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Abstract

Food shortage is known to have been caused by overpopulation, natural disasters and poor food distribution. In areas facing food
insecurity, such as Africa, peasants or small-scale farmers have practised intercropping since old times. In this study, an
investigation wascarried out to determinewhether i ntercroppingincreased production for small-scalefarming inasemi-arid region
(Free State, South Africa). Crop productivity of maize and bean intercropping systems was evaluated in terms of crop yield and
growth. The effect of radiation and water utilisation by these systems was measured to determine their productivity. Field trials
were carried out during three summer crop growing seasons (plant densities, row orientation and sowing datetrials. In all growing
seasons, rainfall was below normal, and air temperatureswere normal. Thetotal land equivalent ratiosfor yield and growth ranged
between 1.06 to 1.58 and 1.38 to 1.86 respectively, showing yield and growth advantage of intercropping. Concerning radiation
and water use, the intercropping of maize and beans had both radiation and water use efficiencies (RUE and WUE, respectively)
as high as maize sole cropping, and intercropping RUE and WUE were greater than bean sole cropping. From these resullts, it has
been concluded that maize-bean intercropping can be recommended to small-scale farmers in this semi-arid region.
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Introduction

Over-population, natural disasters and food distribution and low
food production are causes of food insecurity in Africaaswell as
other developing countries. Most African farmers are small-scale
farmers. According to an FAO Report on the State of Food
Insecurity in the World 2000 (FAO, 2000), about 800 million
peoplein the developing countries do not have sufficient food. In
Southern Africa, large populations are malnourished aswell. The
bulk of these populationsresidein rural areas, with large numbers
experiencing food insecurity (Van Rooyen and Sigwele, 1998). In
these areas, small-scale farming plays an important role in food
security. Food insecurity is increased by adverse weather condi-
tionsand droughtsthroughout Southern Africa. Variablerainfall is
characteristicin Southern Africa, with annual rainfall varying from
100 mm in the arid zones to 1 500 mm in the humid zones (Le
Houérou et al., 1993). Thisresultsin high variationin the potential
of natural resource-based farming. Specifically, seasonally erratic
rainfall and sandy soils cause low production in many areas.

The improvement of crop productivity is the common aim of
farmers and agriculturists. The key to sustainable agriculture
probably liesinincreased output per unit areatogether with arable
land expansion. Intermsof cropping systems, thesol utionsmay not
only involve the mechanised rotational mono-culture cropping
systems used in developed countries such as North America and
Western Europe, but also the poly-culture cropping system tradi-
tionally used in developing countries such as Africa and Latin
America(Francisand Adipala, 1994). Themain reason for using a
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multiple cropping system is the fact that it involves integrating
crops using space and labour more efficiently (Baldy and Stigter,
1997). Biophysical reasons include better utilisation of environ-
mental factors, greater yield stability in variable environmentsand
soil conservation practices. Socio-economic reasons include the
magnitude of inputs and outputs and their contribution to the
stabilisation of household food supply (Beets, 1982).

Intercropping, which is one type of multiple cropping system,
has been practised traditionally by small-scale farmers in the
tropics. In particular, cereal and legume intercropping is recog-
nised as a common cropping system throughout tropical develop-
ing countries (Ofori and Stern, 1987). Typically, cereal cropssuch
as maize (Zea mays), millet (Pennisetum glaucum) and sorghum
(Sorghum bicolor) are dominant crop/plant species, whereas leg-
ume crops such as beans (Phaseolus vulgaris), cowpea (Vigna
unguiculata), groundnut (Arachishypogaea), pigeonpea(Cajanus
cajan) and soybean (Glycine max) are the associated plant species.
Generadly, in Southern Africa, maize and beans are staple and
supplementary crops respectively. Canopy structures and root
systemsof cereal cropsaregenerally different fromthoseof legume
crops. The formative rate is comparatively greater in cereal crops
thaninlegume crops. |n cereal-legumeintercropping, cereal crops
formrelatively higher canopy structuresthanlegumecropsandthe
roots of cereal crops grow to agreater depth than those of legume
crops. This indicates that the component crops probably have
differing spatial and temporal use of environmental resourcessuch
as radiation, water and nutrients (Willey, 1990). Therefore, this
cropping system may help improve productivity of low external
input farming, which dependslargely on natural resourcessuch as
rainfall and soil fertility.

In developed countries, agricultural scientists, consultantsand
extension officersusually providetimely and proper meteorol ogi-
cal information to farmers, but on-farm advisories in Africa are
lacking (Stigter and Weiss, 1986). Small-scale farmers have prac-
tised traditional cropping techniques, such as intercropping, in
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TABLE 1

Agronomic information and experimental treatments of the field experiments

Growing season

1996/1997

1998/1999

2000/2001

Trial type

Plant density trial

Row orientation trial

Sowing date trial

Cropvariety Maize

SNK?2147 (late maturity)

SNK?2147 (late maturity)

PANG804 (early maturity)

Beans PAN127 (determinate) PAN127 (determinate) PAN148 (indeterminate)
Growing period 20 weeks 20 weeks 17 weeks
. _— 255 mm
Rainfall + Irrigation 913 mm 636 mm 325 mm

Basal fertilizer 254N, 67P, 33K kg-ha® | 172N, 47P, 32K kg-ha! 240N, 96P, 48K kg-ha*
Plant density Sole maize 2.2, 4.4, 6.7 plants:m? 6.7 plantsm? 4.0 plants-m?
Sole beans 4.2, 8.3, 12.5 plantsm? 13.3 plantsm? 10.0 plantsm?
Intercrop maize 2.2,4.4, 6.7 plantsm? 6.7 plantsm? 4.0 plantssm
Intercrop beans 2.1, 4.2, 6.3 plantsm 6.7 plantsm? 10.0 plants:n?
Row orientation north-south north-south east-west
east-west
Sowing date 9 December 1996 24 November 1998 23 November 2000
11 January 2001
Row spacing  Solemaize 0.75m 1.00 m 1.00m
Sole beans 0.40m 0.50 m 0.40m
Intercropping See Fig. 2a See Fig. 2b See Fig. 2¢c
Plot size 6mx9m 10mx15m 12mx15m
Size of final harvest area 12-23m? 15 m? 12-16m?
and Weiss, 1986; Mukhala, 2000). The mechanisms of the
(a) plant density trial (the 1996/1997 growing season) microclimatic modification are, however, not sci entlflcally clear.
Therefore, this study has been initiated to clarify some of the
microclimatic modificationsinamai ze-beanintercropping system,
namely crop radiation interception and water use. The aim of this
7o ryrynd study isto assess the productivity of maize-bean intercropping in
o _ theregion (Bloemfontein, Free State, South Africa, latitude 29°S,
(b) row orientation trial (the 1998/1999 growing season) ) ) R L. . .
: longitude 26°E), considering crop radiation and water utilisation.
Materials and methods
1om 050m Field trials
(c) sowing date trial (the 2000/2001 growing season)
: : : ! Field experiments were conducted at the experimental sites of the
Department of Soil, Crop and Climate Sciences, University of the
Free State, during three summer growing seasons (1996/1997,
1.00m 0.40m 1998/1999 and 2000/2001), with variables in plant density, row
orientation and sowing date trials, respectively (Mukhala, 1998;
) Tsubo, 2000; Ogindo, 2003). The agronomic information and the
Figure 1 experimental treatments are shown in Table 1, and crop row
Crop row arrangement of intercropping systems of maize : . T
( ) and beans (- - - - - ) arrangements of intercropping systems of maize and beans are

which they unknowingly manipulate the crop microclimates (i.e.
modifications on radiation, temperature, moisture and wind).
Moreover, several studies indicate that the risk to the small-scale
farmer in multiple cropping islower than in sole cropping (Stigter
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shownin Fig.1. Theplant density and row orientation experiments
were carried out under non-stressed conditions of water, applying
full irrigation, while the sowing date experiment was conducted
under mainly rain-fed condition. All crops were planted by hand,
and hand weeding was carried out in all plots throughout the
growing seasons. Thetrialswere arranged in a Randomised Com-
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35

plete Block Design with three or four replications. To
determineradiation and water use, photosynthetically
active radiation (PAR, 0.4 to 0.7 mm wavelength
range) was measured above and beneath crop cano-
pies, with singleand linear quantum sensors(SunScan
Canopy AnalysisSystem, Delta-T Devices, Cambridge,
UK; LI-190SB & LI-191SA, LI-COR Inc., Lincoln,
NE, USA). Soil water content was measured between
0 and 900 mm depth, with aneutron probe (Campbell
Pacific Nuclear Model 530, Campbell Scientific Inc.,
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Logan, UT, USA), and above-ground dry matter
(AGDM) for each crop was measured periodically

during the growing seasons. 120
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Climate and weather 100 4

According to the Kdppen climate classification, the %
climate of the study region belongs to Bsk (arid cold
and dry climate, with mean annual temperature below
18°C), and according to the Thornthwaite climate
classification, it is categorised as a semi-arid warm
climate (Schulze, 1947; Schulze and McGee, 1978).
Figure 2 shows the long-term (30 years from 1961 to
1990) mean monthly temperature, rainfall and solar
radiation in the study region (Bloemfontein Airport,
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Rainfall (mm month™)
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South Africa, latitude 29°06'S, longitude 26°18'E,
altitude 1 351 m above sea level). The mean annual
temperature is 15.9°C, the annual rainfall is 559 mm,
and the mean annud globd solar radiation is 244 W 2,
Moreover, therange between minimum and maximum
temperatures is from 14.1°C in February to 32°C in
January, 80% of rainfall occurs between November
and April, and the ratio of diffuse to global solar
radiationismaximum 0.3in January and minimum 0.2
in June. Thus, summer of thisregion is characterised

300 A

200 A

Radiation (W m?)

100 A

—e— Global
—a— Diffuse

by a narrow range between maximum and minimum
temperatures, high concentration of rainfall, and high
fraction of diffuse solar radiation, contrasted to the
winter season.

Temperatureandrainfall datawererecorded at the
weather station of the Department of Soil, Crop and
Climate Sciences, University of the Free State (lati-
tude 29°06'S, longitude 26°11’E, altitude 1 411m above sealevel)
during the growing seasons. The monthly mean temperature and
the monthly rainfall are shown in Table 2. The seasona mean
temperature (November to April) was 19.3, 21.0and 20.4°Cfor the
1996/1997, 1998/1999 and 2000/2001 growing seasons, respec-
tively. Thus, the temperature for each growing season was not
different from that for the long-term average value (20.3°C). The
seasonal rainfall (November to April) was 491, 301 mm and 328
mm for the 1996/1997, 1998/1999 and 2000/2001 growing sea-
sons, respectively. Theseasonal rainfall for the 1996/1997 growing
season was 12% higher than the long-term value (440 mm). In
contrast, the seasonal rainfall was 32% and 25% |ower in the 1998/
1999 and 2000/2001 growing seasons, respectively.

Jan

Results and discussion

Yield advantage

Mass yields for maize kernels and bean seeds are shown in
Table 3. In assessments of crop productivity of sole cropping

systems, a useful expression is mass yield (mass per unit area).
However, in intercropping systems, direct comparison is difficult
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Figure 2

Long-term (30 years from 1961 to 1990) monthly weather data
(temperature, rainfall and solar radiation) at Bloemfontein Airport,

South Africa (29°06’S, 26°18’E, 1 351m).

because products are different for the different plant species
growing on one piece of land (Beets, 1982). In this case, crop
productivity should be evaluated using acommon unit. A widely
used method is the land equivalent ratio (LER) (Beets, 1982;
Willey, 1985). LER isdefined asthetotal |and arearequired under
mono-culture cropping to give the yields obtained in the poly-
culture cropping system (Mead and Willey, 1980). Total LER
(LER,),includingmaizepartial LER (LER,,) and bean partial LER
(LER,), was calculated as follows:

LER, =LER, +LER, =Y /Y, +Y /Y (1)
where:

Y, andY  aremassyieldsper unit areaof intercropped maize

kernels and bean seeds respectively, and

Y4, andY  aremassyieldsper unit areaof solecropped maize

kernels and bean seeds respectively.

If LER, is greater than one (LER, > 1), intercropping has ayield
advantagewhilethereisayield disadvantagefromintercroppingif
LER, islessthan one (LER, < 1) (Beets, 1982; Willey, 1985).

A summary of LER values is shown in Table 4. In the row
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TABLE 2

Monthly mean temperature and monthly rainfall at the weather station of the University
of the Free State (29°06’S, 26°11'E, 1 411m) during the growing seasons?

Month
November | December January February March April

1996/1997 growing season

Temperature°C 181(-1.8) | 211(-0.9) | 21.6(-14) | 226(+0.8) | 19.1(-0.6) 13.2(-2.2)

Rainfall mm-month* 112 (+54) 128 (+68) 67 (-16) 32 (=79) 122 (+50) 30 (—26)
1998/1999 growing season

Temperature °C 19.2(-0.7) | 21.3(-0.7) | 23.3(+0.3) | 221 (+0.3) | 224 (+2.7) | 17.7 (+2.3)

Rainfall mm-month* 63 (+5) 51 (-9) 75 (-8) 56 (-55) 26 (—46) 30 (—26)
2000/2001 growing season

Temperature°C 18.9 (-1.0) 21.8 (-0.2) 22.8 (+0.2) 223 (+05) | 21.2(+15) 15.6 (+0.2)

Rainfall mm-month* 7 (-51) 75 (+15) 33 (-50) 54 (-57) 58 (-14) 101 (+45)

Bloemfontein Airport (29°06'S, 26°18'E, 1351m).

aNumbersin parentheses are the differences from the long-term (from 1961 to 1990) mean monthly data at

TABLE 3
Maize kernel and bean seed yields (t-ha?) in sole cropping and intercropping systems

Beans

Intercropping

Sole cropping Intercropping

Maize
Sole cropping
Plant density trial® L M H L
(1996/1997) 7.9 9.0 103 | 6.0
Row orientation trial® NS EW | NS
(1998/1999) 8.5 78 | 82
Sowing date trial 1 2 1
(2000/2001) 25 34 13

M H L M H L M H

8.3 9.0 2.8 4.4 54 1.2 15 15
EW | NS EW | NS Ew
7.8 4.2 4.3 0.4 0.4
2nd 1 2m 1% 2m
17 17 17 0.9 19

¢ 1% the first sowing date; 2™: the second sowing date.

aL: low plant density; M: medium plant density; H: high plant density.
® NS: north-south row orientation; EW: east-west row orientation.

orientation trial, LER, for both north-south and east-west row
treatments was greater than one, and there were no statistically
significant differences between row orientations (P < 0.05). On
average, theintercropping had an 8% yield advantage over the sole
cropping systemintherow orientationtrial. Inother words, thesole
cropping needed 8% more land to produce the same yield aswith
intercropping. The LER,, was almost equivalent to one, while the
LER, wasaround one-tenth. That is, the association of beansinthe
intercropping did not reduce the maize yield. However, the pres-
ence of maize in the intercropping reduced the yield of beans by
90% although the expected reduction was 50%, because the plant
density of intercropped beans was half of the population of sole
beans. Inthistrial, theincrease of theyield advantagewas|essthan
10%, indicating that the advantage of using intercropping was
small.

In contrast, the higher LER, was obtained in the plant density
trial (Table 4). As reported by Mukhala et al. (1999), yield
advantages in maize-bean intercropping over the sole cropping
were 17%, 26% and 15% for thelow (4.3 plantssm2), medium (8.6
plants:-m?) and high plant densities (13.0 plants:-m), respectively,
and the LER, of the medium plant density was significantly
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different fromthat of theother plant densities(P<0.05). TheLER,,
increased from low to medium plant densities and decreased from
medium to high plant densities, but the LER, consistently de-
creased with increasein maizeplant density. Theplant density trial
LER, (0.28) was more than double the row orientation trial (0.10
NSand 0.09 EW) at similar density. This could explain the higher
yield advantagesin the plant density trial. The differencesin row
arrangement (Fig. 1) might explain the difference of the inter-
cropping yield advantage. This was because the density trial was
planted in double bean alternate rows within the maize rowswhile
therow orientationtrial wasplanted asasinglerow alternate maize-
bean intercrop.

In the sowing date trial, 6% and 58% advantages for the first
(planted 23 November 2000) and second (planted 11 January
2001) sowing dates, respectively, were obtained, and there was a
statistically significant difference in LER, between treatments
(P<0.05). Thesecond sowing had about twicetheLER,,, compared
with thefirst sowing date, whilethe LER, for thefirst sowing date
was equivalent to that for the second sowing data. From these
results, the second sowing date treatment was more advantageous
than the first sowing date. Because of serious water stress during
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the growing season, less advan-
tage was found on the first sow-
ingdate. Comparedwiththeother
trials, the higher yield advantage
for the second sowing date could
result due to the design of the
intercropping system. While the
row orientation and plant density
trials were conducted in a half-
additive design of intercropping,
thistrial was carried out in afull
additive-design of intercropping.
That is, in the former trials (the
1996/1997 and 1998/1999 grow-
ing seasons), half of the plant
densities of bean sole cropping
systems were added to full plant
densities of maize sole cropping
systems, while in the latter trial
(the 2000/2001 growing season),
thefull plant density of bean sole
cropping was intercropped in
maize sole cropping. Since the
expected LER, was 0.5 for the
half additive-design and 1.0 for
the full additive-design, in the
sowing date trial, high LER,
might result from the high poten-
tial LER, (see Table 4).

Crop growth

Seasonal changes in the ratio of
dry matter of intercropping and
sole cropping are presented in
Table5. Theratiosfor maizewere
around 0.69 for the plant density
trial and 0.97 for therow orienta-
tion trial on average, so that the
association of beans in the
intercropping did not reduce
maize dry matter in the row ori-
entation trial, but did so in the
plant density. In beans, theratios
were around 1.00 in the begin-
ning of crop seasonsin bothtrials
anddecreasedto0.69for theplant
density trial, and 0.33 for therow
orientationtrial,implyingthat the
effect of maize crop association
on bean dry matter wasgreater in
the row orientation tria than in
the plant density trial. In addi-
tion, therewaslittledifferencein
theratiosfor bothmaizeandbeans
between experimental treatments
(plant density for the 1996/1997
growing season and row orienta-

TABLE 4
The partial and total land equivalent ratio (LER) of maize and beans
intercropping systems

LER
Maize partial LER Bean partial LER Total LER

Row orientation trial® NS EW | NS EW | NS EW

(1998/1999) 0.96 1.00 | 0.10 0.09 | 1.06 1.09
Plant density trial® L M H L M H L M H

(1996/1997) 076 092 087|041 034 028|117 126 115
Sowing date trial® 1s 2 1 2 1s 2nd

(2000/2001) 0.54 0.49 | 0.52 1.09 | 1.06 1.58

aNS: north-south row orientation; EW: east-west row orientation.
b L: low plant density; M: medium plant density; H: high plant density.
¢ 1% the first sowing date; 2": the second sowing date.

TABLES
Seasonal changes in the ratio of dry matter (g-plant?) of intercropping to
sole cropping

Days after planting Maize Beans
Plant density trial® L M H L M H L M H
(1996/1997) 35 039 051 081|083 123 126
42 089 038 082|092 099 129
52 079 043 084 | 065 061 0.69
59 065 064 0.79 | 053 057 0.69
66 072 063 073|048 084 0.79
73 079 071 077 | 061 044 0.78
80 070 060 062 | 082 091 083
87 073 065 068 | 080 056 0.76
94 062 068 074 | 072 059 0.60
101 076 074 09 | 075 075 0.58
115 0.67 0.67 063 - - -
122 079 0.69 0.6 - - -
129 073 0.75 0.6 - - -
136 077 077 057 - - -
Row orientation trial® NS EW NS EW NS EW
(1998/1999) 28 0.97 0.87 0.93 1.00
35 1.03 1.01 0.91 1.09
42 1.07 0.93 0.54 0.53
49 1.04 0.96 0.40 0.50
56 1.05 0.89 0.39 0.40
70 1.02 0.93 0.43 0.44
84 1.03 1.09 0.34 0.36
98 0.98 0.88 0.25 0.35
112 0.93 0.92 0.25 0.28
126 0.90 0.87 0.32 0.34
Sowing date trial® 1 2md 1 2md 1 2
(2000/2001) 21 24 0.66 0.57 0.91 1.19
31 73 0.91 0.79 0.63 0.98
42 98 0.85 0.88 0.72 1.26
53 109 0.59 0.63 0.77 115
101 - 0.80 - 0.72 -
128 - 0.72 - 0.85 -

tionfor the 1998/1999 growing season). Inthesowing datetrial , the
ratiosfor both maizeand beanswererelatively constant. Therewas
no difference in the ratios for maize between experimental treat-
ments. However, for beans, the second sowing date had 50%
higher ratios than the first sowing date. Like in the plant density
trial, reduction in dry matter of maize associated with beans was
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found. Although dry matter of beans was reduced by maize
association in the first sowing date treatment, no effect of maize
association on bean dry matter was observed in the second sowing
date treatment.

Theratios of dry matter of intercropping to sole cropping may
correspond with the partial LER. So, adding theratiosfor beansto
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TABLE 6

Radiation use efficiency (RUE, g-MJ* PAR) of maize sole cropping, bean sole
cropping and maize/bean intercropping

IPAR isthe amount of PAR
intercepted by crops,
Fisthefraction of PAR inter-
cepted by crops, and

Cropping system

PAR, isincident PAR above
Crop canopies.

Maize
sole cropping

Bean
sole cropping

Intercropping )
In this study, the sum of dry

matter of maize and beans were

Plant density trial® L M H L M
(1996/1997) 226 280 282|098 1.00

Row orientation trial® NS EW | NS
(1998/1999) 2.60 256 | 1.56

Sowing date trial® 1= 2m 1
(2000/2001) 0.70 285 | 0.30

H L M H used for calculating intercrop

100 | 240 282 3.18 RUE because plant energy of
EW | NS EW maize is not different from that
131 | 246 241 of beans (Tsubo et a., 2001).
2 1 2 Results of RUE for all trials
142 | 0.76 3.63 areshowninTable6. Incompar-

ing RUE among cropping sys-

aL:low plant density; M: medium plant density; H: high plant density. RUE between 66 and 73DAP.
5 NS: north-south row orientation; EW: east-west row orientation. RUE between 28 and 112 DAP.
¢ 1% the first sowing date; 2": the second sowing date. RUE between 35 and 120 DAP.

tems, the intercropping had
higher RUE than maize sole
cropping at low and high plant

density treatmentsand had simi-
lar RUE at medium plant density

TABLE 7

Water-use efficiency (WUE, kg-ha'-mm-) of maize sole cropping, bean sole
cropping and maize/bean intercropping

inthe plant density trial. Similar
results were obtained in both
sowing date treatments in the
sowing datetrial. Intherow ori-
entation trial, maize sole crop-

Cropping system

ping had slightly higher RUE

than the intercropping in both
row directions. Also, indl trials,
RUE of bean sole cropping was

Intercropping

Maize Bean
sole cropping sole cropping

Plant density trial® L M H L M
(1996/1997) 237 340 447 | 126 145
Row orientation trial® NS EW | NS
(1998/1999) 57.1 na | 24.8
Sowing date trial® 1= 2m 1
(2000/2001) 10.5 425 | 85

the lowest of all cropping sys-

H L M H . .
tems. In addition, the high den-

241 | 232 318 502 ; -

EW | NS EW sity treatment in the plant den-
na | 56.0 na sity trial had greater RUE of
ond 18 ond maize sole cropping and the
248 | 144 578 intercropping than the north-

south row treatment in the row

101 DAP.

aL: low plant density; M: medium plant density; H: high plant density. WUE between 0 and

® NS: north-south row orientation; EW: east-west row orientation. WUE between 0 and 126 DAP.
¢ 1% the first sowing date; 2": the second sowing date. WUE between 0 and 120 DAP.

orientation trial while bean sole
cropping had higher RUE inthe
latter trial than in the former
trial.

In comparing RUE among ex-

the ratios for maize gives the LER for the growth advantage of
intercropping. On average, the LER was 1.43 for the low density,
1.38 for the medium density and 1.56 for the high density in the
plant density trial; 1.48 for the north-south row and 1.47 for the
east-west row in therow orientation trial; 1.52 for the first sowing
date and 1.86 for the second sowing date in the sowing date trial.
Thus, inall cases, theintercropping had growth advantages. Hence,
it was concluded that theintercrop yield advantages resulted from
the growth advantages. This explains that final crop yield is
influenced by crop growth; thatis, good crop growthresultsin high
crop yield. This concept has been shown clearly through this
intercropping study.

Radiation use efficiency

Radiation use efficiency (RUE) was calculated as follows:
RUE = AGDM/IPAR = AGDM/(F x PAR)) @)

where:

386 |SSN 0378-4738 = Water SA Vol. 29 No. 4 October 2003

perimental treatments, the plant
density trial showed that the higher plant density, the greater RUE
inboth mai zesolecropping and theintercropping systems, whereas
there was no difference in RUE of bean sole cropping. In the row
orientation trial, RUE in north-south row orientation was slightly
higher than that in east-west row orientation in al cropping
systems. The second sowing date had greater RUE than the first
sowing date in all cropping systems in the sowing date trial. All
crops for the second sowing date were grown under less stressed
conditionsof water at thevegetative stages, compared with thefirst
sowing datetreatment. Thismight bethecauseof theextremely low
RUE values for the first sowing date treatment in all cropping
systems. Similar results were reported by Muchow (1985) for
legumecropsand I nthapan and Fukai (1988) for cereal crops. Thus,
soil water deficit could have a major negative effect on RUE
(Sinclair and Muchow, 1999).

Water-use efficiency
The water balance equation was used to estimate water use by

crops. Assuming no drainage and runoff water, water-use effi-
ciency (WUE) was calculated asfollows:
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4.5

o maize sole cropping o bean sole cropping A maize-bean intercropping
------- (max RUE = 2.76) — - —-—(max RUE=1.33) (max RUE = 3.09) Figure 3
A Relationships between radiation use efficiency
. (RUE) and water-use efficiency (WUE) of maize
& 307 ‘o oo sole cropping, bean sole cropping and maize/
& A0 bean intercropping. Using six dates of RUE for
) A . .
s O, each cropping system, the maximum RUE was
f calculated as the average of the three highest
2 151 9 RUE of the data set while RUE between zero and
A T the maximum value was determined as the slope
0 o ° of the linear regression of the three lowest RUE
it . of the data set with the zero intercept.
Z-7 o
0.0 == ; ; ‘
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WUE (kg ha™* mm™)
WUE = AGDM/ET = AGDM/(WA - AS) 3 thephotosynthetic process; i.e., theabsorbed radiationispositively
correlated with the transpired water until radiation saturation
where: occurs. Inother words, because high water requirement (= YWUE)

ET is crop evapotranspiration,

WA isthe amount of water applied to crops, including rainfall
and irrigation water,

DSisthe change in the amount of soil water in the root zone.

Similarly, intercrop WUE was calculated on the basis of total dry
matter of maize and beans.

A summary of WUE for all trialsispresentedin Table 7. Inthe
plant density trial, WUE increased astheplant density increased in
all cropping systems. The intercropping (50.2 kg-ha*-mm™) had
greater WUE than maize sole cropping at the high plant density
(44.7kg-hat-mm?), solemaize(34.0kg-ha®-mm?) exhibited slightly
higher WUE than the intercrop at medium plant density (31.8
kg-ha'-mmr?), and there was no difference in WUE between the
intercropping (23.3 kg-ha*mm™) and maize sole cropping (23.7
kg-hat-mm?) at low plant density. WUE of the high plant density
treatment was similar to that of the north-south row treatment (in
therow orientationtrial) inall cropping systems; thereweresimilar
plant densities between them. Bean sole cropping had compara-
tively lower WUE than the other cropping systems (maize sole
cropping and the intercropping) in both plant density and row
orientation trials.

In the sowing date trial, the intercropping WUE was higher
than maize sole cropping WUE followed by bean sole cropping.
The first sowing date treatment had 75%, 66% and 75% lower
WUE for sole maize, sole beans and the intercrop, respectively,
than the second sowing date treatment. The difference might be
explained by soil water deficits, which was mentioned above. The
distribution of rainfall during the growing season was poor in the
first sowing datetreatment, especially at thelate vegetative stages.
Thus, WUE is affected by the distribution of water application
(Stanhill, 1986). Also, the second sowing date treatment had
similar WUE to the higher density treatment and the north-south
row treatment in al cropping systems, even though there was
different plant densities between them.

Relationships between radiation and water use

Singh and Sri Rama (1989) reported a positive relationship be-
tween RUE of chickpea (Cicer arietinum) and extractable soil
water content under stressed water conditions and constant RUE
under conditions of non-stressed water. In this study, RUE was
plotted against WUE, as shown in Fig. 3. In al cropping systems,
RUE increased as WUE increased until the maximum RUE, and
then RUE tended to be constant, which was probably explained by
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means low WUE, RUE was lower under high water requirement
(water deficit) than under low water requirement (water suffi-
ciency), depicting that RUE is constant until water deficit starts,
and then decreases. Although maize-bean intercropping had 12%
higher maximum RUE than maize sole cropping, thetrend line for
the intercropping was analogous to that for maize sole cropping.
Both maize sole cropping and intercropping were more than twice
themaximum RUE of bean solecropping. Theserel ationshipswere
positively correlated to yield and growth advantages of
intercropping.

Conclusions

Many authors have reported that cereal-legume intercropping
systems have higher productivity than sole cropping systems in
variousregionsof Africa, including African semi-arid regionssuch
asEastern Africa(e.g. Fisher, 1977a; b; 1979; Pilbeamet al ., 1994;
Alemseged et a., 1996a; b) and Southern Africa(e.g. Rees, 1986&;
b; c; Austin and Marais, 1987; Lightfoot and Tayler, 1987a; b).
Thisstudy haspresented theyield and growth advantagesof maize-
beanintercroppinginthestudy region, whichisin basic agreement
with previous studies in the other African regions. Concerning
resource use, both RUE and WUE of maize-bean intercropping are
equivalent to or higher than maize sole cropping, and they are
higher in RUE and WUE than bean sole cropping. From those
results, it followsthat when farmersplan on cultivating both crops,
planting maize associated with beansis more advantagesthan sole
cropping. Maize-bean intercropping can thus be recommended to
small-scale farmers in this semi-arid region. Also, plant density
affects crop productivity and resource use of the intercropping
while the effects of row orientation and sowing date are not clear.

In dryland crop production, the most limiting factor is water
(rainfall and irrigation) availability, and it is thus necessary to
improve crop water-use efficiency. The key can be found in
reduced soil temperature and retained soil moisture. The solution
may thenlieintraditional croppingtechniques, suchasintercropping
and mulching (Wilken, 1972; Baldy and Stigter, 1997). Inter-
cropping is one of the types of mulching, often referred to aslive
mulching. Therefore, for understanding crop water use in cereal-
legumeintercropping, evapotranspiration from legume crop cano-
pies needs to be measured or estimated.

Net radiation (overall incoming and outgoing radiant energy at
asurface) isthe major contributor to energy balance. Within plant
canopies, net radiation is of importance in describing the funda-
mental quantity of energy available for plant growth; that is, net
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radiation drives the processes of photosynthesis, evaporation,
transpiration, and air and soil heating (Rosenberg et a., 1983). Net
radiation comprises net short-wave solar radiation, which is uti-
lised for assimilating carbon dioxide (CO,) and net long-wave
(thermal) radiation. With regard to crop water use, the most
important phenomenon isthat net radiation primarily providesthe
energy needed for evapotranspiration (Jensen et al ., 1989). There-
fore, studieson aradiation balance of themaize-beanintercropping
aswell asthe energy balance need to be carried out.

Information that has been reported in this study may be
valuable and helpful to agricultural scientists and extension offic-
erswithregard to on-farm advicefor traditional cropping systems.
Thisstudy hashel pedtorectify that situationby providinginforma-
tion on the radiation and water utilisation of maize and beans.
However, the task to formulate a complete energy balance of the
mai ze-bean intercropping still remains. It isinteresting that shade
manipulation by associated crops in intercropping may increase
crop water use of dominant crops because of a reduction in
evaporation from soil (Stigter and Weiss, 1986). Consequently,
further micro-climatic studies on intercropping are essential to
understand an explanation of its water-use efficiency.
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