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Abstract: The study aimed at determination of the effect of intercropping maize and beans on the 

maize yields Isingiro Town Council, Isingiro District, South Western Uganda. The study used a 

randomized complete block (RCBD) experiment in which 8 treatments in 4 replicas of each to make 

a total of 32 sub-plots. Two rows of maize spaced at 4.5cm within rows and 90cm between rows 

were intercropped with two rows of velvet beans spaced at 30cm with rows and 90cm between 

rows. Two rows of NABE16 spaced at 4.5cm within rows and 75cm between rows were intercropped 

with maize a pacing of 5.5cm within rows and 75cm between rows. Rows of beans were separated 

from those of maize by 75cm in a 10m by 8m sub-plot. The experiment was conducted in two 

seasons (March to May 2020 and August to November 2021). Standard agronomical practices were 

followed from planting to harvesting, after which dry maize grain weight was taken and recorded. 

Data analysis was done using ONE WAY ANOVA in STATA version 13. Results show that the 

significant statistical difference in season one (p = 0.0000)** was higher than that in season two (p = 

0.0211)*. The study concluded that unpredictable (too much or too little) rainfall negatively affects 

maize productivity. Early planting and application of organic fertilizers were recommended to 

improve maize productivity. 
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1. Introduction 

Climate change and climate variability have threatened food security in Sub-Saharan 

Africa (SSA) counties and mitigation measures are required from all stakeholders [1]. 

Previous studies conducted in Malawi projected that rain-fed maize production in 

Lilongwe may decrease up to 14 % and may reach 33% by mid-century because of climate 

change resulting in increased household poverty in the country [2]. Technology-driven 

and innovative strategies have the potential to increase crop yields and food production 

for meeting the food and fiber demands of fast-growing populations. Resilient 

agricultural innovations that can withstand climate change stress in developing countries 

in the present century should be adopted by smallholder farmers to improve crop 

productivity. For instance, intercropping maize and wheat increased yield and water 

retention in China [3] hence enhancing crop productivity while intercropping maize and 

wheat increased yield components of wheat and maize in wheat – maize intercropping 

system in the Netherlands [4] and conservation agriculture in Malawi enhanced resistance 
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of maize to climate stress [5]. On the other hand, intercropping of maize, millet, mustard, 

wheat and ginger was reported to have increased land productivity and economic returns 

for smallholder farmers in Nepal [6]. This has potential for improving farmers’ income 

and reduce poverty in other developing countries including Uganda. More so, 

intercropping wheat and maize with straw mulching on the soil surface was reported to 

have a positive effect on improving the super-compensatory effect of late-maturing maize, 

thus improving total yield in intercropping system in arid oasis areas of China [7] and 

intercropping with reduced Nitrogen rate maintained sweet maize production, while also 

reducing environmental impacts and climate change [8]. Although several studies have 

been done in African countries on the benefits of legumes and cereals intercropping 

systems [9–11], there is paucity of information regards its benefits in Isingiro District 

landscape. This study aimed at determination of the effect of intercropping maize and 

beans on the maize yields in Isingiro Town Council, Isingiro District, South Western 

Uganda. 

2. Methodology 

2.1. Study area 

The experiment was conducted in Isingiro Town Council (Figure 1) with geographic 

coordinates 0°47'42.08"S and 30°48'57.18"E. The average annual rainfall is between 

973mm-1200mm and the average temperature is between 15.170C and 27.18oC for the last 

30 years. The area has a tropical climate and Acrisol soils which have rich clay content, 

limited soil nutrients thus potential for crop productivity [12]. The primary crops grown 

in the area, supported with fertilizers (both organic and artificial), include:-bananas, 

coffee, beans and maize for supporting household food and income security. 

 

Figure 1. Map of Uganda showing location of Isingiro Town Council. 

Figure 2 shows the design of experimental plots. A randomized complete block 

design (RCBD) experiment was used for this experiment with 8 treatments in 4 replica of 

each to make a total of 32 sub-plots. Two varieties of maize were intercropped with two 

varieties of beans in lines on one acre piece of land. Maize were intercropped with dry 

beans (Phaseolus vulgaris L.) and velvet beans (Mucuna pruriens (L.) DC var. utilis). Two 
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varieties of maize (Longe5 and Flint corn) were grown for yield comparisons under same 

environmental conditions. Monocropping systems were used as control experiments for 

each variety to compare treatment effects. A randomized complete block design (RCBD) 

approach was used for this experiment because it is robust and yields good data for 

statistical analysis [13]. 

 

Figure 2. Intercropping experimental design. 

3. Data Analysis 

3.1. Season one 

3.1.1. Descriptive statistics 

Data was tested for normality and was found conforming to the ANOVA conditions 

(Figure 3). 

The data was found almost normally distributed hence fit for one way ANOVA 

Analysis. A bar graph of field weight against density was drawn using STATA version 13 

for season one to find out the distribution of the dataset (Figure 3). The output curve is 

near that for normal distribution hence making the data fit to proceed with ANOVA 

analysis and subsequent tests [14]. 
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Figure 3. Normality test for maize yield data and found fit for ANOVA analysis 

Box plots for all treatments (Figure 4) show the effect of intercropping beans with 

maize in season one (March to May 2020). Intercropping Longe5 with nambare16 

(treatment 6), Table 1 showed the highest grain weight (Median = 24kg) and intercropping 

flint corn with velvet beans (treatment 1) had the lowest grain weight (Median = 5kg).  

An average grain harvest when applied treatment four yielded the largest grain 

weight (20.875kg) while the lowest yield was obtained from treatment one (5.25kg). 

 

Figure 4. Box plots for season one effect of treatment on maize yield (FCVC-Flint corn+ velvet 

beans; SFC-pure Flint corn; L5VB-Longe5 + velvet beans; SL5-pure Longe5; FCNB16-Flint 

corn+Nambare16; L5NB16=Longe5+Nambare16). 
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Table 1. Summary of ghvt (Kg). 

Treat Mean Std. Dev. Freq. 

1 5.25 3.2787193 4 

2 18 3.2403703 4 

3 8.425 3.1287644 4 

4 20.875 4.308422 4 

5 15 5.6862407 4 

6 24 1.95789 4 

Total 15.258333 7.5381301 24 

 

3.1.2. KEY 

1. FCVB-Flint/local maize intercrop with velvet beans 

2. SFC-sole/pure local maize 

3. L5VB-Longe5 intercropped with velvet bean 

4. SL5-Sole/pure Longe5 

5. FCNB16-local maize intercropped with Nambare16 

6. L5NB16-Longe5 intercropped with Nambare16 

7. ghvt-grain harvest 

8. treat-treatment 

3.1.3. Testing homogeneity of variance 

H0: The variance among each treatment is equal. 

HA: At least one treatment has a variance that is not equal to the rest. 

The test was carried out using ANOVA and Bartlett’ test in STATA version 13. 

A one-way ANOVA (Table 2) shows that there was a very high statistically 

significant difference between at least two treatment (F (5, 18) = 14.69, p = 0.0000). 

Bartlett’s suggest non-homogeneity of variance across all treatments (p = 0.667) 

which is greater than 0.005 thus rejecting the null hypothesis. 

Pairwise comparison of all treatments was carried out to find out significant 

differences between treatments  

Table 2. One way ANOVA for season one 

Analysis of Variance 

Source SS df MS F Prob > F 

Between groups 1049.63333 5 209.926667 14.69 0.0000 

Within groups 257.305 18 14.2947222   

Total 1306.93833 23 56.8234058   

Bartlett's test for equal variances: chi2(5) = 3.2156; Prob>chi2 = 0.667 

 

3.1.4. Pairwise comparisons: The Tukey post hoc test 

From the results in Table 3, we deduce that at least one of the group means is different 

from the other. Further analysis revealed that here was a statistically significant difference 

between groups as determined by one way ANOVA F (5, 18) = 14.69, p=0.0000. Tukey 

post-hoc test revealed that grain harvest was statistically higher in the treatment 2 

compared to the treatment 1 (12.75±2.7 kg, p=0.002; statistically higher in the treatment 4 

compared to the treatment 1 (15.63±2.67 kg, p=0.000; statistically higher in the treatment 5 

compared to the treatment 1 (9.75±2.67 kg, p=0.019; statistically higher in the treatment 6 

compared to the treatment 1 (18.75±2.67 kg, p=0.000; statistically higher in the treatment 3 
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compared to the treatment 2 (-9.57±2.67 kg, p=0.022; statistically higher in the treatment 4 

compared to the treatment 3 (12.45±2.67 kg, p=0.002; statistically higher in the treatment 6 

compared to the treatment 3 (15.58±2.67 kg, p=0.000; statistically higher in the treatment 6 

compared to the treatment 5 (9.00±2.67 kg, p=0.034. 

Table 3. Pairwise comparisons results for the Tukey post hoc test for season 1 

 Number of Comparisons 

treat 15 

   Tukey Tukey 

ghvt Contrast Std. Err. t P>|t| [95% Conf. Interval] 

treat       

2 vs 1 12.75 2.673455 4.77 0.002** 4.253667 21.24633 

3 vs 1 3.175 2.673455 1.19 0.837 -5.321333 11.67133 

4 vs 1 15.625 2.673455 5.84 0.000** 7.128667 24.12133 

5 vs 1 9.75 2.673455 3.65 0.019* 1.253667 18.24633 

6 vs 1 18.75 2.673455 7.01 0.000** 10.25367 27.24633 

3 vs 2 -9.575 2.673455 -3.58 0.0228* -18.07133 -1.078667 

4 vs 2 2.875 2.673455 1.08 0.885 -5.621333 11.37133 

5 vs 2 -3 2.673455 -1.12 0.866 -11.49633 5.496333 

6 vs 2 6 2.673455 2.24 0.266 -2.496333 14.49633 

4 vs 3 12.45 2.673455 4.66 0.002** 3.953667 20.94633 

5 vs 3 6.575 2.673455 2.46 0.188 -1.921333 15.07133 

6 vs 3 15.575 2.673455 5.83 0.000** 7.078667 24.07133 

5 vs 4 -5.875 2.673455 -2.20 0.286 -14.37133 2.621333 

6 vs 4 3.125 2.673455 1.17 0.846 -5.371333 11.62133 

6 vs 5 9 2.673455 3.37 0.034* .5036669 17.49633 

*significant level at 5%; **significant level at 1% 

 

3.1.5. KEY 

1. FCVB-Flint/local maize intercrop with velvet beans 

2. SFC-sole/pure local maize 

3. L5VB-Longe5 intercropped with velvet bean 

4. SL5-Sole/pure Longe5 

5. FCNB16-local maize intercropped with Nambare16 

6. L5NB16-Longe5 intercropped with Nambare16 

3.2. Season two 

3.2.1. Descriptive statistics 

Figure 5 shows that the lowest maize yields were observed for treatment FCVB (grain 

less than 1kg) while the highest was SFC (grain yield median 14kg). 
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Figure 5. Box plots for season two maize-bean intercropping 

Table 4 shows descriptive statistics for season one followed by one way ANOVA 

output. 

Table 4. Descriptive Statistics season two 

Treat Mean Std. Dev. Freq. 

1 .65 .43588989 4 

2 14.625 7.2269749 4 

3 2.375 2.926175 4 

4 7.75 6.9342147 4 

5 9.6 4.9308552 4 

6 12.325 8.4472382 4 

Total 7.8875 7.275409 24 

 

A one-way ANOVA (Table 5) shows that there was a statistically significant 

difference between at least two treatments (F (5, 18) = 3.54, p = 0.0211), less than 0.05. 

Table 5. One way ANOVA for season two 

Analysis of Variance 

Source SS df MS F Prob > F 

Between groups 603.22375 5 120.64475 3.54 0.0211 

Within groups 614.2025 18 34.1223611   

Total 1217.42625 23 52.9315761   

Bartlett's test for equal variances: chi2(5) = 14.3563; Prob>chi2 = 0.013 

 

To establish which pairs of treatments were statistically significant in grain yield, a 

Tukey post hoc test was carried out. 

Table 6 shows pairwise comparisons results for the Tukey post hoc test for season 

two for all 6 treatments to find out where the significant effect resulted from. The 

statistically significant difference was only observed between treatment 2 and 1 (p =0.33) 
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and the rest showed no statistically significant difference because their p values were 

greater than 0.05. 

Table 6. Pairwise comparisons results for the Tukey post hoc test for season two 

 Number of Comparisons 

treat 15 

   Tukey Tukey 

ghvt Contrast Std. Err. t P>|t| [95% Conf. Interval] 

treat       

2vs1 13.975 4.130518 3.38 0.033* .8480689 27.10193 

3vs1 1.725 4.130518 0.42 0.998 -11.40193 14.85193 

4vs1 7.1 4.130518 1.72 0.537 -6.026931 20.22693 

5vs1 8.95 4.130518 2.17 0.300 -4.176931 22.07693 

6vs1 11.675 4.130518 2.83 0.098 -1.451931 24.80193 

3vs2 -12.25 4.130518 -2.97 0.076 -25.37693 .8769311 

4vs2 -6.875 4.130518 -1.66 0.570 -20.00193 6.251931 

5vs2 -5.025 4.130518 -1.22 0.823 -18.15193 8.101931 

6vs2 -2.3 4.130518 -0.56 0.993- -15.42693 10.82693 

4vs3 5.375 4.130518 1.30 0.781 -7.751931 18.50193 

5vs3 7.225 4.130518 1.75 0.520 -5.901931 20.35193 

6vs3 9.95 4.130518 2.41 0.205 -3.176931 23.07693 

5vs4 1.85 4.130518 0.45 0.997 -11.27693 14.97693 

6vs4 4.575 4.130518 1.11 0.872 -8.551931 17.70193 

6vs5 2.725 4.130518 0.66 0.984 -10.40193 15.85193 

 

4. Discussion 

Intercropping is a climate smart option with potential benefits to soils, climate change 

mitigation, crop productivity, smallholder farmers’ incomes, inter alia. Season one 

(February-May) agrees with previous studies conducted in the USA pointed out that 

lablab bean intercropped with corn increased crude protein higher than those grown in 

Monocropping experimental plots [15]. Related studies conducted in Indonesia found that 

intercropping maize with legumes reduced pests and disease infestations in the cropping 

system thus increasing crop productivity and smallholder farmers’ incomes in the region 

[16]. Similar studies carried out in Morocco pointed out that intercropping barley with 

faba bean benefited barley plants and not for faba bean in terms of shoot and root 

biomasses and Phosphorus contents hence promoting the growth and development of the 

former for provision on livestock feeds [17]. Related studies conducted in Western Kenya 

revealed that intercropping maize with crotalaria, groundnut and green gram showed 

significant economic benefits because all farming systems improved land productivity, 

household food and income security over the maize mono crop [18]. The study agrees 

with related studies conducted in Malawi which revealed that intercropping maize with 

groundnuts improved soil nutrients, maximized the use of environmental resources, 

resulting in increased maize productivity [19]. Similarly, studies conducted in Ethiopia, 

pointed out that intercropping of maize with different crops including soybean and 

desmodium resulted in reduced termite damage to maize and increased maize yield for 

the improved farmers’ livelihoods [20]. Related studies conducted in Tigray, Ethiopia 

pointed out that In this study, one maize and two potato row arrangement showed 58% 

yield advantage over the sole cropping thus improving household food security and 

income [21]. The finding of this study also agree with the study conducted in Alvorada 

do Gurguéia which concluded that intercropping maize with cover crops increased maize 



Wycliffe Tumwesigye et al. 9 of 11 
 

 

grain yield, macronutrient contents, and straw dry matter accumulation and grain yield 

of cowpeas [22]. More so studies conducted in China revealed that strip intercropping of 

maize and soybean improved the absorption of nitrogen, phosphorus, and potassium of 

maize, while prevented the continuous cropping, increased plant density achieved a high 

yield of both the two crops in the intercropping systems, increased land equivalent ratio 

as high as 2.2 culminating in increased crop productivity [3]. 

On the other hand, velvet beans in season two (September-December) over competed 

maize plants for soil nutrients, light and water and the productivity of maize was reduced. 

These findings disagrees with studies conducted in Ghana which found out that maize-

velvet bean intercropping increased soil nutrients resulting in increased maize yields [23] 

[24]. Disagreements in the results might have been caused by the difference in the velvet 

beans planting period. In this study, velvet beans were planted at the same time with 

maize while study in Ghana, they were planted 3 weeks after planting maize. Field 

observation showed poor ear filling and rotting of maize in those plots where 

intercropping was done with velvet beans. Furthermore, maize stems were found bent or 

laying down due to the weight of velvet beans that were climbing on them. Over 

competition reduced the numbers of maize plants in the same plots thus reduced yields 

of main grains. The findings of this study agrees with studies conducted in South Africa 

which pointed out that when velvet beans are planted earlier and density in a maize-

velvet bean intercropping system, velvet beans will outcompete maize because of their 

much vigor [25]. Rains delayed to come due to climate change and planting was delayed 

hence causing increased pests and diseases culminating into poor maize yields. Maize 

streak disease, aphids and fall army worm were observed on most maize plants which 

might have affected the grain yield of maize. To reduce the spread of pests and diseases, 

Megas and Rocket pest sides were sprayed on crops and diseased maize plants removed 

from the garden to prevent further spread to healthy crops. The above findings disagree 

with previous researchers who reported that velvet beans intercropping with maize 

before 42 days reduced the weed burden and maize yield while planting after 42 days of 

maize planting increased maize yield [26]. 

5. Conclusions and recommendations 

Intercropping maize and Nambare16 increases maize yields. Longe5 intercropped 

with Nambre16 produced the highest yields maize grain yield while intercropping flint 

corn with velvet beans produce the lowest maize grain yields for both season one and 

season two. Both scanty and too much rain fall are not favorable to maize yields because 

they result into pest and diseases infestations that result into reduced crop productivity.  

The study recommends that in velvet bean-maize intercropping systems, velvet 

beans should be planted 3 weeks after planting maize to increase soil fertility and maize 

yields. Secondly, early planting and use of climate resilient seed should be embraced by 

small holder farmers to increase crop yields amidst climate uncertainties in the region. 
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