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AbstractAbstract
Farmers in the tropics do not usually practice monocropping, but commonly practiceFarmers in the tropics do not usually practice monocropping, but commonly practice
intercropping. These farmers are not certain of the specific benefits of crop mixtures.intercropping. These farmers are not certain of the specific benefits of crop mixtures.
If growing maize with pulses would be beneficial, efforts should be made toIf growing maize with pulses would be beneficial, efforts should be made to
determine which grain legume should be the companion crop. The objective of thisdetermine which grain legume should be the companion crop. The objective of this
investigation was to determine the effects of intercropping groundnut (investigation was to determine the effects of intercropping groundnut (ArachisArachis
hypogaeahypogaea L.) or sugar bean ( L.) or sugar bean (PhaseolusPhaseolus  vulgarisvulgaris L.) on crop mineral concentrations L.) on crop mineral concentrations
and maize yield. The field investigation was conducted on a acid highly weatheredand maize yield. The field investigation was conducted on a acid highly weathered
OxisolOxisol in Swaziland. Maize was grown as a  in Swaziland. Maize was grown as a monocropmonocrop, and in association with sugar, and in association with sugar
bean and groundnut. Five treatments were arranged in a randomized complete blockbean and groundnut. Five treatments were arranged in a randomized complete block
design replicated four times. Results showed that there were no significantdesign replicated four times. Results showed that there were no significant
differences in the concentrations of nutrients in maize stems and leaves, thoughdifferences in the concentrations of nutrients in maize stems and leaves, though
maize leaves contained higher concentrations of minerals than maize stems.maize leaves contained higher concentrations of minerals than maize stems.
However, these plant analyses revealed surprising low levels of N, P, K, S, andHowever, these plant analyses revealed surprising low levels of N, P, K, S, and
possibly B in maize and groundnut as would be expected when grown on an possibly B in maize and groundnut as would be expected when grown on an OxisolOxisol
soil. The reason for the considerably higher levels of these minerals in sugar bean insoil. The reason for the considerably higher levels of these minerals in sugar bean in
not known. Maize yields were: maize intercropped with groundnut, 6146 kg hanot known. Maize yields were: maize intercropped with groundnut, 6146 kg ha-1-1;;
pure maize, 6298 kg hapure maize, 6298 kg ha-1-1; maize intercropped with sugar bean, 5806 kg ha; maize intercropped with sugar bean, 5806 kg ha-1-1. It is. It is
recommended that for increased total crop yields/plot, farmers intercrop maize withrecommended that for increased total crop yields/plot, farmers intercrop maize with
groundnut or sugar bean in preference to monocropping maize.groundnut or sugar bean in preference to monocropping maize.

IntroductionIntroduction
ZeaZea  maysmays L. (maize) is Swaziland’s staple food. It is produced in most parts of L. (maize) is Swaziland’s staple food. It is produced in most parts of

the country, including the the country, including the LowveldLowveld; but it is common knowledge that maize is not a; but it is common knowledge that maize is not a
suitable crop for low rainfall, agro-ecological zones such as the suitable crop for low rainfall, agro-ecological zones such as the LowveldLowveld and dry and dry
MiddleveldMiddleveld. It has been suggested that among the cereals, early-maturing varieties of. It has been suggested that among the cereals, early-maturing varieties of
sorghum and millet are much better adapted to these dry areas  (Anon., 2004). Moresorghum and millet are much better adapted to these dry areas  (Anon., 2004). More
drought-tolerant crops such as sweetpotato (drought-tolerant crops such as sweetpotato (Ipomoea Ipomoea batatasbatatas  L.), cassava (L.), cassava (ManihotManihot
esculentaesculenta  Pohl.), and various grain legumes are better suited to these dry regions.Pohl.), and various grain legumes are better suited to these dry regions.
The continued dependence of Swaziland and other Southern Africa countries onThe continued dependence of Swaziland and other Southern Africa countries on
maize as the major staple crop has seen prices of this crop skyrocket when themaize as the major staple crop has seen prices of this crop skyrocket when the
drought that began in 1991/1992 led to widespread maize crop failure and scarcity ofdrought that began in 1991/1992 led to widespread maize crop failure and scarcity of
maize (maize (EdjeEdje, 1995). Probably, it is now time to review how maize is grown in the, 1995). Probably, it is now time to review how maize is grown in the
country so that the staple crop could be grown in a different manner in order to gaincountry so that the staple crop could be grown in a different manner in order to gain
some advantages.some advantages.

The need to increase food production is one of the major problems in the countryThe need to increase food production is one of the major problems in the country
where the physical area under cultivation cannot be increased beyond the 14%where the physical area under cultivation cannot be increased beyond the 14%
uncultivated land that is available. Anon. (2004) recommended that there is majoruncultivated land that is available. Anon. (2004) recommended that there is major
scope to increase maize yields through better fertility and soil management inscope to increase maize yields through better fertility and soil management in
Swaziland. This would release more land for other, more high-value crops and wouldSwaziland. This would release more land for other, more high-value crops and would
also facilitate better crop rotations. Swaziland soils were reported to be excessivelyalso facilitate better crop rotations. Swaziland soils were reported to be excessively
acid, reducing the efficacy of applied fertilisers (Anon., 2004). It had been estimatedacid, reducing the efficacy of applied fertilisers (Anon., 2004). It had been estimated
that in that in OxisolsOxisols in Swaziland, the difference between cropped land under sugarcane in Swaziland, the difference between cropped land under sugarcane
since 1977 and uncultivated land was about 2.0 g organic carbon/kg of soil (Henrysince 1977 and uncultivated land was about 2.0 g organic carbon/kg of soil (Henry
and Ellis, 1995). It is expedient to investigate cropping systems in the country soand Ellis, 1995). It is expedient to investigate cropping systems in the country so
that a suitable system that would be adaptable to the poor soils and low rainfalls canthat a suitable system that would be adaptable to the poor soils and low rainfalls can
be identified and recommended to peasant farmers. Growing of one type of crop inbe identified and recommended to peasant farmers. Growing of one type of crop in
the same field and in the same season is known as monocropping. Growing a mixturethe same field and in the same season is known as monocropping. Growing a mixture
of different crop species in the same field and in the same season is known asof different crop species in the same field and in the same season is known as
intercropping (intercropping (RuthernbergRuthernberg, 1980). Typical crop combinations in Swaziland include, 1980). Typical crop combinations in Swaziland include
maize (maize (ZeaZea  maysmays L.) intercropped with groundnut ( L.) intercropped with groundnut (ArachisArachis  hypogaeahypogaea L.), with sugar L.), with sugar
bean  (bean  (PhaseolusPhaseolus  vulgarisvulgaris L.), with sugarcane ( L.), with sugarcane (SaccharumSaccharum  officinarumofficinarum L.), or with L.), or with
jugojugo beans ( beans (VignaVigna  subterraneasubterranea L.). Some types of field bean or dry bean are known L.). Some types of field bean or dry bean are known
as sugar beans in Swaziland (Anon., 1991). Small-scale farmers are not certain ofas sugar beans in Swaziland (Anon., 1991). Small-scale farmers are not certain of
the specific, soil-related benefits of the crop mixtures.the specific, soil-related benefits of the crop mixtures.

Small-scale tropical farmers practise intercropping because of its advantagesSmall-scale tropical farmers practise intercropping because of its advantages
(Lamberts, 1980; (Lamberts, 1980; MessiaenMessiaen, 1994; (, 1994; (MertinMertin, 1981). Concerns were expressed about, 1981). Concerns were expressed about
how environmental resources could be maximised in intercropping systems, and whyhow environmental resources could be maximised in intercropping systems, and why
output per unit area of land is usually higher (van output per unit area of land is usually higher (van SchoonhovenSchoonhoven and  and VoysestVoysest, 1993)., 1993).

ObjectiveObjective
The objective of this investigation was to determine the effects of intercroppingThe objective of this investigation was to determine the effects of intercropping

groundnut or sugar bean on soil chemical properties and grain yield of maize.groundnut or sugar bean on soil chemical properties and grain yield of maize.

Planting and fertilizer applicationPlanting and fertilizer application
All associated crops were planted along the same rows. Maize, (variety, SC 405) was sown at a spacing of 90 cm xAll associated crops were planted along the same rows. Maize, (variety, SC 405) was sown at a spacing of 90 cm x

25 cm, giving a plant population of approximately 44,000 plants/ha. The two pulses, sugar bean, PAN 159, and25 cm, giving a plant population of approximately 44,000 plants/ha. The two pulses, sugar bean, PAN 159, and
groundnut, HARTS, were each planted at a spacing of 90 cm x 10 cm, resulting in a plant population of approximatelygroundnut, HARTS, were each planted at a spacing of 90 cm x 10 cm, resulting in a plant population of approximately
110,000 plants/ha. Weeding was done manually at four and 12 weeks after planting (WAP). Fertilizer application was110,000 plants/ha. Weeding was done manually at four and 12 weeks after planting (WAP). Fertilizer application was
made twice: basal dressing with 300 kg/ha (Anon., 1991) of a compound fertilizer, 2:3:2 (22) + Zn (by banding 15 cmmade twice: basal dressing with 300 kg/ha (Anon., 1991) of a compound fertilizer, 2:3:2 (22) + Zn (by banding 15 cm
away from the planting row), one day before planting. This was followed by a side dressing of N at 200 kg/ha of limestoneaway from the planting row), one day before planting. This was followed by a side dressing of N at 200 kg/ha of limestone
ammonium nitrate (LAN, 28% N) at six WAP.ammonium nitrate (LAN, 28% N) at six WAP.

Data collection and analysisData collection and analysis
Data were collected from four to 13 WAP, using four plants per plot. Crops were harvested at physiological maturityData were collected from four to 13 WAP, using four plants per plot. Crops were harvested at physiological maturity

as follows: sugar bean, 14 WAP; maize or groundnut, 18 WAP. Grain yields were calculated at 12.5%, and 10.0%as follows: sugar bean, 14 WAP; maize or groundnut, 18 WAP. Grain yields were calculated at 12.5%, and 10.0%
moisture moisture content for maize and legumes, respectivelycontent for maize and legumes, respectively. The income from each crop was determined by multiplying the. The income from each crop was determined by multiplying the
current selling price/kilogramme by the yield/ha. After harvest, soil samples were collected from crop rows at 15-cmcurrent selling price/kilogramme by the yield/ha. After harvest, soil samples were collected from crop rows at 15-cm
depth. These were air-dried for 48 hours on the laboratory bench, and later used for chemical analysis to determine thedepth. These were air-dried for 48 hours on the laboratory bench, and later used for chemical analysis to determine the
residual soil nutrients. Tissue and soil chemical analyses were done in a reputable laboratory in the United States, usingresidual soil nutrients. Tissue and soil chemical analyses were done in a reputable laboratory in the United States, using
standard analytical procedures (AOAC, 1990). Statistical analyses were carried out by the use of standard analytical procedures (AOAC, 1990). Statistical analyses were carried out by the use of MSTAT-C statisticalMSTAT-C statistical
package, version 1.3 (package, version 1.3 (NissenNissen, 1983). Mean comparisons were made using the F-protected LSD (Steel and , 1983). Mean comparisons were made using the F-protected LSD (Steel and TorrieTorrie, 1980) at, 1980) at
PP<<0.05.0.05.

ResultsResults
•• Treatments did not significantly affect soil OM, K, P, Mg, Ca, nitrate-N, pH and CECTreatments did not significantly affect soil OM, K, P, Mg, Ca, nitrate-N, pH and CEC

(Table 1).(Table 1).
•• Soil concentration of S were significantly higher in soils growing pure groundnutSoil concentration of S were significantly higher in soils growing pure groundnut

and maize-groundnut (Table 2).and maize-groundnut (Table 2).
•• Treatments did not significantly affect soil micronutrient concentrations (Table 2).Treatments did not significantly affect soil micronutrient concentrations (Table 2).
•• Treatments did not significantly affect soil base saturation content (Table 3).Treatments did not significantly affect soil base saturation content (Table 3).
•• Although not statistically significant, intercrops of both maize and grain legumesAlthough not statistically significant, intercrops of both maize and grain legumes

yielded lower than their yielded lower than their monocroppedmonocropped counterparts (Table 4). counterparts (Table 4).
•• When groundnut was the companion crop to maize, the maize yielded 2% lowerWhen groundnut was the companion crop to maize, the maize yielded 2% lower

than than monocroppedmonocropped maize. When intercropped with sugar bean, maize yielded 8% maize. When intercropped with sugar bean, maize yielded 8%
less than pure maize. Pure sugar bean yielded higher (839.4 kg/ha) thanless than pure maize. Pure sugar bean yielded higher (839.4 kg/ha) than
intercropped sugar bean (588.3 kg/ha) (Table 4).intercropped sugar bean (588.3 kg/ha) (Table 4).

•• MonocroppedMonocropped groundnut yielded 100.5% higher than intercropped groundnut groundnut yielded 100.5% higher than intercropped groundnut
(Table 4).(Table 4).

•• There was a positive but non-significant correlation (r = 0.62; r2 = 0.39; n = 20)There was a positive but non-significant correlation (r = 0.62; r2 = 0.39; n = 20)
between mass of groundnut pods/plant and pod yield/ha. The mass of 100 grains inbetween mass of groundnut pods/plant and pod yield/ha. The mass of 100 grains in
maize was positively, but non-significantly correlated (r = 0.45; r2 = 0.20; n = 20)maize was positively, but non-significantly correlated (r = 0.45; r2 = 0.20; n = 20)
with maize yield. In groundnut, the mass of 100 grains positively, but non-with maize yield. In groundnut, the mass of 100 grains positively, but non-
significantly correlated (r = 0.42; r2 = 0.18; n = 20) with seed yield.significantly correlated (r = 0.42; r2 = 0.18; n = 20) with seed yield.
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Table 1. Effects of legume-maize mixture on some soil properties.Table 1. Effects of legume-maize mixture on some soil properties.
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Table 2. Influence of cropping system on soil sulfur and micronutrient concentrations.Table 2. Influence of cropping system on soil sulfur and micronutrient concentrations.
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Table 3. Soil base saturation as influenced by crop associationTable 3. Soil base saturation as influenced by crop association
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Table 4. Maize and pulse grain yield and income/ha (EmalangeniTable 4. Maize and pulse grain yield and income/ha (Emalangeni11/ha) as influenced/ha) as influenced
by intercropping.by intercropping.

ConclusionsConclusions
Because greater  income was obtained by intercropping, small-scale farmers areBecause greater  income was obtained by intercropping, small-scale farmers are

advised to intercrop maize with either sugar bean or groundnut in preference toadvised to intercrop maize with either sugar bean or groundnut in preference to
monocropping maize.monocropping maize.

DiscussionDiscussion
There was a positive but non-significant correlation (r = 0.62; rThere was a positive but non-significant correlation (r = 0.62; r22 = 0.39; n = 20) = 0.39; n = 20)

between mass of groundnut pods/plant and pod yield/ha. The mass of 100 grains inbetween mass of groundnut pods/plant and pod yield/ha. The mass of 100 grains in
maize was positively, but non-significantly correlated (r = 0.45; rmaize was positively, but non-significantly correlated (r = 0.45; r22 = 0.20; n = 20) = 0.20; n = 20)
with maize yield. In groundnut, the mass of 100 grains positively, but non-with maize yield. In groundnut, the mass of 100 grains positively, but non-
significantly correlated (r = 0.42; rsignificantly correlated (r = 0.42; r22 = 0.18; n = 20) with seed yield. That crop yields = 0.18; n = 20) with seed yield. That crop yields
were reduced in mixtures was in agreement with the observations of Alford were reduced in mixtures was in agreement with the observations of Alford et alet al..
(2003) and (2003) and LesoingLesoing  et alet al. (1999). But the total crop yield/ha was greater in. (1999). But the total crop yield/ha was greater in
intercropped plots as was also observed by Sullivan (2000) who noted the yieldintercropped plots as was also observed by Sullivan (2000) who noted the yield
advantage of intercrops over advantage of intercrops over monocropsmonocrops. In a different intercropping investigation, it. In a different intercropping investigation, it
was observed (O. T. was observed (O. T. EdjeEdje, University of Swaziland; personal communication, 2005), University of Swaziland; personal communication, 2005)
that when maize was grown in association with groundnut, there was poor pegging inthat when maize was grown in association with groundnut, there was poor pegging in
groundnut, and this could lead to decreased groundnut yield; beans were regarded asgroundnut, and this could lead to decreased groundnut yield; beans were regarded as
being less sensitive to shading than groundnut.being less sensitive to shading than groundnut.

Total income from the cropping systems suggested that farmers would benefitTotal income from the cropping systems suggested that farmers would benefit
more by intercropping maize with groundnut, rather than using sugar bean as themore by intercropping maize with groundnut, rather than using sugar bean as the
companion crop. It might be pointed out that the selling price of maize had recentlycompanion crop. It might be pointed out that the selling price of maize had recently
been reduced; otherwise, as the staple food crop, its price was attractive, andbeen reduced; otherwise, as the staple food crop, its price was attractive, and
perhaps, the best in the South African Development Community (SADC) region. Inperhaps, the best in the South African Development Community (SADC) region. In
intercropping, the higher price of groundnut (compared with the lower price of sugarintercropping, the higher price of groundnut (compared with the lower price of sugar
bean) would be sufficient to entice farmers to grow more groundnut and maize, andbean) would be sufficient to entice farmers to grow more groundnut and maize, and
so have increased production of a combination of maize and groundnut.so have increased production of a combination of maize and groundnut.

Materials and MethodsMaterials and Methods
Experimental designExperimental design

The investigation was conducted at the Crop Production Department Experimental Farm at theThe investigation was conducted at the Crop Production Department Experimental Farm at the
University of Swaziland, University of Swaziland, LuyengoLuyengo Campus (26.34oS, 31.10oE; 732.5 m above sea level; mean annual Campus (26.34oS, 31.10oE; 732.5 m above sea level; mean annual
rainfall, 800 mm; mean temperature, mean temperature, 18 rainfall, 800 mm; mean temperature, mean temperature, 18 oCoC) in Swaziland, in 2003/2004 cropping) in Swaziland, in 2003/2004 cropping
season. The soil was a well-drained season. The soil was a well-drained oxisoloxisol (Murdock, 1968). Initial fertility status of the soil was: organic (Murdock, 1968). Initial fertility status of the soil was: organic
matter, 3.5%; pH, 5.4; P, 18.0 mg/kg; K, 87.0 mg/kg; Mg, 145.0 mg/kg; Ca, 450.0 mg/kg. Thematter, 3.5%; pH, 5.4; P, 18.0 mg/kg; K, 87.0 mg/kg; Mg, 145.0 mg/kg; Ca, 450.0 mg/kg. The
experimental design was a randomized complete block design of five treatments replicated four times. Plotexperimental design was a randomized complete block design of five treatments replicated four times. Plot
sizes were 5.5 m long and 5.0 m wide. Treatments (T) were as follows: T1, sizes were 5.5 m long and 5.0 m wide. Treatments (T) were as follows: T1, monocroppedmonocropped maize spaced at maize spaced at
90 cm (inter-row) x 25 cm (intra-row); T2, 90 cm (inter-row) x 25 cm (intra-row); T2, monocroppedmonocropped sugar bean at 90 cm x 10 cm; T3,  sugar bean at 90 cm x 10 cm; T3, monocroppedmonocropped
groundnut at 90 cm x 10 cm; T4, maize (90 cm x 25 cm) mixed with sugar bean (90 cm x 10 cm); T5,groundnut at 90 cm x 10 cm; T4, maize (90 cm x 25 cm) mixed with sugar bean (90 cm x 10 cm); T5,
maize (90 cm x 25 cm) mixed with groundnut (90 cm x 10 cm).maize (90 cm x 25 cm) mixed with groundnut (90 cm x 10 cm).
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