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Summary 
 

Beans and maize are important food and cash crops for farmers in the Northern highlands of Tanzania, 

who often grow them together on one piece of land. The simultaneous growing of multiple crops in one 

field is often implemented to achieve efficient land use, to avoid risk and to improve soil fertility. Farmers 

commonly intercrop their maize and beans in alternating crops rows: one-by-one, or moja-moja in Swahili. 

The practice of planting maize and beans in a two-by-two (mbili-mbili in Swahili) alternating rows design 

has been introduced relatively recently. These cropping designs are referred to as moja and mbili cropping 

designs in this report. The mbili design had been introduced from Kenya and was proposed as a method to 

improve light availability for beans. 

 The aim of this thesis study was to further explore these two intercropping designs in Tanzania, in 

terms of resource capture. There was a special interest in light availability for beans, the proportions of 

nitrogen fixed by beans in the different cropping designs, and the differences between local and improved 

varieties of beans and maize. The study was part of the N2Africa project, which aims to show African 

smallholder farmers the potential benefits of nitrogen fixation by leguminous crops. One of the 

approaches of N2Africa is to install demonstration trials, on which various legume production 

technologies and varieties are shown to farmers. The Northern highlands of Tanzania are one of the focal 

areas of the project. During the second rainy season of 2016, the moja and mbili intercropping designs 

with maize and beans were included for the first time on six demonstration trials in the Kilimanjaro 

Region. Each of those trials consisted of six plots: (1) sole-cropped local bean, (2) sole-cropped improved 

bean, (3) sole-cropped improved maize, (4) moja-intercropped local beans and local maize, (5) mbili-

intercropped local beans and local maize, (6) mbili-intercropped improved beans and improved beans. 

The setup of the demonstration was not ideal for comparing sole and intercropped designs, 

because there were no plots available with sole-cropped local maize or with a moja-intercropped 

improved varieties. The moja design that was available (with local maize and bean varieties), represented 

the common intercropping practice in the region: without the use of fertilizers and insecticides. Those 

inputs were used on all other plots, however. The moja design was almost an additive design compared to 

sole-cropped maize, but the spacing between maize rows was slightly larger in the moja-intercrop. 

Relative yields of local maize were reduced by moja intercropping, compared to sole cropping. 

The increased total plant density sometimes compensated for the relatively poor performance. For the 

mbili intercrops, relative yields of the local and the improved bean and maize varieties were as expected 

based on the differences in plant densities of the intercrops and sole crops. LERs of the mbili designs were 

around 1 or slightly larger for most of the trials. 

A larger fraction of photosynthetically active radiation (PAR) was available for beans (transmitted 

by the maize canopy) in the mbili intercrops than in the other designs. 

Estimates of the proportion of N fixed ranged a lot. Estimates were largest for moja-intercropped 

local beans compared to the other designs, but too few data were available for statistical testing. On all 

plots except one, more nitrogen was fixed than was removed through harvesting of bean seed. 

Grain and stover yields of the improved maize variety dropped faster with an increasing disease 

severity than for local maize. However, for similar diseases scores, yields of the improved variety were still 

often similar or larger compared to local maize. 

It is expected that alterations in the row spacing in the mbili design may improve its land 

equivalent ratio. A next step would be to monitor the development of the component crops throughout 

the whole cropping season, but the setup of the demonstration trials would have to be altered. 
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1. Introduction 
 

Land in the Northern highlands of Tanzania is increasingly pressured by a growing population (Misana et 

al., 2012). As a result of land scarcity, land is often over-cultivated and exploited (Campbell et al., 2003). 

Farmers indicate that soil fertility rapidly decreases and that food shortages easily occur (Campbell et al., 

2003). In order to improve soil fertility and to increase crop production, many farmers intercrop their 

crops with legumes (Soini, 2005) because they fix atmospheric nitrogen and make it biologically available 

for subsequent crops (Giller, 2001). Additionally, intercropping maximizes land use, and economic risks 

are mitigated by producing two crops instead of one on the same area (Asfaw et al., 2012). 

 Annual crops that are commonly intercropped in the Tanzanian highlands are maize and beans 

(Soini, 2005). Common beans (Phaseolus vulgaris L.) are mainly grown for subsistence and sale, and they 

are an important source of protein and carbohydrates in the diet of most Tanzanians (Hillocks et al., 

2006). After Kenya and Uganda, Tanzania produces the largest quantities of beans in Africa. In recent 

years, annual production of dry beans was close to 1,200,000 tonnes (FAO, 2014). Maize is another 

important staple crop of the rural poor in Tanzania, with a consumption of 73 kg per capita per year, 

constituting one-third of caloric intake (Minot, 2010). In the regions with bimodal rainfall, maize is 

produced in both rainy seasons. Maize harvesting in the unimodal regions occurs well before the maize of 

the second rainy season in other parts of the country is ready, resulting in a year-round domestic 

production (Barreiro-Hurle, 2012). Maize is grown by more than 80% of the Tanzanian farmers, and 

primarily consumed by the producing household and a small surplus is sold at the local markets as a 

source of cash (Minot, 2010). Maize surpluses beyond home consumption are mainly found in the 

Southern highlands (largely as a result of government support), whereas maize deficits sometimes occur 

in the Northern highlands (Barreiro-Hurle, 2012). 

Regional bean yields have remained well below yield potential with an average yield of 0.6 t ha-1 

versus a potential of more than 2 t ha-1 (Hillocks et al., 2006). This indicates that the cultivated crops are 

experiencing stress, which can have various causes ranging from water or nutrient shortages to damage 

by pests. Besides these external impacts, traditional planting practices may actually not be optimal for 

certain crop varieties, systematically resulting in yields below the potential.  Spatial arrangements of crop 

rows in an intercropping design could influence the combined or individual performance of the 

component crops. 

Farmers often ƛƴǘŜǊŎǊƻǇ ōŜŀƴǎ ŀƴŘ ƳŀƛȊŜ ŀǎ ŀƭǘŜǊƴŀǘƛƴƎ ǊƻǿǎΣ ƭƻŎŀƭƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨƳƻƧŀ ƳƻƧŀΩ (in 

Swahili) intercropping (lƛǘŜǊŀƭƭȅ ΨƻƴŜ ƻƴŜΩύΦ ¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ !ƎǊƛŎǳƭǘǳǊŀƭ /ŜƴǘǊŜ ŦƻǊ Research Extension and 

Development in Africa (SACRED-Africa) introduced a two-by-two staggered row arrangement to allow for 

more light to reach the understorey beans (Woomer et al., 2004). It was ŎŀƭƭŜŘ ΨƳōƛƭƛ ƳōƛƭƛΩ (in Swahili), 

ƳŜŀƴƛƴƎ Ψǘǿƻ ǘǿƻΩΣ ŀƴŘ ƛǘ ƛǎ ŀƭǎƻ ŀƴ ŀŎǊƻƴȅƳ ŦƻǊ ΨaŀƴŀƎƛƴƎ .ŜƴŜŦƛŎƛŀƭ LƴǘŜǊŀŎǘƛƻƴǎ ƛƴ [ŜƎǳƳŜ LƴǘŜǊŎǊƻǇǎΩύ 

(Mucheru-Muna et al., 2010). The one-by-one and two-by-two staggered row intercropping designs are 

hereafter referred to as moja and mbili intercropping. 

A study by Mucheru-Muna (2009) revealed that mbili intercropping can result in a financial profit 

benefit as high as 40% compared with moja intercropping as a result of larger maize yields. Besides, the 

mbili system gave higher yields in a wide range of rainfall levels. It was emphasized, however, that modest 

nitrogen application was recommended to sustain yields. Woomer et al. (2004) found land equivalent 

ratios (LER) of 2.0 and 1.7 for mbili and moja intercropping, respectively. The LER for mbili intercropping 

was significantly larger than for moja intercropping. These values reveal that the level of production per 

area was larger for crops in an intercropped than in a sole-cropped design, and this was mainly attributed 
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to maize. bŘǳƴƎΩǳ Ŝǘ ŀƭΦ (2005) found bean yields of 1.23 kg ha-1 in mbili designs, and of 1.04 kg ha-1 in 

moja designs, whereas maize yields were not significantly different. 

This thesis study focuses on an exploration of moja and mbili intercropping of beans and maize in 

terms of light and nutrient capture as part of the objectives of the N2Africa project. N2Africa is a research-

and-development project showing African smallholder farmers the potential of leguminous crops, using 

air as a free, infinite source of nitrogen to be turned into sources of nutrition or cash. The project is led by 

Wageningen University and Research and collaborates with other development partners in various 

countries of Africa. Phase II of the N2Africa project is active in various African countries, the core including 

Tanzania, Uganda, Ethiopia, Ghana and Nigeria. The Northern highlands of Tanzania are one of the focus 

areas of N2Africa. N2Africa now aims to further study moja and mbili intercropping practices and to find 

out how to intensify productivity of bean and maize, as well as optimizing the nitrogen fixation potential 

of beans. 

 

 

1.1 Sharing resources 
 

Compared to sole cropping, intercropping can introduce additional sources of stress because crops start 

competing for light, space, nutrients and water. Interspecific competition (maize-bean) occurs on top of 

the already present intraspecific competition (maize-maize and bean-bean), and that may result in poorer 

performance of the component crops. However, if interspecific competition is less than intraspecific 

competition, there is no problem in intercropping. Crops may even facilitate each other, for example by 

increasing nutrient availability and acquisition (Brooker et al., 2015). Interactions can be quite complex 

and crops may compete for one factor but facilitate each other with regard to another factor. 

 Maize and common bean strongly differ in their shoot and root architectures, so they make use of 

light and soil nutrient resources to variable extents (Lynch & White, 1992). Planting a mixture of C4 and C3 

species (often a tall/short combination) improves functional complementarity as a result of their 

differences in plant stature and mechanisms of photosynthesis. The light saturation level for 

photosynthesis is higher for C4 than for C3 crops (Trenbath & Francis, 1986). A tall C4 crop like maize can 

make use of the higher light intensity, while reducing the light intensity for an understorey C3 crop like 

beans. This can lead to an increase in radiation use efficiency (RUE) of the C3 species (Gou, 2017). A larger 

RUE does not automatically imply a larger yield, but the mean LER of C3/C4 intercrops is significantly 

larger than for C3/C3, according to a meta-analysis by Yu et al. (2016). 

The exact cause of any benefit of nitrogen fixation for intercropped cereals has been debated. A 

facilitative effect of nitrogen fixation exists if fixed nitrogen is directly transferred to the cereal through 

root exudates. Proof on the transfer of nitrogen in legume intercrops remains limited. Evidence of 

significant transfer mainly originates from studies on long-term mixed grass-legume swards, although 

contradictions arise even in these crop systems (Giller et al., 1991). It appears to be more likely that 

ōŜƴŜŦƛǘǎ ŦƻǊ ǘƘŜ ƛƴǘŜǊŎǊƻǇǇŜŘ ŎŜǊŜŀƭ ŀǊŜ ŀ ǊŜǎǳƭǘ ƻŦ ΨƴƛǘǊƻƎŜƴ ǎǇŀǊƛƴƎΩΦ bƛǘǊƻƎŜƴ ŦƛȄŀǘƛƻƴ ƛǎ ǎǘƛƳǳƭŀǘŜŘ ōȅ 

maize reducing soil N availability for beans. Therefore, beans make more use of atmospheric nitrogen and 

less of soil nitrogen, which remains available for the cereal (Giller, 2001; Hardarson & Atkins, 2003; Li et 

al., 2003). 
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1.2 Study objectives 
 

The aim of this study is to understand yields of local and improved varieties of maize and beans in 

intercropped and sole-cropped plots, by investigating light and nutrient capture. Insight in the capture of 

resources by crops in common planting patterns is useful in the development of alternative planting 

recommendations that optimize light and nutrient use and yields of maize and beans. 

In order to develop targeted farming practice recommendations that fit the needs of the regional 

farmers, it is important to supplement quantitative crop data with qualitative information obtained by 

interviewing farmers in the study area. Insight in their reasons for either intercropping (with legumes) or 

sole cropping, and comprehension of the yield constraints they most commonly encounter, places the 

agronomical field data into their socio-cultural context. 

The following research questions are addressed in this study: 

 

- Does intercropping increase productivity of maize and/or beans compared to sole cropping? 

 - Does intercropping increase the relative and absolute levels of nitrogen fixation by beans? 

 - Can differences in bean yields be explained by light availability in contrasting cropping designs? 

 

Additionally, the local and improved varieties of maize and bean are compared in terms of disease 

resilience, nutrient uptake and chlorophyll contents. 
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2. Methodology 
 

2.1 Study area 
 

In Tanzania, the N2Africa project Phase II has established numerous demonstration trials in the districts 

Moshi Rural, Moshi Urban, Hai, Arumeru and Lushoto, since 2013 (Woomer et al., 2014). These trials 

consist of six plots, each exhibiting a specific legume variety or production technology. The trials are 

intended to create awareness among farmers of various approaches to legume production. Farmers are 

invited to come and have a look at the trials, and they receive information during extension days 

facilitated by N2Africa staff. Farmers may try technologies of their liking on their own land, and their 

feedback assures a co-development of production technologies with farmers and researchers.  

The study area covered six N2Africa demonstration trials in the Kilimanjaro region in Northern 

Tanzania. The demonstrated legumes were common bush beans (Phaseolus vulgaris L.) and the 

demonstrated technologies included intercropping of beans with maize (Zea mays L.), and the practices of 

row planting, the application of inorganic fertilizer and pesticides, regular weeding, specific row and plant 

spacing, and improved varieties. A detailed description of the setup of the trials is given in Section 2.1. 

This season (2016A) was the first time that the demonstration trials included not only beans but also 

maize, because intercropping is so common in the Kilimanjaro Region. 

The study area is characterized by a volcanic soil type, rich in magnesium and calcium  (Sarwatt & 

Mollel, 2006). The cropping season is bimodal, with a long rainy season (Masika) between March and 

June, and a short rainy season (Vuli) from the end of October to December. Field research took place 

during the long rainy season of 2016. 

The region is divided into seven administrative districts, including Moshi Urban, Moshi Rural and 

Hai. Four of the study trials were situated in Moshi Rural, near Himo town, and hence coded H1-4. The 

other two trials were located in Moshi Urban district in the outskirts of Moshi town and coded M1 and 

M2. A map with the trial locations is shown in Figure 1 and the exact geographical location, altitude and 

the crops of the previous season are listed in Table 1. In the cropping season before this study took place 

(the long rainy season of 2015), and on the same pieces of land, all farmers produced maize and all but 

one farmer produced legumes. They had used various approaches of intercropping and sole cropping 

even within one field. They all used some nitrogen fertilizers in season 2015B but the quantities are 

unknown. Figures 2A and B show the accumulative rainfall and average mid-day temperatures in the study 

area. Soil characterisitcs of all trial locations are included in Table 2. 

  

Trial Latitude Longitude District Elevation (masl) Previous season (2015 B) 

     Crops Fertilizer 

H1 -3.454556 37.531533 Moshi Rural 727 Maize, sorghum, lablab UREA 

H2 -3.411917 37.554614 Moshi Rural 795 Maize, beans UREA 

H3 -3.393847 37.566583 Moshi Rural 833 Maize, beans NPK, UREA 

H4 -3.366175 37.571308 Moshi Rural 925 Maize, sunflower NPK, UREA 

M1 -3.305136 37.334925 Moshi Urban 996 Maize, beans UREA 

M2 -3.300719 37.333069 Moshi Urban 1014 Maize, beans DAP, UREA 

Table 1. Locations of the four trials near Himo town (H1-H4), and the two trials in Moshi town (M1, M2). Rates of 

applied fertilizer in season 2015 B,  were unknown. 
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 Table 2. Soil characteristics for each trial. Soil samples were taken in April 2016, prior to the installation of 

demonstration trials. 

 

 

Trial Texture Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

pH EC 
(mS/cm) 

OC 
(%) 

P (Bray) 
(ppm) 

P (Olsen) 
(ppm) 

          

H1 SCL 25 18 57 7.55 0.155 1.13 NA 46.40 
H2 SCL 29 52 19 7.22 0.188 1.74 NA 119.20 
H3 C 41 36 23 6.83 0.211 1.45 49.71 NA 
H4 C 45 20 35 6.76 0.090 1.38 49.93 NA 
M1 C 63 24 13 6.49 0.107 2.15 14.36 NA 
M2 C 65 22 13 6.35 0.074 2.00 37.93 NA 
          

Trial N 
(%) 

Ca 
(cmol+ kg

-1
) 

Mg 
(cmol+ kg

-1
) 

K 
(cmol+ kg

-1
) 

Na 
(cmol+ kg

-1
) 

Cu 
(ppm) 

Zn 
(ppm) 

Mn 
(ppm) 

Fe 
(ppm) 

          

H1 0.06 13.77 4.78 1.91 0.39 1.97 2.83 24.57 22.46 
H2 0.09 17.87 4.86 2.01 0.56 2.99 2.59 26.35 57.54 
H3 0.07 13.62 4.77 1.87 0.38 3.30 2.77 33.45 84.62 
H4 0.06 12.38 4.87 0.37 0.46 4.09 0.92 38.32 101.54 
M1 0.10 13.74 4.19 1.63 0.28 1.54 3.28 41.58 72.31 
M2 0.08 12.45 4.27 1.00 0.42 1.28 2.79 42.22 88.62 
          

Figure 1. Study area. Blue markers indicate the six field trials (M1,M2, H1-4) in the Kilimanjaro Region, Tanzania. Red 

markers show the locations of weather stations (W1: Kimashuku village, W2: Mandakamnono village, W3: 

Makuyuni village). Map data © 2016 Google. 

10 km 
Weather stations 

Study trials 

Himo 

town 
Moshi 

town 

M1 & 2 

H1 

H2 
H3 

H4 

W1 

W2 

< W3 
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2.2 Trial establishment and management 
 

Each of the six trials consisted of six plots of 10x10 m with three different cropping designs: (1) sole 

cropping, (2) moja (one-by-one row) intercropping and (3) mbili (two-by-two rows) intercropping. The sole 

cropping and the mbili intercropping designs were executed with local and improved varieties of beans 

and maize. The six available combinations of cropping designs and varieties are shown in Table 3. The 

moja intercrop on trial H4 and the treatment with a mbili design and local varieties on trial H2 had not 

been installed as instructed and were excluded from the dataset. Some major management practices such 

as irrigation, weeding and the directions of plant rows, were different for some trials, as shown in Table 4. 

 

  

Cropping 
design 

Bean variety Maize variety Plots in the 
study (N) 

 Trial Row direction Irrigation Weeding 

Sole Improved  - 6  H1 S-N Yes Thrice 

 Local  - 6  H2 E-W Yes Twice 

 -  Improved 6  H3 E-W No Twice 

Moja Local & Local 5  H4 E-W No Twice 

Mbili Improved & Improved 6  M1 WNN-ESS No Thrice 

 Local & Local 5  M2 NNW-SSE No Once 

Figure 2. (A) Mid-day temperatures and (B) accumulative rainfall in the study area. Weather data were obtained 

from KUKUA weather stations in the villages Kimashuku and Mandakamnono (W1 and 2 in Figure 1); 9.5 and 10.5 

km to the trials in Moshi Urban District, respectively, and in Makuyuni village (W3); 0.5-6 km to the trials in Moshi 

Rural District. The planting date was April 15
th
, 2016. 

Table 3 Available treatments (combinations of a cropping 

design and a crop variety) in the study, with repetitions 

across six trials at different locations. Moja: alternating crop 

rows. Mbili: two-by-two alternating crop rows. 

Table 4. Crop management practices at the six trial 

locations. All plots were planted in rows. 
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 The demonstration trials were primarily intended to demonstrate technologies and to a lesser 

extent to set up a research trial. Therefore, only a limited number of practices was shown and not all 

possible combinations of cropping designs and varieties.     

Moja-intercropped plots were intended to represent the common intercropping practice in the 

region, which also included that no inputs were used on these plots. The sole and mbili-intercropped plots 

were treated with inorganic fertilizer: DAP was applied in the furrow at a rate of 100 kg ha-1 and there was 

top-dressing of urea only on maize at a rate of 65 kg ha-1. A non-systematic insecticide (Suracron 720 EC, 

active ingredient: Profenofros 720 g L-1) was also applied to the crops on sole and mbili-intercropped 

plots. 

The local and improved bean varieties were Kariasii (also called Sura Mbaya) and Uyole Njano, 

respectively. Kariasii was locally produced and never certified. Uyole Njano was officially released by ARI-

UYOLE Agricultural Research Institute (Mbeya, Tanzania) and has a yield potential of 2 t ha-1 under optimal 

management. Uyole Njano was bred for tolerance to a range of diseases including leaf rust, common 

bacterial blight, halo blight, bean common mosaic virus, anthracnose and angular leaf spot (Kanyeka et al., 

2007). 

The local maize variety had no specific name. Farmers had been using it for generations, using 

saved seed from each last season. The improved maize variety was a certified hybrid variety, coded DK 

8031, that was bred for tolerance to dry weather and to grey leaf spot, and for high yields (a potential of 5 

to 8 t ha-1) even with low input farming (monsantoafrica.com, 2017). 

Maize and beans were planted on the same day. Land preparation and weeding were performed 

manually using a hand hoe. Plant and row spacing details are shown in Table 5 and Figure 3. The timing of 

management practices and the measurements of this study can be found in Table 6. 

 
Table 5. Plant spacing and density in the sole crops of maize and beans, and the moja and mbili intercrops:  

Moja όΨƻƴŜΩ ƛƴ {ǿŀƘƛƭƛύ ƛƴǘŜǊcropping: alternating crop rows. Moja: alternating crop rows. Mbili: two-by-two 

alternating crop rows. B = bean, M = maize. 

Design Plants per hole Row spacing (cm) Plant spacing (cm) Planting density (plants ha
-1
) 

Sole cropping B: 2  B-B: 50 B: 25 B: 160,000 
 M: 1  M-M: 75 M: 30 M:    44,444 

Moja intercropping B: 2  B-M: 40 B: 25 B: 100,000 
 M: 1    M: 32.5 M:     38,462 

Mbili intercropping B: 2  B-B: 50 B: 25 B:    66,494  
 M: 1  B-M: 50 M: 30 M:     27,705 
    M-M: 75     

 

 

 

  

Sole bean 

 

Figure 3. Plot layout of in sole and intercropped bean () and maize ( ). Figure outlines do not represent plot 

boundaries. 

Moja intercrop Mbili intercrop Sole maize Sole bean 




































































































