intercrop
treatments then the quantities
being compared may be considered
as

The interpretation of any difference
between L, and L, cannot be
assumed to be the advantage of
intercrovping treatment 1 compared
with intercropping treatment 2,
since the difference could equally
well be caused by differences
between. sole cropping treatments
8y, and S, or between S, and S,,.

Although LER values using different
divisors are often compared, the
concept that is being used as the
basis for comparison is the value one
of efficiency which is not
interpretable in any practically
measurable form of yield difference
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between different intercropping
treatments. We should recognize
that such comparisons are of a
theoretical nature only and are not
practically useful.

The form of the LER, which is the
sum of two ratios of yield
measurements, has prompted
concern about the possibility of
using analysis of variance methods
for LER values. More generally the
question of the precision and
predictability of LER values has
been felt by some to be a problem.

The comparison of LER values
within an analysis of variance is, I
believe, usually valid provided that
a single set of divisors is ured over
the entire set of intercropping plot
values. Some statistical
investigations of the distributional
properties of LERs were made by
QOyejola and Mead (1981) and
Oyejola (1983). They considered
various methods of choice of divisors
including the use of different
divisors for observations in different
blocks. Allowing divisors to vary
between blocks provided no
advantage in precision or in the
normal distributional assumptions:
variation of divisors between
treatments was clearly
disadvantageons. The
recommendation arising from these
studies is therefore that analysis of
LER values is generally appropriate,
provided that constant divisors are
used, and with the usual caveat that
the assumptions for the analysis of
variance for any data should always
be checked by examination of the
data before, during and after the
analysis.

The question of precision of LERs
and, by implication, their
preclictability, is an unnecessarily
confusing one. If LERs are being
compared within experiments the
standard errors of comparison of
mean LERs are appropriate for
comparing the effects of different
treatments. Experiments are
inherently about comparisons of the

treatments inclured rather than
about predictions of performance of
a single treatment. ‘The precision of
a single LER value must take into
account the variability of the
divisors used in calculating the LER
value. However, a more appropriate
question concerns the variation to be
expected over changing
environments and this must be
assessed by ohservation over
changing environments. No single
experiment can provide direct
information about the variability of
results over conditions outside the
scope of the experiment. This, of
course, does not imply that single
experiments have no value gince we
may reasonably expect that the
precision of estimation of treatment
differences will be informative for
the prediction of the differential
effects of treatments.

Extensions of LER

In the last section it was mentioned
that there were two problems in
making comparisons of LER values
for different intercropping
treatments. The second problem is
that the concept of the LER as a
measure of advantage of
intercropping assumes that the
relative yields of the two crops are
those that are required. The
calculation of the land required to
achieve, with sole crops, the crop
yields obtained from intercropping
makes this assumed idea of the
actual intercropping yields clear.
However, with two (or more)
intercropping treatments the
relative yield performance L, : I,
will inevitably vary and hence the
comparison of LER values for two
different treatments can be argued
to require that two different
assumptions about the ideal
proportion L, : L, shall be
simultaneously true.

This difficulty led to the proposed
“effective LER” of Mead and Willey
(1980) which allows modification of
the LER to provide the assessment
of advantage of each intercropping

treatment at any required ratio

ti.e. A) = L, AL,+L,). The principle
is that to modify the achieved
proportions of yield from the two
crops we consider a “dilution” of
intercropping by sole cropping. The
achieved proportion of crop A could
be increased by using the
intercropping treatment on part of
the land and sole crop A on the
remainder, the land proportions
being chosen so as to achieve the
required yield proportions. Details
of the calculations are given in Mead
and Willey (1980). It is important if
the use of a modification of the LER
is proposed that the reason for using
the effective LER is clearly
understood. It is not primarily a
form of practical adjustment but
arises from the philosophical basis
of the LER.

1t may be that in using the LER as a
basis for comparison of different
treatments the emphasis is not on
the biological advantage of
intercropping but on the
combination of yields onto a single
scale, in terms of yield potential. In
this view the LER becomes another
form of value index, the two values
being the reciprocals of the sole crop
yields. When a range of price ratio
indices is used, it is almost
invariably found that the ratio of the
LER values is well in the center of
the price ratio range. The principle
of the argument for using an
effective LER is no longer essential
but there may still be advantages in
making practical comparisons of
treatments in terms of performance
at a particular value of A. There are,
however, other possible ways of
modifying the LER as a value index,
not arising from the philosophy of
the LER, and the most important of
these is the calculation of combined
yield performance to achieve a
required level of crop yield A.
Arguments for, and details of, this
alternative modified LER are given
by Reddy and Chetty (1984) and
Oyejola (1983).
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Table 1. Bivariate Analysis of Variance for Maize/Cowpea Yleld Data (0.001 kg ha™') In an Intercrop Trlal.

Maize SS Cowpea SS SS for Sum of

Source df (X,) (X,) (X, +X,) products F Correlation
Blocks 2 0.29 0.0730 0.247 -0.058 1.75 -0.40
M varlety 2 17.62 0.4094 12.665 -2.632 11.90 -0.98
C varlety 1 0.03 0.0060 0.062 0.013 0.44 1.00
Nitrogen 3 28.50 0.1131 25.081 -1.766 10.59 -0.98
MxC 2 1.11 0.0099 0.922 -0.099 0.82 -0.95
MxN 6 1.25 0.0676 0.920 -0.199 0.64 0.93
CxN 3 0.24 0.1724 0.152 -0.130 2.40 -0.64
MxCxN 6 1.28 0.1354 1.349 -0.033 1.40 -0.08
Error 46 15.90 0.5993 13.671 -1.414 -0.46

(MS) (0.346) {0.0130) (-0.031)

Total 71 66.13 1.5861 55.080 -6.318
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Figure 1. Ditferent correlation patterns for yields with the same values of the individual crop
ylelds: (a) negative correlation, (b) positive correlation, (¢) no correlation. The two axes are fot
the yields of the two crops. Two Intercrop systems give ylelds represented by A and O

Maize Varleties

Cowpea Maize

Figure 2. Bivariate plot of pairs of mean ylelds for three maize varieties (1, 2, 3). Maize and
cowpea Yields are in kilograms per hectare.
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Nitrate Levels

Cowpea Maize

Figure 3. Bivariate plot of pairs of mean yieids for four nitrogen levels (0, 40, 80, and 120 kg/ha).
Maize and cowpea ylelds are in kllograms per hectare.

Cowpea Varieties X Nitrate

1200 7000

Cowpea Maize

Figure 4. Bivariate plot of pairs of mean yields for two cowpea varieties: A (2) and B (o) for four
nitrogen levels (0, 40, 80, and 120 kg/ha). Maize and cowpea yields are in kilograms per hectare.



Statistical Analysis of On-Farm Intercropping Trials -

The Malawi Experience

F.W. Kisyombe, Chitedze Agricultural Research Station, P.O. Box 168, Lilongwe, Malawi

Introduction

In Malawi, most on-farm
intercropping field trials are aimed
at giving a “bonus” crop (in this case
a legume) to the farmer on the same
piece of land that he grows his main
food crop -- maize. This “bonus”
may be in terms of money from sales
of the legume or in terms of
satisfying the dietary needs of the
household.

In more detail, the trials attempt to:

i) Find a legume that intercrops
“best” with maize. “Best” is
interpreted as that legume that
does not adversely affect the
vield of maize.

ii) Determine appropriate plant
spatial arrangements, time of
planting, fertilizer inputs etc.,
once the “best” legume has been
identified.

This paper presents an overview of
the statistical methods used to
analyze data from on-farm
intercropping trials in Malawi.

Mode of Statistical
Analysis

The statistical analysis of on-farm
intercropping trials, like the
statistical analysis of any other field
trial, will depend on the following:

i)  the statistical design used in
carrying out the field trial.

ii) the basic research issues/
objectives the field trial is
addressing. These can include
economic use of both land and
labour resources, maximizing
yield per unit area of land, food
security, satisfying dietary
needs, etc.

iii) the available analytical tools
and expertise.

When it comes to the statistical
analysis of on-farm intercropping
trials in Malawi the lack of
computing facilities has constrained
analysis and, to some extent, so has
the lack of expertise to handle data
from intercropping trials. Data
from intercropping trials have been
analyzed just on a per crop per site
basis; i.e. the yields from the
different crops have been analyzed
geparately. Such an analysis fails to
show the intercropping effects
unless at some later stage in the
analysis the two yields are in some
manner to be compared to each
other. Furthermore, in most cases
the F-tests of these separate single
gite analyses are very insensitive
because the degrees of freedom for
error are usually less than 12.

As an example, consider the
following on-farm researcher-
managed experiment with the
objective of finding out a legume
that “best” intercrops with maize.
The statistical design was a
Randomized Complete Block Design
in three blocks. The treatments
were as follows:

T, = Maize (MH15) intercropped
with Groundnuts
(Chalimbana)

T, = Maize intercropped with
Soybeans (Hardee)

T, = Maize intercropped with

Phaseolus beans (253/1 or
“Nasaka”)

T Maize intercropped with
Ground beans (“Mbawa”)

T, = Sole crop of Maize

T, = Sole crop of Groundnuts

T, = Sole crop of Phaseolus
beans

T, = Sole crop of Ground beans

T, = Sole crop of Soybeans

All legumes were planted at the
same time and on the same ridge
with maize i.e. between maize
stations. Maize received the
recommended rate of fertilizer (92
kg ha! of N and 40kg ha'! P, O) but
no fertilizers were given to the
legumes. Gross plot size was four
ridges, 90 cm apart and 6 meters
long. Net plot size was two middle
ridges, 5.7 meters long.

Data on stand per plot at harvest
and yield per hectare are presented
in Table 1.

With the per crop per site statistical
analysis, the legumes are omitted
from the analysis; each one of them
has six plots out of 27 plots with 2
degrees of freedom for Error; i.e.

Blocks 2
Treatments 1
Error 2
Total 5

Concentrating on maize the ANOVA
Table is as in Table 2.

Ag already pointed out, the analysis
above is not very informative. The
F-test shows that the difference
between the treatments is
statistically not significant at the
10% level of significance. The
farmer may therefore opt for any
one of the legumes without
adversely affecting the maize yields
(Table 3). But then the pertinent
question to ask, and answer, here is
why include the sole crops for
legumes? What purpose do they
gerve in this experiment? How does
one relate legume yields to maize
yields?

As an improvement on the analysis
in Table 2, the idea of using Land
Equivalent Ratios (LER’s) was
suggested.

Table 4 gives the LER’s for the data

in our example.

I am using the convention that any
gole crop has a LER of unity.
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The LER helps us to answer the
question: to what extent can more
crop be obtained from a piece of land
by intercropping and not what is the
best legume for intercropping with
maize. So here one cannot state
convincingly that the Phaseolus
bean is the best legume to intercrop
with maize just because it has the
highest LER. Thus information in
Table 4 cannot help to answer the
objective of this experiment.
Furthermore, being a ratio any yield
in the intercrops associated with
high yields in the sole crops are
bound to give small or smaller LER
values. Therefore it is important to
ask when planning an experiment
whether LER is going to be useful
and thus whether plots to calculate
LER are necessary.

One might ask, why not subject the
LER values per plot to traditional
ANOVA techniques? There have
been difficulties here because of
uncertainties about the
distributional attributes of the LER
values and 8o we cannot guarantee
that the agsumptions underlying the
applications of ANOVA techniques
are not violated. However it
appears that LERs can be used in an
ANOVA provided that a single set of
divisors is used over the entire set of
intercropping plot values (see the
paper on statistical analysis by
Mead, this volume).

Another alternative method tried for
analyzing on-farm intercropping
trials is the bivariate method. The
only criticism against this method is
that it is very difficult to test
whether the assumption -- that the
correlation coefficient between the
two yields of the cereal crop and
that of the legume is the same for
all treatments -- holds true,
especially where spacing is involved
and where the experiment involves
different species of legumes.

Economic analysis of data is
considered by some people as the
best method of analyzing on-farm

intercropping trials. However, the
difficulty here is that too many
assumptions are made before the
data are subjected to such an
analysis and in any case the market
is not static. This may render such
an analysis obsolete before it is put
to use. Furthermore, the farmer
may not always be primarily
interested in the economics of his
system.

Conclusion

This paper has given an overview of
the methods we have explored in
Malawi in handling on-farm
intercropping trials. The debate
still continues on what is the best
approach. At the moment an
economic analysis approach is the
most popular one. The traditional
per crop approach is also popular.

It is very difficult to state
unequivocally that a particular
method is best for handling data
from on-farm intercropping trials,
simply because the best method(s)
will depend on the objective of the
field trial. In addition to this, there
is need to improve upon the way on-
farm (and on-station) intercropping
trials are run in Malawi. Some
suggestions are:

i) Plant populations in intercrops
should be the same as in sole
crops because any real
treatment differences observed
should not be confounded with
differences in plant populations.

ii) There is a need to fully
understand the farmers’ current
practice and objectives for
intercropping.

iii) The question of appropriate plot
sizes for such trials remains to
be resolved.

iv) The role of sole crops has to be
spelled out.

But at the end of the day the real
question should be: Why reduce a
bivariate/multivariate situation to a
univariate one? That is what the
various methods proposed aim to
achieve.
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Table 1.
Stand per plot
Treatment at harvest Yield (kg ha')*
Block 1
1. Maize 29 5494
Groundnuts 25 97
2. Maize 30 6271
Soybean 51 877
3. Maize 26 6317
Phaseolus beans 39 292
4. Malze 21 4427
Ground beans 44 390
5. Maize 25 6341
6. Groundnuts 66 975
7. Phaseolus beans 68 682
8. Ground beans 54 1559
9. Soybeans 70 2144
Block 2
1. Maize 28 6713
Groundnuts 40 97
2. Malize 26 5581
Soybeans 34 585
3. Maize 26 5760
Phaseolus beans 45 292
4, Malze 27 6863
Ground beans 43 195
5. Malize 29 5232
6. Groundnuts 62 1072
7. Phaseolus beans 64 585
8. Ground beans 64 1267
9. Soybeans 56 1462
Block 3
1. Malze 21 5215
Groundnuts 46 195
2. Malze 28 6534
Soybeans 46 682
3. Maize 28 7342
Phaseolus beans 64 390
4, Malize 27 6073
Groundnuts 47 292
5. Maize 26 6973
6. Groundnuts 47 877
7. Phaseolus beans 69 682
8. Ground beans 57 1170
9. Soybeans 38 1363

* 1. Maize ylelds at 12.5%MC
2. Legumes' ylelds are shelled yielkds.
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Table 2. Analyslis of variance for maize ylelds.

Degrees of Sums of
freedom squares Mean squares F-values
Total 14 8666625
Blocks 2 1096109 548054 0.67
Treatments 4 980754 245188 0.30
Error 8 6589762 823720
Non-additivity 1 128013 1288013 0.14
Resldual 7 6461749 923107
Grand Mean = 6076
Coefficient of variation = 14.94%
Treatment means (malze yields)
T, = 5807
T, = 6123
T, = 6473 plus or minus 524.0
T, = 5788
T, = 6182
Table 3. Mean yields (kg Ha™). Table 4. Land equivalent ratios.
Maize Legume Maize Legume Totai
T, 5807 130 T, 0.94 0.13 1.07
T 6123 715 T, 0.99 0.43 1.43
IE 6473 325 T, 1.05 0.50 1.55
T, 5788 292
T, 0.94 0.22 1.16
T, 6182
T, 1.00 0 1.00
T, 975
T, 0 1.00 1.00
T, 650
T 0 1.00 1.00
T, 1332 7
T, 1656 T, 0 1.00 1.00
T 0 1.00 1.00

Note that the potential yield (in sole crop) for:

MH15 = 8000 Kg Ha™'

Chalimbana = 1400 Kg Ha'

Hardee = 2000 Kg Ha'

P. Beans (Nasaka) = 2500 K

Ground beans = 1200 Kg Ha
All as shelled weights.

QHa‘




Agronomic Interpretation of On-Farm Intercropping Trials

J.K. Ransom, Agronomist, CIMMYT Maize Program, P.O. Box 25171, Nairobi, Kenya

Introduction

On-farm research can play an
important role in the overall
research process. Problem
identification can be effectively
accomplished through on-farm
diagnostic techniques. On-farm
experimentation can assist the
researcher in prioritizing and
determining the causes of perceived
farmer problems. It can also be
used to determine the optimal
economic level of an input such as
fertilizer, for a well defined socio-
agro‘ecological zone. Moreover, on-
farm research is a way of verifying
the stability and acceptability of a
given technology, within a given
environment.

Correctly interpreting the results of
an experiment is one of the final
steps in the research process.
Interpretation is the process
whereby the results are described
and clarified so that others who are
exposed to them will understand
their meaning and sense their
importance and application.
Statistical and economic analysis
are used in the interpretation of on-
farm experimental results. For
methods used in the economic
evaluation of results from
intercropping trinls see
Anandajayasekeram, Low and Durr
(this volume).

There are gseveral items that are
essential to an effective
interpretation of on-farm
experimental data. A trial must be
well designed and the data must be
reliable. A good understanding of
the management of the trial is also
important. Often unusual results
can only be explained by non-
experimental factors (i.e. drought,
erosion, damage by animals, etc.)
that can only be noted when the
researcher is well informed on the
management of the trial and the
climatic conditions that prevailed.
A good comprehension of the

principles of physiology and ecology
of the crops, and how they may be
influenced by the treatments in the
trial is also helpful. Finally, in
order to be able to infer from the
results and relate these to the
problems of the farmers, a thorough
understanding of the farmers’
circumstances (both social and
physical) and the farmer’s objectives
is needed. This information is best
obtained through effective
interaction with farmers.

Rather than going into great detail
on the theory of data interpretation,
this paper reviews the concepts used
in the interpretation of trial results
by going through an example of the
analysis and interpretation of an on-
farm maize/bean trial. The
procedures of analysis presented
here are easy to understand and yet
provide adequate information to
effectively interpret the results.
Certainly other methods of
statistical analysis can be used in
the analysis of intercropping
experiments. The principles of data
interpretation will no doubt apply
regardless of the method used as
long as the techniques are
appropriate and well understood.
Discussion ’

Data from a simple intercropping
trial is used to illustrate the steps
proposed in evaluating such trials.
The objective of this trial was to
determine the effect of spatial
arrangement on the productivity of
an intercrop. The trial consisted of
three intercropped treatments
(maize in rows, beans in alternate
rows; maize in rows, beans in the
same row but between maize hills;
and maize in rows, beans in the
same hills as maize) in addition to
the two sole crop treatments. The
design was a RCB with three
replications. The ANOVA tables are
not included in this paper.
However, the F-tests for the
treatment effects for all ANOVAs

were significant at the 5% level.
The complete data set is included as
Appendix 1.

The following steps in data analysis
are useful in providing information
to effectively interpret the results of
an experiment.

Step 1. Perform an ANOVA for the
yield of each species.

This allows one to look at the yield
of each species in each treatment
separately as well as compare the
intercropped yield of that species
with its sole crop yield (sole crops
are not always included nor should
they necessarily be included in all
experiments). It also allows one to
examine any apparent interactions
between species, though these
interactions are not quantified.
Table 1 gives the mean yield values
for maize and beans analysed
separately.

Though this analysis, as mentioned
previously, does not allow one to
quantify any of the interactions
between the species grown in the
intercrop, it does allow one to look
at the effect of the treatment on
each component of the intercrop.
This information is usually obscured
by the analysis using combined
values such as LER and monetary
units. The following information
about the component crop reaction
to the treatments can be noted.
Bean yield was more affected by
intercropping than maize yield,
though the yields of both crops were
significantly reduced by
intercropping. Beans yielded best
when the spatial arrangement
placed them away from the maize.
Furthermore, spatial arrangement
had little effect on the maize yield.

Step 2. Convert the output of each
crop into monetary units, sum over
all crops, and perform an ANOVA.
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The monetary value of each crop is
obtained by multiplying the yield by
the market price of that crop. The
monetary units for each component
crop in each treatment are then
summed. In this example maize
was valued at 2 shillings per kilo
and beans at 4 shillings per kilo.
After summing over species an
ANOVA can be performed. Table 2
contains the means from the
analysis of the combined monetary
units of maize and beans.

Based on the monetary value of the
treatments, the maize/bean
intercrops out-performed the sole
crops of either maize or beans.
Among the intercropped treatments,
alternate row and same row
arrangements were similar, however
alternate rows produced
significantly more monetary nnits
than did the same hill treatment.
Differences among these
intercropped treatments can largely
be explained by the differences in
bean yield gince maize yield was
only slightly affected by spatial
arrangement, as illustrated by the
analysis summarized in Table 1.
Finally, it can also be noted that
maize out-performed beans in terms
of monetary units, given the maize/
bean price ratio used.

Step 3. If the market values of the
crops within the intercropping
system vary greatly during the
season, evaluate the treatment effects
in the experiment over a range of
market price rates.

Since the market value of farm
produce is often erratic, the stability
of a treatment over a range of price
ratios can be evaluated by weighting
the value of one component relative
to the other(s). In the case of maize
and beans one could look at the
treatment effects when the bean
price is doubled and the maize price
is constant or vice versa. This
would allow one to identify
treatments that will become

important if the pricing structure
changes drastically. It should be
mentioned here that if the price of
each component increases or
decreases proportionally, the
ANOVA will not be affected (i.e., if
both maize and bean prices increase
by 50%, the mean values in the
analysis will increase, but the F
ratios and the number of declared
significant differences will not
change). Table 3 gives monetary
values for each treatment at various
maize/beans price ratios.

At the 1 to 1 price ratio, the output
of the maize sole crop was gimilar to
the output of the intercropped
treatments. The maize/beans
alternate rows and the maize/beans
in the same row were gimilar in
output and were superior to the
maize/beans same hill treatment.
At the 1 to 4 price ratio, the sole
crop bean treatment out-performed
all other treatments. Furthermore,
intercropping was superior to
growing maize alone. At this price
ratio the M/B alternate row was
significantly better than the other
intercropped treatinents but not
better than bean sole crop.
Nevertheless, the relative ranking of
the intercropped treatments was
gimilar for all M/B monetary units
over a wide range of market
conditions.

The steps described above deal with
the statistical analysis of
intercropping experiments; it is not
an economic analysis even though
market values are calculated.
Before any recommendations are
made, the data should also be
subject to an economic analysis.
Returns to labour would be an
important analysis to consider in
this trial, as labour wag the major
input that varied significantly
between treatments.

Summary of the
Trial Results

The results of the trial presented in
this paper indicate that for this
environment intercropping maize
and beans is as or more productive
than growing maize and beans alone
except when the market value of
beans is extremely high relative to
the market value of maize (4 to 1 or
greater). At all price ratios, maize/
bean grown in alternate rows and
the maize/bean grown in the same
row were superior to the maize/bean
same hill treatment. At thed to 1
bean/mnaize ratio, the maize/bean
alternate rows out-performed all
other intercropped treatments.
Differences between intercropped
treatments were largely due to
differences in bean yield, as the
maize yield did not differ greatly
regardless of spatial arrangement.
As the distance between the maize
and bean decreased, the bean yield
decreased, undoubtedly due to an
increase in competition for light,
nutrients and moisture, by the
larger more vigorous maize plant.

Conclusion

The interpretation of the results of
the trial data presented in this
paper was straightforward for the
most part because the trial was
simple and the data fairly
predictable. More difficult designs
and erratic results require the
researcher to draw on information
other than just the treatment
means, however. Knowledge of trial
management, the climate, and past
experience with similar factors is
helpful. The interpretation of the
results from on-farm research will
be easier if the following points are
considered in the research process:

1- Keep the trials as simple as
possible.
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2- Carefully select the factors and  4- Have a thorough understanding 6- Research experience makes the

treatment levels that are of the actual trial nanagement. process easier. Reviewing
included in a trial. research already done by
5- Choose a method of analysis others facilitates the

3- Non-experimental variables that is simple to understand understanding of the treatment
should be carefully chosen and will provide you with the effects under consideration and
based on the objectives of the information needed to helps you in the description of
experiment. effectively describe your data. the results.

Appendix 1

The complete data set for all variables included in the analysis of a maize/bean intercrop experiment.

Total Monetary Value

Maize to Bean price ratio

Maize Bean Itol 1to2 l1to4d
Rep Treatment Kg ha'! (K Shillings ha!)
1 1 2790 390 3180 3570 4350
1 2 2800 370 3170 3540 4280
1 3 2710 250 2960 3210 3700
1 4 3100 - 3100 3100 3100
1 b - 1170 1170 1170 4680
2 1 2590 290 2880 3170 3750
2 2 2480 210 2690 2900 3320
2 3 2500 170 2670 3010 3180
2 4 2730 - 2730 2730 2730
2 5 - 1080 1080 2160 4320
3 1 2690 340 3030 3450 4050
3 2 2640 290 2930 3220 3800
3 3 2605 210 2815 3025 3445
3 4 2915 . 2915 2915 2916
3 5 - 1125 1125 2250 4500
Treatment Description

1 Maize and Beans in separate rows

2 Maize and Beans, same row

3 Maize and Beans, same hill

4 Maize sole crop

5 Beans sole crop
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Table 1. The effect of spatial arrangement of a maize/bean Intercrop on the
yleld of malze and beans.

Yield
Treatment Malze Bean
(kg ha'')
M/B alternate rows 2690 340
M/B same row 2640 290
M/B same hill 2605 210
Maize sole crop 2915 -
Beans sole crop - 1125
LSD 0.05 83 35

Table 2. Total monetary value of a maize/bean intercrop as affected by
spatial arrangement.

Total monetary value

Treatment (shillings ha')

M/B alternate rows 3383

M/B same row 3220

M/B same hili 3081

Maize sole crop 2915

Beans sole crop 2250
LSD 0.05 182

Table 3. The effects of several maize/bean price ratios and planting
methods on the total monetary value of a maize bean intercrop.*

Total monetary value

Maize/bean price ratio
Treatment 1to1 1to2 1to 4
(shillings ha')

M/B alternate rows 3030 3383 4050
M/B same row 2950 3220 3800
M/B same hill 2815 3081 3445
Malize sole crop 2915 2915 2915
Beans sole crop 1125 2250 4500

LSD 0.05 134 182 229

*Base maize price Is 2 shillings kg"'.
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Introduction

Most of the agricultural production
from the small farmers in Africa and
throughout the tropics is heavily
dependent on traditional farming
systems where intercropping and
multiple cropping are the order of
the day. Complex systems involving
annual-annual (cereal-cereal, cereal-
legume, cereal-tubers, legume-
tubers), annual-perennial (coffee-
maize, sugarcane-potato) and
perennial-perennial (coffee-banana,
coconut-pasture) are combined in a
single field. Recognizing the
importance of multiple cropping and
intercropping production systems in
the tropics, considerable research
efforts are being directed towards
developing technologies to improve
the productivity of such systems.
Though more than one product is
produced from the same unit of
land, in terms of evaluating
intercropping experiments,
traditionally each product in the mix
is treated separately and the
statistical analyses are performed
independently. Recently
researchers have started using
bivariate analysis (Huxley et al, no
date; Ezumah et al. 1987) which
recognizes that there is an
underlying relationship between the
yields of the two component crops
and makes allowances for this when
comparing pairs of yields for
different treatments. Biologists
have also often used criteria such as
the Land Equivalent Ratio (LER),
Area Time Equivalent Ratio (ATER)
(Hiebsch and McCollum, 1987) and
Comparative Ratio (Willey and Rao,
1980) in assessing the relative
efficiency of the intercropping
system over sole cropping systems.
In the recent past some researchers
have extended their analysis beyond
this to look at the economics of
intercropping technologies by using
net benefit as the criterion for
selection (Joseph, 1987; Davis and
Smithson, 1986) and some have
even attempted to use returns to
resources as criteria in evaluation
(Lightfoot et al, 1987). However, if
the objective of the intercropping

experimentation is to make
recommendations to farmers then
the trial should be evaluated in the
manner a farmer would use the
information to make the decision.
The criteria and comparisons used
in the assessment need to be
consistent with those of the target
group of farmers, to whom the
recommendation is to be made. In
this paper we first consider three
types of economic comparisons that
may be relevant in intercropping
trials. We then discuss some key
considerations in conducting
meaningful economic analyses of
trials. The paper ends with a
worked example which emphasizes
the importance of using the
appropriate output value in
assessing economic returns.

Use of Economic
Comparisons in
Intercropping Trials

Researchers only need to be
concerned about economic analysis
of trials if they wish to go beyond
testing the technical aspects of the
technology in trials. That is, if they
also wish to check whether these
technical responses are likely to be
sufficiently attractive for farmers to
accept and use the tested
technology.

Economic analysis can guide
decisions on recommendations as
well as guide the selection of
treatments and levels in early
stages of experimentation.

Essentially, economic analysis
involves making comparisons
between gains and losses incurred in
changing from one situation to
another. If gains (increased output
or reduced cost) outweigh losses
(extra costs or reduced output), the
change is judged worthwhile.

Comparisons of gains and losses can
be made in different ways according
to what elements are changing. We
can consider three situations in

which the relevant gain/loss
comparisgon is different and each of
these situations may be relevant in
intercropping trials.

a) Comparison of output gains,
caused by incremental
changes in the levels of a
key input, with the extra
cost of each unit of input.

In an intercropping situation
we would be concerned to value
the combined output gains
(from all the crops in the
intercrop) and compare that
with the cost of an extra unit of
the key input. An example
would be the examination of the
economics of increased fertilizer
use in fixed intercrop
combinations (as in the worked
example given later).

b) Comparison of different
combinations of intercrops
given a fixed level of inputs.

Here the relevant comparison
would be the output gained
from increasing Crop A with the
output lost by decreasing Crop
B. In some cases there may be
extra cash or gains related to
changes in input associated
with increasing the relative
proportion of one crop.

An example would be the
evaluation of an alternative
maize/beans intercrop spatial
arrangement whereby the bean
population is doubled by placing
plants between, as well as at,
each maize station.

¢) Comparison of different
combinations of inputs for a
given level of output.

This introduces the possibility
of factor substitution. For
example a legume intercrop
may allow the maintenance of
soil fertility and output with
lower cash requirements for
inorganic fertilizer, but with
higher labour demands.
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The economics of this type of
factor substitution will depend
very much on the relative value
of the input being substituted.
Thus the value of the inputs
saved will be compared with the
value of the extra inputs
required. Since outputs will
seldom be completely
unchanged, these gains or
losses will generally also need
to be considered.

Comparison types a) and b) will be
relevant where the objective of the
trial is to make modifications to
existing intercrop situations.
Comparison type ¢) will generally be
relevant where a pure crop is being
compared with an intercrop.

The point is that the relative
comparison of gains and losses will
depend on the nature and objective
of the trial. It is important for the
researcher to be aware of the type of
economic comparison to be made so
that relevant data can be collected
in the course of the trial.

Performing Meaningful
Economic Analyses

In order to make sure that the
economic evaluation of the
treatment or trial is meaningful it is
important to pay attention to a
number of considerations.

Treatment selection

Unless a completely new crop is
being introduced into a system,
farmers already employ a set of
production techniques and any
technology to be introduced implies
them changing from their current
practice to the new ones. Thus, to
evaluate the new technology, we
must know how it performs relative
to the farmer’s current technology.
The implication is that one of the
levels of any experimental variable/
treatment should represent the
farmer’s current practice if an
economic analysis is to be
meaningful.

Representativeness of the sites
It is important to make sure that
the experitnents were planted at
locations that are representative of
farmers’ conditions. Sites that are
representative of the target farms,
but exhibit differences in response
should be considered for combining
into sub-groups. Combining into
sub-groups should be based on
clearly defined criteria.

- Significant and large site x
treatment interaction in the
ANOVA should be the major
basis for considering re-grouping

- heterogeneity in error variance
between sites should not dictate
recombination (account can be
taken of heterogeneity by
adjusting degrees of freedom)

- sites should only be re-grouped
on the basis of large treatment x
gite interactions if explanatory
factors can be found that explain
the differences in response at the
different sites and if these factors
can be used as predictors of sub-

groups.

Levels of non-experimental
variables

The non-experimental variables
should be set at the current farmer
levels, 8o that the response of the
treatment reflects the response that
farmers can expect if they make the
change to the new technology.
Under all circumstances, if non-
experimental variables are managed
by the farmers then the non-
experimental variables at each
location/site should be carefully
monitored and recorded to make
sure that they are representative.

Valuing inputs and outputs
It is important to make sure that:

- all sources of benefita (direct and
indirect) and costs (explicit and
implicit) to farmers are included
into the analysis

- the realism of costs, prices and
yields are as important as the
type of analysis chosen.

The real costs of inputs and outputs
to a farmer will usually differ from
market prices. A typical limitation
of many economic analyses is that
they use market prices and not the
actual price received by the farmers.
Similarly, the yield that benefits the
farmer is frequently less than the
reported yield by the researcher
depending on the location of the
trial, complexity of the trial, type of
management, etc. The net effect of
these biases is to overestimate the
gross benefit and underestimate the
variable cost. Therefore it is
important to make sure that proper
coefficients are used in the
calculations.

Selection of response means to
be included in the analysis

The results of the statistical
analysis dictates the way budgets
are constructed and the actual yield
figures used in the analysis. It is
only necessary to perform a full
economic analysis if the response
means of the treatments are
significantly different from one
another. If the means are not
significantly different, the cheaper
of the two treatments would be the
most economical and it is only
necessary to consider the difference
in costs between treatments.

In factorial trials, economic analysis
is based on factors and not on
individual treatments. Based on the
results of the statistical analysis,
and the observed interactions,
budgets are constructed for possible
combinations. If there are no
interactions then factors are looked
at individually. The economic
optimum is determined
independently and the yields are
pooled across the other factors to
obtain the mean yield for that
treatment. If there are no
significant differences in yield for
the treatments then the least cost
level of the factor should be chosen.
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In intercropping trials another
question arises as to whether to look
at the responses to the individual
crops or to the overall weighted
value of the crops combined,
reflecting farmers aims and
objectives. 1t makes sense in most
cases to look at the response to the
weighted combined value of the
output. This implies that the
statiastical analysis should be
performed on this combined value.
There are several advantages of
using the combined value product.

it is common to all products and
it is possible to aggregate the
different crop outputs

quality differences can be taken
into account

it is easy to measure once the
yields and prices are known

it provides a means to compare
different intercropping systeins

the researcher can evaluate
different alternatives on the same
basis as the farmers. The farmer
is usually comfortable with
valuing outputs in monetary
terms.

However, it should be kept in mind
that when the relative prices of the
product mix changes, then there is a
need to repeat the ANOVA using the
new prices. Changes in the relative
weights may change the results of
the analysis. This is a potential
danger in using the monetary value
in statistical analysis.

Additional consideration:
Farmers will seldomn be content to
make an additional investment in
cash if the returns just cover the
cash outlay. They will look to obtain
a return to any cash invested that is
at least as good as the alternative
use of that cash. Often, in many of
our situations, farmers minimum
acceptable return to cash will be in
excess of 50%. This cost needs to be
factored into the analysis.

Farmers will seldom be interested
only in average returns. lt is a
known fact that farmers attempt to
protect themselves against the risks
of loss of benefit and often tend to
avoid choices which would increase
the element of risk, even though
these choices may on the average
yield them positive benefits. Yield
stability is much more critical for
many smallholder farmers. This
aspect also should be considered in
performing economic analysis before
a recommendation is made. If the
technology is profitable and does not
increase the risk substantially, then
its suitability to the production
gsystem should be assessed in terms
of:

- objectives and preferences of the
farmers

- resource availability and use
pattern

- institutional and infrastructural
capabilities and

- social acceptability

Interpretation of economic
analysis results

Partial budgets are most commonly
used to compare gains and losses
between one treatment and another.
The rates of return (to cash or
labour) estimated from partial
budgets reflect the return to the
extra amount or value of resources
used by treatment B over treatment
A. It is not meaningful to calculate
the rate of return to individual
treatments using a partial budget.
The output of partial budget
analysis should never be interpreted
as returns to a resource in any
single treatment.

Intercrop Trial Analysis -
An Example from Kenya

The results of a maize-bean
intercropping trial carried out in
central Kenya are given in Tables 1
and 2.

The experiment also included pure
beans and pure maize. Since the
farmers are already intercropping in
the study area, except for
calculating LER the pure crop
response is redundant. Thus for our
purposes we consider the
intercropped plots only.

Economic Interpretation of the
Results

An ANOVA was carried out on the
combined value of maize and beans.
At market prices the ANOVA on the
combined value of maize and beans
output gave a significant P response
only. Therefore the economic
analysis should focus on this factor
alone.

The economic question then reduces
to:

“Giiven the response what is
the most economic level of P?”, or

“On the basis of these results,
what level of P can be
recommended?”

To answer either of these questions,
a key consideration will be related
to the farmers’ intercropping
practices and objectives. If farmers
are not already intercropping and
intercropping is therefore an option
that may or may not be taken up,
attention would need to focus on
whether economic returns to P are
acceptable in both the intercrop and
pure crop situations and, if so, the
most appropriate level in each.
Since farmers are already
intercropping in this case we can
restrict the analysis to the
intercropping situation only. The
economic information required to
perform the analysis is given in
Appendix 1.

The Most Economic Level of P in
the Intercrop

In this situation the most economic
level of P will depend on farmers’
objectives for growing each of the
intercrops and the critical resource
constraint.
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The value the farmer places on the
output will depend on whether the
crop is grown for the market or for
own consumption. When there are
two or more crops, these values
influence the relative weighting
given to yield responses from a
particular treatment. Where crop
responses are different (this will
generally be the case), the
appropriate weighting of these
responses becomes important in
interpreting the results from the
farmers perspective. One could
visualize five possible scenarios.

a) Both maize and heans are grown

for the market only

b) Maize for consumption and beans

for market

c) Beans for consumption and maize

for market

d) Both maize and beans are grown

for consumption only

e) Maize and beans are grown both

for consumption and market, i.e.,
a proportion is consumed and the

rest sold.

In our analysis we will consider the

first four of these. However, if the
different proportions (consumption
vs sale) are known, then the same

approach could be used to evaluate
the fifth option.

Farmers’ resource constraints will
also have a bearing on the value of
responses and the actual criteria
used in the evaluation and

interpretation. If a critical resource

is in short supply, (it may be cash,

labour, draught power) it will be the

returns to that resource (and not

others) that will determine whether

the treatment is attractive to the
farmer or not. In this particular

case, since the purchase of fertilizer

involves cash and cash is in short
supply, the rate of returns is
calculated for cash.

In Table 3 the marginal returns for
cash from the partial budget are
summarized for different
assumptions about the values of
each crop. The minimum acceptable
rate of return per unit of cash
invested for the farmer is considered
to be 50%.

Given that there are significant
differences between the mean values
of output at each level of P, the
results from this table can be
interpreted as follows.

1. Both maize and beans are sold:

If maize and beans are destined
for the market, then it is not
economical to apply any fertilizer.
It is worth noting when one
moves from no P to 25 kg of P,
the rate of return is 17% and this
increases to 56% when one moves
from 25 kg ha'' to 50 kg ha™!
Under these circumstances one
should calculate the rate of
return for moving from 0 P to 50
kg of P. The rate of return for
cash for moving from 0 to 50 P is
36% which is less than the
minimum acceptable rate for the
farmers in the study area.
Therefore, though the P response
is significant, it is not economical
to apply P when both maize and
beans are destined for the
market.

2. Maize is consumed and beans
gold:

The results indicate that if the
maize is grown for consumption
and beans are grown for the
market then it is economical to
use 75 kg of P. However the rate
of return per unit of money

used in P fertilizer is maximized
at 50 kg P, and if cash is in
extremely short supply (i.e.
minimum acceptable rate of
return is 400 - 500%), then 50 kg
P would be the appropriate
recommendation.

3. Beans for consumption and maize
for market:

If beans are grown for
consumption and maize is grown
for market, the economic use of P
on the intercrop is very marginal.
The MRR for O P to 50 P is 49%
whereas the minimum acceptable
rate is 50%. If the farmer has
ready access to cash, then one
could encourage the farmer to use
fertilizers.

4. Both maize and beans are grown
for home consumption:

If both beans and maize are
grown for home consumption and
thus have a higher value to the
farmer than the market price, the
higher level of 75 kg ha™! of P
would be attractive.

These results, which suggest higher
economic rates of P if maize is used
for own consumption, rest on the
higher value of maize in home
consumption than in the market.
Such results need to be interpreted
carefully. Where cagh availability
depends on marketing the major
crop (maize), such a result is clearly
not very helpful. Butif other cash
sources exist, the results imply an
economic advantage in using this
cash to purchase fertilizer and
reduce maize food purchases, but a
much lower economic advantage in
using cash to purchase fertilizer to
enable higher maize sales.

The main objective of this example
is to illustrate the importance of
using realistic values since
conclusions can be misleading if
inappropriate values are applied to
outputs as well as inputs.

Sensitivity Analysis

Where it is unclear what values (for
inputs or outputs) should be used, a
sensitivity analysis using different
possible values can be useful for
deciding how important it is to
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establish relevant values. For
example, if the conclusions in Table
3 had not changed whatever
objectives were assumed, a
recommendation could be made
regardless of farmers’ marketing
strategy. In this example the
economics of fertilizer use is
sensitive to marketing strategy and
we need to take account of this in
planning further research or making
a recommendation.

Conclusion

Economic analysis of intercropping
trials is no different in principle to
the analysis of pure crop trials.
However intercropping analyses can
be somewhat more complex and
their interpretation less
straightforward.

It becomes even more important to
keep in mind that the analytical
comparison being made is between
what farmers are currently doing
and how they may change and do
things differently. Thus a
comparison between pure and
intercrop performance is relevant
ONLY where one of the change
options being examined is from pure
to intercropping or vice-versa. Often
in adaptive on-farm research, this
will not be the case, and the
relevant analysis then is related to
options for improving the
performance of the intercrop.

In analyzing options to improve
intercrop performance, it becomes
important to be clear about farmer
objectives and values vis-a-vis the
two or more intercrops (as our
analysis example indicates). Clearly
these types of consideration should
be an integral part of trial planning.
The objective of the trial and
selected treatments should reflect
current practice and farmer
objectives as well as potential
improvement options. 1f trials have

been appropriately designed,
economic analysis becomes more
straightforward. Relevant
comparisons for the economic
analysis should be determined at
the outset so that all necessary data
for both economic and agronomic
assessments can be obtained. Thus
if an intercrop is included only for
consumption (e.g. cowpea leaves),
information on how farmers value
the output from this crop is
essential for a realistic economic
analysis.

In addition, a common basis should
be selected for aggregating the
outputs and this aggregated value of
the combined output should be used
in statistical evaluation. It is
important to keep in mind that any
variations in price ratio could alter
the results of the statistical
analysis.

It is important to include the
economic perspective at the outset
in the planning and derign of on-
farm intercropping trials. Merely
tagging an economic analysis at the
end of a trial report will generally
involve making a host of
assumptions (explicit and implicit)
about farmer values and objectives
and will only be as useful as the
agsumptions are accurate.
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Appendix 1

Experimental Data On Fertilizer Response of Maize-Beans Interplanted.

The experimental data are part of a comprehensive fertilizer experiment which is currently being established in
Kenya. The experiment is located in central Kenya, in a relatively dry area. The data refer to the 1987 long rain
cropping season. Planting was done about April. It should be noted that the season was particularly dry and
therefore yield levels were low and are possibly inconsistent with fertilizer application rates.

Economic Information is as follows:

Selling Price of Maize: 2.00- per kg
Selling Price of Beans: 5.00- per kg
Transport cost (Maize & Beans) 0.10- per kg
Harvesting and shelling 10.00- per quintal
Cost of Fertilizer 12.00- per kg N
(Including Tranaport Cost) 13.00- per kg P
Labour Requirement per Application 3 mandays per ha
Wage Rate 25.00- per day

All P applied at planting time
All N top-dressed as single application

Yield Adjustment 10%

Table 1. Malze-Bean Intercrop -- Maize Yield (Qu ha).

P,O, Level (kg ha')

N Level
(kg ha') 0 25 50 75 Mean
0 2.10 6.60 6.20 13.55 7.13
25 4.00 4.20 10.45 8.70 6.84
50 1.40 3.20 5.90 14.25 5.65
75 3.15 6.80 9.70 2.25 4.03

Mean 2.66 5.20 8.08 9.69
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Table 2. Maize-Bean Intercrop - Bean Yield (Qu ha™).

P,O, level (kg ha™)

N Level
(kg ha) 0 25 50 75 Mean
] 0.25 0.50 0.20 0.50 0.36
25 0.20 0.65 0.60 0.30 0.44
50 0.25 0.15 0.40 1.00 0.45
75 0.45 0.25 0.70 0.30 0.43
Mean 0.29 0.39 0.48 0.53
Table 3. Rate of return for cash for different levels of P with different objectives (MRR%).
Treatment
Objectives PP, PPy Poo-Puy
Bean & mailze for** 17 56* Dominated
market
Malze for consumption 143* 199* 67"
Beans for market
Bean for consumption*** 30 67" Dominated
and maize for market
Bean & maize for 157* 211 74*

consumption

*Acceptable treatments MRR > min acceptable rate of return

**MRR P_--P,, Is 36%
***MRR for P_~-P,, Is 49%



Special Malawi Experiences in Intercropping Research

SQSSlon L.D.M. Ngwira, A.B.C. Mkandawire, O.T. Edje and R. Tinsley, Chitedze Agricultural
Research Station, P.O. Box 158, Lilongwe, Malawi.
Introduction Because farmers intercrop and there Lilongwe:  11. Maize, beans

Intercropping, including mixed, row
or ridge, strip and relay
intercropping, is the growing of two
or more crops simultaneously on the
same area of land (Andrews and
Kassam 1975). Where intercropping
is practiced, there is also a
significant amount of between crop
competition.

In Malawi, intercropping is a
traditional popular farming system
practiced by smallholder farmers as
a strategy for increasing crop yields,
crop diversity and the stability of
crop production. It also serves to
satisfy dietary requirements, spread
labour peaks, or spread risks caused
by weather, pest and disease attack
or market fluctuations (Willey,
1979).

About 94 percent of the total
cultivated land area in Malawi is
under some form of intercropping.
It is estimated that 94 percent of
maize; 90 percent of groundnuts; 99
percent of pulses including beans
(Phaseoluswulgaris); 89 percent of
cassava; and 97 percent of sorghum
and millets are grown in association
with other crops (Table 1)
(Anonymous 1970 and 1981). The
predominant combination involves
grain legumes such as beans,
cowpeas, groundnuts, pigeon peas,
or peas grown in association with
cereal crops such as maize, sorghum
and millets. Associations with
maize are the most common (Table
2).

The intensity of farming in
smallholder farmers generally
increases as the farm size decreases.
Since the average landholding in
Malawi is 1.5 ha, this could be one
reason why intercropping is
widespread (Hansen 1981). More
intercropping is practiced in the
Southern Region of Malawi where
the average farm size is just 0.5 ha.

is much reported information
supporting this practice, Malawi has
placed considerable emphasis in
recent years on intercropping
agronomic research, to understand
how yields in intercropping can be
maximised.

This paper attempts to highlight
intercropping experiences in Malawi
with emphasis on cereals and
legumes, especially maize and
beans.

Crops in Intercropping
Systems in Malawi

Hansen (1981) in surveys in several
areas covering all the three regions
of the country observed several
combinations of crops.
Intercropping maize with other
crops was found to be the most
common in all the four areas
surveyed.

The different combinations
classified by major crop and
geographic area are given below:-

Maize Mixtures

Phalombe: 1. Maize, cowpeas

2. Maize, pigeon peas

3. Maize, sorghum

4. Maize, cowpeas
and pigeon peas

5. Maize, cowpeas
and chickpeas

6. Maize, groundnuts
and pigeon peas

7. Maize, sunflower
and grams

8. Maize, sunflower,
cowpeas and velvet
beans

9. Maize, pigeon peas,
cowpeas, grams,
sorghum and
groundnuts

10. Maize, pigeon peas,
grams,
groundbeans and
groundnuts

Chitipa: 12. Maize, beans

13. Maize, groundnuts

14. Maize, cassava

15. Maize, groundbeans

16. Maize, beans and
cowpeas

17. Maize, beans,
groundnuts and
groundbeans

Tsangano: 18. Maize, wheat.

Sorghum Mixtures
Phalombe: 1. Sorghum, maize
2. Sorghum,
sunflower
3. Sorghum, cassava
and grams

4. Sorghum, cowpeas
and pigeon peas.

Finger Millet Mixtures
Chitipa: 1. Millet, cassava
2. Millet, sorghum,

sesame

Cassava Mixtures

Phalombe: 1. Cassava, grams
2. Cassava, velvet
beans
Chitipa: 3. Cassava, maize
4. Cassava, grams.
Groundnut Mixtures
Lilongwe: 1. Groundnut,
cowpeas

2. Groundnut, maize

Tobacco Mixtures

Phalombe: 1. Tobacco, pigeon
peas
2. Tobacco, grams
3. Tobacco, tomatoes

4. Tobacco, pumpkins
and cucumbers.
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Types of Intercropping
Systems Practiced in
Malawi

Mixed Intercropping

This is the growing of two or more
crops on the same piece of land
during one cropping season with no
distinct row arrangement. This is
not common in Malawi since most
farmers plant their crops on ridges.
However, there are some areas
where mixed intercropping is
practiced in dryland farming and in
dimba (river valley) gardens. This
system ig practiced with crops which
are planted by broadcasting such as
upland rice, wheat, sorghum, and
bulrush and finger millets mixed
intercropped with other cereal crops,
potatoes, vegetables and legume
crops.

Row Intercropping

The growing of two or more crops on
the same row or ridge. This is the
commonest type of intercropping in
Malawi where most crops, including
maize, are planted on ridges.
However some farmers plant their
crops in rows on the flat. This is
practiced in dimbas (river beds) and
in the Shire Valley in Southern
region.

In both the mixed intercropping and
the row intercropping, there is
substantial between crop
competition for most of the growth
cycle of one or both crops. This is
because both crops may be planted
at the same time on the same hill or
one crop planted during the
vegetative stage of another, e.g.
maize and groundnuts and maize
and beans.

Row intercropping is common on the
Lilongwe Plain and areas with
similar rainfall where the delay in
planting the second crop will cause
substantial reductions in seed yield
primarily because of inadequate
moisture for the crop to produce
reasonable yields and also by
shading from an associated maize
crop. According to Johnson (1973),

the rainfall which-hegins in
Lilongwe district about November
25 and ends about March 19 is fairly
low, only 830 mm, has a net season
length of 118 days, 72% wet
pentades and 80% reliability index.
Areas with similar rainfall
characteristics to Lilongwe and
which have soils suitable for
groundnut produ¢tion should plant
maize and groundnuts as an
intercrop about the same time, but
beans should be planted under
maize no later than when maize is
knee high (Edje, Mughogho and Rao,
1975). The maize in Table 3 was
planted at the same timei.e.
beginning of the rains. The beans in
treatments 2 to 5 were planted at
the same time as the maize while
the beans in treatments 6 to 9 were
planted when maize was knee high
(45-50 cm) or 4 weeks after planting
maize. Inter-planting maize with
dwarf beans at the same time
prcduced a seed yield of 760 kg/ha.
However, a delay in undersowing
majze with dwarf beans until the
maize was knee high yielded only
220 kg/ha of beans (71% yield
reduction).

Relay Cropping

Here a second crop is planted when
the first crop-has reached its
reproductive stage but before it is
ready for harvest (Andrews and
Kassam, 1975). At times the second
crop is planted when the first crop
has reached physiclogical maturity,
e.g. a maize relay crop planted with
beans, peas, potatoes or wheat.

Relay cropping is common in Thyolo,
Mulanje and Chiradzulu in
Southern region, Ntcheu and Dedza
in Central region, and Rumphi in
Northern region. Relay cropping is
practiced:

1) in areas with average net season
lengths of 140 days and over, a
season reliability index over 75%
and about 80% wet pentades.

2)in locations with bimodal
rainfall, e.g. Karonga in Northern
region which hae in addition, 84%
wet pentades, net season’s length of

147 days and season’s reliability
index of 85% (Johnson, 1973), where
there is adequate residual moisture
for a reasonable yield from a relayed
crop and

3) in places like Thyolo where the
annual rainfall is about 1230 mm
with about 100 mm falling in the
dry season (May-October) as mist.

Spurling (1972) reported that it wasg
possible to obtain a relay crop and a

double crop of beans from Bvumbwe
in Thyolo (Table 4).

Strip Cropping

The growing of two or more crops
simultaneously in different strips,
e.g. about four to five rows of say
maize or sorghum with four or more
rows of cotton, beans or groundnuts,
The rows of the crops are wide
enough to allow independent
cultivation but narrow enough for
the crops to interact agronomically.
This cropping system, though not
very common in Malawi, is practiced
by some smallholder farmers in all
the three regions of the country.
Strip cropping systems are not
confined to any location with a
particular rainfall pattern.

Interculture

The growing of arable crops below
perennial crops, e.g. growing pulses
or cereals below coffee bushes before
their canopies are closed up. Citrus
crops are also intercultured with
cereals or legumes. This system is
practiced in all areas where
perennial crops are grown in
Malawi.

Advantages of
Intercropping Systems
in Malawi

Higher Yields (Seed and
Monetary Value)

The main objective of crop
production is to increase yield per
unit of land and many experiments
on mixed cropping have shown that
one means of increasing crop yields
is by intercropping rather than
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monoculture, as shown in Table 5.
Edje, Mughogho and Rao (1979)
conducted intercropping trials with
maize and beans over a three-year
period. The advantages of
intercropping are well illustrated in
this experiment. By growing maize
and beans in association, the farmer
obtained a combined maize and bean
yield of 11 540 kg/ha compared to
monoculture maize yield of 10 523
kg/ha. If, however, the farmer had
grown one half hectare to a pure
stand of maize and the other half
hectare to beans, he should have
obtained only 6 671 kg/ha (/2 of 10
523 + 1/2 of 2 818). Similarly the
intercropping system produced
46.4% more gross revenue than the
pure stand. It should be noted here
that the bean yield was a bonus crop
because no additional fertilizer was
applied to the bean crop when sown
under maize; nor was additional
land used since both crops were
planted on the same ridge. The land
equivalent ratio was 1.24 indicating
that 1.24 hectare of pure stand of
both crops was needed to produce
the same yield from one hectare of
mixed stand. Similar results were
obtained in unpublished work
(Tables 6, 7 and 8).

Energy and protein yields

When a farmer practices
intercropping, more energy and
protein yields can be produced than
in monoculture (Table 5).

Using conversion tables, 100 g of
maize flour (ufa) with 60% starch
extraction contains 354 calories
while 100 g of beans contains 339
calories and 100 g of the edible
portion of maize and beans contains
8.0 g and 24.0 g, respectively (Platt,
1962).

Using FAO estimates that 2.5
megacalories and 65 g protein is the
daily requirement of a 55 kg active
man, the maize and the bean
mixture per hectare should provide
enough energy for 44.7 men and
enough protein to feed 42.7 men per
year. However, if the farmer had

practiced monocropping and planted
a half hectare to each crop, he
should have produced enough energy
and protein to feed only 27.9 and
32.0 men, respectively.

Pest and disease control

Maize and cotton strip cropping in
Malawi may reduce the incidence of
Heliothis attack on cotton. The
maize acted as a trap or
diversionary crop. Several eggs
were laid on the ear but only one
larva survived, reducing the
population of Heliothis.
Interplanting cowpeas with maize
and cowpeas impeded the movement
of Ootheca spp. and caused them to
be more aggregated than when they
had a continuous pure crop of
cowpeas. The dilution effect
produced by crops in the mixture,
especially where there are non-host
plants reduces the colonization
efficiency and subsequent
population densgity. Some plants
also produce chemical repellants.

Physical interference of non-host
crops in a mixture have been
reported to act as trap crops for
fungal or bacterial spores. Rust of
maize has also been reported to
control the rust of Phaseolus heans.
Despite these advantages. it has
also been reported that hoth pests
and disease situations are
gsometimes higher in mixed than in
pure stands because of the denser
microclimate in intercrops.

Stable yield and need for
security

Farmers in Malawi practice
intercropping as an insurance
against inrects, diseases, weather
and price fhictuations, to ensure
stable yields.

More efficient light utilization
and weed control

The oversowing and overlapping of
crops enables more efficient light
utilization especially in a
polyculture system of maize,
climbing beans and pumpkin (Edje,
et al 1980). The beans climbed on

the maize stalk exposing the bean
leaves to light without excessive
shading while the pumpkin leaves
growing prostrate on the ground
helped to suppress weeds while at
the same time intercepting solar
radiation, especially during the
early growth of the maize and bean
crop when full canopy had not been
developed.

Resource maximization

On a given area of land, mixed or
intercropping maximizes the returns
from the most limiting factors such
as labour and fertilizer.

Wind and soil protection

Strip cropping is sometimes used to
shelter crops from wind. Mixed
cropping generally produces a field
with a denser canopy, possibly for a
longer time during the crop season
than pure stand. Consequently, the
soil is protected by layers of
overlapping leaves which reduce the
rainfall impact thereby lessening
water and soil erosion.

Soil Fertility maintenance
Higher retention of soil fertility with
nitrogen fixation by legumes, root
excretions, micorrhiza effects, roots
feeding at different levels and over
different periods of time and
adaptation of planting to changing
soil conditions are all important
factors in an intercropping soil
management system. Malawian
farmers therefore benefit from
intercropping their maize fields with
legumes.

Disadvantages of
Intercropping in Malawi

Intercropping is not without
problemis in Malawi, and the main
ones frequently mentioned include:

1. Difficulties in mechanization and
thus it is hard to carry out on a
large scale. However, in Malawi,
with the average land holding
gize of 1.5 ha for smallholders,
mechanization is not an issue.
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2. Difficulties in using chemicals
such as herbicides, fungicides
and insecticides due to different
reactions of the two species to
the chemicals and because of
physical obstruction. This is to
gome extent true for our farmers
in Malawi.

Conclusion

The intercropping of maize and
legumes in Malawi by smallholder
farmers is a very common practice
and therefore more systematic
research is needed to better
understand the system and provide
farmers with the most efficient
combinations. Nutrient recycling to
address soil fertility decline due to
continuous cropping of land to maize
needs special attention through long
term intercropping and rotation
trials.

Table 1. Percentage of cultivated
hectarage grown In pure and mixed
stand.

Pure Mixed
Crops stand stand
Maize 6.4 936
Groundnuts 9.7 91.3
Pulses 1.0 99.0
Cassava 11.0 89.0
Millet and sorghum 2.9 971
Potato (European
& sweet) 5.1 94.9
Mean 6.0 94.0

Anonymous, 1970
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Table 3. Yield of maize and beans grown in pure and mixed stands.

Treatment Yleld (kg/ha)
number Treatments Maize Bean Total
1 Pure stand of maize 10348 - 10348
2 Pure stand of dwarf beans - 1673 1673
3 Pure stand of climbing beans - 2620 2620
4 Maize and dwarf beans 9974 760 10734
5 Malze and climbing beans 10005 493 10498
6 Pure stand of dwarf beans - 878 878
7 Pure stand of climbing beans - 1965 1965
8 Maize and dwarf beans 10725 220 10945
9 Maize and climbing beans 10428 108 10536
Mean 10296 1090 6689
S.E. + 179 57 330
Table 4. Yield of maize and beans as an intercrop, relay and double cropping.
Yields (kg/ha) and season
Malze Beans
Treatments Nov. Nov. March Total
Maize in November intercropped with beans
in March 4407 - 373 4780
Maize in November interplanted with beans
In November, relay planted with beans
in March. 4238 355 389 4982
Beans monoculture in November replanted with
beans In March - 1033 747 1780
Table 5. Seed, revenue, energy and protein yields of maize and beans in pure and mixed stand.
Yield (kg/ha) ——— Money Energy (mega calories/ha) — Proteln (kg/ha) —
Cropping system Maize Beans Total vaiue (MK)  Maize Beans  Total Maize Beans Total
Malize (pure) 10523 - 10523 636.64 37251 - 37251 842 - 842
Beans (pure) - 2818 2818 371.98 - 9553 9553 - 676 676

Maize and beans 10975 565 11540 738.56 38848 1916 40763 878 136 1014
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Table 6. Effect of bean planting pattern and population on yield of both
local maize and beans in Ntcheu. (kg/ha), 1985/86.

Treatment Maize Beans Total
1. Pure maize 1360 - 1360
2. Maize/beans same station 1390 280 1670
3. Maize/beans one station between malze 1330 470 1800
4. Maize/beans two stations between maize 720 360 1080
S.E.le.* 138 155

Table 7. Seed yleld and land equivalent ratio (LER) of maize/legume
intercropping systems at Chitedze in1985/86.

Seed yleld (kg/ha)

Cropping System Maize Legume LER
Sole crop maize (UCA) 5764 - 1.00
Malze/groundnuts 7252 265 1.61
Maize/soybeans 6472 247 1.47
Maize/cowpeas 6901 298 1.75
Maize/groundbeans 6959 140 1.37
Sole-crop groundnuts - 754 1.00
Sole-crop soyabeans - 699 1.00
Sole-crop cowpeas - 546 1.00
Sole-crop groundbeans - 773 1.00
S.E. Mean 769 - -

Table 8. Seed yleid (kg/ha) and land equivalent ratio (LER) of maize/
legume intercropping systems at Chitedze in 1986/87.

Seed yleld (kg/ha)

Cropping system Maize Legume LER
Sole Crop Maize (UCA) 6182 - 1.00
Maize/Groundnuts 5807 130 1.07
Maize/Soybeans 6128 715 1.42
Maize/Cowpeas 6319 - 1.02
Malize/Groundbeans 6873 488 1.55
Malze/Phaseolus Beans 6473 326 1.55
Sole-crop Groundnuts - 975 1.00
Sole-crop Soyabeans - 1657 1.00
Sole-crop Cowpeas - - -

Sole-crop Groundbeans - 13 1.00
Sole-crop Phaseolus Beans - 650 1.00

S.E. Mean 496 - -
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Introduction

Intercropping evolved in traditional
agriculture as a strategy to diversify
and increase food production. In
Kenya, the number of farmers
adopting the system has, for some
reasons, increased steadily over the
years. This has attracted many
researchers, whose work has
recorded some remarkable
achievements towards improvement
of the productivity of cereal/legume
intercrops.

This paper presents some
background information on the
development of cereal/legume
intercropping research in Kenya; the
past achievements and constraints
experienced and some suggestions
for future directions of the research.

Background and Adoption of
Cereal/Legume Intercropping
Leakey’s description of the cropping
system practised by the Kikuyu
peasant and its rationale (Leakey,
1934) indicates that cereal/legume
intercropping is an old practice in
Kenya. Since Leakey’s time the
spread of cereal/legume
intercropping to most arable parts of
the country has been dictated by
both agro-ecological and socio-
economic factors. Various reasons
have been given for the adoption of
the system in Kenya (Mwania,
1987). These include:

a) Risk of crop loss caused by
adverse conditions, such as
frequent droughts, frost,
hailstorms, diseases, insect
pests and poor seed quality.

b) The need for different crops to
provide a balanced diet and
cash.

¢) The need for crops with
different maturity attributes to
serve as stop-gap sources of food
and income.

d) The desire to optimize the use of
often scarce labour.

e) The need to optimize the use of
a fixed land area in the face of
increasing population pressure.

f) Introduction of crops by
immigrating farmers to satisfy
their eating habits and farming
experiences.

g) Changed eating habits which
altered peoples’ attitudes
towards certain crops.

h) The availability of ready
markets for certain saleable
crops encouraged farmers to
grow those crops.

i) Farmers noticed that cereals
and legumes exploit productive
resources at different levels and
that soil productivity could be
better sustained in cereal/
legume associations than with
the sole-cropping of cereals.

j)  Farmers were impressed by the
high yields obtained from
demonstrations on
intercropping.

Justification of Intensified
Research on Intercropping
Firstly, intercropping is a
traditional cropping system
developed by farmers out of
necessity and long experience and
cannot. therefore, be neglected by
research. Cereal/llegume
intercropping provides the family
with a range of calorie and protein
sources as well as high value animal
feeds. It is highly valued by
farmers. For example, in
government irrigation schemes
intended to step up the production
of special crops such as rice and
cotton, new settlers allocate large
portions of their farms to staple
cereal/legume associations.

Secondly, the available land for
producing food to feed a rapidly
increasing human population is
small and diminishing. Only about
18% of Kenya's total area is high
potential arable land, the rest has

marginal rainfall or is semi-arid.
The country has little mineral
wealth and the available land and
current agricultural production
cannot satisfy for long a population
of 23 million people, growing at 3.8%
per annum, and at the same time
produce enough cash crops to
generate much needed foreign
exchange for national development
(Anon, 1981, 1986). Much of the
high potential land is occupied by
cash crops, mainly coffee, tea and
sugarcane and elsewhere by forests
whose cultivation would only lead to
environmental degradation.
Already, indiscriminate
encroachment and destruction of
natural forests has prompted the
government to initiate “Nyayo Tea
Zones” to help protect the forest
environment.

Livestock production requires part
of the arable land for grazing or
fodder production. Zero-grazing is
not possible in the short-term
because local animals are still
highly prized and to some
communities large cattle numbers
are regarded as a status symbol.

Cereal/legume crop associations are
known to improve soil fertility and
have nutritional benefits to humans
and livestock. By improving soil
chemical and physical conditions
through biological nitrogen fixation,
leaf fall, mineral nutrient cycling
and reduced run off and
evapotranspiration, intercropping
can raise the long term productivity
of a farming system.

Intensifying research on cereal/
legurue intercropping would,
therefore, be promoting regenerative
or gustainable agriculture taking
advantage of low-cost resources
available on or near the farm and
making more effective use of
elements of production internal to
the cropping system. The relevance
and need for advancing regenerative
agricultural technologies, otherwise
termed as information-intensive as
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opposed to capital-intensive
systems, for the developing world, is
vividly discussed by Francis, et al
(1986).

Cereal/Legume
Intercropping Research
in Kenya

Past Achievements and
Constraints

Until the early 1970’s, intercropping
in Kenya was considered by most
researchers and extension workers
as a primitive and unproductive
system suitable only for peasant
farmers. As a result, past research
work emphasized the improvement
of individual crop species in order to
produce cereal and legume varieties
with high yield potential in
monoculture-based cropping
systems. Most of the varieties
proved to be less than perfectly
compatible when intercropped.

Systematic research on
intercropping was initiated at the
University of Nairobi in 1972 and
was later extended to the regional
research centers. It focussed mainly
on maize/bean intercropping but
subsequently work also included
other intercrops, such as maize/
cowpea, maize/pigeon pea, sorghum/
pigeon pea and sugarcane/beans.
Various experiments were conducted
relating to spacings and planting
patterns, variety evaluation,
fertilizer and manure use and the
economics of intercropping. These
research efforts have recorded some
remarkable achievements as well as
uncovering constraints.

Nitrogen Fixation

by Legumes

There has been substantial
experimentation on rhizobia to
investigate the efficiency of legume-
nitrogen fixation (Keya, et al. 1982;
M.O.A. 1982; Chui and Nadar,
1983.) This work has reaulted in
the mass production of Rhizobium
inoculants which are currently on

the market for use by farmers.
However, the efficiency of legume-
nitrogen fixation has been shown to
be confounded with environmental
factors and cropping systems (Chui
and Nadar, 1983; Nadar, 1983a,
1983b, 1983c; and Nadar and
Faught, 1983). Further research is,
therefore, necessary to investigate
these interactions under farm
conditions before farmers can
exploit fully the benefits of cereal/
legume intercropping.

Maize/Bean Intercropping

The national maize and bean
research programmes have produced
several high yielding varieties suited
to different agro-ecological
conditions of the country (Rheenen,
et al. 1984; Muthoka, et al. 1987).
Research has shown that, with
proper choice of maize and bean
varieties and satisfactory
management, beans constitute a
bonus harvest, without significant
reductions in maize yield,
particularly in the high rainfall
areas (Fisher and Hasselbach, 1979;
M.O.A. 1982).

Intercropping maize with heans
shows an advantage in land use over
pure stands, with relative yield
totals (RYTs) greater than unity
provided planting time and patterns
are appropriate (M.O.A., 1982;
Nadar, 1983a). Under less-than-
adequate rainfall conditions, yields
of both maize and beans may be
reduced but the RYTs still reflect an
advantage for intercropping (Chui
and Nadar, 1983; Nadar, 1983a;
Nadar and Faught, 1983; Chui,
1987). Often, when maize is
adversely affected by conditions
such as drought, hailstorms, frost,
poor germination or low soil
fertility, beans exhibit a
compensatory performance and may
serve as an insurance crop (Fisher,
1976; and Mwania, 1987). Maize/
bean intercropping is, thus,
recommended in both high rainfall
areas and where rainfall is not very
predictable. Table 1 shows the
yields of beans and maize in a

relatively high potential rainfall
area while Table 2 shows yields
under unpredictable rainfall.

Recent on-farm research work,
however, has revealed that some of
the components of the technologies
developed by research are not quite
appropriate under farm conditions.
Mwania (1982), Zoebl (1984),
Mwania, et al. (1987) and Onyango,
et al. (1987) observed that planting
and weeding labour costs would be
particularly constraining when
certain planting patterns and
fertilizer application methods are
used. Maize vaijeties for the high
rainfall zones produce a lot of foliage
and compete strongly with the
beans, reducing their yields by more
than 50%. The need for certified
bean seeds each year and routine
spraying against diseases and insect
pests for the current bean varieties
conatitutes a major cost to the
farmer. The need to screen maize
varieties for their suitability in
intercropping has been recognized
(Muthoka, et al. 1987) and so has
that for beans (Rheenen, et al. 1981;
Muigai and Rheenen, 1982; Stolzer
and Omunyin, 1983). Further
liaison is, therefore, required
hetween breeders, agronomists,
plant pathologists, agricultural
engineers and socio-economists in
order to produce varieties which
combine high yield potential,
intercrop compatibility and
palatability; and also to develop
suitable planting and weeding
technologies for this intercropping
system. Tables 3 and 4 show some
economic aspects of maize/bean
intercropping.

Maize/Cowpea and Maize/Pigeon
pea Intercropping

The best potential for these
intercrops is in the warm, medium
and marginal rainfall areas and in
the semi-arid, coastal and lowland
zones. Breeding of cowpeas and
pigeon peas, utilizing both local and
introduced germplasm has led to the
release of some drought resistant,
early maturing and high yielding
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cultivars (Onim, 1983; Shakoor, et
al. 1983a; Shakoor, et al, 1983h).
Agrononiic trials have indicated that
under favorable rainfall conditions,
intercropping maize with cowpeas or
pigeon peas has a beneficial effect
on yields and gross returns of both
the associated and the subsequent
maize crops (Nadar, 1983b, 1983c;
Nadar and Faught, 1983; Chui,
1987). However, released improved
varieties lack the desired disease
and inesect pest resistance, thereby,
making farmers averse to their
adoption. Moreover, adaptive trials
and on-farm demonstrations have
not been conducted extensively
enough, mainly because cowpeas
and pigeon peas are either not very
popular ar food or because their
marketability is uncertain in. many
parts of the country.

Sorghum, Millet or other
Cereal/Legume Intercropping
Sorghum and millet production have
been declining mainly hecause of
changing food preferences in favour
of maize. However, they are still
important in Western Kenya and
the marginal and semi-arid rainfall
areas. Past research has been
directed at producing varieties
which are drought resistant, high
yielding, less-prone to bird damage,
and with acceptable palatable grain
types (Kermali et al., 1983). Efforts
to develop suitable methods of
processing and utilizing sorghum
and millet products have heen made;
these have registered remarkabhle
success. Little attention has,
however, been paid to sorghum or
millet/legume intercropping.

Information is available about
research on miuor intercrops
involving maize. sorghum, willets,
sugarcane or ley grasses with other
legumes, such as groundnuts,
soybeans or forage legumes, hut this
has not made much impact on the
farming systems in Kenya either
because the intercrop is scattered or
the research inconclusive.

Cwrrent and Future

Research Approach

A lot of data pertaining to
intercropping has accumulated in
research station annual reports but
has not been translated into
technology recommendations for nse
by farmers. This can be attributed
to weakness in the research
methods uged. Due to a lack of
recognition of the multiplicity of
farmers’ constraints, opportunities
and goals, many researchers have
tended to solve non-problems or b)
have had objectives quite at
variance with the farmers’
circumstances, goals and priorities.
This misdirection has resulted from
the lack of interdisciplinary
cooperation and lack of farmer
participation in research.
Fuithermore, conventional
experimental designs and statistical
procedures often cannot he used to
handle complex intercropping
situations. Experimental vmiiables c)
in conventional approaches may not
produce conclusive results. Ashby
(1986) demonstrated vividly the
importance of proper farmer
participation and experiment
planning in on-farm trials.

Considering the high cost and little
benefit of haphazardly conceived
intercropping trials, there will be d)
need to equip the scientists with
necessary skills in on-farm research.

The on-the-job training should be
intensified through short-courses,
workshops, seminars and

conferences on new methods and
procedures in various scientific
disciplines related to intercropping
research. Algo, collaboration is

required between various e)
institutions. Scientific disciplines

could contribute to effective cereal/
legume intercropping research in

the future as follows:

a) Agronomists: Characterize
and evaluate the intercropping
systems practised in various
AEZs; design alteimative
improved production
technologies; also rationalize

resource use relating to crop
species/variety mix, crop
nutrition and soil fertility
management, land preparation,
planting time and patterns, crop
protection and mechanization,
to reconcile national food policy
and farm family goals. Cereal/
legume mixtures in agro-
forestry or agro-livestock
systems should also be
considered.

Breeders: Design, develop and
evaluate cereal and legume
cultivars for compatibility in
intercropping with respect to
physical and physiological
competition and pest aspects,
while satisfying farmers’
multiple preferences -- such as
food, cash, animal feed or green
manure -- rather than just high
yield.

Soil Scientists: Evaluate the
biochemical and physical
relationships of the cereal/
legume association and the soil,
especially legume nitrogen
fixation, 8o as to utilize nitrogen
fixation to save on mineral
fertilizer costs; or at least to
sustain soil productivity.

Plant Pathologists:
Determine disease and insect
pest incidence and occurrence in
various intercropping systems
as a guide for development of
resistant/tolerant varieties and
also development of suitable
integrated pest management
programmes.

Crop Physiologists:
Determine the anatomical and
physiological basis of
competition and yield of
intercropped cereal and legume
gpecies -- as related to crop
morphology, fertilizer use
efficiency or efficiency of
nitrogen fixation -- to be used as
criteria for selecting suitable
cultivars for intercropping.
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f) Agricultural Engineers:
Develop suitable, simple
implements for planting,
fertilizer application and
weeding in cereal/legume
irtercrops, to allow farmers to
attain desirable levels of
agronomic management and
reduce field operational labour
costs,

g) Biometricians: Aasist
biological scientists in
developing suitable field plot
techniques and statistical
designs for on-farm
intercropping trials.

h) Socio-economists: Assist the
technical scientists in
determining socio-economic
factors related to current
farming systems; developing
suitable criteria for evaluating
cereal/legume intercrop
angociations and delineating
recommendation domains in
order to design experiments and
generate innovations acceptable
by the farmers.

i) Food Technologists: Assist
breeders in identifying crop
varieties which have high
nutritional value, storability,
taste and palatability, and also
to develop suitable proceesing
technologies which can enhance
palatability and marketability
of unpopular crops such as
sorghum, millets, and pigeon
peas, in order to promote their
adoption.

National agricultural research in
Kenya has been re-organized, with
the creation and strengthening of
national and regional research
centers. This remarkable change is
intended to ensure proper
prioritization, coordination and
continuity of on-going research. The
regional research centers will cater
for all adaptive research, based on
agro-ecological zones and socio-
economic conditions throughout the

country. In the new structure more
emphasis could be put on multiple
cropping systems. All this will
benefit the local farming community
as well as increase overall national
food production.

References

Anon (1981). Sessional Paper no. 4
of 1981 on National Food
Policy. Government Printer,
Nairobi, Kenya.

Anon (1986). Sessional Paper no. 1
of 1986 on Renewed Economic
Growth and Development.
Government Printer, Nairobi,
Kenya.

Ashby (1986). The effect of different
types of farmer participation on
the management of on-farm
trials: In: Agro-economic
Division. IFDC, Muscle Shoals,
Alabama, 356662, U.S.A.

Chui, J.N. (1987). Plant population
trials in maize and maize-based
intercropping system. Maize
Agronomy workehop paper,
Nairobi, 17-19, February, 1987.

Chui, J.N. and H.M. Nadar (1983).
Effect of spatial arrangements on
the yield and other agronomic
characters of maize and legume
intercrops. In Dryland Farming
Research in Kenya, EAA.F.J.
Special Issue 44, 137-146.

Fisher, N.M. (1976). Experiments
with maize-bean and maize-
potato mixed crops in an area
with two short rainy secasons in
the highlands of Kenya. In

Intercropping in Semi Arid Areas.

Report of a symposium held at
Morogoro, Tanzania, 10-12 May,
1976.

Fisher, N.M. and O.E. Hasselbach
(1979). Mixed cropping of maize
and beans in Kenya: Results of
bean general culture trials in
1975 and 1976. Grain Legume
Project - Interim Report No. 15,
Long Rains 1979.

Francis, C.A., R.R. Harwood and
J.F. Parr (1986). The potential
for generative agriculture in the
developing world.

Kermali, I.R, A. Shakoor and J. W.
Kamau (1983). Breeding
sorghums for semi-arid areas
(Abstract): In Dryland Farming
Research in Kenya. EAA.F.J.
Special Issue 44 289.

Keya, S.0, V.R. Balasundaram, H.
Ssali and C. Mugane (1982).
Multi-location field responses of
Phaseolus vulgaris to inoculation
in East Africa. In (P.H. Graham
and S.C. Harris Eds), BNF
Technology for Tropical
Agriculture. 231-234.

Leakey, L.S.B. (1934). Science and
the African. Re-edited by C.L.A.
Leakey (1970).

Ministry of Agriculture (M.O.A.)
(1982). Four years progress
report, April 1978 - April, 1982.

rain Legume Project, NN H.R.S,,
Thika, Kenya, 50 pp.

Muigai, S.G.8. and H.A. Van
Rheenen (1982). Screening for
mixed cropping. Paper presented
at the Biennial Conference of the
Bean Improvement Cooperative,
Gainesville, Florida, 5-7, January
1982, 11 pp.

Muthoka, et al. (1987). National
Maize Research Programme in
Kenya. A project proposal to
K.A.R.I and U.S.A.L.D. Kenya
Mission, by the Maize Research
Task Force Team, N.R.C., Kitale,
1987.



164

Mwania, N.M. (1982). Economic
factors of maize/bean intercrops.
InN.AR.S., Kitale Annual
Report, 1982,

Mwania, N.M. (1987). Maize
intercropping research work at
the N.A.R.S., Kitale: Past
achievements, recommendations
and proposals for the future.
Maize Agronomy Workshop
paper, Nairobi, Kenya, 17-19,
February, 1987.

Mwania, N.M; et al. (1987). On-
farm pre-extension
demonstration of improved maize
and bheans production technology.
In. NA.R.S., Kitale Annual
Report, 1987.

Nadar, H.M. (1983a). Intercropping
and intercrop component
interaction under varying rainfall
conditions in Eastern Kenya [:
Maize/bean intercrop. In
Dryland Farming Research in
Kenya. EA.A.F.J. Special Issue
44, 166-175.

Nadar, H.M. (1983b). Intercropping
and intercrop component
interaction under varying rainfall
conditions in Eastern Kenya 1I:
Maize/Cowpea intercrop. In
Dryland Farming Research in
Kenya, EA.A.F.J. Special Issue
44, 176-181.

Nadar, H.M. (1983c¢). Intercropping

and intercrop component
interaction under varying rainfall
conditions in Eastern Kenya I1I:
Maize and pigeon pea intercrop.
In Dryland Farming Research in
Kenya, E.LAA.F.J. Special Issue
44, 182-188.

Nadar, HM. and W.A. Faught

(1983). Effect of legumes on the
yield of associated and
subsequent maize in
intercropping and rotation
systems without nitrogen
fertilizer. In Dryland Farming
Research in Kenya; ELAAF.J.
Special Issue 44, 127-136.

Onim, J.F. (1983). A new pigeon

pca variety for marginal rainfall
areas of Kenya. International
Pigeon Pea Newsletter, 2.

Onyango, R. et al. (1987). Report on

verification trial on maize and
bean intercrop in Cherangani
division, Trans-lNzoia district.
M.O.A.-S.R.D./CIMMYT On-farm
research workshop, Kakamega,
Kenya, 18-25, January, 1987.

Rheenen, HA, Van, O.E.

Hasselbach and S.(3.S. Muigai
(1981). The effecl of growing
beans together with maize on the
incidence of bean diseases and
pests. Netherlands Journal of
Plant Pathology 87, 193-199.

Rheenen, H.A., Van, P.O. Oluoch

and S.G.S. Muigai (1984).
Release of dry bean varieties
(Phaseolus vulgaris L.) in Kenya.
Technical Bulletin No. 3; grain
legume Project; N.H.R.S., Thika,
Kenya, 54 pp.

Shakoor, A., E.C.K. Ngugi, M.S.

Muthoka and J.W. Kamau
(1983a). Improvement of cowpea
varieties for dry areas in Kenya.
In Dryland Farming Systems
Research in Kenya, EAA.F.J.
Special Issue 44, 306-311.

Shakoor, A., E.C.K. Ngugi, P.A.

Omanga, M.S. Muthoka and S.G.
Mihiu (1983b). Development of
drought-resistant, high-yielding
pigeon pea lines suitable for
semi-arid areas. In Dryland
Farming Research in Kenya,

E A AF.J. Special Issue 44, 312-
317.

Stoezer, H.A.J. and M.E. Omunyin

(1983). Controlling bean diseases
and insect pests. In Food Beans
in Kenya, Kenya Farmer special
issue, August 1983.

Zoebl, D. (1984). Labour

requirements in bean production.
Technical Bulletin No. 2; Grain
Legume Project; N.H.R.S., Thika,
Kenya: 37 pp.



165

Table 1. Yields and relative yleld totals (RYT) of maize and beans in Intercrop systems planted during 1975-76.

Maize Yields (t’/ha)

Bean Yields (Vha)

Relative Relative
Year Site Pure Mixed Yield Pure Mixed Yield RYT
1975 Kakamega 5.21 4.89 0.94 1.05 0.29 0.28 1.23
Kisil 2.70 2.83 1.05 0.85 0.62 0.73 1.78
1976 Kakamega 6.21 7.05 1.14 0.45 0.23 0.51 1.65
Kisli 10.04 9.86 0.98 0.82 0.25 0.30 1.28
Thika 7.63 6.74 0.88 245 0.43 0.18 1.06
Embu 5.16 4.85 0.94 1.39 0.20 0.14 1.08
Nyeri 6.33 6.37 1.01 0.38 0.90 0.24 1.25

Source: Fisher and Hasselbach (1979)

Table 2. Ylelds and land equivalent ratios (LERs) of malze and beans In the sole crop and Intercrop systems

planted during short rains 1980/81.

Yields (10® kg/ha) Partial LERs
Treatment Maize Beans Maize Beans Totai LERs
Sole-crop maize 0.775 - 1.00 - 1.00
Sole-crop beans - 0.771 - 1.00 1.00
Maize/beans Intercrops 0.259 0.259 0.38 0.34 0.72

Source: Nadar (1983a)
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Table 3: Gross margins and land equivalent ratios (LER) analysis of maize and beans in sole crop and intercrop
systems.

Yields (kg/ha) Labour cost  Total costs o b
Treatments* Maize Beans (Ksh/ha) (Kshr/ha) LER GM
1 6750 - 1105 4257 1.00 5493

2 - 1620 1885 5370 1.00 570

3 7200 900 2275 7339 1.62 6361

4 7200 630 1664 6461 1.46 6249

5 7200 540 1846 6495 1.40 5885

* 1: Malze sole crop: 2: Bean sole crop;
3: Maize + bean (2 rows in between maize); 4: Maize + beans (same hole); 5: Maize + bean (separate holes, same row)

** LER = Land equivalent ratlo, *** GM = Gross margin

Source: Mwania (1982)

Table 4. Gross margin analysis of malze - bean intercrop research packages against farmers practice.

Total
Gross variable Gross Invest. Invest return
Production Yields (kg/ha) returns costs margins return per unit
technology Maize Bean {Ksh/ha) (Ksh/ha) {Ksh/ha) per Ksh labour
Research 1 5355 675 14335 6485 7850 1.21 3.40
Research 2 5468 603 14235 6110 8125 1.33 4.00
Farmers’ 4455 450 11405 2970 8435 2.84 9.00

Source: Onyango, et al. (1987).



Cereal/LLegume Intercropping Research in Ethiopia

Kidane Georgis, Amare Abebe, Adhonom Negasi, Legesse Dadi and Woldeyesus Sinebo, Research Officers,
Institute of Agricultural Research, P.O. Box 2003, Addis Ababa, Ethiopia

Introduction

Intercropping is a cropping system
involving the growing of two or more
crops on the same piece of land at
the same time. This farming
practice is a popular crop production
system used in subsistence tropical
agriculture and is very common in
the semi-arid areas of Africa. In
Ethiopia, intercropping is
traditionally practised in many
parts of the country. Different crops
are grown in mixtures by small
farmers to satisfy dietary needs,
spread the period of peak demand
for labour and minimize the risk
associated with the weather.

The most important intercrop
mixtures used by farmers in
Ethiopia can be grouped into three
broad categories:

1. Cereal-cereal association (wheat-
barley, sorghum-millet, maize-
sorghum, etc.)

2. Cereal-legume association
(sorghum-beans, maize-beans,
sorghum-chickpea, maize-
groundnut, etc.)

3. Trees-annual crops (chat (Chata
edulis)-sorghum, enset-legume,
coffee-beans, etc.)

Legume-legume (e.g. faba bean and
field pea) associations are also
practised. The intercropping of a
cereal with a legume, however, is
the most common. Cereals are the
major food sources in Ethiopia and
farmers regard the cereal as the
major component of an intercrop.
Indeed, the traditional objective has
been to produce a full yield of cereal
(as much as with a sole crop) with
the legume serving only to produce
some additional yield. The most
commonly grown cereal crops
include; Teff (Eragrostis teff),
sorghum (Sorghum bicolor), maize
(Zea mays), barley (Hordeum
vulgare) and wheat (Triticum
aestivum) while the major pulse
crops grown in Ethiopia are faba
bean (Vicia faba), field pea (Pisum

sativum.), chickpea (Cicer
arietinum), lentil (Lens esculenta)
and common bean (Phaseolus
vulgaris). The area under
cultivation, elevation above sea level
of the major cereal and pulse crops
grown in Ethiopia is given in Table
1.

Various researchers have reported
congiderably higher yields resulting
from intercropping compared to
pure stand. Singh (1979) reported
an 8-34% sorghum yield increase in
a sorghum-legume intercropping
system over sole crop sorghum.
Osiru and Willey (1976) reported up
to 25% higher yields of the mixture
than could be achieved by growing
the two crops (maize or beans)
separately. Brhane (1976)
enumerated some advantages of
intercropping sorghum with maize,
chat with beans and seed potato in
the Chercher highlands of Eastern
Ethiopia. Intercropping practices by
small farmers reflect the traditional
wisdom or rationality applied to
their cropping decisions (Jadha,
1977).

In view of the benefits to be had
from intercropping and the
compatibility with farmer practice,
several cereal-legume intercropping
trials were conducted in selected
areas of Ethiopia (Table 2) with the
following objectives:

1. To identify cereal and legume
crops which increase yield or give
better total harvest when
intercropping as opposed to pure
stand.

2. To assess the advantages of
cereal-legume intercropping in
minimizing the incidence of crop
failure and pest or disease
infestations.

The intent of this paper is to assess
that past and ongoing cereal/legume
intercropping research work,
identify research gaps and present
future research priorities.

Research Highlights

On station cereal/legume
intercropping research

Sorghum/legume intercropping
About 20% of total sorghum
production in the country is from
intercrops with legumes (Yilma,
1977). Some preliminary sorghunm/
legume intercropping trials were
conducted at Kobo during the 1975/
76 cropping season to identify the
influence of growing legumes (mung
bean, cowpea, pigeon pea, hyacinth
beans and chickpea) in association
with sorghum using several
different planting methods and
spacings. The results indicated that
sorghum yield can be significantly
increased by 26% by growing
sorghum intercropped with mung
bean. On the other hand, sorghum
yields were significantly reduced
when intercropped with hyacinth
bean, cowpea, chick pea and pigeon
pea (Table 3). The yields of all the
legumes when intercropped were
low. Only mung bean and cowpea
gave reasonable yields.
Unfortunately, there were no sole
crop plots of the pulses to compare
the effect of sorghum on their yields.
The results clearly show that if
sorghum is intercropped with mung
bean not only is an extra yield of 235
kg/ha of mung bean achievable but
also an extra yield of 495 kg/ha of
sorghum. That association appears
to be synergistic. Possibly the
ability of mung bean to stimulate
the germination of Striga reduced
the parasitic load on the sorghum
(Whiteman, 1977).

Some preliminary experiments were
also conducted at Melkassa during
the 1982/83 cropping seasons to
study the influence of sorghum-
cowpea, sorghum-haricot bean, and
sorghum-mung bean associations on
the seed yield of sorghum and
pulses. The results indicated that
gsorghum could be intercropped with
mung bean and haricot bean
successfully resulting in about 70%
and 45% seed yield increase
respectively.
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Sorghum-haricot bean
intercropping

Sorghum and haricot bean are
among the most important food
crops grown at Melkassa in the
lowlands of the rift valley. These
two crops are traditionally grown as
gole crops mostly on the same piece
of land year after year. This
practice results in low soil fertility
and increased disease, pest and
weed infestations. Thus crop yields
are usually low and crop failures are
encountered when there is moisture
stress. In many parts of the semi-
arid tropics small farmers
traditionally practise intercropping
as insurance against crop failure
due to environmental stress,
disease, pest problems and to utilize
resources efficiently.

A sorghum-haricot bean
intercropping trial was conducted at
Melkassa to determine the optimum
plant population densities of
sorghum and haricot bean as well as
the best intercropping patterns. A
replacement series was used at a
range of plant population densities
(3 population levels for sorghum and
3 for haricot beans). The results of
this experiment indicated that
gsowing two rows of sorghum with a
row of haricot bean at a population
density of 89,000 and 375,000
plants’ha was the best method of
intercropping for Melkassa and
similar areas. This intercropping
system consistently showed land
equivalent ratios (LER) greater than
1. 33-110% seed yield advantage
was obtained from the intercropping
gsystem as compared to sole
cropping. Similar results were
reported by Mbowe (1984) in a
sorghum, cowpea-green gram
intercropping trial in Tanzania.

Almost all the beans produced in the
Chercher highlands of eastern
Ethiopia, where they form an
important part of the diet, are
grown in association with sorghum
or maize. Therefore, intercropping
trials involving various sorghum
varieties adapted to high elevations

and legumes were conducted at
Alemaya. The results indicated that
an intercrop of the late maturing
variety Alemaya-70 and the haricot
bean cultivar Ethiopia-10 gave a
total yield of 5,800 kg/ha compared
to 4,400 kg/ha for the pure stand of
sorghum and 2,000 kg/ha for the
highest yielding legume in pure
stands. The highest yield was
obtained when both sorghum and
haricot bean were planted
simultaneouasly early in the crop
season. Thus the results pointed
out that the best combination of
intercropping at Alemaya appears to
be the use of a late maturing
gsorghum variety and an early
maturing legume both planted at
the same time (Brhane, 1976).

A similar sorghum-bean
intercropping trial was planted at
Bako during the 1982-83 cropping
season. The results showed that
without affecting sorghum yield,
extra yield of haricot bean could be
obtained by intercropping with
sorghum (Table 4). The land
equivalent ratio indicated that
intercropping at the end of May
made better use of tand (23-38%
yield advantage) than early or
delayed planting. Delaying the
planting date of haricot bean beyond
June 20 resulted in a 7-13% yield
reduction in the intercrop
combinations.

Maize/legume intercropping
Some preliminary trials were
conducted at Melkassa during the
1982/83 cropping seasons to study
the influence of maize-cowpea,
maijze-mungbean and maize-haricot
bean associations on the seed yield
of sorghum and pulses. The results
revealed that mung bean and
haricot bean were suitable for
intercropping with sorghum. The
maize-mung bean and maize-haricot
bean associations gave substantial
increase in LER as compared to the
gole crops.

Maize-haricot bean
intercropping

Maize-haricot bean intercropping
is traditionally practised by few
farmers in the Bako area. A maize-
haricot bean intercropping trial was
conducted at Bako during 1981/82
and 1982/83 cropping seasons.
Maize was planted at a normal
planting date while for haricot
beans six different planting dates
(starting from May 10 at 10 days
intervals) were used. The
intercropping pattern was the
planting of haricot bean within the
rows of maize at two seeds per hill
to maintain a standard population.
The results of this trial indicated
that a reasonable grain yield of
haricot bean could be obtained
without substantial decrease in
maize yield. This pointed out the
possibility of increasing bean
production at the farm level to
satisfy the requirements of farmers
for the production of pulses.

Intercropping of bush beans and
maize is8 common in the high rainfall
areas of Awassa, Southern Ethiopia.
Therefore, relay cropping trials
based on cereal/legume associations
are also underway at Awassa
Research Center.

Maize-Sovbean intercropping
Intercropping or mixed cropping of
beans with maize is common in the
lowland areas of the rift valley.
Because of this a trial on
intercropping soybean with maize
was conducted at Awassa for three
years. The treatments included two
varieties of soybean, four different
cropping patterns and pure stands
of both soybean varieties and maize.
The results of this trial revealed
that paired rows of each crop on
alternate positions was the best
intercropping arrangement with a
high total yield per unit area and an
LER of 1.36 and 1.40 for soybean
varieties Clark 63 K and Williams
respectively. All the intercrop
treatments gave higher total yield
per unit area than sole cropping
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with LERs ranging from 1.2 to 1.4
(Table 5). Yielde of maize were
generally higher in the intercrop
treatments than in the sole crop,
while the reverse was true for
soybeans. Disease and pesat
infestation were lower in the
intercropped treatments than in the
sole crop. 1n the intercrop
treatments the composite crop was
better able to supress weeds than
the sole crops of each species

(Amare, 1987).

Another maize-soybean
intercropping trial was conducted at
Jimma in Western Ethiopia during
the 1981/82 and 1982/83 cropping
seasons. The trial consisted of pure
stands of both maize and soybean,
soybean intercropped between maize
rows, soybean intercropped within
maize rows and broadcasting
soybean in maize rows. The results
pointed out that higher grain yield
of both maize and soybean crops
could be obtained when grown in
pure stands compared to intercrop
yields. However, the estimated
gross return of both crops in the
mixture showed more benefit than
gole crops. The highest gross return
was obtained when soybean was
intercropped within maize rows and
this cropping pattern is
recommended for the Jimma area.

Alley cropping

Alley cropping of woody species with
herbaceous crops of various forms is
widely practised by traditional
farmers in the tropics (Kang et al,
1981). This old practice despite its
potential is still a much neglected
area of research and needs a lot of
quantification to improve
productivity. There is evidence to
show that alley cropping can result
in higher productivity, allow better
control of the environment and can
safeguard against unfavourable
conditions.

In view of this, some preliminary
studies were conducted to determine
the adaptation of some selected
legume trees and shrubs (Sesbania
sesban, Leucaena leucocephala,

Cajanus cajan) and their suitability
for alley cropping with several food
crops (sorghum, maize, haricot bean,
wheat, teff and faba beans) under
semi-arid conditions of Ethiopia at
Melkassa, Sirinka and Kobo
Research Centers during the 1986/
87 cropping season.

Results indicated that in general
there is a possibility of producing
both crops without reduction in
yield. At almogt all testing sites the
grain and stover yield of the food
crops from alley cropping was equal
to or better than the yield from pure
stands (Tables 6 and 7). 1n addition,
the legume trees, especially
Sesbania sesban and Cajanus cajan
produced substantial amounts of dry
matter which can be used for animal
feed, fuelwood or as a green manure
or mulch to improve uoil fertility
(Table 8). Similar results were
obtained with alley cropping pigeon
pea and sorghum in Malawi (Edje,
1984). Although caution is needed
in drawing conclusions from these
preliminary studies, Sesbania
sesban, Leucacna leucocephala and
Cajanus cajan appear promising as
alley crops for Kobo, Sivinka and
Melkassa areas. The results further
indicated the great potential of alley
cropping these leguminous trees
with almost all crops tested. Alley
cropping also appears to be an
attractive alternative to the
traditional monocropping system in
that it helps to integrate crop
production with animal production.

Crop protection in infercrops
It is commonly stated that the
incidence of pest and disease is
lower in an intercrop than in a sole
crop. One of the advantages of
mixed cropping is the possibility
that the resulting increase in
complexity will provide a less
favourable habitat for some of the
major pests than when crops are
grown separately.

Detailed work on cereal-legume
intercropping in relation to pest
control has not been carried out in
Ethiopia so far. However, some

preliminary trials on the possible
use of trap crops in the integrated
management of African Bollworm
(ABW) were carried out during the
1981/82 to 1983/84 cropping
seasons. Results indicated:

(a) where haricot beans were
interplanted with maize (as a
trap crop) for every larva
found in haricot there were 18
on maize.

(b) when five trap crops (hyacinth
bean, lupin, maize, pigeon pea
and sunflower) were compared
with haricot bean, all trap
crops caught a significantly
greater number of ABW than
haricot bean. However,
haricot bean plots
interplanted with maize
showed statistically lower
percent pod damage than the
rest of the treatments
(Tsedeke, 1985).

At Kobo, another intercropping trial
was conducted to determine the
effect of planting of mung bean on
the incidence of Striga and on
sorghum yield. Results indicated
that the number of Striga plants
was significantly higher (by a factor
of 2 - 3) when sorghum was grown
alone compared to sorghum-mung
bean intercropping (Table 9).
However, although mung bean
significantly reduced the incidence
of Striga, it did not result in
increased yield as it did in the
previous wet season. The
disadvantage of competition for
limited moisture probably had a
greater effect than the advantage of
reduced Striga load. There was no
effect of mung bean on either
sorghum or Striga if it was planted
before sorghum and removed, or
planted at the same time as
sorghum. But, sorghum yield was
less when mung was planted earlier
and left to mature. Mung bean
reduced Striga infestation if allowed
1-3 weeks growth before removal as
seedlings before sorghum was sown.
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On-farm Cereal Legume
Intercropping Research
Agricultural production in the Bako
area takes place in a small mixed
crop-livestock farining system.
Cereals are the major food sotirce.
The major cereals are maize and
“teff”. The most common cropping
system is monocropping and more
than 85% of cereals are grown in
pure stand.

The highland pulses, faba bean and
field peas, are also grown in pure
stand and very occasionally in
mixtures. Haricot bean is produced
in pure stand and under
intercropping. Sole haricot bean is
planted along fences and on the
borders of maize fields. The fence
and maize serve as supporting
materials. Bushy types are grown
in pure stand and in mixture with
maize. When intercropped. beans
are planted at random within maize
fields. Resulting bean plant
populations are very low because
some plants are lost during maize
weed management practices i.e.
hoeing and ‘shilshallo’ (inter-row
cultivation using oxen).

In Bako there is a shortage of draft
power and labour during peak
season. Thus, weeds and their
management are priority
constraints and largely limit
expansion of crop production. The
average land area cultivated per
household is 1.5 ha. About 65% of
the farmers do not have sufficient
oxen. From June to August, various
farm activities for different crops
overlap and this increases the
competition for draft power and
labour. Farmers give priority to
cereals (especially maize and teff) in
resource allocation during that
period (Legesse et al 1987) and this
reduces haricot bean production.
Although, haricot heans are
produced on farm, farmers have to
buy extra pulses from the market.
On station research reaults at Bako
indicate that reasonable (economic)
yicld can be obtained from haricot
beans intercropped in maize,
without a substantial decrease in

maize yield. These findings raised
the possibility of increasing haricot
bean production to make the
farmers self-sutficient in pulse
production (Legesse et al., 1982).

Considering the need for pulses for
subsistence, resource limitations,
and the on-station results, an on-
farm experiment was initiated to
find out the effect of intercropping
haricot beans with maize under
farmer management. The procedure
uged to develop and implement the
on-farm maize/haricot beans
intercropping experiment will now
be discussed in brief. Highlights of
experimental results will also be
presented.

Methodology

In this experiinent maize was
considered the principal crop and
the intercropping with haricot beans
was designed not to affect maize
management practices. Two factors,
draft power and labour shortage,
were assumed to limit the adoption
of intercropping. An attempt was
made to ensure that the resource
requirement for maize-haricot bean
intercropping would be within the
limits on draft and labour. Since
farmers give priority in the
allocation of resources it was felt
that if an improvement does not
consgider farmer priorities and
objectives then they will not be
willing to adopt the improvement.
Thus the time of planting the beans
was fixed to coincide with the
second weeding of maize, which
involves “Shilshallo” ({inter-row
cultivation using ox-plough). This
saves on draft power and labour for
land preparation by combining
weeding and land preparation/
planting.

In designing the experiment,
diagnostic survey results were
utilized and researchers made a
preliminary selection of treatments.
Farmers were asked to comment on
the selected treatments. From these
comments two treatments preferred
by farmers were promoted to on-
farm testing. These were: 1)

maize/haricot heans - haricot beans
planted within the maize row; 2)
maize/haricot beans broadcast under
row-planted maize. Sole maize was
included as a control. For both
intercropping treatments, haricot
beans were planted at the time of
maize inter-row cultivation (when
maize was about knee-high).

Farmers to host the trial were
selected based on the criteria set for
defining the recommendation
domain. All non-experimental
variables were held at the farmers
level (average farmers practice).
The management and execution of
the experiment was jointly done by
researchers and farmers. Farmers
implemented experimental variables
under supervision from the
researcher and the non-
experimental variables on their own.

In evaluating the experiment,
statistical and economic analyses
were carried out. In addition,
farmer assessment was solicited
during the season. A short
questionnaire was developed and
questions were asked at several
stages.

Highlights of results

Haricot bean broadcast under row-
planted maize showed good yield
response and gave the highest gross
benefit (P>0.1). Maize/haricot beans
- haricot beans planted within maize
row was not significantly different
from the control, perhaps because of
inter-plant competition. This
treatment needed 50 man-hours ha*
for planting haricot beans as
compared to 3 man-hours ha-t
required by treatment maize/haricot
bean - haricot bean broadcast under
row-planted maize.

Intercropping haricot bean through
the broadcasting method gave a net
benefit of 799 and 850 birr ha! at
the Agricultural Marketing
Corporation (AMC) and informal
market prices, respectively. The
marginal rate of return (MRR) as we
change maize cropping system from
sole to intercropping through
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broadcasting haricot beans under
row planted maize were 313% at the
AMC price and 323% at the market
price and these rates are
substantially higher than the
acceptable minimum rate of return.

Farmers expressed interest in
intercropping because of the
additional haricot bean yield. They
selected the treatment maize/haricot
beans - haricot beans broadcast
under row planted maize, because of
its yield advantage and minimum
labour requirement for
intercropping the haricot beans.

Future Résearch
Directions

1. In order to minimize the problem
of environmental degradation
due to ecological imbalance, some
conservation oriented cropping
system activities (alley cropping)
will be given due emphasis in
future research.

2. Research results from other
countries indicate that mixed
cropping can reduce pest
incidence. Therefore, in order to
develop successful cultural and
biological practices,
investigations on pest interaction
and incidence in mixed cropping
will be one of our research
focuses.

3. In the past mixed cropping, the
conventional practice used by
smallholder farmers, was not
included. Inclusion will be
congidered in future.

4. Most previous intercropping
research activities were limited
to cereals (sorghum and
maize) and legumes (haricot bean
and soya bean) and done in
restricted areas. In the future,
intercropping research using
other crop species and covering
wider agroecological zones of
Ethiopia will be conducted.

5. In the past, intercropping trials

were conducted by agronomists
only. However, for proper
planning, execution and
assessment of intercropping
studies, collaborative work by
agronomists, crop physiologists,
crop protection specialists and
others is indispensable.
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Table 1. Area under cultivation, yield, production and elevation for major crops (cereal and legumes) in Ethiopla.

Area Yield Production

(‘000 ha) (kg ha') (‘000 tons) Elevation
Crop species 1984/85 1985/86 1984/85 1985/86 1984/85 1985/86 (m.a.s.l.)
Cereals
Barley 774.0 872.5 1030 1000 797.9 869.6 (1800-3000)
Maize 992.2 840.5 1150 1200 1060.3 1009.5 (1500-2000)
Sorghum 662.0 725.9 620 1080 385.2 782.5 (1500-2000)
Millet 167.6 152.6 710 800 119.5 122.0 ( 500-2000)
Teff 1253.6 1204.7 670 750 843.0 899.5 ( 100-2800)
Wheat 603.7 722 1040 1010 630.5 7241 (1800-3000)
Puises
Chickpea 157.3 109.9 500 690 79.3 75.4 (1400-2300)
Field pea 128.1 123.9 620 520 79.6 64.4 (1800-3800)
Haricot bean 43.4 45.0 610 510 26.6 23.1 (1400-2000)
Faba bean 346.4 268.0 810 830 28.5 221.9 (1800-3800)
Lentil 32.6 39.9 550 550 15.0 21.9 (1400-2300)
Source: Ethioplan Statistical Abstracts - 1986
Table 2. Description of experimental sites.
Location Latitude Longitude Elevation Rainfall Region
Alemaya 9°26'N 43°03'E 2000 m 800 mm Eastern Zone
Jimma 7°46'N 36°0'E 1750 m 1505 mm Western Zone
Awassa 7°05'N 38°29°E 1700 m 1103 mm Southern Zone
Bako 9°08'N 37°5°'E 1690 m 1176 mm Western Zone
Melkassa 8°24'N 39°21°E 1550 m 767 mm Central Zone
Kobo 12°2'N 39°38'E 1470 m. 610 mm North Eastern Zone
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Table 3. Sorghum-pulses intercropping.

Sorghum yield(q ha-1)

-Planting method

B C D Mean
Pure sorghum 18.87 23.96 15.90 19.12
+ chickpeas 13.53 19.02 14.34 15.53
+ mungbeans 27.25 24.95 20.00 24.07
+ plgeon pea 17.59 14.89 18.44 16.97
+ hyacinth bean 8.17 13.31 11.17 10.89
+ cowpea 9.00 12.48 10.69 10.73
Mean 15.57 18.10 15.07 16.25
5%LSD - between any two treatments = 15.26q
- between planting methods = 12.15q
- between intercropped sorghum mean = +3.04q

planting methods - B

+4.06 q (P=0.01)

= $5.34 q(P=0.001)

Broadcast and buried to leave 45 cm ridge and furrow
Sorghum in alternate furrows, at 90 cm aparnt

Sorghum In every third furrow, at 135 cm apart

Table 4. Mean grain yield In kg ha' and land equivalent ratios from sorghum and haricot bean intercropping trial

conducted at Bako, 1982-1984,

3 years

Treatment Sorghum Haricot Total mean

bean LER
Sorghum May 10-21 5800 5800 1
Haricot bean June 19-23 2300 2300 1
Haricot bean May 10-21 4230 1140 5370 1.23
Haricot bean May 20-31 4520 1860 5880 1.38
Haricot bean May 30-June 10 5300 860 6160 1.29
Haricot bean June 9-20 5600 340 5940 1.28
Haricot bean June 19-30 5350 260 5010 0.93
Haricot bean June 29-July 10 5020 110 5130 0.87
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Table 5. Malze-Soyabean Intercropping at Awassa 1983-85.

1983 1984 1985 Mean 1983 - 1985

Treatments Sb Mz Total LER Sb Mz Total LER Sb Mz Total LER Sb Mz Total LER
Sb+Mz Sb+Mz Sb+Mz Sb+Mz

Sb,: b/n mz plants
In row 5.03 2653 3156 14 395 3273 3668 1.22 11.60 21.11 3271 1.04 6.86 2679 3365 122
1 rowsb,:1rowmz
alt. pos. 565 2773 3338 15 6.36 30.23 3659 1.29 1060 2396 3462 1.09 7.56 27.31 3487 1.29
2rows sb: 2 rows mz
alt. pos. 7.75 2347 3122 14 550 27.83 3333 135 11.90 3096 4286 134 838 2742 3580 1.36
Mz : In rows : sb,
broadcast 457 2753 3210 14 413 33.72'37.85 1.26 1321 26.21 3942 1.15 730 2925 3645 1.30
Sb, b/n mz plants
inarow 323 2282 26,05 1.2 249 4520 47.79 1.80 241 4530 47.79 180 3.80 3283 36.63 1.40
1 row sb,: 1 row mz .
alt. pos. 350 2784 3089 14 227 2721 2948 122 473 2597 30.70 1.11 335 2701 3035 1.24
2 rows sb,: 2 rows mz ) :
alt.pos. 5.21 2333 2854 14 388 2750 3138 154 7.04 2472 3246 226 3.38 2442 3080 1.40
Mz In rows: sb,
broadcast 2.70 26.17 2887 1.3 133 36.06 3739 107 6.05 31.03 3798 138 336 3139 3475 125
Sb, sole cropping 18.58 - 1858 1.0 16.28 - 16.28 1.00 2750 - 2750 1.00 20.79 - 20.79 1.00
Sb, sole cropping 13.47 - 1347 1.0 549 - 549 1.00 1352 - 1352 1.00 10.72 - 10.72 1.00
Mz, sole cropping - 2390 2390 1.0 - 33.48 3348 1.00 - 3398 3398 1.00 - 3045 3045 1.00
Sowing date 4/6/83 30/5/83 30/5/83 19/5/84 14/5/85 11/5/85
Rainfall (mm} 1076.6 691.2 934.0
Ratio (population) 6:1 8:1 8:1

Sb, = Soybean (Clark 63k) Sb, = soybean (Williams) Mz = maize (A511)

A randomized complete block design in four replications was used in all treatments.

Table 6. Eftect of alley cropping Sesbania sesban and Leucaena leucocephala on seed yleld of sorghum, wheat,

F. bean and teff at Sirinka during 1986-88.

Seed yield (kg ha')

Treatments Sorghum Wheat F. Bean Teft
Sole 1993 2324 2165 747
Sesbania 2057 1707 2828 716
Leucaena 2075 2809 2158 637
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Table 7. Effect of alley cropping Sesbania sesban, Leucaena leucocephala
and Cafanus cajan on seed yield of sorghum, maize and haricot bean at
Melkassa during 1987.

Seed yield (kg ha)

Treatments Sorghum Maize Haricot bean
Sole crop 2500 4644 1299
Sesbania 2641 3944 1232
Leucaena 2809 5799 1371
Cafanus 3048 5914 1694

Table 8. Total biomass production in kg ha' of Sesbanja sesban and
Cajanus cajan in alley cropping systems with sorghum, maize and haricot
bean at Melkassa during 1987.

Dry matter (kg ha"

Treatments Sorghum Maize Haricot bean
Sesbania 2265 2507 1942
Cajanus 1760 1639 1942

Table 9. Effect of planting date of mungbean on Striga incidence and
sorghum grain yleid.

Grain yield (kg ha'')

Sorghum Mung bean Striga/plot

Pure sorghum (2/8/76) 1770 - 29.5
Pure mungbean (2/8/76) - 672 -
Sorghum (2/8/76) +

mungbean (22/7/76) 887 728 7.0
Sorghum (2/8/76)+

mungbean (22/7/76)

but removed on 2/8/76 1513 - 11.5
Sorghum + mungbean (2/8/76) 1275 399 9.5
Mean 13.44 5.38 14.4

SE+51.5 SE+2.13 5%LSD+16.6




Experiences of Intercropping Research in Tanzania

A.E.M. Temu and C.M. Mayona, Maize Agronomist and Bean Agronomist, Uyole Agricultural Center,

Introduction

Intercropping is one of the major
cropping systems practised by small
farmers in Tanzania (Evans, 1960,
Finlay et al. 1974, Monyo, 1975). It
is eastimated that up to 90% of the
peasant farmers practise some kind
of intercropping (or mixed cropping),
the commonest system involving
cereal-legume intercropping; the
cereal as the major crop and the
legume as the minor. Unlike mixed
cropping, intercropping entails the
growing of two or more crops on the
same piece of land at the same time
and in a definite row pattern. The
system is characterized by minimal
use of agricultural inputs such as
fertilizer and pesticides (Nyambo e?
al. 1980). The types and choice of
crops grown in this system depend
on biological, social, physical and
economic factors such as soil
characteristics, temperature and
rainfall regimes, tastes and
traditions, risks, market prices and
general infrastructure (Mwambene,
1977). Other types of farming
systems common in Tanzania have
been described in detail by Karel
and Ndunguru (1980) and
Anandajayasekeram (1982).

Intercropping research in Tanzania
received little or no attention before
the early 1970s because it was
considered by researchers to be a
backward and archaic system of
farming when compared with
“modern” sole or monocropping
(Mwambene, 1977; Nyambo et al.
1980). Studies to closely investigate
the merits and demerits of the
system were few, and quantitative
data on all aspects of intercropping
(agronomy, breeding, pests and
diseases, social and economic
implications) were scanty. In spite
of the great emphasis on and
recommendations from monocrop
research, farmers continue to
intercrop.

Major limjtations of intercropping,
often cited, are the inability to use
farm machinery for fertilizer
applications, pest control and

P.O. Box 400, Mbeya, Tanzania

harvesting, and inefficient crop
competition for light, moisture and
nutrients. Later studies have
revealed that the advantages far
outweigh the disadvantages. Since
most farmers still perform field
operations manually, unsuitability
for mechanization cannot be counted
as a serious limitation in peasant
agriculture at present.
Intercropping has been shown to
maintain and improve soil fertility,
allow better moisture utilization,
reduce soil erosion, and reduce risk
in the case of failure of one crop and
maximize returns per unit of land as
confirmed by Evans (1960) and
Evans and Sreedharan (1962).

Due to these advantages of the
system, since the early 1970s
intercropping has received the
attention it deserves. This paper is
an attempt to highlight
intercropping research experiences
in Tanzania with particular
emphasis on the variability of crops
included in the system, the diversity
of intercropping research and future
work on intercropping in Tanzania.

Basic Crops in
Intercropping Systems
in Tanzania

Several crops are widely grown as
intercrops or other cropping

combinations in Tanzania.

Cereals: maize, sorghum. rice,
bulrush millet, finger millet.

J.eguminous crops: common
beans, cowpeas, soybeans,
groundnuts, green gram, pigeon
peas, bambara nuts.

Fibres: cotton, sisal

Roots and Tubers: Cassava, sweet
potatoes, Irish potatoes.

Oil crops: sesame, sunflower

Beverage crops: coffee

Vegetable crops: several leafy
vegetables

Perennial trees, including fruit
trees: coconuts, bananas.

The most widespread combinations,
grouped a8 major and minor crops
are:

Major Minor

crops crops

Maize common beans, cowpeas,
green gram, groundnuts,
sunflower, finger millet,
sorghum.

Sorghum groundnuts, maize,
cotton, sweet potatoes.

Bulrush

millet bambara nuts.

Cassava  groundnut, maize,
cotton, sweet potatoes.

Cotton pigeon peas, cassava,
sorghum

Pigeon

peas maize, millet, sorghum,
beans, cowpeas, green
gram.

Rice maize, cassava

The diversity of crops that are
intercropped and the numerous
combinations possible, make
intercropping research a complex
field of study.

Institutions Involved in
Intercropping Research

Most of the intercropping research
work in Tanzania is carried out by
the Sokoine University of
Agriculture (Morogoro), Tanzania
Agricultural Research Organization
(TARO) centers at Lyamungu
(Moshi), Selian (Arusha), Mlingano
(Tanga), Ukiriguru (Mwanza),
Naliendele (Mtwara), Ilonga
{Kilosa) and the Uyole Agricultural
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Center (Mbeya). Most research
work has been centered on the main
stations, some on sub-centers and
very little on-farm research.

Intercropping Research
in Tanzania

Literature available on
intercropping research in Tanzania
indicates the two disciplines that
have received most attention are
agronomy and breeding. Pest effects
(weeds, insects, diseases,
nematodes) in intercropped systems
have received relatively little
research; so have economic and
social implications of the systems.
The emphasis on agronomic work in
intercropping systems is probably
more historical than intentional.
Early work with intercropping was
aimed at improving the dominant
mixed cropping system (growing two
or more crops simultaneously on the
same piece of land with no distinct
row arrangement). Since there were
no varieties developed for
intercropping systems, the easiest
approach was for agronomists to use
those varieties adapted for
monocropping systems and then
manipulate plant densities, planting
patterns, sowing times etc. for each
component crop in order to suit
particular ecological zones.

To date, the spatial arrangement of
plants in a given area is one aspect
of intercropping that has received
considerable agronomic attention in
the literature (e.g. May and
Misangu, 1980). Also, many
intercropping trials have centered
on maize intercropped with beans,
soybeans, green grams, cowpeas,
groundnuts, pigeon peas,
sunflowers, and to a lesser extent
with sorghum, millet and crotalaria.
A few trials on groundnut-cassava,
sesame-sorghum and sorghum-
cowpea intercropping systems have
also been reported mainly from
work conducted at TARO Naliendele

(Anon. 1980, 1982). Thereis a
distinct lack of studies on the other
intercropping systems outlined
earlier.

Highlights of Results from
Intercropping Research

Plant Density and

Plant Arrangement

Research on this aspect of
intercropping has focussed on
varying the planting densities of
component crops by additive or
replacement series. Sole cropping
plots have maize and beans as
checks. Plant arrangement within
plots has involved investigations on
yield effects and on other agronomic
parameters when comnponent crops
are planted on the same or alternate
rows, one or several rows of one
species followed by a variable
number of rows of another species,
various groupings ot hills of each
species, and hills that include plants
of both species (May and Misangu,
1980). Results from these
investigations indicate that:

- In all cereal-legume intercrops, a
change from monocropping to
intercropping systems
significantly lowers the yield of
each component crop (May and
Misangu, 1980; Nyambo ¢t al.,
1980; Ndakidemi et al., 1988;
Makene and Doto, 1982).

- Reduction in planting density of
each component crop leads to a
reduction in yield of both crops in
the system. However, total yield
(or returns) in an intercrop is
greater than in a monocrop
system, as evidenced by Land
Equivalent Ratios (LER) of
greater than unity in several
studies (Ndakidemi et al., 1988;
Mbowe, 1981; Mkuchu et al.,
1987).

- Planting pattern in an intercrop
has not been found to have
significant effects on yields and
other characteristics, although
certain row orientations may
have advantages in terms of
better solar energy harvest
(Mongi et al., 1976; Ndakidemi
and Mbuya, 1985).

Planting Schedules

The significance of adjusting
planting time in an intercropping
system is to avoid competition
between two crops with the same
growth habit (Rajat de and Singh
1979). Staggering the planting
schedule such that peak periods of
growth do not coincide helps to
ensure optimum productivity of the
associated crops. Some studies
conducted in Tanzania are in
agreement with this:

Highest cereal grain yields of
both maize and millet were
achieved when soybean as the
intercrop was planted one week
later. However, the highest
soybean yields were obtained
when the legume was planted
before the cereal (Table 1, Nnko
and Doto, 1982).

- Green grams planted 1 - 2 weeks
before bulrush millet, increased
the proportion of legume grain in
the total harvest (May 1982).

- Relay cropping of cowpeas or
green gram in a maize-legume
system within four weeks of
planting the cereal at 44,000
plants ha'! (for cowpeas)and
200,000 plants ha'! (for green
gram) gave the best combination
in the cropping system (Mbowe,
1988).

Fertilizer

There is limited literature on
fertilizer evaluation in intercropping
situations. Finlay (1975), Uriyo, et
al., (1982) and Mongi et al., (1982),
studied respectively N and P
fertilization in a maize soybean


http:plant.ed

178

intercrop, foliar NPK contents and
the yield of maize and cowpeas as
influenced by cropping methods.
These investigations revealed that:

- Maize grain yield increased with
N and P applications, while the
yield of beans did not. Maize
grain yields were also increased
by bean inoculation.

- Pincreased yields of
monocropped maize but not that
of intercropped maize or
monoculiure beans.

- P fertilizer should be banded or
drilled.

- Nincreased yields of heans and
maize under both mono- and
intercropping conditions.

- CAN as a source of N was
preferred particularly when soils
are of low pH.

- P and K contents of maize were
not affected by any of the
intercropping methods (alternate
rows, same hole), but N was
significantly increased by
intercropping maize in the same
hole as cowpeas.

In the Southern Highlands of
Tanzania 120kg N ha! and 30-60 kg
P ha! are currently being used
under intercropping systems. The
phosphorus is applied in full at
planting to both crops while N is
split applied, half at planting and
half when the maize is 80 ¢cm tall.

Plant Protection

It has often been observed that the
incidence of pests, diseases and
weeds in intercropping systems is
lower than in monoculture and is
probably a factor contributing to the
widespread use of this system
(Keswani 1982). Research on plant
protection in intercropping is a
conmplex task. This may explain
why intercropping has received little
attention from plant protectionists.
The study is made more complicated
by the fact that each crop in a

mixture is infected or infested with
different insects and diseases, and
that fields contain a wide variety of
weed species (Keswani, 1982). The
few studies from Tanzania were
carried out at the Sokoine
University of Agriculture, Morogoro.

Insect Studies and Their Control
Two experiments were conducted at
Morogoro by Karel et al., (1982) and
Kato et al., (1982) with maize-
cowpea and sorghum-sim sim
intercrops, using different plant
populations of the component crops.
Both experiments revealed that:

- Oviposition and later damage by
insects was higher in pure stands
than in mixtures, and the cereal
crop seemed to act as a barrier to
the dispersion and entry of many
pests in the mixtures.

- Combined (overall) yield
advantage recorded in
intercropped cereal (e.g.
sorghum, maize or millet ) and
legume or sim sim was attributed
to less damage by pests (like
shootfly, midges and aphids in
intercropped sorghum and
ootheca, flower thrips, bruchids
and other minor pests in
intercropped cowpeas).

- Significant differences in
oviposition and damage between
sprayed and unsprayed
treatments were recorded in both
cropping systems in the various
plant populations (Kato et al.,
1982).

Disease Studies and

Their Control

Studies on the effects of
intercropping on digease incidence
on legumes, also done at Morogoro,
have shown that:-

- Intercropping was superior to
monocropping in reducing legume
diseases (Table 2). The low
severity (incidence) of disease in
the intercropped legumes was
attributed to:

- Inoculum transfer being made
much more difficult by the
presence of alternating rows of
legumes and cereals.

- Wind velocity reduction, reducing
pathogen spread.

- Reduction in spread of pathogen
by rain splash (Keswani and
Mreta, 1982; Katunzi et al.,
1987).

- There was a varietal difference in
disease reaction in legumes when
they were intercropped with
cereals. This suggests that
varieties react differently to
disease under the two cropping
systems, and as such they have to
be bred/selected to suit them
(Katunzi et al., 1987).

Weed Studies and their Control
Studies on weed-crop competition
and weed control in inter- cropping
systems initiated at llonga
(Morogoro) in the late 1970s and
early 1980s, and recently at
Lyamungu show that:

- Intercropping resulted in less
harvestable weed dry matter
than monocropping,
demonstrating that intercropping
ig more effective in controlling
weeds (Mugabe et al., 1982).
These results seem to agree with
those of Evans and Sreedharan
(1962) who observed that
intercropping had a greater
competitive advantage over
weeds caused by high population
pressure provided by the
component crop species together.

- Crop spp. combinations in the
intercrops had a significant effect
in suppressing weeds. For
example, bulrush millet as
opposed to maize and sorghum,
was most effective in controlling
weed growth in an intercrop
system (Mugabe et al., 1982).
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- Competition for light appeared to
be the major environmental
factor affecting competition in a
crop- weed population (others
were nutrients and space)
(Mugabe et al., 1982).

Herbicide screening trials in
central Tanzania (Ilonga) and
Northern Tanzania (Selian,
Lambo, Miwaleni) found:

- The efficacy of herbicide varied
according to the rate of
application, weed species, the
ecology (mainly soil and moisture
regime) of the area and crop
species combinations used (Anon.
1980, Matowo and Mmari, 1988).

- Due to phytotoxic effects from
several herbicides tested on
legumes, particularly those
applied post-emergence, no
suitable herbicide was found.
Eight herbicides were tested at
different rates. The herbicides
used were alachlor (Lasso 480),
bentazon (Basagram 480), linuron
(Afalon 50), metolachlor +
metabromuron (Galex 500),
illoxan (Illoxan 28),
pendimethalin (Stomp 330) and
atrazine (Gesaprim 500).

Breeding :

The need for developing specific
genotypes of crops for intercropping
has long been recognized by several
researchers (e.g. Finlay, 1976,
Francis et al, 1976). Nevertheless,
little work has been undertaken in
Tanzania.

The first attempts in the selection of
crop genotypes suitable for mixed or
intercropping were at the Faculty of
Agriculture, Morogoro during the
mid to late 1970s using crop
varieties initially recommended for
sole cropping systems. Recently the
screening of legue cultivar lines
for use under mixed cropping
systems was initiated at Uyole,
Ylonga and Lyamungu Research
Centers. The findings show:

Significant cropping system by
genotype interactions suggesting
that different genotypes may
have to be recommended for
different cropping systems in
order to maximize yields of both
crops (Jakobsen, 1980; May and
Misangu, 1982; Makena and
Doto, 1982). The climbing
legumes tended to do better than
the bush types (Jakobsen, 1980)
although in recent studies at
UAC and Lyamungu bush type
beans reconmended for
monoculture have been found to
be as good under mixed cropping
provided that plant density is
increased to double that of the
climbing types (Mkuchu et al.,
1987).

Depending on the type of crop
combination involved, the low
yields recorded with the legume
component have been associated
with the reduction in crop yield
components, notably number of
branches per plant, productive
pods per plant, seeds per pod and
100 or 200 seed weight, caused by
greater competition for space,
light and nutrients from the
cereal crop (Mwambene, 1977;
May and Misangu, 1982; Makena
and Doto, 1982).

In the case of cevealr that tiller
(such as sorghum and millets),
low tillering, short stature
genotypes, (less than 2.0 m tall)
with rapid and vigorous early
seedling growth were superior in
performance in mixed cropping
systems because such genotypes
allow more light to reach the low-
lying legume crop. Slow growing
cereal genotypes, on the other
hand, tended to be choked by the
legume and this led to a drastic
reduction in yield of the cereal
crop (Mwambene, 1977).

Economic and Social
Implications

One of the advantages of
intercropping under smallholder
conditions is that of profit
maximization, from the sale of crops

from the intercrop (Nadar, 1982). A
review of work done in this field
revealed three studies, but with
conflicting findings:

- Work carried out by the UAC
farming systems team on
intercropping maize with beans
showed that intercropping
resulted in the lowest gross
margin (i.e. monetary return)
compared to monoculture
although Land Equivalent Ratio
analysis showed about an 18%
advantage of the intercrop over
the monocrop system (Kirway,
1986).

Other independent studies by
Mbuya et al., (1987) and Katunzi et
al., (1987) at Lyamungu and
Morogoro respectively showed that:

- Gross and net benefits between
sole crop and intercrop may vary
considerably depending on the
proportions of component crops
and their prices (Mbuya et al.,
1987). Although intercropping
had a higher production
investment than monoculture, its
pronounced yield advantage
resulted in higher net benefit.

- 'The higher monetary returns
from intercropping are attributed
to the higher combined yield of
the associated crops than the
yield of either crop alone
(Katunzi et al., 1987).

Intercropping Research
Involving Trees
(Agroforestry) and
Crotalaria

Pioneer studies to investigate the
possibility of intercropping food
crops (maize, beans and sorghum)
with trees were initiated at Sokoine
University of Agriculture by
Maghembe and Redhead (1978).
Initial results with Eucalyptus
melliodora when intercropped with
maize, beans and sorghum
separately, on clean weeded and
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unweeded plots encouraged further
investigation using other tree
species. Those selected were
Eucalyptus camaldulensis (which is
suitable for fuelwood and poles) and
Leucaena leucocephala and Acacia
albida (suitable for poles, fuelwood
and fodder). Trials with Leucaena
leucocephala were later initiated at
Uyole (Mbeya), Mlingano (Tanga)
and Ilonga (Kilosa) to investigate
the effects of intercropping maize in
tree rows. Comprehensive results
are yet to come.

Such agroforestry systems (defined
by King et al., 1978) as those land
use systems and technologies where
woody perennials--trees, shrubs,
palms, bamboo are used on the same
land management unit as
agricultural crops and/or animals,
either in the same spatial
arrangement or temporal sequence),
can greatly increase fuelwood
production as well as food income,
shelter and sustainability (Vahaye,
1988). Actually, agroforestry in
Tanzania is not new, it is practised
extensively on the slopes of Mt.
Kilimanjaro, Kagera and Mbeya
(Rungwe) where land use methods
combine domestic animals,
perennial crops (coffee) with
annuals such as-yams and melons.
Grevillea robusta and Cordia
abyssinica are used as shade trees
over coffee and banana in
Kilimanjaro (Maghembe and
Redhead 1982). The system allows
permanent sustained agriculture
and, has protected those areas from
soil erosion for many years. Though
this system has existed for a long
time no quantitative research
information is available.

Studies on intercropping maize and
crotalaria have been initiated at
Uyole Agriculture Center, TARO
Mlingano and Ukiriguru. At Uyole,
an attempt was made to evaluate a)
the legume N contribution to maize
when grown in association, b) the
best seeding pattern and ¢) whether
it can suppress weeds at the critical

period of weed competition in maize.
Broadcasting and seeding crotalaria
in alternate rows at planting and
after a first weeding with and
without N and P fertilizer in a full
stand of maize (44,444 plants ha')
were studied for two seasons at four
locations in the Southern Highlands.
Results indicated that seeding
crotalaria in alternate double rows
of maize was the best option (Temu,
1987). Broadcasting the whole plot
or seeding in alternate single rows
complicated harvesting because the
maize rows were inaccessible.
Crotalaria suffered weed
competition initially due fo its slow
growth in high elevation cool areas.
Supplemental N at 100 kg N ha'! to
maize was necessary in the
association since the N contribution
by the legume was inadequate to
meet the high N demand by maize.
However, when crotalaria is
ploughed under as green manure a
nitrogen saving of 80-100 kg N ha!
is possible, as confirmed in earlier
triale at Uyole (Temu, 1986).

Future Work on
Intercropping Research

In order to improve intercropping
systems in Tanzania, Karel and
Ndunguru (1980) reviewed and
puinted out several areas that
required research effort. These
included the screening of suitable
genotypes or crop varieties for
intercropping, choice of crops suited
for intercropping, plant population
and planting geometries which will
favour rapid ground cover to reduce
weed and moisture competition and
mininiize soil erosion, fertilizer use,
disease and pest complexes in
intercropping systems and their
control, and economic analysis of the
system.

From the highlights presented in
this paper, evidently agricultural
scientists have researched on some
of those areas and have come out
with some practical results that

could be put forward as
recommendations to improve the
system. However, research
intensification in all areas not yet
tackled is required. In addition it is
worthwhile to add the following
studies to the list:

i) Intercropping research needs
to expand to include the most
widespread crop combinations
as described earlier.

ii)  Herbicide use under
intercropping systems.

iii) Light and water use
efficiencies in intercropping
situations.

iv)  Interaction effects on various
management factors in
polyculture systems.

v) More studies on economic and
social implications of the
system.
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Table 1. Mean grain yield (g/plot) for soybeans.

Planting schedule (weeks)

Cropping system -2 -1 0 +1

Monoculture 1400a 1397a 1075b 1097b
Soya/malze 1447a 752b 307¢ 272¢
Soya/milllet 1035a 497b 87c 72¢

Mean grain yield (g/plot) for maize and finger millet

Intercropped with soybeans

Planting schedule (weeks)

-2 -1 0 +1 Mono-check
Malze 1890a 2695a 3025 3212 4085
Millet 995a 1843a 2225 2290 2660

a = mean significantly differs from respective monocufture check.
Source: Nnko and Doto 1980. In: Proc. of SISA, Morogoro, pp. 34-35.

Table 2. Disease index (at 6 WAP) and mean yields of green gram (kg ha'') and cereal under different cropping

systems

Cropping Disease Yield (Kg ha™"

system index Greengram Cereal
Greengram 7.9a 157.7a -
Greengram/sorghum 6.4a P 73.3b 481.7
Greengram/millet 6.0a 57.2b 362.4

Source: Keswani and Mreta (1982) SISA, 1980.
Figures followed by the same letters are not significantly different (P = 0.05) by Duncan’s Multiple Range Test.
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Introduction

Located within the semi-arid
tropics, Zambia experiences a
unimodal rainfall distribution
pattern during November to April, a
short cool and dry season during
May to July, and a warm to hot dry
season during August to October.
Three ecological regions (regions I,
II and III) are recognized, based
mainly on rainfall. These represent
areas receiving mean annual rainfall
of 500-800mm, 800-1,000mm and
>1,000mm respectively.

Zambia has an undulating
topography in both the plateau and
the valtey areas. Soils form pockets
of shallow, poorly drained
rangelands, to deep and well
drained arable expanses. Some very
low fertility status, leached and acid
soils, developed over schist (quartz-
mica variety) and similar parent
materials in the high rainfall region
also occur.

From several diagnostic surveys, it
has been established that in the
traditional Zambian subsistence
farming sector local open-pollinated
maize cvs have always been planted
together with local legumes. The
diagnostic survey clearly indicated
that intercrops vary according to
local dietary preferences and
ecological conditions, and that
combined yields tend to be
generally very low, mainly the result
of late planting, irregular weeding
and haphazard spatial
arrangements of the component
crops on soils of low fertility status.
The surveys also established that
disease and insect management is
either untimely or not practised at
all.

Problems

From diagnostic surveys carried out
in parts of Zambia, three major
problems were identified concerning
intercropping:

P.O. Box 510089, Chipata, Zambia

a) Intercrop yields in the
subsistence mixed cropping
systems were generally very
low.

b)  Labour constraints were
experienced during labour
peak periods associated with
land preparation, planting and
weed management.

c) Subsistence farmers were
hesitant to adopt soybean
production, despite a vigorous
campaign to popularize the
crop.

Causes of Low
Intercrop Yields

Possible causes of low intercrop
yields in the subsistence mixed
cropping systems include:

a) Local crop cvs. of maize,
sorghum, millet and beans
used in intercrops were of low
yield potential.

b)  Optimum intercrop plant
density and spatial
arrangements were not
known.

c)  Intercrop planting time was
not properly synchronized to
reduce species competition and
maximize complementarity.

d) Chemical fertilizers were not
available in time due to cash
constraints and logistical
problems.

e) Insect and disease control
were not practised.

f)  Time spent at school by
younger farm family members
reduced the amount of family
labour available during critical
farm operations. As a result,
late maturing local and hybrid
crops were often planted late.

g)  Groundnut plants developed
large numbers of pops when
grown in the high rainfall
leached soil areas.

h)  Soybean cultural practices
were still new and the crop
was not readily used for food
by farmers, mainly due to its
processing requirements.

Research Strategy

Based on survey data, it was
considered appropriate to first
improve agronomic management
practices of intercrops, before
embarking on breeding. Foremost,
the suitability for the combining of
different crop plants as intercrops
had to be determined
experimentally, through on-station
studies. These were competition
studies on important cereals (maize
and sorghum) and legumes
(groundnut, field bean and soybean).

Underlying this approach is the
desire to develop possible agronomic
intercropping technologies as a
priority, according to economic and
location advantage. Optimum
intercrop plant density and spatial
arrangement would then be
established for each crop
combination, starting with
gsimultaneous planting of component
crops and later investigating
possible advantages of relay
cropping. It was decided to include
legumes in intercropping for reasons
of fertilizer economy. Insect and
digease control practices would also
be undertaken, if and when
necegsary.

By developing an intercropping
research programme in this way, it
is hoped that the apparent yield
effects of labour shortage during
critical farm operations would be
minimized and general crop
management improved.
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Research Highlights

To determine whether significant
combined intercrop yield advantages
were possible under the prevailing
labour shortfall during critical
operations, the National
Intercropping Research Team
started working with hybrid cereal
and better yielding legume cvs.,
paying special attention to improved
intercrop management techniques.
Undoubtedly, out of a wide range of
research studies on legume cvs.
carried out in Zambia, the studies of
maize/field bean (Zea mays/
Phaseolus vulgaris); maize/soybean
(Glycine max (L) Merr.) and maize/
groundnut (Arachis hypogaea), are
by far the most significant.

These experiments were conducted
at the Copperbelt Regional Research
Station, Mufulira (12° 37'S, 28° 09'E;
elevation 1243 masl), during 1980/
81, 1981/82 and 1982/83 cropping
seasons with 1250mm, 963mm and
1411mm of rainfall, respectively.
With regard to maize, SR52 -(a
narrowly adapted single cross
hybrid in the 700 FAO maturity
group, mean height of 2.25m)- was
used in all the three experiments
conducted.

Zambia considers maize an
important staple food crop, and
equally important is the field bean.
This is clearly reflected in the
maize/bean intercrop combinations
under research in most provinces
(Table 1).

Maize/Bean

From on-station research it appears
that the symbiosis formed between
bean genotypes and native soil
Rhizobium strains is not sufficiently
effective to satisfy the N
requirements of the plant.
Indications are that nitrogen
deficiency is limiting bean
production in may areas of Zambia.
The need to improve or select both
bean genotypes and Rhizobium
strains to obtain the best
combination of both symbionts was
identified.

It is hoped that on-station research
will address itself to this issue soon,
so that genotype-strain-soil
combinations can later be tested on
farms. This is likely to lead to the
determination of whether or not
farm management practices
significantly affect expression of the
improved symbiosis.

To date, intercropping twin dwarf
bean rows between maize check
rows in one direction has shown the
greatest promise in the Copperbelt
Province (Mwaipaya, 1984). A
combined yield of 64 bags of maize
and 6 bags of bean (x 90kg ha'!) has
been obtained under good
management. Growing maize and
climbing bean in common rows on
the flat at 100 x 25 cm spacing, with
three climbing bean plants between
maize plants, gave a lower combined
yield per ha (50 bags maize and 4
bags bean) with better bean grain
quality (Table 2).

Two very important factors about
bean growth and development
deserve special mention. First and
foremost, when wet conditions
persist during grain-filling to
maturity, dwarf bean grain quality
rapidly deteriorates because of
rotting. Secondly, field bean
requires prompt harvesting after
maturity because dry pods shatter
easily during harvest, resulting in
substantial grain losses in the field.

Maize/Soyabean

Despite the slow adoption rate of
the new soybean crop by small-scale
resource-limited farmers in Zambia,
the crop’s potential N-fixing ability
and residual fertility benefits to
following cereal crops has been
firmly established. However, direct
transfer of the biologically-fixed N
by soybean to the maize intercrop
during the same season (1982) was
not evident, using the N-15 isotope
dilution method at the National
Irrigation Research Station,
Mazabuka.

At the Copperbelt Research Station,
Mufulira, intercropping twin
soybean rows between maize rows
gave yields slightly better than
intercropping triple soybean rows by
replacing every third maize row.
The two intercropping alternatives
achieved combined yields of 53 bags
maize with 11 bags soybean and 47
bags maize with 13 bags soybean
ha’l, respectively (Mwaipaya, 1984).
Financial returns per hectare
differed only marginally (Table 3).

Maize/Groundnut

In highly leached soils of the high
rainfall areas (Region 1), groundnut
often suffers from pops. During
groundnut pod-formation and pod-
fil! phases, the plant experiences a
shortage of calcium. Furthermore,
even after application of 2000kg ha!
of fine dolomitic lime at the start of
an experiment, continued occurrence
of some pops, two seasons later,
strongly indicated the need for
application of lime from sources
richer in calcium.

Intercropping two maize rows on the
flat followed on every third by a
groundnut ridge row - rows at 75¢m
spacing - gave the most stable
combined yield of 55 bags maize
with 4.5 bags groundnuts ha'!
(Mwaipaya, 1984; Table 4). Better
still, planting groundnut two weeks
earlier - third week of November -
than maize, improved both the
maize and groundnut component
yields. From this result it appears
that of the two species, groundnut
was less competitive for plant
nutrients.

Other Crop Combinations
Sunflower (Helianthus annuus)/
groundnut intercropping at Msekera
Regional Research station, Chipata
(Region II), has consistently shown
promise.
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Treatment Index for Tables
1. Maize/Bean

Treatment Description

(a) Sole maize planted in rows 1 meter apart at 25 cm between plants, on flat.

(b) Sole maize planted in check rows, on flat.

(c) Sole dwarf bean planted in rows 50cm apart at 8cm between plants, on flat.

(d) Maize as in (a) with twin dwarf bean rows between maize rows, on flat.

(e) Maize as in (a) with three dwarf bean plants between maize plants, in common rows on flat.

(f) Maize as in (a) with 3 climbing bean plants between maize plants, in common rows on flat.

(g) Maize planted in check rows with 4 climbing bean plants around each maize check row station.

(h) Maize planted in check rows with twin dwarf bean rows between maize check rows, in one direction

(observation, 1982/83 only).

2. Maize/Soyabean

Treatment Description

(a) Sole maize planted in rows 1 meter apart at 25 cm between plants, on flat.

(b) Sole soybean planted on flat in rows 50cm apart at 5cm between plants.

(c) Maize and soybean; such that as in (a) every third maize row replaced by 3 soybean rows.
(d) Maize check rows with 1 soybean row betw;en maize rows in both directions.

(e) Maize as in (a) with twin soybean rows between maize rows.

(f) Maize as in (a) with 5 soybean plants between maize plants, in common rows.

3. Maize/Groundnut

Treatment Description

(a) Sole maize planted in rows 1 meter apart at 25 cin between plant stations, on flat.

(b) Sole groundnut planted in ridge rows 1 meter apart at 10 cm between plants.

(c) Maize on flat and groundnut in ridge rows; every third row a groundnut ridge row, one meter row
spacing.

(d) Maize and groundnut planted in common ridge rows 1 meter apart; 4 groundnut plants between

maize plants.
(e) Maize in check rows on flat with mounds of 4 groundnut plants at space intersections.

H As (c) but row spacing at 75¢m (observation, 1982/83 season only).
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Table 1. Intercropping research arising out of diagnostic surveys.

Province Intercrops Locatlion Analysis

Central Maize/bean OF LER, MV, FE

Copperbelt Maize/bean oS LER, MV
Maize/groundnut 0s LER, MV
Malze/soybean oS LER, MV

Eastern Maize/bean OF, OSs LER, MV
Maize/groundnut (O1] L
Maize/cowpea (O1] LER
Maize/pigeon pea OF, Os LER
Cotton/groundnut oS LER, MV
Sunflower/groundnut os LER

Luapula Malze/bean OF MV
Malze/soybean OF NV
Maize/groundnut OF L
Cassava/bean OF NV

Lusaka Maize/cowpea OF FE
Maize/bean OF LER
Maize/sunflower OF FE

Northern Finger millet/bean (O1] LER
Malze/bean oS LER

Northwestern Maize/bean OF LER, MV
Malze/groundnut OF LER, MV

Western Maize/cowpea OF, OS LER

Key: OF = On-farm LER = Land equivalent

Ratio O8 = On-station MV = Monetary value

NV = Nutritional value FE = Farmer evaluation
L = Labour
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Table 2. Maize/bean grain productivity and financial returns, Copperbelt Research Station, 1980-83.

Experiment Yield kg/ha Combined % contribution to Financial return
(treatment) (LER) LER yleld advantage in Zk/hal/yr
Maize/field Maize Bean Maize Bean Malze Bean Total
Beans
(a) 4729
(1.00) Nil 1.00 Nil Nil 970 NIl 970
{b) 4869
(1.06) Nif 1.06 +6 Nil 988 Nil 988
(c) Nil 736
(1.00) 1.00 Nil Nil Nit 791 791
(d) 3703 328
(0.73) (0.46) 1.18 +11 +7 750 313 1063
(e) 4495 236
(0.93) (0.32) 1.25 +19 +6 915 226 1141
] 4480 362
(0.95) (0.49) 1.44 +29 +15 915 344 1259
(9) 4672 250
(1.00) {(0.33) 1.33 +25 +8 952 239 1190
(h) 5735 522
(0.76) (0.58) 1.34 +19 +15 1153 499 1652
Grand mean (a-g) 4488 319
(0.95) (0.43)
Level of significance NS
SE +0.20%
103V 17%
Pooled Error df 12

‘Results from 1982/83 season only; comparison with ylelds pertaining to that season.
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Table 3. Maize/Soybean grain productivity and financial returns, Copperbelt Research Station,

1980-83.
Experiment Yield kg/ha Combined % contribution to Financlal return
(Treatment) (LER) LER yleld advantage in Zk/ha/yr
Maize/soybean Maize Soybean Maize Soybean Maize Soybean Total
(a) 5491
(1.00) Nit 1.00 Nil Nil 1116 Nil 1116
(b) NIl 1659
(1.00) 1.00 Nil Nil Nil 815 815
(c) 4265 1219
(0.76) (0.73) 1.49* +25 +24 860 614 1474
(d) 4364 479
(0.82) (0.29) 1.11 +8 +3 887 241 1128
(e) 4767 1035
(0.20) (0.64) 1.55** +32 +23 970 521 1491
(f) 2998 687
(0.48) (0.40) 0.89 Indistinguishable 604 317 921
Grand mean (a-e) 4377 1016
(0.80) (0.61)
Level of significance (P=0.01)
SE +0.254
Ccv 21.7%
Pooled error df 10

Table 4. Maize/groundnut grain productivity and financial returns, Copperbelt Research Station, 198G-83

Experiment Yield kg/ha Combined % contribution to Financial return
(treatment) (LER) LER yield advantage ——— In Zk/ha/yr
Maize/groundnut Maize G. Nut Maize G.nut  Maize G.nut Total
(a) 5301
(1.00) Nil 1.00 Nil Nil 1080 NIl 1080
(b) 1263
Nil (1.00) 1.00 Nil Nil Nil 880 880
() 3561 467
(0.68) (0.39) 1.07 +4 +3 732 330 1062
(d) 3443 407
(0.62) (0.33) 0.95 Indistinguishable 695 275 970
(e) 4662 226
(0.85) (0.18) 1.03 +2 +1 952 165 1117
() 4940 361
(0.73) (0.24) 0.97 -2 -1 1007 248 1255
Grand mean (a-e) 4242 591
_ (0.80) (0.47)
Level of significance NS
SE 0.12
cv 11.55%
Pooled error df 8

‘Results from 1982/83 season only; comparisons with yield pertaining to that season.
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Abstract

Intercropping of annual food crops is not widely practised, even by smallholders, in present day Zimbabwean
agriculture. Although some attempts to promote intercropping of cereal grain crops with legumes were made in
1981, experimentation to evaluate this practice vis-a-vis sole cropping did not start until mid-eighties. Currently,
several units of the Department of Research and Specialist Services are conducting research to compare
intercropping systems with sole crops for their productivity and stability of production. Some work to specifically
look at its usefulness in pest, disease and weed control is being initiated. The intercropping research programme in
Zimbabwe is thus very young. Since sole cropping is the most comnion method of crop production currently, the
practice of intercropping may not be considered as an alternative unless it is proved to be clearly more advantageous
than sole cropping under the agro-ecological conditions in which the smallholders operate.

Introduction

Intercropping is practised by
smallholders in a number of ways
and for a variety of reasons all over
Africa, central and south America
and parts of Asia. With the advent
of modern input-intensive
agriculture, this was discouraged as
a backward practice typical of
subsistence and less productive
agriculture. However, the
persistence of peasant farmers with
intercropping in some countries,
despite efforts to discourage it, and
evidence from research that it can
be a productive and useful practice
under certain situations, has
renewed the interest of researchers
on this practice all over the world
since the 1nid seventies.

Current Status of
Intercropping in
Zimbabwean Agriculture

It is not clearly known how common
the practice of mixed cropping was
in the pre-European agriculture in
Zimbabwe. Reid (1977) in his article
about the early agriculture of
Matabeleland and Mashonaland
refers to mixed cropping aniong
some of the agricultural practices of
nineteenth century Zimbabwe. If
mixed cropping was in fact a
common practice in the traditional
agriculture, then extension has been
very effective in discouraging it over
the years. Now, monocropping is
predominant even in peasant

agriculture in Zimbabwe.
Intercropping, it is generally felt, is
practised in only small isolated
patches, where pumpkins or
cowpeas are often seen planted in
the cereal crops. However, one does
come across other types of
intercropping such as the planting of
maize rows in a groundnut crop.
Mizxed planting of finger millet or
bambaranuts with maize, and
upland rice with groundnuts are
gsome other examples of
intercropping that are seen on some
farms, though on a limited scale.

Recent Attempts to
Promote Intercropping

Some of the recent attempts to
promote intercropping in
Zimbabwean agriculture were made
in the 1981-82 crop season following
a diagnostic survey conducted in
Chivi communal area. This survey
revealed the need to increase the
quality and quantity of dry season
cattle feed and it was envisaged that
some additional legume fodder can
be obtained by planting leguminous
crops hetween cereal rows. Simple
farmer managed trials conducted
during that year using velvetbean,
dolichos, soybean and cowpea as
intercrops showed that the cereal
yields (maize in particular) were
reduced by intercropping, though
the total dry matter production from
the system was higher than when
the cereal was monocropped.
Farmers also indicated that the

intercrops were more difficult to
weed. The need to conduct some
research on intercropping under
controlled conditions at research
stations was thus felt. However,
this experimentation only started in
1986.

Research on
Intercropping in
Zimbabwe

Several units in the Department of
Research and Specialist Services
have, either in the past or currently,
been involved in conducting research
on the intercropping of annual food
or forage crops. These are the
Farming Systems Research Unit,
Lowveld Research Station,
Grasslands Research Station, and
the Agronomy Institute. Work by
these units is discussed in some
detail later in this paper. The plant
Protection Research Institute of the
department intends to develop a
comprehensive project on the
influence of intercropping on major
pests and diseases of crops
commonly grown in the communal
areas of the country. A study on the
impact of intercropping of maize
with beans or cowpeas on several
species of plant-parasitic nematodes
has already been started.

Some work on intercropping of
maize with cowpea has been started
during the 1987-88 crop season in
the Department of Crop Science at
the University of Zimbabwe.
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Research on the intercropping of
perennial crops such as coffee has,
however, been going on for a long
time in the country. The Coffee
Research Station of the Department
of Research and Specialist Services
has been conducting work on
growing legume cover crops between
coffee rows as a substitute for the
traditional practice of mulching,
since 1971 (Clowes, 1973). In later
years, grain legumes such as
soybean and sugar bean were tried
as intercrops in addition to the
pasture legumes, in young or
ratooned coffee plantations. The
objective was to provide both in-situ
mulch and grain. The effect of these
cover and intercrops on coffee
production is still being studied.

Farming Systems Research Unit
Work on intercropping by this unit
started in 1987-88 as a sequel to the
observations made at Chivi. A trial
with a maize-cowpea combination
was conducted on sandy soil at
Makoholi Experiment Station {(mean
annual rainfall about 650 mm),
which represented the semi-arid
environment of Chivi. The
objectives of the trial were to explore
cereal-legume proportions so as to
minimize yield reduction in the
cereal, and to study the effects of
total population pressure on
performance of the intercrop in this
dry environment. The results
showed that under the conditions of
Makoholi in that year, there was no
grain yield advantage by combining
the two crops although the total dry
matter production was higher in the
intercrop. There was a significant
reduction in the cereal yield when
intercropped.

Lowveld Research Station

Some work on relay cropping of
maize and sorghum with grain
legumes such as soybeans, cowpea
and pigeonpea and cereals such as
pearlmillet, sorghum and maize was
jnitiated in 1984-85 and was
repeated during 1985-86. Since the
relay crops were planted at
physiological maturity of the main

crops, there was hardly any effect of
these on tne latter. Pearlmillet,
cowpea and pigeonpea performed
reasonably well when the late rains
were favorable whereas the others
were not at all successful as relay
crops. Relay crops performed better
following maize than after sorghum.

Intercropping work at this station,
which represents one of the driest
environments in the country
characterized by a mean annual
rainfall of less than 600mm and
mean monthly evaporative demands
exceeding mean monthly
precipitation even during the rainy
months, started in 1986-87. The
crops studied were maize and
sunflower. Interplanting of these
crops was compared with mono and
relay cropping. The results showed
that while intercropping performed
better than monocropping, the
highest yields were obtained with
relay cropping of sunflower after
maize.

Grasslands Research Station
The Veld and Pasture Section of this
station initiated a study in 1986-87,
on intercropping three legumes,
lablab (Lablab perpureus), cowpea
and pigeonpea in maize. The
ohjective of the study was to explore
the possibility of improving the
feeding value of maize residues with
hay produced by the intercropped
legumes. These three legumes,
relected out of the twenty evaluated
in an observation trial in 1985-86,
were sown between maize rows
planted 90 cm apart, five weeks
after the maize was planted. While
the yield of maize was not affected
by intercropping, the performance of
all the legumes was rather poor
(Clatworthy and Nziramasanga,
1987). The study, after a break of
one year, is proposed to be continued
with some modifications.

Agronomy Institute

The Agronomy Institute, though
situated in Harare, conducts its
research at a number of
experimental stations and on-farm

sites located to represent three
ecological zones of Zimbabwe, where
arable cropping is important.
Research work on intercropping by
this institute started in the 1986-87
crop season and later expanded in
the following year. The
combinations being studied are as
follows.

Cereal-cowpea intercropping
The objective of research with this
combination is to produce some
additional yield of cowpea, a
grain legume whose leaves, pods
and seed are used in the local
diet, without reducing the cereal
yield. The work on the maize-
cowpea combination started in
1986-87 with three treatment
factors, namely, cowpea variety,
cowpea sowing time in relation to
that of maize, and cowpea within-
row spacing. The experiment
was conducted at experimental
stations and as a researcher
managed trial at six on-farm
locations. The trial turned out to
be too complicated for on-farm
situations, and the treatment
factor, planting date of cowpea,
was difficult to impose under
rainfed conditions in that dry
year. Results showed that while
staggered planting of cowpea one
month after the maize could help
keep the maize yield unaffected,
cowpea yield itself was low as an
intercrop. Simultaneous planting
in this dry year, reduced the
maize yield drastically at some
sites. A mequel of this trial in
1987-88, did not have planting
date as a treatment factor, but an
attempt was made to reduce
competition from a
simultaneously planted cowpea to
maize by reducing the row
proportions and component
population of cowpea. Sorghum
was included as an additional
and, for some sites, more
appropriate, cereal. This trial is
being repeated during 1988-89
without any further changes.
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A second trial on maize-cowpea
combinations examined five plant
types of cowpea (differing in
duration and canopy spread), and
spatial arrangements aimed at
reducing competition to maize
while giving cowpea a better
opportunity to grow. This trial
was conducted at two research
stations, Makoholi (rainfall :
about 6560 mm during the crop
season, and soil type: coarse sand
or coarse sandy loam) and
Kadoma (rainfall: about 980 mm
during the crop season, and soil
type: clay loain), representing two
contrasting environments in
terms of moisture availability.
The results indicated that in the
dry environment of Makoholi
IT82D-889, the compuct and
short duration genotype, was
found to be more suitable than

groundnut were studied on sandy
soils. Based on the results of the
study, two of the three row
proportions (one row of maize or
sunflower to two or three rows of
groundnuts) were chosen for
further study in 1987-88. In the
first year of the study all the
intercrops were of replacement
type, with the total population
pressure not exceeding that of the
gole crops. Since the plants of
the taller component (maize in
particular) did not respond to
additional space in the intercrops
as much as expected, an
additional factor of within-row
spacing was included in the
gsecond year trial to study the
consequences of a higher plant
population pressure on yield
advantages under different
moisture environments.

optimum plant population. It
was also grown with groundnut
in a three groundnut to one
pigeonpea row proportion by
sacrificing every fourth row of
groundnut.

As expected, the pigeonpea did
not interfere with the growth of
maize and sunflower to cause any
significant yield reduction in
these crops at the two sites where
the experiment was conducted.
But the groundnut yield was
considerably reduced by
intercropping, necessitating the
need for its full population and
adjustment in row proportions.
This trial is being repeated with
modifications during the 1988-89
crop season.

Preliminary investigations on
intercropping bambaranuts in
maize

the spreading types which caused
considerable depression in maize

yield. In a favorable environment
at Kadoma, the growth of maize
was 8o good that very early and
compact genotypes were
suppressed and genotypes such
as TVX 3236 with a relatively
longer duration and greater
spread performed better.

Some work on interplanting
cowpea between the rows of
maize to study its ugefulness in
smothering weeds has been
started by the weed research
team of the Agronomy Institute
in the current crop season.

Intercropping groundnut with
other crops

The objective of the trial was
clearly to try and exploit the
physiological advantage by
intercropping crops with
contrasting canopy heights. The
components used were
comparable to groundnut in their
importance as food or cash crops
and are grown commonly by the
smallholders in a sole crop
situation. During 1986-87, in an
exploratory study, three row
proportions each of maize-
groundnut and sunflower-

Maize-groundnnt intercropping
forms a part of yet another study
which was started in 1987-88 to
compare the productivity, over a
four year period, of three
cropping systems options for a
farmer growing both maize and
groundnut. This study compares
continuous monocropping,
continuous intercropping and
alternating the two crops in a
two-year rotation cycle, at four
levels of nitrogen fertilizer input.

Intercropping with slow-growing
multi-purpose crops

This study, started in 1987-88,
examined the feasibility of
growing a long-duration and
slow-growing pigeonpea as an
intercrop in other crops that are
commonly grown in the
communal areas, in such a way
that the yields of these crops
were not affected. It was
envisaged that pigeonpea can
either be grown to seed or cut for
forage as seen appropriate by the
farmer. Pigeonpea was planted
in single rows alternating every
two rows of either maize or
sunflower in such a way that both
the component crops are
maintained at full sole crop

Bambaranuts are grown in the
commmunal areas for family
consumption or for sale in the
local markets. Being a legume, it
is shown to leave substantial
residual nitrogen for the
following crops. However, this
crop is not grown on a large scale
as a sole crop. An attempt was
made during 1987-88 to study its
suitability as an intercrop in
maize. Because of the
exploratory nature of the study, a
systematic design was used to
cover a range of row proportions
of the two crops with minimal use
of land and resources. This trial
is being repeated during 1988-89.

Intercropping research on other
miscellaneous combinations

Two other intercropping studies
were initiated with either a
cereal or a legume as one of the
components. The first is a study
to see if the insecticidal sprays
given to cotton, and its initial
slow growth can be used to
advantage to produce a seed crop
of cowpea. The initiative for this
trial came from the International
Institute for Tropical Agriculture
(IITA) and the Agronomy
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Institute cooperated with the
regional cowpea scientist of 1ITA
in conducting this trial. The trial
showed that the cowpea intercrop
did benefit by the sprays given to
cotton and produced much better
yields than the unprotected sole
cowpea. But intercropping with
cowpea invariably reduced cotton
yield, the least being 17% when
cowpea was planted two weeks
later than cotton as single rows
between 90 cm wide cotton rows.
This may not be acceptable to a
cotton farmer, although cowpea
intercrop yield seems to over-
compensate for the loss in cotton
in some treatments. This trial
has now been terminated.

The second study was initiated in
1987-88 season following an
experiment to compare the
performance of four cereal crops
under different moisture
environments. It was found that
maize is currently grown by the
farmers even under conditions
that are not suitable for that
crop, and they would be better-off
growing crops that are more
tolerant of drought under such
circumstances. The study
attempted to see the possibility of
improving household food
gecurity and stability of cash
earnings, by intercropping maize
with other crops that are
generally believed to be more
tolerant to drought such as
pearlmillet, sorghum and
sunflower.

Scope for Intercropping
Research in Zimbabwe

In many countries of eastern and
southern Africa mixed cropping is
actively practised by smallholders
and there is a clear need for
research to improve or modify this
practice to enhance crop production.
Zimbabwe is in a way unique in the
region, because monocropping is the
most predominant cropping system,
even in smallholder agriculture in
the country. Under these
conditions, unless there is clear
evidence of its superiority as a
better practice either in terms of
overall productivity, yield stability,
or sustainability over time,
intercropping need not be seen as an
alternative to the current farmers’
practice. Intercropping research in
Zimbabwe may therefore be
restricted to evaluating the
usefulness, if any, of this practice
vis-a-vis sole cropping, under the
agroecological conditions prevailing
in the country. This need hecomes
more important when one considers
the sudden enthusiasm in some
extension personnel to demonstrate
the ‘usefulness’ of intercropping
based on the experiences elsewhere,
under altogether different
circumstances.

I{ is envigsaged that a svstematic
survey to collect information on the
extent of intercropping in the
country, the farmers reasons for
intercropping, current management
practices in intercrops and the levels
of productivity trom them. will be
conducted to provide a conceptual
framework within which the current
intercropping research efforts can be
assessed.
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Sustainability Issues with Intercrops
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Abstract

Lincoln, NE, 68583-0910, USA

Intercropping systems have been developed for a number of complex biological, economic, nutritional, and social
reasons. We know that these systems represent a percetved optimum strategy for producing food and income under
some of the most difficult of farming situations where resources are limited. The importance of the many factors
which influence management decisions in intercropping systems have not been studied in detail, nor have their
multiple interactions been quantified successfully by those in research or extension. Conventional wisdom suggests
that multiple species in the field each year -- whether intercropped, relay cropped, or sequentially cropped -- make
more efficient total use of resources, provide a more varied food supply and income source, and present less risk of
failure to the farmer than monoculture systems in the same region under the same conditions. Limited experimental
evidence appears to support the hypotheses of efficient resource use and of reduced risk with intercrops. There is
greater production stability of dissimilar crops together in the field, just as diverse natural ecosystems persist over a
range of different climatic conditions from year to year. Based on limited research plus the observations that low-
resource farmers insist on preserving complex mixtures of crop species, it could be concluded that intercropping
systems provide greater potential than monoculture for sustained production of food and income, especially in

regions of limited resources.

Introduction

Intercrop yields and income
sustainability are key issues which
face farmers and decision makers in
research. Much of our total resource
has been dedicated to improving
productivity of monoculture
systems, with the implicit
assumption that high yields and
most efficient resource use will be
achieved by exploiting single crops
during each growing season. Most
available new technology has been
developed and tested in monoculture
gystems. Yet increasing numbers of
scientists are questioning whether
this direction is the only potential
route to increased and sustained
food production?

A recent publication, “Enhancing
Agriculture in Africa” (Office of
Technology Assessment, 1988),
notes that agricultural systems in
Africa which were once sustainable,
today no longer meet the increased
demands for food and income. The
report suggests that high priority be
placed on:

e environmental, economic, social,
and institutional sustainability;

e assurance that resource-poor
agriculturists benefit from
development assistance;

® local participation of women and
men farmers as well as
technical people in planning and
implementing projects; and

e sound natural resource
management for the future.

How does intercropping as a specific
type of crop culture help to meet
these objectives, and how does this
differ from what is offered by
monoculture? Before this can be
discussed, it is essential to define
“sustainability”. This has hecome
difficult because of our lack of
consensus on the time frame of
reference, the projected availability
and cost of resources, and how
techuiology will be used and by
whom in agriculture. More simply
put, we would need to agree on
“gustainability of agricultural
production” under what conditions:
costs of fossil fuels, acceptable limits
on environmental disturbance,
health and safety issues for humans
and other species, and for how long?
Clearly, a consensus would be
difficult.

Harwood (1989) suggests an
overview or umbrella definition of
sustainable agriculture as “an
agriculture that can evolve
indefinitely toward greater human
utility, greater cfficiency of resource

use and a balance with the
environment that is favourable both
to humans and to most other
species”. Although this is a useful
philosophy and a conceptual
definition within which to work, it is
necessary to be more explicit about
what practices and systems fall
under this umbrella.

In a practical research-based
extension program in Nebraska, we
have used an operational definition
of sustainable agriculture as “a
management strategy which helps
the producer to choose hybrids and
varieties, a soil fertility package, a
pest management approach, a tillage
system, and a crop rotation to reduce
costs of purchased inputs, minimize
the impact of the system on the
immediate and the off-farm
environment, and provide a
sustained level of production and
profit from farming” (Francis et al.,
1987). There is a need for local
adaptation of terminology and
programs, of diversity in approach,
and of creativity in planning for the
future. Yet these definitions give us
a place to begin.



195

Biological Sustainability

Conventional wisdom in ecology
suggests that natural ecosystems
are relatively stable because of their
genetic/biological diversity. Some
authors (for example Goodman,
1975; Loomis, 1984) question this
relationship, failing to find clear
evidence that diversity always
makes a system more stable in
nature. The left hand side of Figure
1 shows a range in biological
diversity occurring in natural
ecosystems (Francis, 1986). These
are all climax vegetation patterns,
and represent an evolution to some
degree of stability or sustainability
of plant species in specific climatic
conditions.

A parallel situation for diversity
(and assumed stability) in cropping
systems is shown in the right hand
side of Figure 1. The most diverse
systems are those employing dozens
of species in shifting cultivation or
the 10- to 15- crop mixtures typical
of the tropical forest zone of West
Africa. The least genetically diverse
are those of monoculture maize or
wheat in temperate regions. The
susceptibility of such monocultures
to disease problems is illustrated by
the Irish potato famine, and by the
attack of Southern corn leaf blight
in the U.S. (Adamset al., 1971).
Having described this range of
genetic diversity in cropping
systems, what can we conclude
about their sustainability?

Results which demonstrate stability
in a statistical sense are difficult to
find. Experiments in Colombia with
maize and beans in 20 environments
(Francis and Sanders, 1978), and in
India with sorghum and pigeonpea
in 94 environments (Rao and Willey,
1980), suggest that intercropped
cereal/grain legume crops were more
stable than monoculture. Table 1
shows both higher yields and lower
coefficients of variation from the
intercrops than from sole crops of
the cereals and legumes (Smith and
Francis, 1986). Data from many of
the same sorghum/pigeonpea trials

are shown graphically in Figure 2
(from Mead, 1986). All points above
the line with slope 1.00 demonstrate
overyielding by the intercrop
system. Relative yield totals for the
intercrop were determined by
assuming a price ratio of 1.8:1 for
pigeonpea:sorghum, the relevant
ratio in India during the time of the
experiments. From this scarce data,
we can tentatively conclude that
intercrops are more stable, and thus
more potentially sustainable in a
biological sense, than their
contrasting sole crop alternatives.

Economic Sustainability

Potential economic stability or
sustainability of cropping systems is
even more difficult to predict or
analyze than biological stability. In
addition to the variable and
unpredictable climate, factors such
as input costs, prices received at
harvest, interest rates and
numerous other “externalities” to
the farm become involved. Effects of
the interactions of three factors
(maize yields, bean yields, and
relative price ratio of bean/maize)
are shown in Figure 3. Three
monocrop bean yield levels (4, 3 and
1.2 t/ha) and three intercrop bean
yield levels (2, 1.2, and 0.4 t/ha)
represent maximum experimental
yields, average experimental yields,
and average on-farm yields of
climbing beans. Maize yields were
the same in monoculture and
intercropped with beans in these
trials. Bean/maize price ratios from
1 to 8 were plotted, representing the
range occurring in Latin America at
the time of the trials. Netincome
was highest for monocrop beans at
all price ratios above 3, assuming
highest experimental yields; income
was highest at all ratios above 4,
assuming average experimental
yields. When average on-farm
yields were assumed, the intercrop
advantage extended up to a price
ratio of more than 7; this indicates a
rational economic basis for limited
resource farmers to continue with
the intercrop system.

Further evidence of why farmers use
intercrop systems is shown in the
economic summary in Table 1 with
the data from Colombhia and India.
With intercropped maize/bean, the
probability of income greater than 0
is 0.92 and probability of income
above CP10,000/ha is 0.73; these are
higher than the corresponding
probabilities with either monocrop.
Intercropped sorghum/pigeonpea
had probabilities of 1.00 and 0.65 of
producing income greater than 250
Rs and 3,250 Re/ha, respectively;
both were higher than monocrops of
the component species. Mead (1986)
illustrated the economic risk of
monocrop sorghum versus intercrop
sorghum/pigeonpea in graphic form
as shown in Figure 4; for example, if
there is 0.5 probability of return
from sorghum less than a specified
level ‘d’, the corresponding
probability of lower return from the
intercrop would be less than 0.25.
There is a critical need for more
quantitative evaluation of risk
involved with different types of
technology intervention, both in
monocrop and in intercrop systems.

Research Agenda for
Sustainable Intercropping
Systems

The concept of farming systems
research described by Gilbert et al.
(1980) has been widely implemented
in one form or another during the
past decade. This approach has
been an attempt to resolve some of
the irrelevancies of research
recommendations which were listed
by Collinson (1982); he maintains
that current research results often
are not applicable because:

a prescriptive tradition of
improved management practices
passed from researcher to
extension specialist to farmer
often ignores the real
constraints and farm to farm
variation which characterizes
limited resource farmers;
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® an isolation of researchers on
the experiment stations from
their farmer clients makes it
difficult to understand the real
circumstances under which
results will be applied; and

® a near-complete reliance by
researchers on biological/grain
yield per unit area rather than
economic and other criteria used
by farmers makes it difficult to
comimunicate about “improved”
systems and practices.

Success in the application of
farming systems research
methodology has been highly
variable, often due to continued
focus on the discipline-specific
approaches brought to a project by
team members. It has been difficult
for scientists trained in specific
subject matter areas to develop a
concept of how their specialities fit
into the total system. Yet an
appreciation has developed about
the complex nature of farming
systems, and there is greater
awareness of the difficulty of
introducing single components of
technology without considering the
impact on the lavger system. There
is growing concern about the
nutritional, social, and politiéa]
implications of cropping system
decisions.

This has provided an impact on the
research agenda with regard to
intercropping systems used by
farmers. The more communication
has improved between research
personnel and those in the ficld, the
greater the appreciation of what
systems are being used and why
farmers insist on preserving
diversity of crops and income
sources. This has broadened the
perspective of the research
community, and certainly
accelerated the search for
appropriate technologies for limited
resource farmers (Francis, 1985).
There has been a rapid increare in
the number of journal publications
on intercropping during the past
decade. The interest shown by

technical people at workshops and
symposia has been even more
spectacular, as shown by the
number of special meetings
organized by national programs and
the international centres with focus
on intercropping.

Some of the specific aveas in
sustainable agricultural systems
where nmiore research is needed have
been listed by Miller (1988) as a
result of a planning session in
Raleigh, North Carolina. Since
many of these are relevant to
intercropping, the list of research
priorities has been edited for
presentation here:

1) alternative nutrient sources and

nutrient cycling

-- information base on legumes
and organic wastes

-- nutrient cycling processes
and efficiencies

-- role of rhizosphere and
associated organisms

2) cropping rystems research
-- information base on
rotations and practices
-- tests of cover crops, tillage,
chemical impacts
-- intercropping alternatives

3) alternative weed control
strategies
-- cultural factor effect on
competition and populations
-- weed ecology and biology
-- biological control of weeds

4) alternative disease and
nematode management
strategies
-- effects of cultural practices
on microorganisin balance

-- methods to favour
indigenous antagonists and
biocontrol

-- improved genetic resistance/
tolerance to pathogens

5) alternative insect management
strategies
-- ecology of eropping systems
as they influence insects

-- methods for cultural and
biological control of insects

-- improved genetic resistance/
tolerance to insgects

-- understanding regional
insect pest dynamics

Future research strategies for
intercropping need to take into
account information which is
already available, both from the
research stations and from farmers.
There is a large body of knowledge
on biological principles of crop
growth and productivity, interaction
with environmental factors, and
stability of yield. Even though much
of this has been developed in
monoculture systems, there is direct
application of most information to
intercropping systems. Our
challenge is to find out which of the
information is relevant and how it
can be applied efficiently. There is
an even greater need to continue our
emphasis on interdisciplinary
research and on research/extension/
farmer interaction to develop
methods and systems which will
help to improve productivity of
intercropping systems. These are
among the most important current
issues relating intercropping to
sustainability of food production
systems.
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Table 1. Yield stability of intercropping patterns based on multiple experiment analyses

Probability of
an income 2 Y/ha

Yield Total income Y2
Cropping pattern kg/ha cv (CP/ha) Ccv Y=0 10,000 CP
Maize and climbing bean®
Maize monoculture 4,986 23.6 1,944 242.5 0.65 0.04
Bean monoculture 2,941 29.4 16,061 88.2 0.80 0.55
Maize and beans 6,114 229 16,521 60.0 0.92 0.73
Y2 Y2
Cropping pattern (Rs/ha) cv 250 Rs 3,250 Rs
Sorghum and pigeon pea®
Sorghum monoculture 3,208 47.0 3,208 - 0.95 0.40
Pigeon monoculture 1.446 42.7 2,892 - 0.91 0.28
Sorghum and pigeon pea 3,856 39.0 4,473 - 1.00 0.65

Note: CV = coefficient of variation; Y = variable yield per hectare; Rs = Indian rupees; CP = Colombian pesos.

* Twenty-trial analysis in Colombia, 1975-78 (Francis and Sanders 1978).

® Ninety-four-trial analysis in India, 1972-78 (Rao and Willey 1980).
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Figure 1. Spectrum of genetic diversity in natural
ecosystems and cropping systems.
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Introduction

Objectives

Sustainability has become one of the
major targets in farming systems
research. Inter-crop combinations of
cereals and legumes offer some
obvious attractions as systems with
potential for sustainability.

Sustainability in a farming system
is characterised by high efficiency of
internal resource use. In terms of
the soil resource this can be
achieved through conservation of
goil organic matter (SOM) and
efficient nutrient cycling. Whilst
this may occur in natural systems,
in agricultural cropping systems
cultivation and the removal of
regular harvests acts to deplete soil
nutrient and SOM reserves. It is
possible to supplement nutrients by
addition of inorganic fertilisers to
obtain a required level of yield, but
the cost of such intervention to the
small scale farmer is often
unacceptable, particularly as
fertiliser requirements rise. There
can be no substitute for SOM, and
continued cropping with little return
of organic residues usually results in
degradation of soil physical and
chemical properties.

Inter-cropping represents a system
whereby these losses can be reduced
to some extent by the return of
biomass to the soil. In the cereal/
legume system such returns include
green manure (or mulch) and/or
residues (including roots) from the
nitrogen fixing legume. The system
therefore has the potential to
conserve N, recycle nutrients and to
preserve SOM.

1t is our objective in this paper to
review the potential of cereal-
legume intercrops in this respect
and in particular to suggest some
research priorities for evaluating the
potential for developing sustainable
systems.

Sustainability as a

framework for research
Sustainability in a farming system
must be viewed in a holistic manner
- not only in terms of internal
(natural) resources but also with
respect to market relations and
other socio-economic requirements.
Many definitions of sustainability
have been given (see Francis, this
volume) but the scientist will view
sustainability primarily in
productive terms. Dumanski (1984)
has given a working definition in
suggesting that ‘sustainable
production is measured not by total
output in a short unit of time, but by
the average output over an infinitely
long time period (generations),
which can be sustained without
depleting the renewable resource on
which production depends.’” This
immediately raises a number of
important issues with respect to the
measurement or assessment of
sustainability.

a) The time scale. The concept of
sustainability has an axiomatic
time dimension to it, but we can
immediately ask ‘sustainable for
how long?’ Infinity is somewhat
excessive but the target is
scarcely worthwhile if only a
few seasons are envisaged. We
suggest that the time scale for
assessment should be
determined by climatic
considerations. Many tropical
climates, particularly at the
drier end of the scale, are
characterised by considerable
inter-season variability. In
many cases there is also a
cyclical pattern with groups of
wet years followed by groups of
dry years. A sustainable system
should be able to persist
through the full range of such
cycles.

b) Average yield versus yield
variation. The concept of
sustainability implies a notion
of an ‘equilibrium yield’ (in its
turn presumably implying a
productive system in

equilibrium). Aspirations to
absolute maximum yields may
be sacrificed in order to stabilise
this equilibrium. The yield will
nonetheless vary from season to
season, but the concept of
sustainable stable equilibrium
assumes that the amplitude of
oscillation will be small. This
constrasts with the much higher
risk associated with maximal
yield systems where ‘boom or
bust’ responses may be seen in
response to a fluctuating
environment or economy.

The key assessment for
sustainability is thus not ‘what
it the mean yield in an average
year’ but ‘what is the extent of
variation of yield in response to
a ‘typical’ range of fluctuation in
the environment (or the
economy) of the region’.

¢) The concept of renewable
resources. Odum (1984)
distinguished between systems
in terms of the extent to which
they are externally controlled
(e.g. by input regulation) as
opposed to internal control by
feedback mechanisms (Fig 1).
Agricultural systems are typical
extreme versions of the former
case but a target of increased
sustainability will include
changing the system to greater
internal control in such areas as
nutrient cycling. We assume
however that realistically the
target will be to reduce input
subsidy to a minimum - not to
attempt to exclude it entirely.

These three components of
Dumanski’s (1984) definition have
significant implications for the type
of research necessary for
assessment of sustainability.

Monitoring over long time periods of
state variable change within the
systems is esgential to assessment
of sustainability. Greater predictive
value is likely to be achieved,
however, from experimentation, in
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which the response of key variables
is assessed in relation to a range of
treatments (stresses, perturbations)
characteristic of the range of
environmental and economic
fluctuation to which it is likely to be
subjected.

Selection of key variables moreover,
should be directed more atinternal
regulatory processes rather than
merely at outputinput ratios.

In seeking to devise sustainable
systems a word of caution may be
extracted from the ecological
literature. Holling (1973) has
distinguished between ‘stability’ and
‘resilience’ as ecosystem
characteristics which may have
evolved under contrasting
environments. Stability,
characteristic of relatively constant
environments, resembles the
pattern of behaviour sought in our
diagram of sustainability - a system
which deviates little from an
equilibrium (of for example
production) in relation to a normal
range of disturbance or stress. A
resilient system may show very wide
fluctuations however, but retains
the capacity to recover even after
extreme disturbance. The danger on
selection for atability is that the
extreme event (the 100 year drought
or collapse of the economic subsidy
system) can completely destroy the
system.

Whether some degree of resilience
should or could be built into
sustainable agroecosystems is a
matter worthy of some
consideration.

In this paper we confine our
discussion of soil fertility to nutrient
cycling and SOM dynamics.
Because of the N fixing ability of
legumes, N has dominated research
on nutrient cycling. The amount of
N fixed and the distribution within
the plant are consequently well
documented. The [ate of N in
regidues however is not go widely
covered, whilst the study of
dynamics of other nutrients within

cereal-legume inter-crop systems
has been largely ignored. Other
aspects of soil fertility. such as seil
physical structure and water
regimes, are equally worthy of
digcussion but space does not
permit.

Nutrient Cycling

Ofori and Stern (1987) have
reviewed aspectr of nutrient cycling
in cereal-legume inter-crops. Fig 2
illustrates some of the major flux
pathways for N in the plant-soil
system of a cereal-legune intercrop.
The focus on biologically-mediated
processes is in accord with the
conclusions of the preceding
discussion on research needs into
sustainability, i.e. it emphasises the
need to consider the modes of
internal regulation.

Nitrogen budget

Although study of specific flux
processes will give the greatest
insight into the way in which
sustainability of soil fertility can be
achieved, nutrient budgeting
establishes an essential quantitative
framework. Ofori, Pate and Stern
(1987) working in South Australia
on irrigated systems, drew up an N
budget for a maize/cowpea intercrop
which included above-ground seed
yields, return of residues and inputs
of fixed and fertiliser N, but did not
account for losses of N through
leaching,denitrification or
volatilisation; there was also no
measurement of N in root hiomass.
In the absence of fertiliser they
found that the amount of N fixed in
above-ground biomass of cowpea
balanced with the amount of N
removed in cowpea seed. Thus with
the removal of N in maize seed, the
system was in deficit (INig 3).
Congidering the contribution of N
from root biomass by decay and
nodule slough they used Peoples et
al. (1983) estimate of 12% N in
below ground parts of mature
cowpea and found this relieved the
N deficit but did not remove it. As

the cowpea received only 53-69% of
its N frem N, fixation, the
remaining N requirement must have
come from soil reserves.

Harvesting of cereal grains results
in large losses of nutrients,
particularly N, from the system.
Cereal residue is often removed
from fields and this may also need
to be considered in nutrient budgets.
Such residues are known to contain
high amounts of N, P and K (e.g.
90% of plant K in sorghum, Poulain
1980) which could make a
significant contribution to the
nutrient cycle. Yamoah et al (1986)
also found that when using prunings
of Flemingia and Cassia to achieve
optimum maize yields in an
agroforestry system, external
sources of N were required,
although N remaining in Cassia
prunings after maize harvest was

high.

N-fixation is potentially the major
gource of N in inter-crop systems.
The amount of N fixed by legumes
depends on the species and cultivar
used; the number of nodules; their
size, longevity and bacterial strains;
the conditions of growth and
management of the crop; soil
available water and soil nutrient
status. Legumes can have specific
8oil requirements which must be
satisfied before they can nodulate.
Many legumes do not nodulate for
the whole season and the longevity
of nodulation is greatly influenced
by soil moisture, with nodule
shedding resulting when soil water
deficits occur. The amounts of N
fixed thus vary greatly and figures
presented by Nutman (1976) show
that many tropical herbaceous
legumes have great potential in this
respect (e.g. cowpea 73-354,
chickpea 103, groundnut 72-124,
pigeon-pea 168-208 and soyabean
55-168 kg/ha).

Itis clear however that not all
legume crops fixing N will enrich
the soil. There is a tendency for
grain legumes to reduce soil N and
legumes grown for leaf to increase
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it. Indeed only rarely will a legume
intercrop be grown solely as a soil
ameliorant - instead it is favoured
for grain and/or fodder and these
products are removed with a
resulting loss of nutrients from the
system. The distribution of N
within a legume can vary with
species and cultivar and with the
stage of plant development.

Minchin et al (1978) found that 48-
65% of total plant N occurs in the
seeds of four cowpea cultivars;
harvesting of legume grain therefore
has important implications for the N
budget. In contrast only 5-6% N has
been found to occur in réots and
nodules (Minchin et al 1978) while
Peoples et al (1983) found that 12%
of final N of mature cowpea plants
was recovered in below-ground
parts. Ruassell (1973) reports 90% of
N from the nodules of peas and
vetches was transferred to the tops
before the plant died but that
subtropical summer forage legumes
such as velvet beans, lespedza and
kudzu retain 20-30% fixed N in their
roots. The contribution of root
residues to N enrichment of s0il may
therefore be highly variable and
both species and site specific. It has
been suggested that if fodder cowpea
was harvested at the stage of
maximum nodulation this could
result in all fixed N being letft in the
soil (Singh 1983) although
presumably at the expense of the
fodder quality. Eaglesham ¢t al
(1982) observed that estimates of
actual amounts of N fixed can be
deceptive. They showed that
although soyabean fixed more N
than cowpea, soyabean caused a
greater net N depletion because of
sequestering a greater fraction of N
in the grain.

Work to date has concentrated on N
but other nutrients need
consideration. The budgets of other
nutrients are not augmented like
that of N by fixation, consequently a
greater deficit of these might be
expected within an inter-cropping
system without fertiliser additions.

Most workers agree that inter-
cropped mixtures extract more
nutrients from the soil than a single
stand (Agboola 1980) and
experiments at Ibadan University
have confirmed the high rates of K
and N removal in inter-crops. This
increased nutrient consumption
makes soil fertiliser evaluation
complicated.

Direct intercrop transfer of
nutrients

According to Reddy et al.(1983) the
benefits of a legume intercrop, with
respect to N, are direct transfer of N
from legume to cereal during the
current inter-crop, as well as the
residual effects when fixed N
becomes available to relay on
sequential crops after senescence of
the legume and decomposition of
residues. It has been suggested that
direct transfer occurs by excretion of
N from legume nodules representing
an immediate source of N to the
cereal. This is however
controversial and needs clarification
(Willey 1979). Eaglesham et al. 1981
demonstrated some transfer of fixed
N from cowpea to maize using '*N
but Reddy et al (1983) could not
detect transfer from groundnut to
an associated crop. Transfer of other
nutrients such as P might occur by
mycorrhizal ‘bridges’ (Newman
1989).

Decomposition of crop residues
The main pathway of conservation
of nutrients is through the return
and decomposition of crop residues.
Crop residues also represent a major
resource for the small scale farmer.
Manipulation of the fate of the
nutrient released by residue
decomnposition is thus a target for
improving the nutrient use
efficiency of cropping systems.

The rate of decomposition is
regulated by two categories of factor;
the physico-chemical environment
(P) and the intrinsic character of the
residue, i.e. its resource quality (Q).
In tropical climates the temperature
is generally favourable to high rates
of decomposition and soil moisture

availability is the key P
determinant. In seasonal
environments in the tropics the
wetting of residues on or in the soil
is the usual trigger initiating
decomposition. Periods of within-
season drought may slow or halt
these two processes of decay and
nutrient release but generally
speaking the rate of these two
processes will, from this point on, be
related to the quality of the residue.

Characteristics contributing to high-
Q (and thus fast decay and nutrient
release) are high content of N and
other nutrients and of readily
metabolised sugars and low content
of lignin, polyphenols and other
biostatic or recalcitrant compounds
(Swift, Heal and Anderson 1979).
Figure 4 shows the pattern of
decomposition of two types of
cowpea residue.

This demonstrates that whilst
nutrient release patterns often
follow decomposition rates, they
may differ markedly for high and
low quality resources. In high-Q
resources release may occur very
early by a combination both of
leaching and mineralisation by
microbial activity. In low-Q
resources however nutrient is
usually immobilised in microbial
tissues and only released later in
the time course of decay. Low-Q
resources may indeed starve the
surrounding site by uptake and
immobilisation of N by the
decomposer organisms. The timing
of nutrient release may be predicted
by either the C:N ratio or the
lignin:N ratio (Swift et al 1979; Berg
and Staff 1981; Melillo et al 1983).

The main biomass returned to the
soil in the inter-cropping system will
be legume leaves (green manure or
mulch) or true residues (stalks,
stems, whole plant) following
senescence, together with the roots
of both legumes and cereals. Above
ground cereal residues may also be
returned but are often removed for
other uses.
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Generally legumes are considered a
high quality residue in that they
have a high N and low lignin content
and as such may be expected to
decompose rapidly. However the
maturity of the legume leaf is also
known to affect its resource quality
with older leaves being of lower
quality. Also the N content of
different components of the legume
plant is known to change through
the season.

Information on rates of
decomposition of legume residues is
not abundant. Attention is focussed
towards the root residues as it has
been considered that mineralisation
of root residues and sloughed off
nodules from N fixing plants
contribute most to soil available N
(Trimble and Shapton 1937, quoted
by Walker et al 1954; Agboola and
Fayemi 1972; Ruschel et al 1979).
As discussed in section 2.1 the N
content of roots is not always high
and so rates of decomposition are
variable. Russell (1973) observed
that plants with extensive root
systems, such as lucernes and
clovers, which are continually
sending out new roots leave more N
in the soil than crops with restricted
root systems, such as peas and
beans.

Pandey and Pendleton (1986) found
that the decomposition of soyabean
green manure occurred rapidly and
N became available in soil 7-10 days
after incorporation. Yamoah et al
(1986) determined rates of
decomposition of Gliricidia,
Flemingia and Cassia in
agroforestry systems and found the
former decayed completely in 120
days and released all or most of its
N for crop use, whereas the latter
two decayed more slowly. Kang et
al (1981) reported a very rapid
decomposition of Leucaena leaves
due to their low C/N ratio. Nnadi
and Balasubramanian (1978)
observed that N content and the
rate and amount of mineralisation of
tropical grain legumes varies among
species and even cultivars.

The contribution of cereal residues
needs consideration, since although
stalks (stover) may be removed or
returned, roots are always left in the
soil. Above ground cereal residues
represent low resource quality
material and are only available at
the end of the season when soil
moisture is limiting. Their decay
rate is low and there is a tendency
to immobilise nutrients. Nutrient
release is therefore only likely to
occur in the succeeding season.

Mixtures of cereal and legume
residues should decompose at
intermediate rates but there seem to
have.been no experiments
investigating this.

Partitioning of nutrient released
during decomposition

N and other nutrients released
during the decomposition of crop
residues are partitioned between a
number of pathways (Fig 2). The
balance between these pathways is
the key to regulation of the nutrient
use efficiency of the system. These
include:

a. Entry to the soil mineral pool and
direct uptake by the plant (Fig 2,
fluxes 3 and 8)

b. Retention in the soil during
synthesis of soil organic matter
(Fig 2, fluxes 3 and 4); or, in the
case of cations, on the exchange
colloids; the latter is dependent of
the presence of SOM, except in
the case of soils with a significant
component of active clay fraction

c. Losses from the soil through
leaching (particularly prevalent
for anions such as NO-),
denitrification or volatilisation
(Fig 2, fluxes 5, 6 and 7) The
extent of these losses varies
greatly and is affected both by
soil conditions (moisture content,
pH etc) but also by the
‘competition’ with the other
pathways above; these aspects
have been discussed for tropical

soils by Grimme and Juo (1985)
but most of our information still
comes from temperate zone
studies.

Clearly the target of an effective
system of soil management is to
maximise return of nutrient to the
plants via pathways (a) and (b) and
to minimise (¢). This is the basis of
the discussion of the remaining
sections.

Soeil Organic Matter
Dynamics

The key role of SOM in maintaining
soil fertility needs no emphasis. The
amount of SOM in the soil is a
balance between the rate of
synthesis and the rate of
decomposition. Conversion of land
to agriculture usually leads to a
decline in the equilibrium level of
SOM due to a decrease in the former
(a8 a result of decreased organic
input) and an increase in the latter
(largely due to tillage operations).

The retention of organic residues
offers a means of retaining or re-
establishing a higher SOM
equilibrium. SOM is synthesised as
a by-product of the decomposition of
crop residues. A proportion of the C
and N of the residues is by this
means retained in the soil (Fig 5,
Ladd and Amato 1985). These
workers followed the decomposition
over 8 years of a mixture of tops and
roots of Medicago littoralis (C:N,
15:1) incorporated at a field site in
South Australia. They reported that
30% of legume C remained in the
soil as organic residue after 0.3
years declining to 11% after 8 years.
Net mineralisation of legume N
occurred concurrently but after 0.3
years, two thirds of N remained in
the soil as organic residue, declining
to one third after 8 years.

The fraction of SOM formed may be
relatively constant for materials of
similar quality, but the time scale
may differ in different climates (Fig
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6a). It has been suggested however
that the fraction converted to SOM
will differ with Q. For instance a
high lignin content will result in a
higher fraction of conversion to
SOM; Van Faassen and Sinilde
(1985) report the results of
Kolenbrander (1974) showing a
percentage retention of C varying
from 3% for legume foliage to 27%
for sawdust. Cereal residue may
thus have a much greater benefit in
this respect than legume. The
amount of SOM retained in the =oil
is also affected by soil conditions, in
particular higher clay content
leading to greater SOM protection.

SOM is not a homogeneous
material; the nutrient cycling model
shown in Fig 2 divides it into four
fractions with differing rates of
turnover (and hence of nutrient
release by mineralisation). The
active pool is subdivided into live
microbial biomass and a variety of
relatively easily metabolised
materials such as dead microbial
cells and extracellular microbial
products with short turnover times.
Most of the immediate source of
nutrient is obtained from this pool.
The other two pools are both
chemically more recalcitrant and
physically more protected (e.g. by
clay). Most models of soil nutrient
dynamics agree on the inclusion of
these pools although details may
vary (e.g. Jenkinson and Rayner
1977; Parton et al 1987; Van Veen,
Ladd and Frissel 1984; Paul and
Juma 1981). Fig 5b shows the
proportion of C and N entering
microbial biomass and its rate of
turnover relative to the less active
pools as illustrated by the
experiments of Ladd and Amato
(1985) referred to previously.

Van FFaassen and Smilde (1985)
argue that sustainability may be
disrupted if there is too much
reliance on active SOM to provide
immediate soil fertility. The higher
the relative contribution of active
SOM to nutrient flow, the greater
and faster the loss in soil fertility

when supplies of fresh organic
material are neglected. They imply
that active SOM is in this respect
analagous to inorganic fertiliser in
behavior i.e. that interruptions in
supply will upset the system. The
importance of the less active SOM
fraction is therefore apparent and of
considerable importance to the
target of sustainability. This has
been illustrated by Kang and
Duguma (1985) who point out that,
where agroforestry prunings help
build up stable SOM fractions, an
overall improvement of soil
productivity results.

Nutrient Use Efficiency

A number of models have been
developed which formulate the
interactive nature of the factors
determining the efficiency of
nutrient supply to plants. Although
a great variety of factors influence
the flow of nutrient to plants
fundamentally the problem resolves
into a synchronisation in time and
space of the demand of the plant for
nutrients with the supply of those
nutrients by the soil system.
Sources of information for cereal
nutrient demaud over the season are
good and demand curves can be
readily modelled (Fig 6). The
uptake of minerals varies with both
species and cultivar as
demonstrated by Poulain (1980). but
nutrient acquisition is usually more
rapid than dry weight increase.

Nutrient supply represents a
combination of availability from
both residue decomposition and
SOM mineralisation. McGill and
Myers (1987) have pictured soil
mineralisation capacity in a simple
way by a soil moisture times
temperature predictor, comparing it
with plant demand as simulated by
relative growth (Fig 6). They
predict that in some environments
synchrony in time will be relatively
good (Fig 6a) but others may be
characterised by a marked
asynchrony (Fig 6b). The situation

in reality is likely to be more
complex than this. For instance the
N released from high Q residues
may provide a benefit by immediate
synchronisation with demand, or by
replenishing the SOM pool in such a
way as to boost the availability in
later seasons.

Nutrient release from organic
residues may have three fates:

a. Nutrients released during the
current inter-crop giving
immediate benefit to the cereal
crop. This is most likely to
occur where decomposition is
rapid from high resource quality
inputs. For example prunings
with high N content in
agroforestry systems provide a
nutrient resource for current
crops (Yamoah et al 1986, Kang
et al 1981). Nutrient release
from residue decay at
senescence is, however, less
likely to benefit an associated
cereal crop both because of
delayed input and lower-Q.

b. Nutrients available to relay or
sequential crops. There is
evidence that benefits from
legumes may be greater for
cereals in a succeeding season
than for current season cereals.
Singh (1983) demonstrated an
increase in yield and N uptake
in wheat which followed a
legume inter-crop reducing the
need for inorganic N by 30-84
kg/ha. Agboola and Fayemi
(1972) found that cowpea and
calgo did not benefit an early
maize crop but acted as an
important source of N for later
crops, possibly as a result of
root decay and nodule slough.
They suggested that legumes
cannot benefit associated crops
during the same growth period.
It is possible however that short
season legumes can transfer N
to an associated longer season
crop through mineralisation of
dead roots.
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Slow sustained release after
conversion to SOM-N. Ladd
and Amato (1985) report on
experimente which demonstrate
this in a rotational system.
They estimated recoveries of 1*N
from the legume M. littoralis,
residues of which were left to
decompose for 5-8 months
before sowing with wheat. The
total recovery (crops plus soil) of
applied N generally exceeded
90%, but the majority of
residue-N recovered in soil after
wheat cropping was in SOM. A
common feature of their
experiments was that,
irrespective of wheat yields, the
N released from decomposing
legume (M. littoralis) residues
constituted only a minor
fraction of the available N pool.
Their figures show that 50kg of
applied legume N contributes
only 10% of the N in the first
wheat crop and the availability
of N is halved for the succeeding
wheat crops. Despite the high
total recoveries demonstrated,
N from residues contributed
only a minor percentage to the
available N pool. They conclude
that the main value of legumes
in rotations (and presumably in
inter-crops) lies in their ability
to maintain or increase soil
organic N.

The efficiency of nutrient
transfer by these pathways and
the synchrony of nutrient
release with plant demand, are
affected by a variety of factors:

The proximity of cereal roots to
nutrient source;

Plant use efficiency (it cannot be
assumed that a cereal can
utilise all available nutrients,
for instance Kang et al (1981)
state that even though large
quantities of N can be harvested
in Leucaena prunings, the
efficiency of utilisation of that N
by maize is low compared to
from N fertilizer);

¢. The susceptibility of the system
to nutrient loss by leaching,
denitrification, volatilisation or
erosion. (These are influenced
by prevailing rainfall and soil
conditions; if nutrient release
coincides with rain, large losses
of nutrients might result,
particularly if soil conditions
which promote leaching,
prevail);

d. The capacity of soil to store
nutrients (clay and organic
colloids provide exchange sites
and can retain released
nutrients and microbial
biomass).

Management of
Soil Fertility

We attempt to shiow here how the
principles outlined above can be
manipulated by management
practices in order to achieve two
targets: improved nutrient use
efficiency and higher SOM status.
Management recommendations
imust be practicable and lie within
the reach of the small-scale farmer.
We concentrate on three possible
practices; manipulation of crop
residues; tillage; and utilisation of
fertiliser inputs.

It has been shown above that
nutrient release from legume
manures or residues can benefit
both associated and sequential
crops. Whether these two types of
benefit are exclusive has not been
considered. The residual benefit
may be due to delayed release of
available nutrients from slowly
decomposing residues or to efficient
retentijon in the soil of earlier
released nutrients. With an
understanding of these nutrient
release processes and their
controlling factors. it should be
possible to manipulate these
processes through management with
an aim to better synchronise
nutrient release with plant demand,
thereby improving the efficiency of
nutrient cycling. Table 1 outlines

some of the potential management
options together with the variables
affecting and determining the
practice and the outcome. These
options can be reduced to the
following; the type of organic input
utilised; the timing of its
application; the state and form in
which it is incorporated (e.g.
moisture content and particle size);
and its location on or in the soil.
The latter two aspects are
determined by tillage practice, the
former by the range of residues
available.

Residue type and state

The amount and type of biomass
returned to the goil in the
intercropping system will be
dictated by the choice of crops i.e. by
the harvest requirements of the
system. Ideally all ‘non-harvest’
plant components should be
available for return to the soil. This
is often not the case, however, for
example in areas where thereis a
firewood shortage, as in the Mossi
plateau, Upper Volta, residues are
used for fuel (Sedogo 1981). There
is also a demand in many parts of
the world for residues for animal
feed e.g. stems of groundnuts and
cowpeas are used for feed in the
Sudano-Sahelian region (Gigou et al
1985). maize stover in Zimbabwe
(Swift et al 1989). Other losses of
residue might include use for
construction; residue quality may
aleo be changed by additional
management practices such as
composting or burning.

We cannot therefore assume that all
residues from the inter-crop system
are available for return to the soil.
The residues produced from the
system will include legume leaves
(as green manure or mulch) and/or
legume true residues which are
stalks, stems, whole plants and
roots which are available following
plant senescence. Cereal resgidues
might include stalks, husks and
roots. Nutrient which is removed
from residues may however be
returned ag manure or after
composting.
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From the discussion of
decomposition rates above it is clear
that the high N/low lignin resources
typical of legume svstems can
provide rapid release N and this
may synchronise with peak plant
demand. As with fertiliser, however,
a single readily available input may
be inefficiently utilised and subject
to losses through leaching with
nutrient deficits resulting later in
the growth period.

The value of low quality resources
may be in the provision of a slow but
sustained supply of nutrients which
will enrich the soil and benefit
sequential and succeeding crops.
When residue quality is low, the
decomposer microorganisms
themselves assimilate the released
nutrients (and when these are
insufficient will also use existing
soil nutrients) thereby temporarily
removing them from the system. In
effect, this can act as a store since
the nutrients are released again
once decomposition ceases and the
microbjal biomass decays. By
controlling immobilisation, through
manipulation of the quality of the
input, the release of nutrients might
be regulated. The advantages of
this might be seen in storing
nutrients from the end of one season
to the beginning of the next.

Immobilisation increases the labile
pool of SOM (by increasing the
microbial biomass) and so transfers
mineralisation and nutrient control
to this pool. Van Faassen and
Smilde (1985) calculated that for
annual sorghum residues it can take
almost a year before net
iramobilisation of mineral N turns to
net mineralisation. In contrast, the
immobilisation period was just one
month following annual additions of
cotton residues with lower C:N.

This highlights the potential value.
of mixed residues. Combinations of
high and low quality resources
should enable the timing of nutrient
release to be regulated and so
provide botli immediate and
sustained nutrient supplies. The

interaction between the residues in
terms of mineralisation and
immobilisation, decomposition and
SOM synthesis can also be
manipulated to influence the
nutrient storage capacity of the soil.

The pattern of nutrient release from
the residue will also depend on its
state and form at the time of
utilisation. Some features of this
have already been mentioned, the
age of the residue, the potential for
mixing, precomposting or manure
conversion. Each of these alters the
Q and thence the nutrient releare
pattern. The rate of decay can also
be influenced by the residue
moisture content at the time of
incorporation irrespective of soil
moisture status. Read (1982)in a
study investigating the effect of
placement of Leucaena pruning on
decomposition rate showed that
dried prunings had a longer half life
than fresh prunings whether buried
or applied on the surface (Fig 7).
Nonetheless he could find no
difference in maize yield from
application of fresh compared to dry
material.

The size of the particles at
incorporation will also affect the
rate of decay. This may be
particularly important for low-Q
resources. Thus maize stover that
has been chopped up or milled will
have a quite different decomposition
pattern to whole stems. This may
not be a particularly viable option
because of the labour cost but it
applies in particular to roots where
the system of tillage will affect the
size of the root residues as well as
their location.

Timing of residue input

The requirement to synchronise
nutrient release with plant demand
is too simple, since plant demand
will change through the growth
period. It isimportant therefore to
provide gustained nutrient release
for the whole growth period but also
to anticipate the occasions fo peak
demand. The principles of fertiliser
use might be drawn upon here.

Timing of inputs for sustained
improvement requires detailed
investigation for prediction of
maximum benefits. The timing of
inputs (to achieve synchrony) within
a current season will be dictated to
a large extent by legume growth
peritds and whether they can
provide a green manure of benefit to
the cereal. Timing of inputs can be
more flexible in agroforestry
systems, although often pruning is
done to reduce shade rather than
provide nutrients. Yamoah et al
(1986) found that a single
application of Gliricidia prunings
was insufficient to meet maize N
requirements for the season. A
second pruning, 66 days after
planting was necessary to meet the
requirement. Storage of green
manure or prunings in a dry state
might be considered as an option, as
can composting of single or mixed
residues.

Soil moisture conditions are known
to influence decomposition rates.
Timing of inputs should therefore be
related to the moisture conditions.
If irrigation is available
manipulation of moisture as a
management practice for residues as
well as for crops is possible.

Location

Manipulating the spatial
distribution of residues may
represent 2n easy and effective
management option for regulating
nutrient release. Residues ploughed
in decompose more rapidly than
thuse left on the surface. Fresh
Leucaena prunings were shown by
Read (1982) to have their half-life
reduced by 50% when buried as
compared with decay at the surface
(Fig 7). Deep incorporation may
however displace residues from the
root zone of early growth and thus
result in a dislocation of demand
and supply.

Use of fertilisers

Although priority should be given to
increasing the efficiency of inter-
crop systems by using the potential
of fixed N, it is evident that
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fertilisers do have a complementary
role in the system in meeting the
nutrient deficits, as demonstrated
by Ofori, Pate and Stern (1987).
Work has concentrated on
determining the minimum fertiliser
rates required to achieve optimum
cereal yields in inter-cropping
systems (Pandey and Pendleton
1986; Nair et al 1979). One
phenomenon of N fertiliser use in
cereal-legume intercrops is the
apparent suppression of nodulation
at high N levels. Rao ef al. (1987)
recorded suppression of legume
yields with increasing N fertiliger.
Eaglesham et al (1982) report that
although there are benefits from
cowpea and soyabean at low mineral
N, no benefit occurs at high mineral
N levels due to inhibition of
nodulation. Eaglesham et al (1981)
also conclude that N excretion from
the legume only gives significant
benefit to associated crops in
conditions of low N.

In some cases however nitrate
fertilisers were found to increase
both nodulation and yield. Ezedinma
(1964). demonstrated this for
cowpeas in Nigeria. Evidently there
is a need to establish under what
conditions high N levels suppress
nodulation and to determine a
threshold at which this occurs. A
balance needs to be obtained
between this threshold and the
advantages of fertiliser N
applications in relieving the N
deficits discussed in Section 2.1.

Whilst fertilisers may be seen in
terms of their immediate benefits to
crops, a greater efficiency of return
may be achieved by interaction with
residues. Low-Q residues will tend
to immobilise fertilisers and prevent
massive losses associated with
early, unsynchronised, application.
This combination with the residues
may act to accelerate decomposition
by stimulating decomposer
organismas.

Research Priorities

Research targeted on the
development of sustainable systems
must clearly involve some long term
monitoring. The choice of variables
for such monitoring should go
beyond those of yield and also focus
on key processes regulating the
stability of nutrient cycling and
other system properties. The
Tropical Soil Biology and Fertility
Programme (T'SBF) has made
proposals for ‘minimum data sets’ of
such variables (Swift 1987,
Anderson and Ingram 1989).

More rapid insights to the potential
for sustainability may be gained
from experimental studies. Itis
suggested that the selection of
experimental designs be based on
the answers to two questions:

1. What are the key determinants
(processes or variables) of
sustainability?

2. How do these determinants
respond to stress or disturbance?

The answers to these questions and
the selection of a research agenda
will, to a considerable degree, be site
and system specific but, with
relation to the role of soil fertility in
sustainability, the following are
proposed as a guideline to potential
contributions:

1. The essence of sustainability is to
attain a high efficiency of
nutrient cycling and conservation
of SOM. This cannot be achieved
by concentration on the short-
term fate of applied or fixed-N.
There is a need to develop
management systems which
provide nutrient both for
immediate requirements and for
long-term stability.

2. There is however little
understanding of soil processes
involved in yield promotion.
There is a need to divert the focus

of research away from continuous
empirical trials to investigations
of mechanisms.

. The potential for managing

processes such as decomposition
by manipulation of the timing,
state, type and amount of
residues should be given high
priorities e.g. by investigation of:

a. Value of legume leaf materials
for green manure as a function
of species, cultivar, time of
harvesting etc.

b. Value of legume root residues
as a function of N content at
time of harvesting, maximum
nodulation, etc.

c. Rates of residue decomposition
as a function of residue
quality, methods and place of
application, size etc.

d. Value of legume and cereal
residues both alone and in
mixes, both in terms of
immediate returns to plants
and in improving SOM status.

e. Products of decomposition;
pathways of nutrient release
to available N, unavailable N.
lost N, immobilisation.

f. Products of decomposition;
SOM pools, SOM as a nutrient
reserve.

. Investigation of 2 and 3 above

provides the mechanistic
background for developing
predictive models and practical
recommendations for improving
nutrient use efficiency by
synchronising nutrient release
and plant uptake. For example
by optimum combinations or type
of residues; optimum timing and
method of application; optimum
soil conditions (particularly
moisture); optimum fertiliser
applications; optimum length of
cereal and legume seasons;
optimum harvesting regimes.
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5. Factors affecting N losses from
soil.

6. Direct transfer of nutrient from
legume to cereal roots.

7. Role of inorganic fertilisers in
meeting budget deficits but not
suppressing nodulation.

8. Role of SOM in promotion of soil
physical properties; and water
regimes.

9. Role of soil fauna in regulating
residue decomposition and soil
physical structure.

Whilst the state of understanding of
the regulation of nutrient cycling in
intercrop systems still requires a
good deal of improvement by means
of fundamental research this does
not obviate the potential for the trial
of potential management options for
sustainable soil fertility as outlined
in the section on Management of
Soil Fertility. The TSBF programme
has advocated a dual approach to
goil fertility studies (Fig 8)
involving both ‘strategic’
(fundamental) and ‘target’
(management orientated) rese.rch.
The utilisation of mechanistic
simulation models, and ultimately of
knowledge based (‘expert’) systems
provides a means of rapidly
generalizing from these research
initiatives (see also Thornton’s
paper in this volume). Such a
research programme is essentially
multi-disciplinary and holistic in
approach and combines both on-
station and on-farm research. We
believe that an integrated research
agenda of this type is easential for
the development of a predictive
understanding of sustainability
issues.
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Table 1. Factors regulating amount and timing of nutrient release and potential management options

Target Controlling Modifying Management
variable variable variables options
Decomposition Resource Q Specles/cultivar High RQ-quick release
rate Plant parts returned Low RQ-slow reisase
Fresh or dry Mixed residues
Maturity Store residues
Soil moisture Climate Moisten soll or
Saoll Availabillity synchronlse application
temperature of frrigation when moist
Method of Tilage Incorporate or leave
incorporation practice on surface
Timing of Species/cultivar Residues avallable Green manure avallable

residue Input

Immobilisation

Planting dates

RQ

C: N microbial
biomass

Soil fertility

Climate
Species/cultivars

Residues available

before residues

Organise tegume planting
date so residues avallable
at most appropriate time

Where low RQ use fertilizer N
to prevent immobilisation or
use immobilisation as
storage system
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Flgure 1. Internal and external controt of natural
and agro-ecosystems.

Natural ecosystem Agro-ecosystem
Input Output
 Pri > Input Output
Frimary P Controller Controlled P

subsystem subsystem
Secondary
subsystem System

System

Note: Regulation of nutrient cycling and other
processes in natural and agricultural ecosystems.
Regulation in the natural ecosystem is internal by a
process of feedback between components such as
the plant and decomposition subsystems. In
agricultural systems internal feedback regulation is
largely lost, being replaced by control through
management manipulations, inchtding those of input
and output (modified from Odum, 1984),

Flgure 2. Major pathways of nitrogen flux in the plant-litter-soll system of a cereal-legume intercrop.

Fertilizer _{ Removal
N ?
NH3

o) (e
N2 N2 L.egume Cereal
shoot - : :
c organic N ‘ Organic residues shoot
y Legume Cereal y
above-ground above-ground
residue residue
6 7 9 1
Legume Cereal
below-ground below-ground
residue residue
Root
organic N 2 N Root
8 3 8 R
1w |
> Inorganic N Microbial ]
+ - biomass
NH, NOgz T
PATHWAYS I Y Acti
1. Nitrogen fixation ctive ﬁ4
. - SOM
2. Direct nitrogen transter
3. Decomposition/mineralisation 5
4.  SOM synthesis Slow
5. Leaching SOM
6. Volatilisation
7.  Denitrification ¥ Passive ||
8.  Nutrient uptake - SOM
9.  Feiliser input NO3
10.  Removal in yield
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No added fertiliser N-(NA experiment)

Above-ground
Harvested | Cowpea | Maize residues returned
as seed to soil
N 60.2 46.4 c
owpea
293
Fixed from Maize
atmosphere
19.5
Cowpea ;
I
588 \ Cowpea Maize i
Total in shoots :
895 65.9 I
|
i
|
i
]
i
v
Cowpeal Maize
q————— -47.8
30.7 65.9
Uptake from soil Net balance in soil
from cropping system
Fertiliser N added (25 kg N/ha) - (NL experiment)
Above-ground
Cowpea | Maize residues returned
Harvested .
d to soil
as see 68.0 50.8
Cowpea
399
Fixed from Maize
atmosphere :
278
Cowpea :
i
730 \ Cowpea Maize :
Total in shoots i
107.9 87.6 :
!
]
i
|
I
Applied as fertiliser lv
Cowpea 1.8 Cowpeal| Maize
25 > «———--] -29.8
Maize 4.6 33.1 83.0
Uptake from fertiliser Uptake from soil Net baiance in soil
from cropping system
\J‘nused fertiliser
18.6

Flgure 3. Nitrogen budgets for maize/cowpea intercrops without (NA) or with (NL) added
nitrogenous fertiliser (kg N ha-1) (Otori. Pate, and Stern 1987).
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Figure 4. Nutrient dynamics during decomposition
of crop residues. The pattern of welght and nitrogen
loss is shown for residues of high (leaf) and low
(stem) resource quality for a cowpea (Vigna
unguiculata) crop at ibadan, Nigeria (Swift,

unpublished data).
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Figure 5a. Decomposition of isotope-labelled
material In soils located in contrasting climatic
regions. The diagram shows the residual C and N
incorporated into SOM after the initiat rapid period
of decomposition (Ladd and Amato 1985).
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Figure 5b. Formation and decline ot isotope-labelied
biomass C and N during the decomposition of 14C,
15N-labelted ptant materiai (Ladd and Amato 1985).
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Figure 6a. Synchrony of soll mineraiisation
(Molisture x Temperature index) compared to
relative crop growth (yleid) for wheat at
Hyderabad In the semi-arid tropics
(McGlll and Myers 1987).
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Figure 6b. Asynchrony of soil mineralisation
(Moisture x Temperature index) compared to
relative crop growth (yleld) for wheat at Narayen
in the Darling Down of Queensland, Australia
(McGill and Myers 1987).

100+
b
[724
[=]
£
8 804
3 \ Dry leucaena applied
§ \ at soil surface
o ) NN
_—E 60- ~ea
® ———a
E
° TN OO
o 404 Fresh leucaena applied
E, at soil surface
(7]
~6 ~
5 20+ Dry leucaena
g Fresh leucaena buried
o buried
O 1 L 1
20 40 60
Days in field

Figure 7. Decomposition of fresh and dry leucaena
prunings applied as muich or burled in soil with
time (Read 1982).
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Figure 8. Components of an integrated approach
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Field Tour to Bunda College of Agriculture, Farmers' Fields
and Chitedze Research Station

Bunda College of
Agriculture,
University of Malawi

College faculty are charged with the
responsibility of implementing the
National Bean Research Program.
The National Bean Program is
coordinated through the National
Agricultural Research Council. The
research strategy being followeu
seems to be somewhat isolated from
the rest of the research system and
from the needs of farmers.

Through discussions among
workshop participants and
researchers two important issues
surfaced. The first is in relation to
the seed industry and the second
relates to the linkage between
research and extension.

Some of the problems in the seed
industry are: a)breeder seed is
given free of charge to the seed
producing agency, b) arbitrary
pricing policy, ¢) un-restricted
export while the internal demand is
not met, and d) seed target clientele
is not well identified, that is, seed is
not directed to the areas to which
the variety is adapted. These
problems impose gerious constraints
to the adoption of improved
varieties.

Although informal communication
channels exist between research and
extension, there was no evidence of
well established mechanisms that
allow a rapid and continuous flow of
information to the farmer. Again,
the approach/strategy being followed
imposes constraints to the adoption
of new technology.

In the experimental plots at Bunda
College, participants saw trials of
maize/bean intercropping and bean
breeding.

Q. It was observed that climbing
beans were staked in pure stand
while that was not a practice of
the farmer.

Rapporteurs F.R. Arias and J Chumo

A.

True, what was being done here
was not practised by the farmer.
Farmers usually grow climbing
beans with maize.

It was noticed that the bean
population used in the intercrop
was low and that beans and

maize were planted on the same
hill.

The trial planting pattern was
close to what the farmers did,
mainly because of labour
constraint.

A followup question was asked
about the use of 90 em x 90 cm
spacing and three plants per
hill. Was that the arrangement
that gave the highest yields?

The method was chosen mainly
to reduce labour cost and time
taken to plant. Results were
available that showed one plant
per hill spaced at 30cm along
the ridge-row gave better yields.

What was being done to reduce
mosaic virus disease which had
affected the beans?

The only control measure used
was to control the vector by use
of pesticides.

The team was also able to see a
pure stand of climbing beans
and the rationale for that was
questioned.

Participants were told that the
pure stand of climbing beans
was a breeding screening trial of
new varieties.

What were the selection criteria
employed in the bean breeding
program?

Yield and seed size were the
overriding factors in the
selection process.

What were the sources of
germplasm used in the breeding
program?

A.

Collection of bean germplasm
has been local, no exotic
materials have been imported.

Participants were informed that
local collections of bean
landraces were obtained from
farmers and these were used in
selection for high yields, and
adaptability over a wide range
of environments. The question
that then arose was, ‘why
should bean landraces which
the farmer had selected for
gpecific adaptability be screened
for wide adaptability?

These landraces were selected
for higher yields and other
traits such as pest and disease
resistance.

What was the mechanism of
release for superior varieties?

After screening for three
seasons over several locations,
those varieties suitable for
release were handed over to a
variety release committee. The
varieties were given to the Seed
Company of Malawi for
multiplication for sale, but the
price of certified seed was found
to be very high and hence it did
not benefit the farmers.

As an alternative, farmers were
contracted to multiply seed
themselves which they sold to
the farmers cooperative for
marketing at acceptable prices.

The team noticed that unlike in
most maize/bean intercropping
agronomy and breeding trials,
there was a very low level of
pest incidence; a situation very
unlikely in the farmers fields.
What was the reason for this
low level of pest incidence?

Pest incidence levels varied
throughout the growing season
and at the time of this visit the
pest incidence levels were low
(no control measures had been
taken).
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Q. What types of beans did farmers
grow?

A. The type of beans grown by
farmers were very much
dictated by market prices where
mixtures fetched lower prices
than pure lines.

Adaptive Research
Trial in Farmers Field

The team was received by WCC
Mughogho, agronomist with the
Lilongwe Adaptive Research Team
and the farmer Mr G. Kalungwe.
Mr Mughogho indicated that beans
were not very adapted to the
Lilongwe Plains so the on-farm
trials also included maize/soybean
intercropping. There was another
reason for the choice of soybean. It
was noticed that in this area, many
children were malnourished and the
soybean was expected to improve
the protein intake of these children.
The soybean was also a source of
livestock feed. The trial was at the
third season of evaluation.

The team was informed that
intercropping was popular with
farmers because of land and labour
scarcity. Maize/legume
intercropping was done such that
the maize yields were not
significantly reduced by the legume
association.

Discussions whilst visiting this on-
farm trial indicated that there may
be little relation between the
research being carried out and what
may be the real problems faced by
the farmers. Some participants
expressed concern in the way on-
farm research objectives appear to
be set and the criteria used to
establish them. However, most
dicussion just covered the one trial
visited: other participants thought
that the on-farm research was well
targeted and the objectives well set.

Q. Was weeding done by the
farmer and if so how was it
ensured that weeding was done
uniformly and as quickly as
possible?

A. The adaptive team explained to
the farmer the need for proper
management of the trial (e.g.
weeding to be as uniform as
possible and done within a short
time). Results from the trial
had shown little variation
within site but large differences
between sites.

Q. Why did the farmer plant one
bean/hill?

A. The farmer said he did not have

enough seed otherwise he would
normally plant three seeds/hill.

Q. Out of the total farm area, how
much was devoted to sole maize
and how much to maize-bean
intercrops?

A. Three acres were devoted to sole
maize and one acre to a maize-
bean intercrop.

Q. Why was only one acre
intercropped? .

A. The farmer said that his other
pieces of land gave low yields of
beans.

The team was informed by the
adaptive researchers that the
farmer used to grow pure
stands of maize and legumes
but due to influence from
agricultural workers, he had
adopted intercropping.

Q. The farmer was asked which
cropping system, sole versus
intercropping took more of his
time.

A. He replied that sole cropping
took more tinie.

Visit to Chitedze

Research Station

Dr P. Sibale, Head of Chitedze
Station, gave a brief introduction of
the station, its soils, rainfall and
temperature data and research work
being done there. The planting
pattern on the station was organized
around a rotation of groundnuts and
maize.

All workshop participants were
favourably impressed by the
facilities, organization and
management of Chitedze Research
Station. All the trials visited were
well managed.

Through discussions among
participants and station researchers
it became evident that there is little
coordination among maize scientists
and bean scientists, resulting in
what some participants labeled as
the “trivial pursuit approach” in
solving problems faced by farmers
who practice maize and bean
intercropping.

Q. Why was the intercrop trial on
the station fertilized especially
after groundnuts? Maize hybrid
yields on the station were
reported to be high (approx. 8 ¢/
ha) while the farmers average
was 1.2 t/ha.

A. The on station trial was a
control and the trial was
replicated outside the station on
several farmers fields where
farmers used some fertilizer.

Participants were also informed
that the on-farm trials were
being conducted jointly with the
adaptive teams.

Q. How popular are your maize
hybride with the farmers?

A. The hybrids are very popular
with farmers but there has been
a constraint in the supply of
hybrid seed. The station breeds
maize hybrids, composites and
synthetics.
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Preliminary trials were done on
the station while elite materials
were tested in the National
Maize Variety Trials over
several locations in the country.

Discussion in the plots at Chitedze
was cut short by a rain storm.

Overall Comments

The field tour offered participants a
good overview of the type of
intercropping research being carried
out on station. All participants
commented on the excellent
management of the trials visited. It
was also evident that those research
officers in charge of these trials
were very enthusiastic about their
work.

Communication channels among
researchers in the maize and bean
programs should be formalised and
mechanisms for the exchange of
information be established. The
same can be said about
communication between on station
and on-farm researchers and
extensionists. Joint planning
sessions should be implemented to
improve the objectives and
orientation of the process of
generation and transfer of
technology.

Chitedze Research Station

General Information

Chitedze Research Station is the
largest agricultural research facility
in Malawi. Other main Department
of Agricultural Research (DAR)
centers in Malawi are Bvumbwe and
Makoka in the Southern Region and
Lunyangwa in the North.

Chitedze station was established in
1948 and occupies 480 ha, some of
which are used for physical
infrastructure and woodlots. It is
situated 16 km west of Lilongwe on
the Lilongwe - Mchinji road;
Latitude 14°S, Longitude 33° 45’FE at
an elevation of 1097 meters above
gea level.

Soils

The soils are typical of the Lilongwe
plain, which is the main area for
production of maize, tobacco and
groundnuts in Malawi. The soils are
derived from gneisses and
granulites and form a catena of
sandy clay loams over dark red
sandy clays, becoming yellowish red
on gentle slopes; dark brown with
impeded drainage (lateritic
outcrops) to grey mottled clays as
the lower “dambo” areas are
approached.

Weather

Rainfall is around 1000 mm per
year, with 85% falling in the period
December to March on
approximately 65 days. The highest
maximum temperature (30.6 °C)
occurs in October, and the lowest
23.9 °C in June and July. The
highest minimum is 17.9 °C in
December and the lowest, 7.3 °C in
July, with an average minimum
throughout the year of 13.3 °C.
Daily sunshine ranges from 4.9
hours in February to 9.6 hours in
October, with an average of 7.4
hours.

Staffing

The current staff for Chitedze
Research Station stands at 51
Scientists, 27 Technical Officers, 66
Technical Assistants and several
field hands. These numbers exclude
personnel in administration and
farm management. Of the 51
Scientists, just seven are expatriates
attached to various projects
supported by MARE/USAID and the
World Bank. Twenty-two of the 44
Malawian scientists are on long-
term offshore graduate training.

Research Organization
Agricultural Research in DAR is
organized into seven commodity
groups, each of which may have
geveral commodity research teams.
The commodity groups and teams
are:

Cereals Commodity Group

- Maize Commodity Team

- Rice Commodity Team

- Wheat and Barley
Commodity Team

- Sorghum and Millets
Commodity Team

Grain Legumes, Fibres and

Oilseeds Commodity Group

- Groundnuts Commodity
Team

- Cotton Commodity Team

- Other Grain Legumes
Commuodity Team

- Beans Commodity Team

- Oilseeds Commodity Team

Livestock and Pastures

Commodity Groups

- Large Ruminants
Commodity Team

- Small Ruminants
Commodity Team

- Monogastrics Commodity
Team

- Pastures Commodity Team

Horticulture Commodity

Group

- Vegetables and Spices
Commodity Team

- Tropical Fruit Commodity
Team

- Temperate Fruit
Commodity Team

- Tree nuts Commodity Team

- Coffee Commodity Team

- Cassava and Sweet
Potatoes Commodity Team

Adaptive Research Commodity

Group

- Eight adaptive research
teams, one team in each
Agricultural Development
Division (ADD)

Soils, Land Husbandry and

Engineering Commodity

Group

- Soils Commodity Team

- Crop Storage Commodity
Team

- Farm Machinery
Commodity Team

- Agroforestry Commodity
Team
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7. Technical Services Commodity

Group

- Seed Technology
Commodity Team

- Plant Protection
Commodity Team

- Produce Inspection
Commodity Team

- Agredat Commodity Team

- Library.

The fifty-one scientists based at
Chitedze Research Station are
deployed in 19 of the commodity
teams outlined above.

Intercropping Research

The bulk of the research work at
Chitedze is geared for monoculture.
Intercropping research at Chitedze
is done by a section within the
Maize Commodity Team. This
responsibility has temporarily been
assigned to a scientist working in
the Wheat and Barley Commodity
Team. The scientist collaborates
with various scientists on the
station during the planning and
implementation of intercrop
research work.

The Adaptive Research Teams carry
out the bulk of intercropping
research in DAR. This work is
conducted on farmers fields in the

ADDs.

Other Research Organizations
Resident at Chitedze

The SADCC/ICRISAT Groundnut
Programme is housed at Chitedze.
Their research mandate is regional,
and they do not carry out any
intercrop research work.

The Eastern and Southern African
Research Network on Root and
Tubers Research, supported by IITA,
is also based at Chitedze. They do
not carry out research on intercrops.



Discussion on Papers Presented

Session 1

Chairman’s Comment (W.R. Stern)

The take home message from this
Session is that there is infinite
potential for intercropping
research but researchers need to
avoid trivial pursuit and make
sure that priority problems
related to intercropping by
farmers are addressed.

Questions to C A Francis

M. Swift (Comment).

You mentioned the possible link
between diversity and stability
(and hence sustainability).
Ecologists now cast some doubt
on this link, and indeed in some
instances diversity may be a
product of instability. We should
not assume therefore, that by
increasing diversity, even to the
limited extent it is possible in our
agricultural systems, we will
necessarily increase stability.

C.A. Francis (Response).

Recent writings in ecology do
suggest greater stability in
natural ecosystems. We suspect
that well designed intercrops will
usually be more stable as a total
system than most monocultures.
There are very few absolute
monocultures in nature, and that
should tell us something.

. Sutherland (Question).

Should intercropping research
stop at identifying the basic
principles and leave the farmer to
fit the principles to their farming
systems? If 8o, what is the role of
diagnosis of farmers’ problems in
intercropping research?

C.A. Francis (Response).

We certainly do not expect the
farmer to suggest what
experiment designs or specific
treatment levels to use. But we
do find farmer advice invaluable
in bringing relevance to research,
suggesting alternative solutions
and evaluating appropriate
technologies. Thus, farmers are
full members of the research and
development team and contribute
where they have expertise.

. Mead (Comment).

In your paper a ‘small’
experiment means one with three
or four factors, not small in the
conventional sense (one or
sometimes two factors). I believe
four factors is right.

J.K. Ransom (Question).

You mentioned several times in
your presentation that as
research attempts to address
more complex issues,
interdisciplinary teams of
scientists are needed. Js there
any research or information being
developed on how to male teams
work? Too often the interactive
process between researchers
breaks down.

C.A. Francis (Response).

There have been few studies of
how teams work, nor do I suspect
that most teams would welcome
this. Such a situation is
unfortunate! We should be
willing to look at ourselves and
have others study our teams to
learn about how they work and
how to improve research. One
publication is, Enabling
Interdisciplinary Research, by
Martha Garrett Russell (1982),
University of Minnesota
Miscellaneous Publications.

R. Arias (Question).

How should farmers participate
in the research process and in the
transfer of results?

C.A. Francis (Response).

That would depend on where we
are in the world and which
farmers we are dealing with. In
the USA for example, farmers
have helped agricultural
researchers avoid the trivial
pursuit syndrome, especially in
respect of relevance of the work.

. Arias (Question).

In adaptive research what is the
real role of the researcher?

C.A. Francis (Response).

The researcher has a vital role to
play in research on intercropping
in spite of how much the
extension specialist and farmer
do in this process. Those in
research can bring technology
and new information into the
process, can provide methodology,
and can help show technically
how some of the components fit
together.

. Kisyombe (Comment).

Another important role for the
researcher is to study the
farmers’ current intercrop
practice. Information from such
studies will help researchers to
plan their experiments. This is
particularly a role of social-
economists.

. Zambezi (Question).

How can we involve women in
adaptive research when men
make decisions in most cultures?
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C.A. Francis (Response).

Obviously, the woman’s role in
agriculture and farming is
extremely culture specific.
However, I think we have grossly
ignored the importance women
play in most farming systems and
what they have to offer in
improving system productivity.
Not only must women implement
many of the changes and new
technologies, they can also
contribute to development of new
methods as full participants.
Women may, in fact, be more
sensitive to total system
performance, risk avoidance,
nutrition and long term
sustainability.

M. Omunyin (Question).

How can researchers make their
methods respond faster to
farmers’ problems?

C.A. Francis (Response).

We need to be very concerned
with how long research takes.
That is why research and
extension priorities are
important. Are there agronomic
solutions that are faster than
breeding solutions? Can we learn
from other regions or countries?
Are there some short term and
other long term solutions? We
should take more care to consider
the time frame for our research.

Questions to D Yiwombe

M.S. Reddy (Question).

Malawi is regarded as one
country in the region where a lot
of intercropping research has
gone on (at Chitedze, Bunda etc.).
Have messages from this
research not worked or have they
not been communicated to
farmers?

D. Yiwombe (Response).

There has been a lot of research
but little of it has been passed to
extension. We do not know, for
example, which are the most
useful crop combinations for
farmers to grow.

M. Omunyin (Comment).

Shortage of labour has tended to
make farmers set their own
priorities. Hence farmers are
often averse to adoption of new
technologies especially in
intercropping, which tends to be
labour intensive.

D. Yiwombe (Response).

Here in Malawi there is
insufficient data on the labour
requirements of intercrops; we
have no specific
recommendations.

F. Ofori (Comment).

There appears to be a break of
communication between

researchers and extension officers

on intercropping in Malawi in

recent times. Please comment on

this?

D. Yiwombe (Response).

In the past researchers tended to

believe that what they were doing

was the best (i.e. good research),
and they did not listen to

extension or to farmers. This has

now changed and there is now a
better relationship and
interaction between researcher,
extension and the farmer.
Adaptive Research teams have
been set up to develop and
improve this linkage. We now
see considerable change in
attitudes especially in how
researchers see things.

D. Manda (Comment).

In terms of intercropping we do
have a lot of land intercropped in
Malawi. But current technologies
have not come from research.
Researchers are now learning
from farmers. With recent
increases in human population
there are more areas with small
land holdings. Intercropping has
been developed to maximise use
of small land holdings. We from
research are now trying to
understand these systems and
how they work.

Session 2

Question to A.R.C. Low
I.M. Mharapara (Question).

During formal and informal
surveys do farmers give truthful
answers or what they expect the
interviewer wants to hear. If the
latter, what can be done to
prevent this?

A.R.C. Low (Response).

Getting answers farmers think
you want is always a danger in
informal and/or formal surveys.
The danger can be minimised by
being aware of the problem. In
informal surveys questions can be
repeated in different ways to get
at what actually happens. Doing
the interviews in farmer fields is
another way of ensuring that you
get answers consistent with what
you see. For example, if the
maize is very yellow the farmer
cannot easily claim he applied the
recommended fertilizer.
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Questions to J Woolley

M. Swift (Question).

There seem to be at least two.
explanations for the differences
between on-station and on-farm
conclugions, that is, (1) failure to
identify farmers’ constraints e.g.
in the spacing trials you mention
or (2) site specific factors (the
phosphate trial where rainfall
variation may play a role). What
ig the relative frequency of these
two curves?,

J. Woolley (Response).

(1) All solutions tested in these
spacing trials were identified on
the basis of a simple diagnosis
and planning process. In the
particular case of the spacing
change, I should mention that
farmers themselves were
consulted from the time the
original technology was proposed
until they saw it at harvest time
in the second year trials with
larger plots.

(2) Itis time that the station
should not be regarded a priori as
being different from the farms.

In the cases presented, the
treatment x (station versus mean
of farms) interaction was always
greater than the treatment x
(between farms) interaction.

W.R. Stern (Question).

I was interested in the data on
on-farm and on-station research.
(1) Was this time consuming and
did it require extra effort? (2)
How many other individuals or
groups have used this approach?

On the whole it seemed to me to
be an important diagnostic tool.

J. Woolley (Response).

(1) In fact the trials designed for
farms were part of a real on-farm
research program, although it is

true that this particular program
worked on many different
priority topics. The extra effort
was in the planting of trial crops
on-station.

(2) In preparing these data for
publication, we did search for
other examples. The few we have
found were in papers or reports
which did not deal specifically
with this issue.

A. Sutherland (Question).

As 75% of results from on-farm
agronomy experiments were
different from on-station, is it
possible to better simulate
farmers’ conditions on research
stations or should more agronomy
research be conducted on-farm?

J. Woolley (Response).

Beans are a crop very affected by
environment, so the results might
not be as contrasting in some
other crops. In other
experiments we compared results
from an infertile field on the
station where yields were similar
to farms. Even so, under 50% of
the results were correct for
farms. I believe that the effort
expended in finding suitable
conditions for simulation on
station is usually greater than
that for running trials on a few
representative farms.

Session 3, Part 1
Questions to A F E Palmer and R
Kirkby
F. Kisyombe (Question).
With on-farm experimentation,
how sate would one feel to put an

untried technology on a farmers’
field?

A.F.E. Palmer (Response).

We recommended on-farm
research where the aim of the
trials is to derive production
recommendations for variety,
fertilizer application etc. in order
to test technology under the
circumstances of the target group
of farmers. Such technology is
not “untried” but without doubt
certain answers are better
obtained under on-farm
conditions.

M. Swift (Question).

You have raised the question of
evaluation or assessment
measurements for intercrop
systems. Has any consideration
been given to using an index of
nutrient use efficiency as a
comparative measure? This has
an advantage because of its
relationship to sustainability.

. Kirkhy (Response).

Measurement of nutrient use
efficiency in evaluating intercrops
has seldom been used. More
commonly, yield measurements
become indicators of efficiency of
nutrient uptake or extraction
(e.g. complementary rooting
systems that better capture an
early flush of nitrogen). I agree
that this is an issue deserving of
more attention in the
development of technology that
will be long-lasting.

Questions to N Govinden

I.M. Mharapara (Question).

What fertilizer practices are used
in the sugar cane/potato and
sugar cane/maize intercrops
which have enabled sugarcane
yields to be maintained?
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N. Govinden (Response).

The cane and its intercrops are
fertilized separately. The cane
receives its requirements, and
the intercrops theirs. At present,
the general recommendation is to
fertilize the intercrops at the
same level as sole crops, that is
on a per plant basis. Further
research is now in progress. It
consists of fine-tuning the system
by working out the optimum
levels of nutrients in the
mixtures. Such aspects as
competition and complementarity
in nutrient use and residual
effects are being examined with
the use of labelled nitrogen. The
nitrogen contribution of
groundnuts to sugar cane is also
being studied.

. Ofori (Comment).

In view of the varying duration of
potato, maize and groundnut as
intercrops in sugar cane, time
seems to be an important factor
in the assessment of advantages
of intercropping. It will be worth
using the ATER index suggested
by Hiebisch and McCollum (1981)
at Raleigh, North Carolina, USA.

Questions to J Davies

I.LK. Mariga (Question).

Are there any characteristics
observable in bean pure stands
that can help one narrow down or
select varieties or lines that are
worthwhile to test in cereal/bean
intercropping?

J. Davis (Response).

In general, vigour (competitive
ability) should be selected,
especially early vigour.

N.M. Mwania (Question).

In the work you describe selection
of bean varieties for intercropping
seemed to emphasise only growth
characteristice and grain yield.
Did farmers show hean
preferences relating to
palatability and cooking
characteristics, or even grain
colour?

. Davis (Response).

In the trials preferences for grain
type were deliberately excluded
gince we wanted to learn farmers’
opinions on plant type
characteristics related to
suitability for their cropping
systems.

. Mwaipaya (Question).

At what stage in the breeding
programine can we start selecting
plants for intercrops under
intercropped conditions?

. Davis (Response).

It is only worth selecting in the
early generations under
intercropping when the efficiency
of selection is improved by doing
go. Otherwise it is better to
identify desirable traits, consult
farmers, then test on-farm.

B.T. Zambezi (Question).

How many times were the single
hill experiments conducted? Are
you not undersampling the maize
genotype if it is open-pollinated?

. Davis (Response).

The single hill experiments were
conducted over two seasons. The
maize was open-pollinated and
the procedure used may
undersample the maize
population, but it is adequate for
selecting beans.

J.

M.

Chumo (Question).

What aspects of the bean
genotype do you look for in order
to reduce competition for light in
a maize/bean intercrop?

. Davis (Response).

Beans are an understorey crop
under maize. Maize is usually
the dominant crop. Therefore we
do not usually want to reduce the
competitive ability of the bean.

. Sutherland (Question).

In the CIAT breeding programme
have efforts been made to select
varieties according to weed
suppressing qualities?

. Davis (Response).

No deliberate effort has been
made yet to select varieties which
are more competitive with weeds.
It is likely that such varieties
would need to be heavily
branched.

. Ofori (Comment).

In the maize/bean intercrop
experiments described, there is
incomplete temporal separation
of the component crops at maize
maturity because light seems to
be an important factor limiting
bean growth. There will be no
below-ground competition
because the maize is dead!

Omunyin (Comment).

There ia need to extend the
farmers participation in the
selection of adapted germplasm
for intercrops. This should
include the seed grain colour and
cooking time tests (in addition to
field vegetative observations).
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R. Mead (Comment).

Selection based on deviations
from regression will be
considerably affected by choice of
the regression line!

Question to J Ransom

A. Sutherland (Question).

Was there any evidence during
your study of weed control in
intercropping that legumes are
used by farmers to suppress
weeds?

JK. Ransom (Response).

My comments are based primarily
on experience in the mid to high
elevation environments of
Eastern Africa. I assume that
since farmers expend
considerable labour to plant
legumes, and since the presence
of legumes increases the amount
of labour needed for the first
weeding (compared to
monoculture maize), that the use
of an intercrop to suppress weeds
i8 not a significant objective of
the farmer, at least for the first
weeding.

Session 3, Part 2

A. Mwaipaya (Comment).

In cases where there is one crop
of the intercrop (in this case
beans) per growing season, then
ATER equals LER for unimodal
rainfall areas where the season is
too short for a second bean
intercrop. These two measures
differ only in cases where there
are two crops of the intercrop
(beans) per growing season
because ATER brings the benefit
of an increase in bean yields, but
it also tends to inflate the
proportion of the yield figures.

I. Chikagwa (Question).

Are there any prospects for
experiments using organic
sources of nutrients e.g. animal
manure (instead of chemical
fertilizers)? Fertilizers are
becoming expensive and farmers
may have to revert to other
sources of nutrients. Is this a
priority area for.research?

. Mkandawire (Response).

True, there are many prospects of
using farm-yard manure because
smallholder farmers cannot
afford fertilizers. Incorporation
of residues may be another
approach. The only problem I see
with manure is that only those
farmers with livestock have

cooperation there is between your
team and the FSR team?
Otherwise you may end up
duplicating efforts.

. Rweyemamu (Response).

We do plan to take the trial to
farmers fields this year but at the
same time there is a plan to have
a multidisciplinary approach with
the FSR team.

. Mwaipaya (Comment).

In intercropped maize/groundnut
and maize/soybean studies using
labelled N'® in Zambia during
1981/82, there was no evidence of
direct transfer of biologically
fixed nitrogen by the legumes to
the cereal. In your presentation
you indicated that there was
direct benefit in the form of
biologically fixed nitrogen from
beans to maize.

. Rweyemamu (Response).

The benefit achieved from maize
may have been due to an increase
in plant population density
rather than from biologically
fixed nitrogen. Since other
agronomic parameters were not
measured in the study, the yield
advantage cannot be attributed to
biologically fixed nitrogen.

access to it and it tends to be
bulky.

O.T. Edje (Comment).
Questions to A Mkandawire
In the maize/bean intercropping
system where beans are in the
same row the yields of maize
were reduced but yields of beans
increased. We also had the same

A. Abebe (Comment).
Questions to C Rweyemamu
Fertilizer is hecoming

unaffordable by many farmers. It 2. Semgalawe (Question).

would be good to study the use of
inoculant as a way of allowing
legumes to produce more
nitrogen, particularly in
intercropping beans with cereals.

You mentioned that in future you
are planning to move your trials
into farmers fields, but at the
same time you said that at the
moment the same trials are being
conducted by the FSR team of
Sokoine University of
Agriculture. I wonder how much

experience but when beans are in
between rows of maize, lower
bean yields were obtained
because beans were not fertilized.
But in years where there is
drought, this was not
experienced. As a result it is not
clear whether the increase in
yields of beans where beans are
on the same row is due to the
added fertilizer or not.



224

Question to R Arias
D.C. Munthali (Question).

Rweyemamu’s work at Sokoine
Agricultural University has
shown that a maize/beans
intercropping system where
beans are planted in the same
hole as maize was the most
superior arrangement with the
greatest advantage. This
observation agrees with what
farmers do in Malawi. However,
your arrangements did not
include that one. Perhaps you
should include this arrangement
in your studies in Ghana.

R. Arias (Response).

Cowpeas are to be maintained at
100% population because they
have a higher economic value in
Ghana than maize.

W.R:. Stern (Comment).

The research effort should be
commensurate with the return
from any expected increase in
productivity. Referring to the
title of this session,

“Development of an intercropping

research programme and
component research” we should
beware of undertaking research

that is too detailed for the task in

hand. Research should be
undertaken at various levels but
the ultimate aim should be to
meet the particular need of
farmers. Taking fertilizer
research as an example, is there
a need to develop nutrient

selection indices when the need is

to overcome major nutrient
deficiencies? Is there a need to
undertake studies in host

parasite relationships when there
is a need to control a pathogen or

an insect pest? Where detailed
work is required, perhaps it
ought to be contracted to groups

that have the time and resources

to undertake such detailed work.
The local research programme
needs to be tailored to the
immediate needs.

Session 4

Questions to A.R.C. Low
M. Omunyin (Question).

Which types of objectives should
be achieved through on-farm
research and which ones through
the station or away from the
farm?

A R.C. Low (Response).

When trials go on-farm versus on-
station must depend on the stage
of experimentation and whether
researchers have confidence in
the nature of the technical
response. As soon as that
question is answered and the
researcher wants to test whether
the innovation is useful to
farmers then there is need to get
onto farm. In respect of
intercropping vs. a pure crop this
may need to be earlier in
research since answering the
technical interaction questions
may be more difficult to do well
on experimental stations. These
may change when we take the
treatments to the farm.

A. Sutherland (Question).

Leaving out a sole plot treatment
in southern and eastern Africa
presents a problem because all
crop recommendations are for
monocropping and there is need
to test the validity of these
recommendations against the

A.R.C. Low (Response).

The one situation where a sole
crop plot can be justified is where
the sole-intercrop comparison is
needed either because the change
from or to intercrops may become
a recommendation, or because
politicians need convincing. But
actually very often the objective
of the research is to modify
existing intercrops. One has to
think very hard about the value
of pure crop plots in these cases.

. Sutherland (Question).

Sole crop treatments may be
necessary igjcases where the
extension recommendations only
apply to monocropping, or is this
not so?

A.R.C. Low (Response).

Yes, if thinking of changing from
or to an intercrop. But we have
seen in Malawi (especially) trials
whose objective was to test
modifications to existing
intercropping which have sole
crop plots included because that
is the standard practice and how
else can we measure LER?
Where the objective is to make
modifications to intercrops one
has to question very hard
whether a sole crop plot is
justified in on-farm trials.

0.T. Edje (Question).

If you are in a situation where
farmers realise the importance of
intercropping but government
policy through extension workers
discourages intercropping, should
you not include sole cropping for
comparison?

intercrop treatments being tested ~ A-R.C. Low (Response).

on farm. What should

researchers do in this case?

It is helpful to include a sole crop
in such a situation in order to
test, and if necessary revise,
existing extension



225

recommendations - even to say
that in some cases an intercrop is
better than a sole crop.

. Mead (Comment).

Another point to consider is that
variability of sole crop yields and
of intercrop yields is usually not
the same, hence analysis requires
transformation or separate
analyses.

Questions to R Mead

A. Sutherland (Question).

If sole plots are a problem or are
not statistically comparable
because of variance, how can
economic analysis of such plots be
carried out?

. Mead (Response).

The problem is in the assessment
of precision and significance.
Calculation and comparison of
economic measures is possible
and I think, not sufficiently
variable to cause precision
problems.

C.N. Murithi (Question).

What do you recommend to be the
standard experimental plot size
for economic trials (e.g.
quantification of labour for
planting, weeding, harvesting) in
intercrops?

. Mead (Response).

Different plot sizes are required
for different forms of
measurement. I cannot give sizes
without visiting the sites and
seeing plots of various sizes in
experiments.

J.M. Bokosi (Question).

What type of designs and
treatments would give/reveal
appropriate information about an

intercropping system like a
maize/bean association where, as
is mostly the case in Malawi, the
bean crop is planted as a
mixture?

. Mead (Response).

This is a treatment design
question and the question needs
to be a more precisely formed
before we can define an
appropriate structure. 1 would
need to sit down with the
questioner and get more detailed
information.

Questions to J Woolley

L. Dadi (Question).

In site selection, consideration of
slope and taking samples of goil
was suggested. Do you think this
can be practical where resources
and expertise are limited?

. Woolley (Response).

It is difficult to get results on soil
analyses before planting trials.
Slope and soil data were
examples. . The main point made
was that the recommendation
domain for each type of solution
will be defined according to
certain descriptions, whose range
of variation we can estimate. The
gites chosen for trials should fit
within typical ranges for the
area. The descriptions might he
very simple. of a type which can
be measured without any
sophisticated apparatus.

. Dadi (Question).

In doing on-farm experiments it is
suggested to change the farmers
who cooperate with the
researcher over cycles. Would
you elaborate on the advantages
and disadvantages of this
approach?

J. Woolley (Response).

Keeping the same farmers may
establish focal points which are
useful for spreading technology.
In our experience, diffusion was
instead speeded by changing
farms frequently so that more
people had been collaborators.
Farmer collaborators often
continued experimenting with or
even adopting ideas they had
researched with us.

For the early stages of on-farm
research where a few farms are
used to obtain results for the
domain, it is important to change
the sample of farms each year to
avoid persisting in the same
biases of the sample.

N.M. Mwania (Question).

What are your experiences in on-
farm trials when you provide the
inputs or when farmers are asked
to provide the inputs themselves?

J. Woolley (Response).

In most stages of on-farm
research, the researchers provide
the experimental inputs. Most
on-farm research programmes
talk of some sort of semi-
commercial testing as a final
research stage in which the
farmer compares just one new
practice or set of practices side-
by-side with his or her traditional
practice to find out whether the
new technology can be managed
by the farmer and is compatible
with the rest of the system. In
Latin America, we never
succeeded in arranging semi- -
commercial trials in which the
new input was recommended to
farmers and it was left to them to
see if and how much they applied.
Instead we had to supply the
input. Maybe it is more realistic
to consider conducting a survey of
farmers who had semi-
commercial trials the following
year, to see how many continued
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using the input. Non-
experimental inputs are usually
supplied by the farmer in most
trials.

I.M. Mharapara (Question).

In on-farm variety trials with a
geries of entries is it wise to allow
farmers to retain the seed?

J. Woolley (Response).

In trials with many entries, we
usually exchange the produce of
the different plots for the same
amount of grain of a well-known
local variety. This is especially
true if some are not well-known
seed types for the market or
consumption or if we need to
multiply the seed for use in
future trials in a self-pollinating
crop. However, farmers often
take or request small amounts of
seed. We must recognise that we
cannot restrict the movement of
varieties, lines, or ideas which we
take on-farm. We should be glad
about this; it fits in with the idea
of more flexible recommendations
and of each farmer choosing what
suits him or her best.

range of possibilities. A
comparison can then be made,
with respect to all possibilities,
between different alternative
packages (varieties, fertilizer
application etc.)

Session 5 Part 1

Question to M.S. Reddy

C.A. Francis (Question).

You mentioned a number of
alternative biological measures
related to nutritional value.

F.ven though laboratories may not
be available for detailed analysis,
could we assume values of
protein, lysine, methionine, or
other constituents from prior
knowledge of each crop? My
impression is that differences
thus calculated among systems
will be far greater than within
crop variation as a result of
system or agronomic treatments.

M.S. Reddy (Response).

Yes, it should be possible. But
lack of the required information
in the literature is still a

A. Sutherland (Response).

Bean cultivars used were Carioca
and Bat 331.

. Davis (Comment).

A high ranking did not mean
farmers would adopt the
treatment. Perhaps you should
instead ask farmers which
treatments they would like to
test themselves, since they are
unlikely to adopt anything until
they have tried it using their own
management practices.

. Sutherland (Response).

A high ranking did not mean
farmers would adopt the
treatment because site variation
allowed some treatments to yield
better than they would have if
the sites were uniform. On the
question of adoption, in local
language we would ask the
farmer which of the treatments
lie or she would like to try out the
next year (there is no exact word
for adoption). The trial was
conducted at management levels
of the farmers.

Question to P. Thornton drawback. Very few researchers Questions to 0.T. Edje

are using these techniques in

N.M. Mwania (Question). Africa.

N. Govinden (Question).

How useful are intercrop models
under the very unpredictable
environmental conditions
experienced in dryland farming,
i.e. can intercrop models simulate
with accuracy the growth and
development of a crop under such
conditions?

. Thornton (Response).

Crop models are not capable of
“crystalball gazing” - what next
seasons weather will be like is
usually a matter of pure
conjecture. For this reason we
attempt to generate the whole

. Ofori (Comment).

The magnitude of LER appears to
be determined by the weaker
competitor, i.e. the legume
component. This suggests that
greater emphasis should be
placed on enhancing productivity
of the legume.

Questions to A. Sutherland

J. Davis (Question).

What were the improved bean
varieties used in the trials?

In your conversion of bean into
energy, i.e. 1420.4 J/100 g edible
portion of seed, has not the
protein already been converted to
energy. If so, is it not double use
to interpret energy and protein in
the sense of your paper?

O.T. Edje (Response).

The table from Platt (1962) seems
to indicate that the protein had
not been converted into energy.
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I.M. Mharapara (Question).

I believe intercropping is
biologically inefficient whenever

there is competition between the

component crops. Should we
then not help the farmer define

his domain more specifically to be

able to allocate his resources
more precisely rather than
intercrop.

O.T. Edje (Response).

There is a large body of evidence
to show that intercropping is a
more efficient resource use
system than sole cropping.
Perhaps then, the question does
not arise.

I.M. Mharapara (Question).

Please comment on risk and
whether we should move from
intercropping to sole cropping.

O.T. Edje (Response).

Evidence shows that the
combined yield of intercrops is
generally higher than those of
sole crops. It is when we
researchers have poor crop
combinations that we reduce
yield.

Session 5, Part 2

Question to F.W. Kisyombe
1.K. Mariga (Question).

Does it mean that we have to do
many simple cereal/legume
experiments rather than
compound ones (including one
cereal and several legumes) if

legume data are to be included in

the ANOVA?

F.W. Kisyombe (Response).

Not necessarily. With on-farm
trials for example, the pooled
analysis over sites should take
care of subjective legume data.
In any case the objective of the
experiment will be the deciding
factor.

Questions to A.R.C. Low

D.C. Munthali (Question).

In Malawi and possibly other
African countries, beans are
probably more used (on a daily
basis) by the farmer when leaves
are plucked as a vegetable. How
would you put a price on the
farmers’ daily pluckings? - which
may be a strong reason why the
farmer intercrops. It seems to
me that you have assumed that
the farmer grows the bean for the
seed. When should this economic
analysis be done?

A R.C. Low (Response).

Yes, all useful production should
be valued. Economic analysis has
tended not to do a very good job
at this in the past.

. Sutherland (Comment).

In the example given, which is
quite typical of maize/bean
intercropping results in the
region, the logical
recommendation would be to put
more fertilizer on crops for home
consumption and less on crops for
the market, whereas the official
policy in most of the region is to
supply fertilizer as credit to
produce maize for the market.
Economic analysis cannot assume
a free market situation but must
also take account of national
policy as well before a crop
recommendation can be made.

O.T. Edje (Question).

How do you quantify or assess
non quantifiable values on farms?

A.R.C. Low (Response).

To economists nothing is
unquantifiable. If production is
surplus to home requirements
and cannot be sold, then the
value given must be either zero or
very low.

B.T. Zambezi (Question).

How is family labour valued in
economic analysis, especially
where the farmer works with his
children?

A.R.C. Low (Response).

Own labour should be valued at
the opportunity cost of using that
labour elsewhere. Generally this
can be based on the local cost of
hiring labour in the community.

M. Swift (Question).

One of the attractions of
intercropping to an ecologist is its
potential for greater stability and
sustainability. This may mean
settling for low maxima to yields
and economic gains. Is there any
given wisdom from economic
analysis as to whether
sustainability or ‘boom and bust’
strategies are preferable?

A.R.C. Low (Response).

Economic analysis has been
applied to sustainability issues
using the technique of
discounting future streams of
costs and benefits to present
values. That way current large
(but decreasing) benefits can be
compared with smaller initial but
constant benefits.
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In sustainability issues two often
conflicting assessments occur.
Social (community) net benefits
vs individual net benefits.
Something may be good for the
society in the long term but not
attractive for the individual in
the short term. Ifitis clearly
shown that there are long term
benefits, then prices, subsidies,
taxes, etc have to be used to
persuade individuale to
undertake these things in the
short term.

Special Session

Question to L. Ngwira
F. Ofori (Question).

The LERs for maize/cowpea were
very low and this I presume was
due to no cowpea seed yield.
What was the cause of this?

L. }.gwira (Response).

Cowpea yields in the experiment
at Chitedze were low due to
insect pests. Insect damage on
cowpea is often severe at
Chitedze because that station is
at a higher elevation (1200 mas})
than where cowpeas are suited.

Question to L. Dadi
R. Kirkby (Question).

Could you expand on the reasons
for selecting your treatments in
the on-farm maize/bean trial, as
you mentioned not all treatments
had been tested previously on-
station.

L. Dadi (Response).

In the Bako area, draft power and
labour shortages were major
constraints so the treatments
were selected to not require
additional inputs for

intercropping haricot beans and
to not change maize weeding
management since farmers
considered maize as the major
crop. The intercropping
treatments were planted when
interrow cultivation was done for
maize.

Questions to AAE.M. Temu and
N.M. Mwania

A. Negasi (Question).

Why does crop protection come in
the third stage? Is that because
there is no problem of crop
protection with the current
intercropping pattern that
farmers employ?

A E.M. Temu (Response).

Pest control came third after
agronomy and breeding simply
because entomologists and
pathologists started slightly later
to tackling pest problems in
intercropping systems. It does
not imply that the current
intercropping systems in
Tanzania have a low incidence of
pests.

. Dadi (Question).

In areas where intercropping is
practised and farmers already
use a certain intercrop plant
population and spatial
arrangement, do you think
farmers will adopt a new spatial
arrangement and intercrop
density unless you adequately
addressed the cause of the
problem in the first place?

A.E.M. Temu (Response).

There has been no problem in the
adoption of a technology by
farmers, whether in a sole or
intercropping situation as long as
that technology has proven its
worth. My long experience in the
Southern Highlands of Tanzania
confirms this.

M. Omunyin (Comment).

Farmers find it difficult to adopt
new plant arrangements
incompatible with traditional set
ups, especially if they have
implications for labour use. This
is the case for the central
province of Kenya.

N.M. Mwania (Response).

If a new technology component
e.g. fertilizer application, is being
introduced and is acceptable to
the farmers, they might be
willing to change their planting
patterns. Where intercropping is
a new practice farmers tend to
adopt the planting patterns
demonstrated to them.

Questions to M Natarajan

C.L. Rweyemamu (Question).

In Tanzania cotton is not to be
intercropped with any crop to
avoid contamination of cotton
fibres at harvest. What is the
situation in Zimbabwe?

M. Natarajan (Response).

Since the cowpea that we used is
of very short duration, and will
be harvested long before the bolls
start forming, I do not think
contamination of cotton fibre will
be a problem at all in the system
I have mentioned.

D.D. Yiwombe (Comment).

It is difficult for a smallholder
farmer to spray his cotton if it is
densely intercropped with
cowpeas.

I.K. Mariga (Comment).

Intercropping cotton with
cowpeas would not work for
Zimbabwe since the small-scale
farmers emphasize the use of
cowpea foliage as a relish and the
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pesticides used in cotton are
extremely poisonous, making the
eating of cowpeas an unsafe
practice.

C.L. Rweyemamu (Comment).

I think intercropping cotton with
cowpeas can be achieved when
the appropriate varieties of the
two crops are used e.g. cotton
variety IL 74 and cowpea variety
“vuli” are currently in use in
Tanzania.

. Chanika (Question).

Stability of yields in low rainfall
areas with one crop favoured by
the farmer and another not,
seems difficult to achieve. Can
you comnment?

M. Natarajan (Response).

The system we tried was of a
replacement type. Se population
pressure in the intercrop was not
more than in sole crops. But in a
dry year when the maize fails at
least the farmer can harvest
some food from the other crops.

0O.T. Edje (Question).

Why was the pigeon-pea crop in
the sunflower/pigeonpea
intercrop regarded only as a
fodder crop and not for both seed
yield and fodder?

M. Natarajan (Response).

In fact the pigeon-pea was grown
to maturity. Since at present
there is not much interest in
pigeon-pea grain, I was only
mentioning a possible alternative
use.

C.L. Rweyemamu (Question).

If intercropping is not a very
popular cropping system in
Zimbabwe as you have just
mentioned, why do researchers in
Zimbhabwe want to put a lot of
emphasis on this work?

M. Natarajan (Response).

Intercropping is not very common
with farmers at present, not
because it is not popular with
farmers, but because it has been
discouraged by extension for
many years. If we can show that
it is a more productive and/or
stable system, it can be easily
adopted by the farmers.

Session 6

Questions to C.A. Francis and
M.J. Swift

F. Kisyoinbe (Question).

On balancing external and
internal resources - what chances
do Eastern and Southern African
countries have in sustaining their
agricultural systems since the
balance is so tipped in favour of
external resources?

C. Chanika (Question).

In the Malawi agricultural sector,
small farmers are operating with
the natural ecosystem and the
estate sector is operatling an agro-
ecosystem. We need to shift to
something in between the two
systems. Can the speakers
comment on this.

C.A. Francis (Response).

In response to the two questions
on approaches to small versus
large farmers and to external
versus inlernal resources, [ think
we need to seek a balance. 1ltis
important to make low input
systems more efficient by using
appropriate levels of available
external inputs, while we make
better use of internal resources.
At the same time we can help
large scale farmers to reduce
fossil fuel intensive inputs, and
make their system more efficient
in the use of renewable resources
and so more sustainable.

M.J. Swift (Response).

I agree that our target should be
at an intermediate level of
structure. It would be foolish to
expect to construct a fully ‘closed’
agricultural system but we can
certainly hope to improve on the
very ‘open’ nature which
characterizes most current
agricultural systems.

. Sutherland (Question).

What is the state of knowledge on
the role of termites in the
recycling of nutrients and
movement of organic matter in
Eastern and Southern Africa?
Should they be controlled by
chemical sprays?

C.A. Francis (Response).

In fact the termite colonies go.
deep into the soil, and some
gpecies are useful in bringing up
nutrients from below. In the
eastern plains of Colombia the
entire area is ‘turned upside
down’ to a depth of several
metres due to termite action over
50-88 years according to one
calculation.

M.J. Swift (Response).

Different fauna have differing
ecological roles varying from crop
pests (which may require control)
to humivorous species which
promote the physical and
chemical status of soil and are
thus worthy of encouragement.
One of TSBF’s objectives that we
have not mentioned in our paper
is to develop methods for
managing soil fauna for improved
soil fertility.

O.T. Edje (Comment).

The importance of anthills for soil
improvement has long been
recognised by farmers. A review
paper on this aspect was
published recently from the
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University of Zimbabwe. In
Malawi farmers use soil from
anthills for crop production,
including in tobacco production.

M.J. Swift (Comment).

Soil from termite mounds,
originally from subsoil horizons,
i8 commonly higher in clay and
cation exchange capacity, hence
its value as a ‘fertilizer’.

Questions to M.J. Swift

C.A. Francis (Comment).

It would seem appropriate to
close the “information cycle” by
taking farmer/extension
experience after applying an
expert system and management
option and feeding this back into
the pool of heuristic (farmer)
information. Likewise, much
farmer information and our
obgervations on the farm lead to
ideas for careful testing and
increase scientific information.

M.J. Swift (Response).

This is of course correct.

Although I have represented the
transfer of information as a
directional flow, it is of course an
interactive, cycling process. The
expert system ghould act as a
powerful means of integrating the
information and will be an
updating tool as well as a
mannagement tool.

C.A. Francis (Question).

We know that P is rapidly fixed in
many soils, thus P will perhaps
not be available no matter how
synchronous the release from
crop residue and weeds. Is so0il P
status and equilibrium more
important than the synchrony
you describe?

M.J. Swift (Response).

Yes P is not the best example
with respect to the concept of
synchrony. N, whichis a
biologically mediated element, is
much more appropriate.
Nonetheless, where P availability
is critical tight synchrony with
biologically derived P may have
an effect.

W.R. Stern (Question).

Are there any particular
measurements or sets of simple
measurements that can indicate
the health of the system?

M.J. Swift (Response).

The TSBF programme has
propoged a minimum data set of
site characterisation variables
which can act as a ‘diagnostic
tool’ in this respect. This is
published by CAB International
as a Handbook of Standard
Methods. Itis worth commenting
however, that it is essential to
make such diagnosis on a
comparative basis, both spatially
and temporally.

. Kirkby (Comment).

One place to start implementing
the approach advocated by
Professor Swift is with improved
procedures for diagnosis of an
existing system. The rest of us
should be ashamed that all too
often it has been left to the
anthropologist to identify farmers
methods for recycling nutrients.
In the densely populated
highlands of Eastern Zaire, for
example, it took an anthropology
PhD student living closely with
farmers, to discover that they are
consciourly managing soil
fertility during the crop season by
harvesting early weed growth,
sorting out “useful” species,
drying them and later, reapplying
them as fertilizer to the most
demanding crop species.

J. Chumo (Question).

Are there differences in the rates
of decomposition of various
legumes? If so, what legumes
have a sufficiently fast rate of
decomposition for P to be
available for plant growth early
in the season?

M.J. Swift (Response).

Ag commented before it is more
appropriate to consider N in this
respect. Some examples are
given in the written paper but in
general terms ‘woody’ legumes
will decompose more slowly than
those with ‘softer’ tissue. What is
appropriate for any given
cropping system is however
somewhat site-specific. This does
not however contradict our claim
that with sufficient information
we should be able to develop
models with sufficient predictive
power to use as management
tools.

B.T. Zambezi (Question).

I refer to the graph that showed
availability (release) of nutrients
from organic matter as related to
the timing of plant demands for
nutrients. Is this perhaps one of
the reasons why we get a decline
in yield on late planted crops?

M.J. Swift (Response).

It should be one of several
reasons. A particular situation
would be early rain sufficient to
initiate mineralization, followed
by a dry spell which inhibits
plant growth. This could result
in a nutrient flush which is lost
to the crop at the subsequent
onset of rain because root
systems are not yet established.
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Sessions 1 and 2

Group 1
Issues:

1. How to create an awareness of
the multiplicity of
factors involved in
intercropping research among
-researchers, extension,
farmers, research
administrators
-factors such as varieties,
climate, soils, crops

Need to use a multidisciplinary
approach -- diagnose the problem
and identify key factors and key
players to assist in planning the
intercropping research.

2. How to promote effective
communication and
interaction among:
-different disciplines
-national and regional
organizations
-farmers of both genders

Need an institutional base to
formalize linkages between different
disciplines.

Members of the group need to have
similar levels of training/education
to permit interaction. People of
different disciplines can talk to each
other if they know a little about
each others activities. The
institutional arrangement should be
endorsed by the establishment.

Frequent group meetings needed to
consult and organize activities.

Place researchers and extensionists
together to encourage
communication.

3. What are the possible
contributions of different
disciplines, biological and
social?

Depends on the understanding of
the people concerned and their
willingness to cooperate. Working
together is important.

Each participant can bring a
different perspective to the team,
and this helps to build strong
intercropping research programmes.

Group 2
Issue:

1. Identify relevant intercropping
methodologies including:
- Contribution of farmers

Farmers’ can contribute by:

- Helping identify problems
and causes

- Assist in description of
farming system and
understanding interactions
within it

- Evaluating results from OFR

- Time required for research
Research time can be reduced by:

- Simultaneous coordination of
OSR with OFR

- Distinguish clear roles for
research and for extension

- Place for simulation
modeling

- Work within system
framework

- Do simultaneously with
experiments

- Helps identify appropriate
component research

Group 3

Issues:

What should be the criteria for
evaluating intercropping

systems and prioritizing research
programmes?

- Examine biological and socio-
economic criteria

Biological Factors:

- Grain yield of each individual

crop.

- Total yield of both crops in

the intercrop.

- Yield stability -- over
locations within a season and
over seasons.

The proportion of the yield of
the two crops in the
intercrop.

Crop combinations grown by
farmers in a particular
area.

Flow of nutrients e.g. cereal
benefiting from a legume,
improvement in soil organic
matter, disease and pest
aspects of the crops in the
intercrops - e.g. whether
there is a significant
reduction in the incidence of
pests and diseases in the
intercrop.

Socio-Economic Factors:

- Nutritional requirements of
the farmer.

- Net income stability.

- Feeding value for livestock --
e.g. in the dry season cereal
stover mixed with legume
residues.

- Labour feasibility and costs.

- Land tenure systems -- e.g.
where land is freely owned, a
farmer is likely to take good
care of his land.

- Government policy -- some
policies may promote or
discourage intercropping.

- Rigk -- stability of yields.

Group 4
Issue 1. Role of farmer surveys
and farmers’
participation in planning
intercropping research
and shortening

delivery time.
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Farmer surveys are very important
in planning intercropping research.

They are necessary to:
identify and prioritize
problems, define or
redefine trial approach
(treatment design),
identify possible
interactions between
treatments and other
factors, identify target
groups and hence, define
recommendation
domains.

Farmer participation helps during
the planning stage in various ways:

Farmers are more aware
of their problems than
anybody else and this
helps in identifying
problems and assigning
priorities.

Ensures that real needs
are addressed.

Farmer surveys and farmer
participation speed up delivery time

by:

Issue 2.

Firstly, helping ensure
that the research done is
on target. This avoids
having to re-do part of
the research because
important issues were
missed.

Secondly, ensuring the.
recommendation given is
more complete because
more aspects are
covered.

When should experiments
be done on-farm as
opposed to on-station?
What balance should

be established

between the two?

The following factors influence the
choice:

the nature of the solution being
tested. Usually, if there

are technical questions where
the answers are not yet
evident, better to start on-
station. If it is a question of
replacing a farmer variety with
a supposedly higher yielding
one, then go on-farm.

the interaction between the
treatments and farmers. If
farmer participation is
necessary, then on-farm trials
become obligatory. For
example, testing whether a
treatment reduces labour
inputs.

the number and ccmplexity of
treatments.

the availability of resources to
do the job. In terms of trained
personnel, transport ete.

degree of control needed to
ensure valid results.

Because of the number of factors
involved and the interactions
between factors and also with the
farmers’ environment, there is a
need for more on-farm research in
intercropping than in sole cropping.

Group 5

Issue 1.

Houw to prioritize the
objectives of the farmer
in intercropping?

Farmers’ Objectives are to:

1. achieve maximum productivity
(income or subsistence) from
dominant crop component, yield
from subordinate as a bonus.

2. minimize risk of crop failure.

3. make more efficient use of land

4. make more efficient use of
labour

5. conserve the soil

6. maintain crop diversity,
temporally, spatially,
nutritionally

7. protect against pest, diseases
and weeds

Issue 2. How to achieve a balance

between farmers’
objectives and

those of government and
of researcher?

A good researcher’s objectives are
the farmer’s objectives.

Government objectives reflect

Two other important issues:

a) Having more on-farm trials
does not necessarily mean
increasing delivery time. In

many instances, some on-farm

trials can be done
simultaneously with on-
station trials.

b) There is also always the
possibility, in cases where
resources are too scarce to do
on-farm trials, of enlisting
farmer ‘participation’ by

bringing farmers to stations to

examine, criticize and

evaluate certain specific trials.

farmers’ needs balanced by wider
considerations e.g. food security,
foreign exchange earning.

Mechanisms of prioritizing
objectives should be a balance
between farmers, extension and
research, as in OFR.

Group 6
Issue How can the influence of
extension on farmer
responses be reduced
during surveys?

1. Research and Extension should
function as a team during
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2. Give training in advance, if
possible, to extension staff on
interview methods and
sampling.

3. Extension workers should select
farmers jointly with research.

4. Sample from a list of farmers/
villages.

5. Ensure other team members
speak the local language.

6. If possible get extension staff
from other areas to participate
in surveys.

7. Give more attention in training
on how to ask questions.

8. Develop a critical mass of
researchers and extension staff
with experience in informal
surveys.

Sessions 3 and 4
Group 1

Develop guidelines for appropriate
experimental designs specific to
problems common to cereal [legume
intercropping trials. Consider both
on-station and on-farm trials:

1. Every experiment has to be
considered individually but the
following factors must be
considered to maximize
precision.

a) Plot size
b) Blocking structure
¢) Number of treatments

2. For any treatment
comparisons that are
necessary to answer questions
which are important to the
experimenter there should
normally be at least a 4 fold
replication (explicit or
implicit).

3. a) Consider a minimum plot
size for each component and
the minimum size for the

intercrop should be the
largest of these minimums
(try not to let the plot size
get bigger than this).

b) In a situation where a
particular treatment
requires machinery or
equipment which can only
be applied to plots larger
than this minimum, a split
plot design will often be
appropriate.

4. Plots in a block should not be

more than 30 m apart. Should
not have more than 12
treatments in a block. For
more treatments than that
maximum, incomplete block
designs are necessary.
Different blocks can be as far
apart as considered realistic
within a recommendation
domain.

5. a) In a typical or.-station
experiment with between45
and 60 plots there should
normally be about 20 d.f.
allocated to treatment
comparisons. This will
usually imply 3 or 4
treatment factors.

b) With on-farm trials
treatment factors will
usually be fewer.

Other Points: - If trial is too large

for farm then block

onto different
farms.

- First determine
treatment design,
then arrange
blocks.

- The number of
replicates, taking
into account
explicit and
implicit replication,
does not normally
need to give more
than 29 d.f.

- Blocks are not
equal to replicates,
go plan on-farm
experiment location
and distribution
within and across
farms according to
blocking needs and
land availability

Group 2

Develop guidelines for planning and
tmplementing on-farm cereal /
legume intercropping trials to assure
~elevance and acceptance. Include:

a) Complexity of trials

Depends on Research Objectives
Type of Trial
Type of Information

Highly complex trials e.g.
Variety Selection
Fertilizer Levels

Less Complex trials e.g.
Verification
Socio economic +
Operational information
Single issue trials
can have more farmer
involvement.

Is an inverse relationship between
complexity of a trial and number of
farmers that are involved.

b) Relations of trials to total farm
enterprises

This is a problem in resource
economics.

It is almost impossible to deal with
all the interactions.

Important to collect farm
characterization data through
Surveys and Experimentation.
There are no precise prescriptions,
rather a framework of things to
remember.
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¢) Involvement of farmer and
researcher

No neat solutions

Need clear definition of what we
want -- regular meetings

d) Relative importance of biological,
operational and
socio-economic responses

Depends on objectives of trial.

¢) Proper use and time sequence for
exploratory, levels and verification
type trials. How to speed up the
research process?

Imaginative short cuts:

Surveys are quicker than On-
farm experiments

Start with on-farm trials?

Allow more farmer participation
at'the start

Brainstorm every year

Use path analysis in relation to
research adoption

Group 3

Provide guidelines for organizing an
interdisciplinary research
programme for maize [legume
intercropping that involves: variety
development, plant protection, and
other factors. Include both on-
station and on-farm trials.

1. Define the problem through
diagnostic surveys or from
previous research work.

2. Define objectives of the
research.

These will vary from country to
country and they will also
depend on nature of problem

Researchers need to understand
the farmers objectives

The research objectives drawn
up should be specific and
non-ambiguous

Planning

This should be in consultation
with as many disciplines as
possible in the early stages.

Leadership needed to coordinate
the planning efficiently.

Plans should be consistent with
government policy.

Ensure that planning is
consistent with available
resources such as manpower,
finance, and facilities.

There should be a balance
between flexibility and
rigidity.

Policy makers need to be
involved as well as extension
workers.

Implementation

Need to define the roles and
responsibilities of those involved
in running the research.

Need to make decisions about
data storage and

accessibility to all members of
the research team.

Decide on who is going to run
station trials and on-farm trials.
Sometimes the same group may
be involved, but this needs to be
clarified.

Decide which research activities
need to be done on research
stations e.g. variety
development, and which
activities need to be done on-
farm e.g. cultivar evaluation,
etc.

Need to define extension role in
the.iinplementation of
the programme.

5. Analysis of research data and
compilation of reports should
involve all members of the
research team.

Group 4

Provide guidelines on opportunities
for varietal development of maize |/
legume intercropping combinations,
and include at what point should
varieties be tried on-farm for
intercropping performance.

A. At International level

IARC’s cannot be expected to
develop site and situation
specific varieties. They should
continue to breed for adaptation
to different agro-ecological
zones. Additionally, they must
place greater emphasis on trials
related to intercropping e.g.
maturity of component crops,
plant height and vigor,
leafiness, lodging, broad
resistance to pest and diseases,
husk cover and nitrogen
fixation ability.

B. At National level

1. National programmes are
responsible for developing
site and situation specific
varieties. At the national
level breeders have to select
and adjust varieties to suit
their needs.

2. More emphasis should be
placed on other desirable
traits besides yield.

3. Breeders need to be more
sensitized to cropping
systems and practices by
having more interaction with
social scientists and getting
the community involved with
the station work.
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4. National programmes should
ensure they receive the

appropriate germplasm from
IARC'’s.

5. Cereal and legume breeders
have to work closely together.

6. The initial variety selection
has to be done on the station
for reasons of efficiency and
logistics.

7. Later when comparisons
between materials are
needed experiments must be
done in mixed stand vs. pure
stands.

8. It is desirable to have
comparison trials in target
areas at several locations and
over several seasons.

8. On-farm trials must be
researcher managed with
maximun involvement of the
farmers, especially in
evaluation and feedback.

10. Breeders need to sample
variability in individual
situations and to keep
abreast of changes.

Other comments:
Because bush and climbing
beans differ in their
response to intercropping,
climbing beans need to be
evaluated in intercropping at an
earlier stage.

There is merit in allowing
farmers to malke selections in
intercropping trials.

Timing of the move to on-farm
trials should be flexible.
Breeding is not a straight-line
progression from station to farm.
Farmer inputs needed at the
beginning of breeding, to help
define objectives, criteria etc.

Group 5

Given the tremendous variation in
potential cereal [legume
intercropping combinations, what
guidelines are needed to determine
the biological factors that should be
researched, and to what level of
detail should solutions be developed
vs. what should be left for farmers
to “fine tune”?

Objective: to increase productivity of
traditional practices without losing
intrinsic balance nor acceptability of
the system.

Strategy: to assess the biological
factors that constitute constraints
on combined yield in the intercrop
and appraise opportunities for their
amelioration by making adjustments
to the system.

Research Goals:

1. Assess priorities among
biological factors as yield
constraints in the traditional
system.

2. Determine what alterations in
those priorities might result
from potential agronomic
changes e.g. plant population,
spatial/temporal arrangements,
variety substitution.

3. Determine chief factors that
underlie changes in prevalence/
severity of pest, pathogens and
weeds with intercropping
systems.

4. Identify opportunities for the
effective manipulation of the
crop aseociation so as to
decrease binlogical constraints
below the economic threshold
and 8o achieve a biologically
balanced system.

ot

Identify those stresses not
adequately regulated by
agronomic and/or genetic
manipulation alone, and seek

opportunities for their
amelioration by other means at
appropriate levels of input e.g.
hand weeding, Rhizobium
inoculation.

6. On-farm evaluation of prototype
adjusted systems.

Level of detajl: OFR vs. OSR

1. On-farm characterization of
systems and diagnosis of
agronomic constraints.

2. On-station investigation of
causes underlying
constraints, and identify
potential for amelioration.

3. Researcher managed OFR
with farmer participation,
to evaluate potential
improved systems.

4. “fine tuning” in farmer
managed OFT

5. Modelling can be a useful
tool once cause and effect
are understood for each
pest/disease.

Group 6

Develop guidelines for the important
elements of on-farm intercropping
experiments, giving more detail in
the case of elements and situations
specific to intercropping. Among
these include guidelines for
determining whether and when to
include sole crop treatments.

Task 1. Identify things that can be
studied in on-farm trials

- Content of trial should
be relevant to farmers
problem as identified in
diagnostic surveys
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- Trial content to depend
on differences between
research station and on-
farm conditions.

- Elements to be studied:

- Variety
- Planting methods and
dates
- Plant population and
spacing
- Fertilizer applications
time, methods, and
rate
- Weed management
- Pest and disease
- Soil type and fertilizer
status
- Rainfall
- Yield (grain and TBM)
- Labour measurements

Sessions 5 and 6

Group 1

Assuming there is a need for applied
research programmes to address
more specifically the topic of
sustainability, develop guidelines for
the roles and operational principles

of:

a.

b.

C.

National Agricultural Research
Systems (NARS)

Regional Organizations
International Agricultural
Research Centers (IARCs)

Guidelines:

A. NARS

- Consumption
preferences

- Farmer evaluations

- Farmgate prices

Task 2. Whether and when to

include sole crop treatments

Depends on the objective of
the trial. May be necessary
to convince policy makers,
extension and researchers.

Sole crop treatments are
necessary for certain types

of experiments e.g.

involving entoinology and

pathology

Sole crop plots to be
included where
monocropping is:

a. Practised
b. Recommended
c. Proposed

May not be possible (even if

necessary) where

intercropping is clearly the
farmers’ preference and

land is in short supply.

1. Coordination needed between
national agricultural research
stations and universities and
other non-governmental research
organizations that are involved.in
research and development.

2. Coordination of departments
within the national research
organization and development of
well laid-out guidelines for both
short-term and long-term
undertakings for sustainable
agriculture.

3. Roles:
A. NARS to:

a. Identify problems
Prioritize problems
Formulate programmes
Conduct applied research

b. Universities and specialized
research institutes to conduct
basic research oriented
towards the identified
problems.

c. Liaise closely with extension
organizalions.

B. Regional Research Centers

1. Assist in facilitating specific

research efforts in the interest
of member nations

. Assist in:

- Training

- Interaction of scientists
through workshops,
conferences, seminars,
publications etc.

- Canvassing for funds for
projects of regional interest.

Need to be:

Well informed
Quick to respond
Seen to be fair

C. IARCs

1. Provide:

germplasm

literature

support and consultation for
research efforts especially in
basic studies (expertise and
equipment)

2. Provide specialized training to be
done:

in country
in region
Headquarters or global

3. Provide international forums for
information exchange.

4. Inter-center coordination within a
region is needed to avoid
duplication and strengthen
efforts especially in the case of
intercropping.

5. Provide advice on research policy
and operational structure
conducive to sustainable
agriculture.
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Group 2

Provide guidelines on how to
compromise theneed for production
vs. sustainability for smallholder

farmers in land scgrce environments

and the impact on research and
extension agendas.

Guidelines:

1. For diagnostic purposes, key
issues for measurement are:

i. Nutritional and infant
mortality status.

ii. Source of food: whether
coming from the system
internally or from external
sources.

iii. Soil degradation

vi. Changes in biological
diversity

v. Changes in soil fertility,
especially soil nitrogen

2. Goals should be set from the
start: i.e. whether

i.  short termn sustainability or
ii. long term sustainability

A diagnostic guideline could be as
follows:

Closed
System

Open
Criteria System
Yield

Nutrition

Income

Nutrient levels

Weeds

Fertilizer

Etc.

3. Conflict in sustainability issues:

i.  Population pressures
ii. Political pressures

4. In order to improve short term
goals the following measures
were brought forward:

i. better communication
between research and
extension.

ii. proper diagnosis of the
farmer’s problems to leave
more time to work for long-
term goals.

Group 3

Provide guidelines for identifying
resources that could be utilized to
promote more sustainable

agricultural production systems and
how they could effectively be used for

energy, etc.
Guidelines:

1. Help to look at resources at
different levels e.g.

- Feld
- Farm level (individual farm)
- Beyond the farm (community)

2. The list of rerources to be
examiped includes:

- Crop residues

- Soil organic matter

- Nitrogen fixation

- Animal manures

- Rainfall

- Indicator species (vegetation
that indicates soil fertility or
otherwise)

- Natural predators

- Soil microflora/fauna

- Farmer and [amily labour

- Qutside labour - e.g. extended
family systems

- Animal power

- Ground water - e.g. for small-
scale irrigation such as
vegetable crops in dambos
(small valleys)

- Communications - roads which
enable the farmer to transport

produce to market.

- Seed source (diversity is
essential in order to prevent
pest and disease build-up
especially seed borne
diseases).

- Recycling industrial (agro-
industrial) waste from sugar
manufacturing plants and to
be used to enrich the land.

- Household waste

3. Assign priorities to the resources.

4. Because of the wide range of
resources it may be necessary to
develop a flow chart and show the
interactions.

6. How the resources are utilized
will vary from farmer to farmer -
e.g. crop residues may be grazed
in situ or they may be collected
and fed to cattle in the pen, or
they may be incorporated into the
soil.

Group 4

1. Develop general guidelines for
deciding which analysis/
evaluation techniques are
appropriate in different types of
trials.

2. Apply these guidelines to the
following example, listing the
most appropriate techniques and
indices and why selected.

Example: Target farmers: grow
maize | beans intercrops,
consume both crops in a
10 : 1 ratio, sell small
surplus of beans in a good
year, feed residues to
livestock. Trial - on-farm
trial of 6 promising bean
genotypes of different
growth habits, under a
uniform maize crop. (6
treatments, 3 replicates,
and 4 locations).
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General guidelines for analysis/
evaluation:

Variety trials-

- no need to consider costs

- use relative prices (price
ratios)

- involve farmers in evaluation
on station and on-farm

- check which varieties farmers
would like to test, as well as
their ranking on station
Farmer managed trials
encourage differences between
the environments

Cropping systems and agronomic
trials-

- Where sole crops are
important, analyze returns on
cash basis and/or area basis
(LER), but not using bivariate

"approach.

- involve farmers in evaluation

- analysis should take into
account relative importance of
the crops to the farmer

In the example given, the following
assumptions were made:

1. Bean varieties are more or less
acceptable to the farmer in
terms of consumer acceptance
e.g. palatability, grain shape
and color, processing time, etc.

2. No control is contemplated in
design 80 it is assumed that
bean varieties previously have
been compared with local
check and/or the surrounding
field is checked.

3. Farmer expects maize yield to
be unchanged by introducing a
new bean variety.

4. Management of trial (farmer
or researcher) and use of same
or different maize varieties
will not affect analysis.

The evaluation (analysis of the
trial):

- Neighboring farmers should visit
the triala to assess management
of the varieties - e.g. labour time,
rank them, indicate which they
would like to test.

- Evaluation of grain weight and
stover weight at harvest for both
maize and beans.

- Analyze each separately and
calculate monetary value of
output for each treatment.

- Compare the maize yields with
bean grain yield using “Churchill”
diagram -- i.e. graph of bivariate
analysis; see Mead in this
volume.

- Compare maize grain yield with
local output of grain and stover
using “Churchill”,

- Analyze the cost of the seeds.

- Analyze within each farm, and
use means to compare across
farms in terms of grain yield,
management etc.

Group b

Provide guidelines for identifying
indices or other methods for
evaluating intercropping trials, both
on-station trials and on-farm trials,
to ensure the evaluation focuses on
farmer production objectives.

Farmers production objectives
revisited:

- Crop productivity

- Risk avoidance

- Food, fuel, and fodder supply

- Income

- Efficient use of land and
labour

Researcher evaluation of On-farm
trials:

- Relevance of trial to local
farming system

- Timeliness of sowing

- Size of trial: farm size

- Level of experimentation

Evaluation indices:

- Improved productivity: yield
measured by some combination of
absolute yield, LER (with caution),
and economic value of crop
components. Use of sole crop plots
justified in an area wherein
intercropping being eroded by
extension advice, or where it shows
promise to replace sole cropping.

- Maintained acceptability:
components assessed by on-farm
survey and on-station farmer
participation. Indices are flavor,
quality, grain color / size /
processing / cooking time,
storability, crop duration (vis a vis
land/labour).

- Maintained stability: of crop
performance, and sustainability of
the system itself. Levels of stress
tolerance of varieties, contribution of
crop association to maintenance of
soil structure and fertility.

Group 6

Provide guidelines on how to
determine the extent farmers are
concerned about grain and crop by-
products production, nutrition,
economic values or other
sociological [ anthropological factors
in their intercropping enterprises
and how this would influence the
evaluation and interpretation of
inter-cropping trials.

1. Review literature where
available. Things like different
crop combinations should be
looked at.
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2a

Conduct informal surveys, by
going to the farmers and asking
them questions. The survey
should:

* focus on the importance of
intercropping in the existing
system

* What crops are grown

* Assess the objectives of the
farmer

Look at various ways the crop
residues are utilized

* What are the major crops

Guidelines for informal surveys
have been developed/revised.

They should not go beyond
the description of the
system.

2b Where resources are available

conduct formal survey to
identify and quantify problems.

Conduct trials in the farmers
fields based on the diagnostic
survey.

Involve the farmers to evaluate
trials:

Discuss contents of the trial
with the farmer. 'Tell him about
the size and duration of the
trial. Small plots may be more
readily accepted by the farmer.

Explain the treatments to the
farmer before setting up the
trial in the field and make
necessary adjustments
according to their preference.

- Involve farmer evaluation
during the growing season.

- Involve farmer evaluation
during and after the harvest
including cooking, storage
and marketing.

Conduct adoption studies
after a certain period

- This will provide positive
and negative feedback on the
technology.



Summary of Issues and Guidelines for On-Farm
Experimentation With Intercrops

Introduction

This summary draws on
presentations and discussion during
the Workshop. Emphasis is on
concepts and methods for on-farm
adaptive intercrop research and
little attention is paid to specific
intercropping experimental factors,
such as genotypes, weeds, fertilizer
and plant spatial arrangements.
Some of the points made here did
not enjoy unanimous endorsement
at the Workshop.

Most intercropping research has
been conducted on experiment
stations with the aim of proving or
understanding the efficiency or
advantage of intercropping systems,
or of designing new systems on the
basis of biological principles.
However, experiment station trials
often make poor predictions of the
best varieties, fertilizer rates and
application methods, population
densities, and sometimes disease
control techniques for use by
smallholder farmers in their
intercrops.

Much intercropping research should
aim to offer farmers improvements
on their existing intercropping
systems. To do this more research
should be conducted on-farm using a
production problem orientation.
Most of the general issues and
techniques related to farmer
orientated on-farm intercrop
research are similar to those for
other forms of on-farm agronomic
egearch. There are however some
aspects that differ. These special
considerations, rather than the
similarities, are emphasized here.

Formulation of
Intercropping Research
Programmes

Farmer focus and

on-farm research

Much previous intercropping
research in E and S Africa (and
elsewhere) was in the form of
isolated experiments with limited
biological objectives, conducted
within commodity programmes and
generally on-station.

In spite of the large amount of
intercropping research done, very
few appropriate intercropping
recommendations to extension and
smallholder farmers have emerged
from that work. Intercropping
systems are complex and there are
myriad opporiunities for fine-tuning
the system, but most will not be
acceptable to farmers. Because
several technology factors are
involved together and are likely to
interact strongly with the farmers’
environment, a higher proportion of
on-farm experiments in an intercrop
research programme than in sole
cropping may be justified. Most
intercropping experiments should be
very adaptive in nature.

Intercropping research needs a
higher level of farmer involvement
than does most other forms of
research. This is due to local agro-
ecological adaptation and because of
farmers’ multiple objectives in
intercropping.

Thus more appropriate formulation
of intercropping research
programmes is vital.

Organization of

intercropping research

To ensure good technical content
and the relevance of proposals to
farmer needs, research policy
makers, researchers from several
disciplines and extensionists need to
interact effectively at various levels.

Social and economic scientists have
a large role to play in ensuring the

relevance of intercropping research
to farmer needs.

Because of the complexity in
intercropping research much can be
learned from success and failure
elsewhere -- information networks
are useful.

Intercropping research might best
be organized in the form of
interactive working groups made up
of members from several commodity
and disciplinary teams, rather than
as separate dedicated intercropping
teams.

An intercrop combination can often
usefully be treated as a “commodity’
of several component crops together
rather than have the ideas,
treatments and recommendations
developed for each component
separately.

»

Problem orientated intercropping
research should follow the
established process of diagnosis,
planning, experimentation,
evaluation and replanning, and
dissemination.

During implementation of a problem
orientated intercrop research
programme close interaction
between on-station and on-farm
components, and with extension, is
vital.

Diagnostic Procedures

Most intercrop research has
emphasised the comparison of
biological yields in experiments, yet
intercropping experimentation
relevant to smallholders first
requires our understanding of
farmer problems and needs. This is
the role of diagnosis.
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Aims of diagnosis

Similar diagnostic procedures apply
as in other forms of farmer problem
orientated research. Aims remain to
understand farmer circumstances,
describe farmer practices, identify
farmer problems and examine
causes of the problems identified,
and develop some tentative ideas on
target groups of farmers, all in close
interaction with the farmer. But
since intercrops are more complex
(involving two or more crops,
possibly staggered planting times,
different spatial arrangements etc)
then diagnosis of problems may
require additional socio-economic as
well as deeper technical insights.
Frequently surveys underestimate
the importance of associated
secondary or “subordinate” crops
such as legumes. Care is needed to
examine these fully often justifying
multi-visit surveys.

Farmer objectives

A major aim of diagnosis is to learn
the farmers objectives in
intercropping. There will usually be
several and they may include
biological and socio-economic
reasons:

- spread requirements for labour
over time

- reduce risk of crop failure

- improve output stability over
seasons

- increase yield per unit land area
e.g. to maintain yield of a staple
(often cereal) crop and produce
some yield of a subordinate
(often grain legume) crop.

- provide a greater range of
secondary outputs e.g. legume
leaves as relish, residues for
livestock, stems for roof thatch

- comply with government/
extension policy

It is unlikely that all the farmer
objectives, nor their ranking, are
immediately obvious to the
researcher, so some investigation is
needed.

Farmer resources

It is also important to learn about
the resource requirements of the
farmers current intercrop practices,
particularly labour, since most
intercrops are labour intensive.

It may be relevant to devote more
time to assessing the sustainability
implications of current farmer
intercropping or other practices,
with a view to developing
intercropping experimentation that
has a sustainability perspective.

This may involve assessing
resources and their use at several
levels e.g. the field level, whole farm
level and community level.

Resources to evaluate include:
Crop residues, soil organic matter,
nitrogen fixation, animal manures,
rainfall. farmer and family labour,
non-family labour, animal power,
ground water (for small-scale
irrigation), household waste.

Followup diagnosis

Followup diagnosis during on-farm
experimentation is likely to be even
more necessary with complex
intercropping technologies. There
may be more of a role for surveys
and monitoring in farmers fields
and less of a role for exploratory
trials in intercropping diagnosis.

Planning Intercrop
Experiments

General

The process of planning on-farm
intercrop trials is the same as for
other on-farm agronomic trials.
Planning uses the information
generated during diagnosis to
develop appropriate targeted
experiments.

On-farm experimentation with
intercrops can be complex and
expensive. Thus on-farm

experimental programmes with
intercrops need to be carefully
planned and justified.

Because of the greater complexity
with intercrop trials, a systematic
approach to developing clear
objectives and related appropriate
treatments becomes more important
than ever. Then the analysis and
interpretation of results becomes
easier and more productive.

Good information generated with
farmer participation in the diagnosis
will help ensure the planned
experiments address farmer needs.
Feedback from farmers on
experiment proposals before the
trials are implemented is very
useful for intercrop trials.

Experimental factors and
treatments for intercrop trials
There has been relatively too much
research on plant population density
and spatial arrangements of
intercrop component crops to the
detriment of other aspects relevant
to smallholder farmers such as
fertilizer use, weed control and pest
control.

When identifying possible
technologies as solutions for
inclusion in intercrop trials it is
important to know whether we are
considering:

1) changing one or more
components of an existing
intercrop, or

2) changing the cropping pattern
(i.e. replacing sole cropping with
intercropping or intercropping
with sole cropping).

In problem orientated on-farm
intercropping experiments we are
usually looking at 1) i.e. changes to
components of an existing intercrop.
Some general concepts for such
trials are:
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- We need to test new technology
against current intercrop
practices employed by the
farmer,

New technologies for testing
should not differ in too many
ways from the current farmer
practice if they are to stand a
good chance of adoption,

We must be clear about farmers’
current objectives for
intercropping and ensure new
treatments for testing are
compatible with those
objectives, and with resource
levels of farmers. For example,
with weeding work it will be
important to know the timing of
labour bottlenecks using current
weed control methods in order
to think about modified weed
control technologies that might
reduce the problem.

Care is needed when planning on-
farm intercrop trials on the basis of
yield benefits or Land Equivalent
Ratios (LER) obtained from on-
station trials. Benefits may
disappear on-farm. For example,
there are doubts about the technical
performance or biological advantage
of intercrops in some semi-arid
areas.

Complex changes to intercropping
systems may be difficult for farmers
to accept. These changes may
require more institutional support
(e.g. training from extension) than
sole crop technologies.

Sole crop plots vs. plots

of farmer practice

In many on-farm intercrop
experiments sole crop plots are not
needed.

The number and type of sole crop
plots required depends on the
objectives of the trial. Most on-farm
intercrop trials aim to see how best
to grow intercrops, or to modify
current intercrops, not to determine
whether intercropping has biological

advantage over sole cropping. Here
we need to think very carefully if
any sole crop plots are needed at all.

Usually the important comparison is
between the new technology and the
farmer’s current intercrop
technology, so far more important
than plots of sole crops are plots of
the farmer practice. This is
especially true in adaptive
verification trials.

Generally we only need to think
about calculating LERs (and so
include sole plots) if land is a clear
limiting resource and if farmers
intercrop mainly to increase the
efficiency of land use. Where sole
crop plots are needed for LERs these
do not need to be randomised and
grown on plo*s in the experiment.
They can be obtained from sole crop
areas near the experiment.

Sole crops may be useful to convince
policy makers, extension staff and
other researchers.

In on-farm trials, it may be
impracticable to have plots of sole
crops where intercropping is clearly
the farmers’ preference and land is
in short supply. The farmer may
regard plots of sole crops as
wasteful.

Experimental designs

and treatment structures

Good experimental design is even
more important in intercrop
experiments on-station or on-farm,
than for sole crop experiments.

Underlying principles of design are
no different for intercropping than
for other areas of field crop
experimentation.

Design of any agronomic (intercrop)
experiment consists of 3 stages:

1) Identification of experimental
plots and variation between
them, followed by control of
variability through blocking.

2) Identification of objectives of
experiment and selection of
treatments to provide answers
to the questions proposed-
develop treatment structure.

3) Join chosen treatments to the
structured set of experimental
units.

In intercrops we may need larger
plots, both because of the need to
have sufficient plants of all the
component crops and the need for
larger guard areas. The minimum
plot size for the intercrop should be
the largest of the minimum plot
sizes for each of the component
crops.

Some special designs have been
developed for on-station intercrop
experiments. Systematic (e.g.
modified fan) rather than
randomized designs should often be
useful for on-station work on spatial
arrangements in intercrops where
many spacing treatments will be
combined factorially with other
factors. In these designs the plant
density or spatial arrangement
changes slowly from row to row
across a plot, meaning that guard
rows are usually not necessary.
Statistical analysis of systematic
designs is different, involving fitting
a response function of yield on the
factor that varies in each systematic
plot.

Factorial treatment structures with
several factors included are
important for efficient intercropping
research to develop technologies
because there are many more
possible factors to consider, but
standard on-farm research practices
of keeping trials as simple as
possible still apply.

Therefore, with on-farm intercrop
trials there is greater need to
consciously restrict the trial to a few
variables and/or levels of a variable.
Appropriate choice of treatments is
thus more critical than ever.
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Many existing intercrop trials (on
and off station) with two or more
experimental factors use a split-plot
design, but usually this is not the
most appropriate design. Split plots
are inefficient and should only be
used where it is not possible to
apply a treatment to a small plot
e.g. if large-scale machinery is
needed.

Instead of split-plots confounded
designs or incomplete factorial
treatment sets may be useful in
intercropping where we often have
conflicting requirements to have
several factors included but to also
have small blocks.

Output comparisons

During planning some tentative
decisions about how the trial will be
analyzed and assessed need to be
made to help decide on the types of
data to be collected during trial
implementation.

The most meaningful and generally
useful output comparison for the
farmer is usually total output from
one or more experimental intercrops
and total output from the farmers
existing crop, with output expressed
as monetary values or nutritional
value (calorie output). Choice
should depend on the uses the
farmer puts the output to. Where
the farmer sells at least some of the
output to a formal or informal
market (usually the case), or if the
farmer buys some of one or more of
the crops, then monetary value (or
net income) is most appropriate.
Thus monetary value is the best
measure of output for most adaptive
verification intercrop trials.

Farmer assessment

Given the multiple objectives
farmers have with intercropping
there is a more important role for
farmer participation in intercrop

trials and in their assessment.
Opportunities for farmer
assessment during trial
implementation need to be planned
for.

Implementing Intercrop
Experiments

Principles of farmer and site
selection, and field plot layout and
technique for intercrop experiments
on-farm are all similar to those
employed in sole crop experiments.

The main difference relates to the
increased complexity of the trial
when two or more crop species are
combined. This means more care
and work is needed when
implementing the experimental
treatments and in managing non-
experimental variables. There will
often be additional data to collect.

Analysis and
Interpretation of
Intercrop Research

Form of analysis

and interpretation

Methods for evaluating on-farm
intercropping trials will depend on
the reasons farmers have for
intercropping, especially the balance
between market vs. subsistence
orientation:

If the farmers’ aim is improved
productivity with emphasis on
sale of output, then
interpretation should focus on
yield outputs of the test intercrop
technologies, probably finally as
combined monetary values.

If test technologies have potential
for producing outputs for home
consumption, and especially if the
technologies are germplasm, then
farmer acceptability for flavour,
leaf quality, grain colour/size/
processing/cooking time,

storability, crop duration in
relation to labour and land, need
to be assessed through farmer
surveys. If stability of
performance is paramount then
evaluation needs to take into
account the levels of stress
tolerance of component varieties
when grown in a crop association.

Measuring biological outputs
Before the productivity or efficiency
of intercropping systems can be
assessed the basis on which outputs
are measured and to be compared
needs to be decided upon.

Evaluation of intercrop practices
should be in terms of the most
limiting resource or production
factor. In E and S Africa this is
often labour and only sometimes
land.

Evaluations can be made on many
different bases e.g. whole plant dry
weight, grain dry weight, or plant
constituents like fat, calorific
values, protein, fodder yields for
feeding animals, or on net income.
Character(s) used will depend on the
objectives of the research and what
is useful to the researcher and the
farmer.

A whole series of indices have been
developed to combine output data
(usually biological yields) to assess
biological advantage of intercrops
and competitive aspects of
components of intercrops. These
have been extensively used in more
basic intercropping research on-
station. The most important indices
of biological advantage are the
relative yield total and the LER. In
most cases these indices are
inappropriate on-farm.

Reasons why farmers intercrop are
usually multiple- only one may be to
intensify the use of land. Therefore
LER may often not be useful, so
often there is no point in calculating
it.
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Simple value indices such as money,
protein or dry matter are usually
the most relevant for on-farm
intercrop trials.

Statistical analysis

No single form of statistical analysis
will be appropriate to all forms of
intercropping data.

In more basic technology generation
intercrop experiments, sometimes
done on-farm, data structures will
be complex with different forms of
yield information available for
different sub-sets of experimental
units.

A basic aspect of statistical analysis
in intercrops is to obey the principle
of comparing like with like. If yields
are measured in different units, or
over different time periods, or for
different species then comparisons
will not be valid.

Several forms of analysis are
possible: Analysis of each crop yield
separately; Multivariate (Bivariate
ANOVA) analysis; Analysis of crop
indices (e.g. LER, monetary values).

Bivariate analysis of variance is a
powerful form of analysis that does
not lead to loss of information. This
involves the joint analysis of the
pairs of yields for two crops
intercropped on a set of
experimental plots.

In on-farm research the multiple
products or outputs from an
intercrop may be most meaningfully
evaluated together since farmers
will be interested in the total worth
of all useful outputs from different
intercrop systems. However, it is
easy to do misleading statistical
analyses using indices.

In adaptive or verification OFR the
most useful index is monetary value.
This is done by converting the
output (may be other than grain
yield) from each component crop to
monetary units according to market

values and summing these for all
component crops on a per plot basis,
giving monetary units per hectare.
These values are then subjected to
an ANOVA in the same way yields
might be analysed. Monetary values
have practical meaning for most
farmers.

Comparisons of biological efficiency
through LERs are not valid for
different crop combinations. When
calculating LERs we must make
sure the divisors are constant for all
the values to be compared.

Comparison of LER values within an
analysis of variance is usually valid
provided that a single set of divisors
is used over the entire set of
intercropping plot values.

Questions about the precision of
LERSs are usually not important.

Agronomic interpretation
General principles are the same as
for other on-farm trials but
interpretation can be much more
complex because of complex,
interactions and several output
variables.

Socio-economic

assessment of outputs

Many relevant evaluation criteria in
intercropping may be socio-economic
rather than related to agronomic
performance per se. Thus, farmer
evaluation is very important.

Farmers should be fully involved in
the assessment/ evaluation of on-
farm adaptive intercropping trials,
with less emphasis on conventional
statistical methods. Rather than
develop complex statistical
measures and procedures to cover
multiple objectives, a qualitative
evaluation involving farmers is often
more cost effective. Aleo,
measurement of all the relevant
outputs from intercrops can be very
difficult while farmer assessment
will integratle the outputs important
to the farmer.

Assessment can be done through a
survey of farmer opinion on the
benefits of the intercropping
technologies under test on-farm,
using an open-ended questionnaire.

Farmers may be interested in
evaluating the technology on any of
the following grounds:

- compatibility with farmer
objectives in intercropping

- outputs appropriate

- labour implications

- effect on timing of operations

- cash implications

- risk implications

- land implications

- relationship with decision
making in household

- effect on household food supply

- availability of required inputs

The questionnaire may involve basic
information on the farmer and the
trial, treatment by treatment
evaluation by the farmer, ranking of
treatments by the farmer and
general comments made by the
farmer.

Economic analysis

and interpretation

An economic analysis of trials is
essential if the researcher wants to
check whether the technical
responses are sufficiently attractive
economically for farmers to adopt
the tested technology. This will be
an important objective with data
from adaptive on-farm intercropping
trials.

Relative comparisons of economic
gains and losses will depend on the
nature and objective of the trial. We
can consider three situations in
intercropping trials where gain/loss
comparisons are different:

a) Comparison of output gains,
caused by incremental changes
in the levels of a key input, with
the extra cost of each unit of
input.
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b) Comparison of different
combinations of intercrops
given a fixed level of inputs.

¢) Comparison of different
combinations of inputs for a
given level of output.

Comparisons 1 and 2 will be
relevant where the objective of the
trial is to make modifications to
existing intercrops. Comparison 3
will usually be relevant where a sole
crop is being compared to an
intercrop.

Standard considerations before

meaningful economic analyses can
be done apply equally for intercrop
trials: i.e. inclusion of the farmer’s

current practice, data from sites
representative of farmer conditions,
non-experimental variables at
current farmer levels and real costs
and benefits to the farmer used, not
market prices or researcher yields.

With intercrop trials it is generally
best to do the economic analysis on
the weighted value of the crops
combined, reflecting farmers aims
and objectives. This means a
statistical analysis will have to be
done first on the combined monetary
values as indicated earlier.

If market values of the crops within
the intercropping system vary
greatly during the season, then

evaluate the treatment effects in the
experiment over a range of market
price rates.

For analysis/evaluation of variety
intercrop trials there is little need to
consider costs. Price ratios between
component crops can be used, and
evaluation by farmers should occur
early in variety developmenti.e. on-
station as well as on-farm.

Feedback to commodity/disciplinary
research needs to reach a wider
audience than results from sole crop
research because of the multi-
comrmodity nature of the work.

Compiled by Stephen R Waddington
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