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Abstract 

In central highlands of Kenya, the low soil fertility and inability to replenish it are amongst the major 
constraints affecting the productivity of maize and cash crops, leading to hunger and poverty. The 
adoption of ISFM technologies such as maize-soybean intercropping system is being promoted as one 
of the options to address low crop productivity among the farmers. This study intended to determine 
the effects of maize-soybean intercropping patterns on yields and to assess the economics of different 
maize–soybean intercropping patterns in two the contrasting sites. The experiment was arranged in a 
randomized complete block design (RCBD) with four replications. The treatments were four maize (M) 
– soybean (S) intercropping patterns (conventional=1M:1S; MBILI-MBILI=2M:2S; 2M:4S; 2M:6S) and 
two sole crops of maize and soybean, respectively. The results showed that in both sites during the both 
seasons maize stover and grain yields ware significantly affected by the intercropping pattern. During 
2012 LR at Embu site the MBILI treatment produced significantly higher stover and grain yields (13.12 t 
ha-1, p=0.0001 and 6.11 t ha-1, p<0.0001, respectively) than all other treatments. During 2012 SR, still the 
MBILI treatment had recorded significantly the highest stover and grain yield (7.62 t ha-1, p<0.0001 and 
5.62 t ha-1 p=0.0467, respectively) than all other treatments. During 2012 LR at Kamujine site the 
conventional treatment produced significantly the highest stover yield (3.87 t ha-1, p=0.0461) than only 
the 2M:6S treatment. During 2012 SR at Kamujine site, the MBILI treatment had recorded significantly 
the highest stover and grain yield (6.55 t ha-1, p=0.0005 and 3.55 t ha-1 p=0.0006, respectively) than all 
other treatments. During both seasons in both sites, the soybean yield was significantly affected by the 
intercropping pattern. During the 2012 LR, the yields were reduced by 60 and 81% due to the 
intercropping with maize, at Embu and Kamujine, respectively; whereas, during the 2012 SR, the yields 
were reduced by 52 and 78% as effect of intercropping with maize, at Embu and Kamujine, respectively. 
At Embu site during the both seasons, the MBILI treatment was more profitable. At Kamujine site 
during the 2012 LR maize sole crop was the most profitable; whereas during 2012 SR the MBILI 
treatment was the most profitable. 

Key words: maize-soybean yields, economics, intercropping patterns, central highlands, Kenya. 

Introduction 

Smallholder farmers are the most important food security stakeholders in sub-Saharan Africa (FAO, 
2011), who mainly practice subsistence agriculture characterized by low crop productivity due to the 
soil nutrient depletion (Mugwe et al., 2007). The majority of these farmers lack financial resources to 
purchase sufficient amount of mineral fertilizers to replace soil nutrients removed through harvested 
crop products (Jama et al., 2000), crop residues, and through loss by runoff, leaching and as gases 
(Bekunda et al., 1997). Consequently, poor soil fertility has emerged as one of the greatest biophysical 
constraint to increasing agricultural productivity hence threatening food security in this region (Mugwe 
et al., 2009; Mugendi, 1997). Therefore, it is necessary to adopt improved and sustainable technologies in 
order to guarantee improvements in food productivity and thereby food security (Landers, 2007; Gruhn 
et al., 2000). Such technologies include the use of integrated soil fertility management practices (ISFM) 
such as intercropping cereals with grain legumes as one of its main components (Mucheru-Muna et al., 
2010; Sanginga and Woomer, 2009). Cereal – grain legume intercropping has potential to address the 
soil nutrient depletion on smallholder farms (Sanginga and Woomer, 2009). The legumes play an 
important role in nitrogen fixation (Peoples and Craswell, 1992), and are important source of nutrition 
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for both humans and livestock (Nandwa et al., 2011). In the central highlands of Kenya, cereal – legume 
intercropping is already being widely practiced by the smallholder famers. According to Sanginga and 
Woomer (2009) intercropping cereal and grain legume crops helps maintain and improve soil fertility, 
because crops such as cowpea, mung bean, soybean and groundnuts accumulate from 80 to 350kg 
nitrogen (N) ha-1 (Peoples and Craswell, 1992). For instance, soybean can positively contribute to soil 
health, human nutrition and health, livestock nutrition, household income, poverty reduction and 
overall improvements in livelihoods and ecosystem services, than many others leguminous grain crops 
(Rakasi, 2011; Raji, 2007). Improved intercropping systems are part of ISFM technologies (Mucheru-
Muna et al., 2010; Sanginga and Woomer, 2009) and in central highlands of Kenya the information is 
scarce regarding to optimum cropping pattern of maize-soybean intercropping system and on its 
economics. 

Materials and methods 

Study area 

The experiment will be carried out in two sub counties of central highlands of Kenya, namely Embu 
West and Tigania East sub counties.  

Embu West Sub County 

Embu West District is located in Embu County, in the central highlands of Kenya, and occupies an area 
of 708 Km2 and is bordered by Mbeere district to the East and South East, Kirinyaga to the West and 
Meru South to the North. The experimental site lies within N 0° 31´ 4.2´´ E 370 27´ 20´´ and at the altitude 
of 1468 m above the sea level (ASL), at Embu Agricultural Staff Training College (Jaetzold et al., 2006). 
Diagnosis study carried out in the central highlands of Kenya have reported soil fertility constraints, 
particularly N and P deficiencies, low carbon content and low soil pH (Gachimbi et al., 2002). The major 
agro-ecological zone (AEZ) is Upper Midland 2 (UM 2), the soils are humic nitisols and the total arable 
land area is 478 Km2 with total available agricultural land area covering 371 Km2. Table 3.1 shows the 
soil characteristics of the soils in Kamujine. The average annual rainfall varies from 1230 to 909 mm 
with long rainy season between March and June and short rainy season between October and 
December, respectively. Rainfall for the two seasons in which the experiment was conducted is 
presented Figure 1. 

 

 

 

Figure 1: Rainfall amount during 2012 LR and 2012 SR at Embu-ATC, Embu west sub county, Kenya 
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Tigania East Sub County 

Tigania East Sub County is located in Meru County, in the central highlands of Kenya and it occupies 
108.6 km2. The experimental site lies within N 0° 6´ 19.5´´ E 037° 64´ 39.6´´ and at the altitude of 935 m 
above the sea level (ASL), at Kamujine Dispensary in Mikinduri Division. The major agro-ecological 
zones are Lower Midlands 3 and Upper Midland 3 (LM 3 and UM 3), the soils are mainly eutric Nitisols 
and humic Cambisols. The annual average temperature varies from 19.2 °C to 22.9 °C (Jaetzold et al., 
2006). Table 1 shows the soil characteristics of the soils in Kamujine. 

Table 1: Soil characteristics at Embu – ATC and Kamujine sites, Kenya 

Soil parameter Embu – ATC Site  Kamujine Site 

pH in water (1:2.5) 5.30 5.50 

Total N (%) 0.03 0.01 

Total soil organic carbon (%) 2.64 1.88 

Extractable P (ppm) 13.40 9.54 

Exchangeable Ca (C mol kg-1) 0.22 0.21 

Exchangeable Mg (C mol kg-1) 0.53 0.53 

Exchangeable K (C mol kg-1) 0.12 0.08 

Clay (%) 65 45 

Sand (%) 17 20 

Silt (%) 18 35 

 

The average annual rainfall varies from 1000 to 2200 mm with long rainy season between March and 
June and short rainy season between October and December, respectively (Jaetzold et al., 2006). Rainfall 
for the two seasons in which the experiment was conducted is presented Figure 2. 

 

 

Figure 2: Rainfall amount during 2012 LR and 2012 SR at Kamujine site, Tigania East Sub county, 
Kenya  

 

Management of the experiment 

The fields were ploughed using hand hoe and left as such for two weeks. Plots measuring 7.0 by 4.5 m 
were marked just before planting. Pathways measuring 3.0 m and 2.0 m were left between the blocks 
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and plots, respectively. At Embu-ATC, planting was done on the 23rd of March and 12th of October 2012 
for the 1st and 2nd seasons, respectively. At Kamujine, planting was done on the 26th of March and 15th of 
October 2012 for the 1st and 2nd seasons, respectively. The sole maize (Zea mays L.) var. DK 8031 was 
planted at a spacing of 0.75 m 0.50 m inter and intra-row, respectively. The number of hills per row was 
10 with three seeds per hill in order to ensure maximum plant population and to account for 
germination failure; and two weeks after germination the excess plants were thinned out to remain with 
two plants per hill. The sole soybean (Glycine max (L.) Merrill) var. Gazelle was hand drilled at a 
spacing of 0.45 × 0.10 m in inter and intra – row spacing resulting to 62 plants per row to ensure 
maximum germination/population and the excess plants were thinned out to remain with the 
recommended population of 31 plants per row after 2 weeks of emergence. The following external 
nutrient replenishment inputs were applied per plot: 6kg of manure equivalent to 30 kg N ha-1, applied 
two weeks before planting; 94.5 grams of CAN as source of N, equivalent to 30 kg N ha-1, for soybean 
the Nitrogen (starter N) was applied at sowing while for maize it was applied when the crop has six 
leaves, as topdressing; 189 grams of TSP as source of P, equivalent to 60 kg P ha-1, which was applied at 
sowing. The fertilizers were applied accordingly to the recommendation from FURP (1987). 
Management practices were the same for both the monocrop and the maize – soybean intercrop. 

Experimental design and management 

First, soil samples from the experimental sites were collected at 0 – 15 cm depth for analysis for organic 
carbon, total nitrogen using standard methods (Okalebo et al., 2002), extractable P, Ca, Mg, K, Na using 
Mehlich-1 (M1) extraction method, where P and Mg2+ were determined colourimetrically in a 
spectrophotometer and Ca2+, and K + were determined using flame photometer. The experiment was 
established in Embu-ATC (Embu West district) and in Kamujine (Tigania East district) and it was laid 
out as a randomized complete block design (RCBD) with four replicate blocks and plot sizes measuring 
7 x 4.5 m. The cropping system was of sole maize (Zea mays L.), sole soybean (Glycine max (L.) Merrill) 
and maize (M) – soybean (S) intercropping with cropping patterns (Table 2).  

Table 2: Treatments in the two sites (ATC-Embu and Kamujine) 

Treatment  Cropping system Treatment  Cropping system 

T1 Sole maize T4 Maize-soybean (2:2) 

T2 Sole soybean T5 Maize-soybean (2:4) 

T3 Maize-soybean (1:1) T6 Maize-soybean (2:6) 

 

Maize and soybean harvest and yields 

Maize and soybean grain and stover was harvested at maturity from a net area of each treatment 
demarcated after leaving out two rows on each side of the plot and the first two and the last two 
maize/soybean plants on each row to minimize the edge effect (Table 3). The entire plants on the plots 
was harvested by cutting at the ground level and weighted to represent the total fresh weight. 
Maize/Soybean cobs/pods were manually separated from the stover, sun-dried, and packed in sacks 
before threshing. After threshing, moisture content of the grains was determined using a moisture 
meter and grain yield adjusted to 12 per cent moisture content using the following formula. Similarly, 
the yields and harvest index were calculated using the following formulas.[formulae] 
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Data analysis 

Data of maize – soybean yields was subjected to analysis of variance using SAS version 8. To test the 
differences between different cropping pattern and conventional intercropping systems, the yields were 
subjected to t-student test at 95 per cent of significance level (p<0.05). 

Economic analysis 

The information that was collected at each time of given activity in the course of each season was used 
for cost-benefit analysis. The labour was valued at the local wage of US$ per man day, equivalent to 8 
hours. All other biomass was accounted for as a benefit in addition to the grain yields. Also, was 
collected information about the prices of CAN, TSP, labour cost, soybean, maize and stover (Table 4). 
The data was then be subjected to analysis of variance using SAS version 8. 

Table 4: Parameters used in the economic analysis of the different intercropping patterns during 
2012 LR and 2012 SR at Embu and Kamujine sites 

Parameter 
Embu site Kamujine site 

2012 LR 2012 SR 2012 LR 2012 SR 

Price of maize seed (USD kg-1) 0.30 0.29 0.30  0.29 

Price of soybean seed (USD kg-1) 0.71 0.69  0.71 0.69 

Price of TSP (USD kg-1) 0.95 0.93  0.95 0.93 

Price of CAN (USD kg-1) 0.62 0.61  0.62 0.61 

Price of goat manure (USD kg-1) 0.38 0.37  0.38 0.37 

Labour cost (USD day-1) 3.93 3.84  1.76  2.33 

Price of maize grains (USD kg-1) 0.42 0.41  0.42 0.41 

Price of soybean grains (USD kg-1) 0.71 0.69  0.71 0.69 

Price of maize stover (USD t-1) 44.60 43.59  44.60 43.59 

Exchange rate: 1USD= 84 KES (September, 2012) and 1USD=85.95 Khs (March, 2013). Price of legume grains 
and seed were considered equal as farmers generally recycle seed from the harvest obtained 

Results and discussion 

Maize yields 

At Embu during the both seasons, maize stover and grain yields ware significantly affected by the 
intercropping pattern. For instance, during 2012 LR the MBILI treatment produced significantly higher 
stover and grain yields (13.12 t ha-1, p=0.0001 and 6.11 t ha-1, p<0.0001, respectively) than all other 
treatments, excluding the conventional (for the grain yield and stover yield) and also sole maize 
treatment (for the stover yield). During 2012 SR, still the MBILI treatment had recorded significantly the 
highest stover and grain yield (7.62 t ha-1, p<0.0001 and 5.62 t ha-1 p=0.0467, respectively) than all other 

Table 3:  Net plot area per treatment in both sites 

Intercropping pattern Total plot size (m2) Net plot (m2) 

Sole maize 7.0m×4.5m=31.5 6.0m×3.5m=21.0 

Sole soybean 7.0m×4.5m=31.5 4.95m×3.9m=19.3 

Maize-Soybean (1M:1S) 7.0m×4.5m=31.5 5.25m×3.5m=18.4 

Maize-Soybean (2M:2S) 7.0m×4.5m=31.5 4.8m×3.5m=16.9 

Maize-Soybean  (2M:4S) 7.0m×4.5m=31.5 5.3m×3.5m=18.7 

Maize-Soybean  (2M:6S) 7.0m×4.5m=31.5 4.5m×3.5m=15.8 
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treatments, except sole maize and conventional treatments. Only during 2012 LR that the harvest index 
was significantly affected by the intercropping patterns, where the 2M:6S treatment observed the 
highest HI of 37.30% than all other treatments. Slightly different situation was observed during 2012 SR, 
where although not significantly different (p=0.5398) from other treatments, the MBILI treatment 
recorded numerically the highest HI of 42.22%. These differences between two the seasons in term of HI 
may be related to variations in rainfall and/or differences in weed pressure. 

During both season at Kamujine site, maize stover yield was significantly affected by the intercropping 
pattern. For instance, during 2012 LR the conventional treatment produced significantly the highest 
stover yield (3.87 t ha-1, p=0.0461) than only the 2M:6S treatment. In this season, the grain yield was not 
significantly affected by the intercropping patterns (p=0.0704); however, the sole maize treatment had 
recorded numerically the highest value of 3.36 t ha-1 and 2M:6S treatment with the lowest. The lower 
maize yields under 2M:6S treatment could be related to the lower plant density compared to other 
treatments. During the 2012 LR, the maize stover yields was strongly significantly (p≤0.05) positively 
correlated with the N uptake at all the sampling periods, excluding at 16 WAP and 20WAP. During 
2012 SR, the MBILI treatment had recorded significantly the highest stover and grain yield (6.55 t ha-1, 
p=0.0005 and 3.55 t ha-1 p=0.0006, respectively) than all other treatments, except sole maize and 
conventional treatments. Differently from Embu site, the harvest index was not significantly affected by 
the intercropping patterns during both seasons (p=0.4243 and p=0.4908, respectively); however, the 
MBILI (during 2012 LR) and 2M:4S (during 2012 SR) treatments observed numerically the highest HI of 
51.40 and 37.29%, respectively (Table 4). 

Table 4: Effect of intercropping pattern on maize yields and harvest index during 2012 LR and 2012 
SR at Embu and Kamujine sites 

Location Treatment Stover yield (t/ha) Grain yield (t/ha) Harvest Index (%) 

2012 LR 2013 SR 2012 LR 2013 SR 2012 LR 2013 SR 

Embu Sole maize 11.73 8.14 4.95 4.58 29.95 36.02 

Maize-Soybean (1M:1S) 12.64 7.74 5.49 5.16 30.45 39.27 

Maize-Soybean (2M:2S) 13.12 7.62 6.11 5.62 31.80 42.22 

Maize-Soybean (2M:4S) 8.89 4.91 4.05 3.48 31.30 41.43 

Maize-Soybean (2M:6S) 5.26 4.45 2.74 3.16 37.30 41.52 

p-value  0.0001*** <0.0001*** <0.0001*** 0.0467* 0.0168* 0.5398 

LSD(0.05)  2.59 1.31 0.87 1.79 4.23 8.63 

Kamujine Sole maize 3.81 6.00 3.36 2.98 47.05 32.90 

Maize-Soybean (1M:1S) 3.87 6.34 3.09 3.44 44.59 35.03 

Maize-Soybean (2M:2S) 2.95 6.55 3.07 3.55 51.40 35.14 

Maize-Soybean (2M:4S) 2.59 4.83 2.47 2.86 49.23 37.29 

Maize-Soybean (2M:6S) 1.90 3.97 1.9 1.82 50.39 32.19 

p-value  0.0461* 0.0005*** 0.0704ns 0.0006*** 0.4243 0.4908 

LSD(0.05) 1.43 1.00 1.07 0.64 8.24 6.55 

ns – not significant; *significant at p≤0.05; **significant at  p<0.01; ***significant at p<0.001 

 

Increased maize yield under MBILI treatment found at Embu site was also reported by Undie et al. 
(2012) in Nigeria under maize-soybean intercrop, Mucheru-Muna et al. (2010) in the central highlands of 
Kenya and Woomer et al. (2004) in western Kenya with maize-beans, and Solanki et al. (2011) in India 
with maize-blackgram. This, could be due to the fact that the MBILI intercrop arrangement offers better 
opportunities to the components to utilize available resources more effectively than the conventional 
(1M:1S) intercropping pattern. Rajat De and Singh (1979) stated that the modified 2M:2S system affords 
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a better solar energy harvest than the 1M:1S crop arrangement, due to the fact that the former might 
have provided sufficient light to the lower leaves to continue photosynthesis. Furthermore, Brintha and 
Seran (2009) stated that productivity rates increases with LAI because of increased total light 
interception, but larger LAI values often cause no more increases and then decreases on a ground basis, 
probably due to respiratory CO2 loss from heavily shaded leaves and stems. However, when the plant 
population is different the yield difference is determined by population density rather than crop 
arrangement (Rajat De and Singh, 1979), which was not the case in this particular situation. Similarly, 
Sikirou and Wydra (2008), Dapaah et al. (2003), Mpairwe at al. (2002) and Olufemi et al. (2001) reported 
higher cereal grain yield under intercropping system compared to its sole crop. Nzabi et al. (2000) stated 
that maize grain yield differs with different legume species and intercropping produces higher maize 
grain yield than in pure stand. 

On the other hand, Thobatsi (2009) in RSA, Silwana and Lucas (2002) also observed reduction in maize 
yield under intercropping system compared to its monocrop, under similar environment of limited 
rainfall conditions, as it was observed at Kamujine site during 2012 LR. In this site it was necessary to 
supplement with irrigation water because the crop had started to suffer for water stress due to lack of 
rainfall during flowering period, as it can be seen in the Figure 3.3. Amede (1995) stated that one of the 
factors that reduces maize grain yield is dry conditions that occur specially during the flowering period. 
More total populations under intercrops compared to monocrop under stress conditions might result in 
intercrop yields than sole crop yields due to increased competition for moisture (Natarajan and Willey, 
1986). Yield reductions involving one or all intercropping components in intercropping could be 
associated to inter-specific competition for nutrients, moisture and/or space (Adaniyan et al., 2007). 
Moreover, Kamujine has a light texture soil, which has low moisture holding capacity (Jaetzold et al., 
2006), resulting therefore in reduced yields under intercropping (Natarajan and Willey, 1986). 

The efficiency of a crop variety to convert the dry matter into economic yield is determined by its 
harvest index. The higher the value, the higher will be dry matter conversion efficiency. The absence of 
significant differences in HI of maize observed during 2012 SR at Embu and Kamujine sites was also 
reported by Haseeb-ur-Rehman et al. (2010) and Egbe, Alibo and Nwueze (2010) in maize-cowpea 
intercropping; Saleem et al. (2011) in maize-legume intercropping systems; and, Carruthers et al. (2000) 
in maize-soybean intercropping. 

Soybean yields and components 

During both seasons in both sites, the soybean yield was significantly affected by the intercropping 
pattern. During the 2012 LR, the yields were reduced by 60 and 81 per cent due to the intercropping 
with maize, at Embu and Kamujine, respectively; whereas, during the 2012 SR, the yields were reduced 
by 52 and 78 per cent as effect of intercropping with maize, at Embu and Kamujine, respectively (Table 
4.5). For instance, at Embu during 2012 LR, the sole soybean observed significantly the highest stover 
yield (1.41 t ha-1, p=0.0015) than all the intercropping patterns, followed by the 2M:6S intercrop pattern 
with 1.03 t ha-1 which was statistically different from MBILI (0.53 t ha-1, p = 0.0015) and conventional 
(0.40 t ha-1, p = 0.0015) intercropping patterns, but not significantly different from the 2M:4S 
intercropping pattern. Still at the same site and season, the sole soybean observed statistically the 
highest grain yield (1.44 t ha-1, p=0.0002) than all the intercropping patterns, followed again by the 
2M:6S treatment (0.88 t ha-1, p=0.0002), which was significantly different from other intercropping 
patterns (conventional, MBILI and 2M:4S), and these were not statistically different among them. 
Similar situation was also observed during 2012 SR, where sole soybean treatment recorded statistically 
the highest stover yield (1.45 t ha-1, p<0.0001) than all other treatments, followed by the 2M:6S treatment 
(1.17 t ha-1, p<0.0001), which was statistically different from the rest of the intercropping patterns. 
Although the conventional treatment observed 28 per cent higher stover yield than the MBILI 
treatment, they were not statistically different (p>0.05) among them. The monocropped soybean 
observed also the highest grain yield (1.65 t ha-1, p<0.0001) than all other treatments, followed by the 
2M:6S treatment with 1.01 t ha-1 (p<0.0001), which significantly different from the rest of the treatments.  
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During this season, there was significant positive correlation between the soybean grain yield and soil 
nitrates, and soil mineral N, with r=0.56 (p=0.0109) and r=0.45 (p=0.047), respectively. During both 
seasons, the harvest index of soybean was significantly (p=0.0004 and p=0.0003, respectively) reduced 
by the intercropping patterns. For instance, during 2012 LR the sole soybean treatment observed the 
highest HI of 50.28 per cent which was significantly (p=0.0004) different from all other treatments. 
Similar situation was observed during 2012 SR, where still sole soybean recorded significantly 
(p=0.0003) the highest HI (53.52%) than all other treatments, excluding the 2M:4S treatment.  

At Kamujine during 2012 LR, the sole soybean observed statistically the highest stover and grain yields 
(1.09 t ha-1, p<0.0001 and 0.56 t ha-1, p=0.0007, respectively) than all other treatments, followed by the 
2M:6S treatment with 0.78 t ha-1 for the stover yield, which was significantly different (p<0.0001) from 
the other intercropping patterns; but the MBILI intercrop pattern was not statistically different from the 
conventional intercropping pattern. For the grain yield, there were no significant differences among the 
intercropping patterns; however, the 2M:6S observed the highest yield (0.24 t ha-1) than all the others. 
During this season, there was significant positive correlation between the soybean grain yield and soil 
nitrates, and soil mineral N, with r=0.73 (p=0.0002) and r=0.76 (p<0.0001), respectively. During 2012 SR, 
monocropped soybean treatment observed also significantly the highest stover yield (1.27 t ha-1, 
p=0.0004) than all other treatments. Similarly, sole soybean treatment recorded the highest grain yield 
of 0.72 t ha-1 (p<0.0001) than all other treatments. During this season, there was also significant positive 
correlation between the soybean grain yield and soil nitrates, and soil mineral N, with r=0.61 (p=0.0043) 
and r=0.60 (p<0.0053), respectively During both season, the harvest index of soybean was not 
significantly (p=0.0864; p=0.0988) affected by the intercropping patterns; however, it was numerically 
reduced by the intercropping patterns. In general, the yields were increased about 23 and 26% in the 
second season compared to the first season, at Embu and Kamujine, respectively. Probably due to the 
cumulative effects of the goat manure that was applied in the first and second seasons, and also due to 
root and nodule senescence.  

Table 5:  Effect of intercropping pattern on soybean yields and harvest index during 2012 LR and 
2012 SR at Embu and Kamujine sites 

Location Treatment Stover yield (t ha-1) Grain yield (t ha-1) Harvest Index (%) 

2012 LR 2012 SR 2012 LR 2012 SR 2012 LR 2012 SR 

Embu Sole S 1.41 1.45 1.44 1.65 50.28 53.52 

1M:1S 0.40 0.76 0.26 0.41 39.26 35.38 

2M:2S 0.53 0.55 0.35 0.42 39.98 43.17 

2M:4S 0.60 0.83 0.46 0.76 42.95 47.98 

2M:6S 1.03 1.17 0.88 1.01 45.99 46.60 

p-value  0.0015**  0.0001*** 0.0002*** < 0.0001*** 0.0004*** 0.0003*** 

LSD(0.05)  0.43 0.28 0.39 0.18 4.02 5.73 

Kamujine Sole S 1.09 1.27 0.56 0.72 32.39 36.41 

1M:1S 0.18 0.21 0.05 0.07 19.44 23.74 

2M:2S 0.19 0.24 0.04 0.08 19.29 24.31 

2M:4S 0.52 0.58 0.17 0.30 22.42 36.56 

2M:6S 0.78 0.83 0.24 0.37 22.55 33.65 

p-value < 0.0001*** 0.0004*** 0.0007*** <0.0001*** 0.0864 0.0988 

LSD(0.05) 0.13 0.39 0.20 0.08 10.17 12.52 

ns – not significant; *significant at p≤0.05; **significant at  p<0.01; ***significant at p<0.001; M  - maize, S - 
soybean 
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The reduction on soybean yields under intercropping with maize or sorghum has also been reported by 
several researchers (Ijoyah and Fanen, 2012; Egbe, 2010; Muoneke et al., 2007; Muneer et al., 2004; 
Heibsch et al., 1995; Olufajo, 1992; Pal, Oseni, and Norman, 1992; Neupane, 1983). This reduction in 
soybean yields under intercropping could be due to interspecific competition between the intercrop 
components for water, light, air and nutrients, and also the aggressive effects maize (C4 species) on 
soybean, a C3 species (Egbe, 2010; Muoneke et al., 2007). According to Heibsch et al. (1995), crops with 
C4 photosynthetic pathways have been known to be dominant when intercropped with C3 species like 
soybean. The shading of soybean by the maize plants (taller) may also have contributed to reduction on 
the yields of intercropped soybean. Olufajo (1992) reported that shading by the taller plants in mixture 
could reduce the photosynthetic rate of the lower growing plants and thereby reduce their yields. It was 
confirmed in this study though the lower soybean yields in the rows closer to the maize plant compared 
to the middle one, which was positively correlated with the PAR intercepted. In addition, Lesoing and 
Francis (1999) stated that water stress and shading are probably the two major factors, which contribute 
to reduced legume component yield under intercropping. Moreover, Natarajan and Willey (1980) and 
Sivakumar and Virmani (1980) reported that stover yield often shows a positive correlation with the 
amount of radiation intercepted by crops in intercropping systems. In this study it was observed 
positive correlation between grain yield with the amount of radiation intercepted by crops in 
intercropping treatments. The reduction of harvest index of the legume component observed in this 
study was also reported by other researchers (Alhassan, Kalu and Egbe, 2012; Zaefarian et al., 2007). The 
reduction was due to maize shading effects on soybean, which caused the legume component to 
allocate its photosynthates to vegetative growth and height increasing for competing with taller maize.  
On the other hand, the findings of this study at Kamujine site were in agreement with Carruthers et al. 
(2000) who reported that the HI for intercrop soybean was not significantly different from monocrop 
soybean.  

Effects of maize–soybean intercropping patterns on its economics 

During both seasons at both locations, the intercropping patterns affected significantly the gross 
returns, net returns and benefit cost ratio (Table 6). For instance,  during 2012 LR at Embu site, the 
MBILI treatment showed to be significantly more profitable (gross monetary returns = 3,310.10 USD ha-

1, p<0.0001) than all the other cropping patterns, whereas sole soybean was statistically the lowest 
remunerable, with gross and net returns of 1,910.10 USD ha-1, p<0.0001 and 278.2 USD ha-1, respectively. 
This result suggests that growing soybean under intercropping is more profitable than as a monocrop. 
Also, the MBILI treatment observed significantly the highest net monetary returns (2,914.7 USD ha -1, 
p<0.0001) than all the other treatments, except the conventional and sole maize treatments. And, 
producing sole soybean and 2M:6S treatment showed to be a loss of 1083.9 USD ha-1 (p<0.0001) and 
894.0 USD ha-1 (p<0.0001), respectively. Although not statistically different from the sole maize and 
conventional treatments (p>0.05), the MBILI system recorded the highest BCR value of 0.26, which was 
significantly different (p <0.0001) from sole soybean, 2M:4S and 2M:6S treatments. During the 2012 SR, 
the MBILI treatment also observed the highest gross monetary returns (2914.7 USD ha-1 p=0.0012) than 
all other treatments, excluding the conventional treatment. Whereas in terms of net monetary returns 
and BCR, the conventional treatment observed the highest values (371.6 USD ha-1, p=0.0048 and 0.15, 
p=0.0036, respectively) than only sole soybean and 2M:6S treatments. Different situation was observed 
at Kamujine, where during 2012 LR the monocropped maize observed significantly the highest gross 
monetary returns (1,541.4 USD ha-1, p=0.0015) than sole soybean and 2M:6S treatments.  In terms of net 
monetary returns, the sole maize treatment also showed to be more profitable (532.4 USD ha-1, 
p<0.0026) than sole soybean, 2M:4S and 2M:6S treatments.  The sole maize treatment also observed the 
highest BCR value (0.53, p=0.004) than all other treatments, excluding the conventional treatment. 
During 2012 SR, the MBILI treatment observed the highest gross monetary returns (1,789.5 USD ha-1, 
p<0.0001) than sole maize, sole soybean and 2M:6S treatments. In terms of net monetary returns and 
BCR, the sole maize treatment observed the highest values (197.8 USD ha-1, p<0.0001 and 0.16, p<0.0001, 
respectively) than only sole soybean and 2M:6S treatments (Table 6). The lower maize plant density 
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under 2M:4S and 2M:6S treatments, and the fact that soybean stover was not accounted economically 
(because most famers in the region do not sell it) could have been the reason for the lowest net 
monetary returns in these treatments. 
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Table 6: Monetary returns and BCR of maize-soybean has affected by the intercropping pattern 
during 2012 LR and 2012 SR at Embu and Kamujine sites 

Location Treatment 

Gross return 

(USD ha-1) 

Net return 

(USD ha-1) 
BCR 

2012 LR 2012 SR 2012 LR 2012 SR 2012 LR 2012 SR 

Embu 

Sole M 2382.4 2221.7 340.6 226.6 0.17 0.11 

Sole S 1026.6 1148.4 -1083.9 -913.9 -0.51 -0.44 

1M:1S 2825.8 2724.4 417.9 371.6 0.17 0.15 

2M:2S 3310.1 2914.7 688.5 353.1 0.26 0.14 

2M:4S 2310.1 2160.4 -59.2 -154.7 -0.03 -0.07 

2M:6S 1910.1 2189.0 -894.0 -550.9 -0.32 -0.20 

p-value <0.0001*** 0.0012** <0.0001*** 0.0048** <0.0001*** 0.0036** 

LSD (0.05) 472.23 685.81 472.23 685.81 0.20 0.30 

Kamujin
e 

Sole M 1541.4 1473.8 532.4 197.80 0.53 0.16 

Sole S 399.3 503.4 -587.5 -776.42 -0.60 -0.61 

1M:1S 1425.9 1722.2 196.8 190.03 0.16 0.12 

2M:2S 1409.9 1789.5 71.8 121.35 0.05 0.07 

2M:4S 1209.3 1585.6 -0.10 78.05 0.00 0.05 

2M:6S 1015.6 1175.1 -415.7 -609.15 -0.29 -0.34 

p-value  0.0015** <0.0001*** 0.0026** <0.0001*** 0.004** 
<0.0001**
* 

LSD (0.05)  480.31 218.78 495.27 141.68 0.39 0.11 

ns – not significant; *significant at p=0.05; **significant at  p=0.01; ***significant at p<0.001; S – soybean, M - 
maize 

 

The higher net monetary returns observed with MBILI treatment at Embu site during 2012 LR was also 
reported by Mucheru-Muna et al. (2010) and Woomer and Tungani (2003) with maize-beans. This could 
be related to higher yields with relatively less input investments that this treatment observed compared 
to the other treatments. Similarly, Temesgen et al. (2011) with maize-cowpea, Egbe (2010) with 
sorghum-soybean, Haseeb-ur-Rehman et al. (2010), Mudita et al. (2008) and Muoneke et al. (2007) with 
maize-soybean, also reported higher monetary returns and higher BCR under intercropping system 
compared to sole cropping of maize/soybean/cowpea. These reports from past studies are in contrast 
with the findings of this study at Kamujine site during the 2012 LR, where maize sole crop recorded 
higher monetary returns and higher BCR than intercropping treatments. This could be related to higher 
maize grain yield recorded by that treatment during the season. Moreover, using the BCR Segun-
Olasanmi and Bamire (2010) reported that maize-cowpea intercropping was more profitable than their 
sole crops. These results suggest that intercropping could improve the system’s productivity, increase 
the income for smallholder farmers, and compensate losses. 

Conclusions 

The maize-soybean intercropping patterns had significant effect on maize stover and grain yields 
during both seasons at Embu site. The MBILI treatment recorded the highest stover and grain yields. 
During 2012 LR at Kamujine site only the maize stover yield was significantly affected by maize-
soybean intercropping patterns. The conventional treatment observed the highest stover yield than 
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2M:6S treatment; but it was statistically a (at) par with the one recorded by the MBILI treatment. And 
during the 2012 SR, the maize stover and grain yields maize-soybean intercropping patterns affected 
significantly the MBILI treatment recorded the highest stover and grain yields. 

During both seasons at both localities, the soybean yields were significantly affected by the maize-
soybean intercropping patterns. During the 2012 LR, the yields were reduced by 60 and 81% due to the 
intercropping with maize, at Embu and Kamujine, respectively; whereas during 2012 SR, the yields 
were reduced by 52 and 78% as effect of intercropping with maize at Embu and Kamujine sites, 
respectively. 

During both seasons at both localities, the maize-soybean intercropping patterns affected significantly 
the gross monetary returns, net returns and benefit cost ratio. At Embu site during the both seasons, the 
MBILI treatment was more profitable. At Kamujine site during the 2012 LR maize sole crop was the 
most profitable; whereas during 2012 SR the MBILI treatment was the most profitable. 

Recommendations 

From the results of this study can be recommended, to the farmers of central high lands of Kenya, the 
use of MBILI-MBILI maize-soybean intercropping pattern because it gave efficient resources and higher 
net monetary returns.  
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