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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 multipléncoopes

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 rowsbyaogse, or mojamoja in Swabhili.

The practice of planting maize and beana iwo-by-two (mbilimbili in Swahilialternating rows design

has been introduced relatively recently. These cropping designs are referred to as moja and mbili cropping
designs in this report. The mbili desigad been introduced from Kenya and wasposed as a method to
improwe light availability for beans.

The aim of thishesisstudy was to further explore thes@o intercropping designs Tanzanian
terms ofresource capture. There was a special interest in light availability for, eamsoportions of
nitrogen fixed by beans the different cropping designs, and the differences between local and improved
varieties of beans and maizZéhe study was part of the N2Africa project, which aims to gkibiwan
smallholder farmers the potentiabenefits of nitrogen fixation by leguminousops. One of the
approaches of N2Africa is to install demonstration trials, on which various legume production
technologies and varieties are shotenfarmers.The Northern highlands of Tanzania are one ofdhal
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 opkits: (1) soleropped local bean, (2) seteopped improved
bean, (3) solecropped improved maizd4) mojaintercropped l@al beans and local maize, (5) mbili
intercropped local beans and local maize, (6) frtiércropped improved beans and improveshbs.

The setup of the demonstration was not ideal for comparing sole and inteettaigsigrs,
because there were no plots available with swlgpped local maize or with a mejgercropped
improved varieties. The moja design that was availabth [pcal maize and bean varieties), represeht
the common intercropping practice in the regiomithout the use of fertilizers and insecticides. Those
inputs were used on all other plots, howevEne moja design was almost an additive design compared to
solecropped maize, but the spacing between maize rows was glightler in the mogintercrop.

Relative yields of local maize were reduced by moja intercropping, compared to sole cropping.
The increased total plant density sometimes compensated for thevedlapoor performanceror 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 tiRs.of the mbili designsre
around lor slightly larger for most of the trials.

A larger fraction ophotosynthetically active radiation (PARs available for bearfgansmitted
by the maize canopy) the mbili intercrops than in the other designs.

Estimates of the proportion of N fixedged a lot. Estimates were largest for rojercropped
local beans compared to the other designs, toat few data were available for statistical testi@m all
plots except one, more nitrogen was fixed than was removed through harvesting of bean seed.

Grain and stover yields of the improved maiagetydropped 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 demonstratiatstwvould have to be altered.
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1. Introduction

Land in the Northern highland$ Tanzanias increasingly pssured by a growing populatigMisana et

al, 2012) As a result of land scarcity, land is often axgtivated and exploitedCampbell et al2003.
Farmers indicate that soil fertility rapidly decreases and that foodagjes easily occyCampbell et al.,
2003. In order to improve soil fertility and to increasep production, many farmers intercrogneir
crops with legume$Soini, 2005pecausehey fix atmospheric nitrogen and make it biologically available
for subsequent crop$Giller,2001) Additionally, intercropping maximizes land use, and economic risks
are mitigatel by producing two crops instead of one on the same @gkstawet al, 2012)

Annual cops that are commonly intercropped in the Tanzanian highlands are maize and beans
(Soini, 2005)Common beansPhaseolus vulgarls) are mainly grown for subsisterared sale, and they
are an important source of proteiand carbohydratesn the diet of most Tanzaniargslillocks 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 toRA&€3¥ Z014). Maize is another
imporntant staple cropof the rural poorin Tanzania, with a consumption of 73 kg per capita per year,
constituting onethird of caloric intakegMinot, 2010) In te 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 -soyrdrdomestic
production (BarreireHurle, 2012) Maize is grown by more than 80% of the Tanzanian farmers, and
primarily consurad by the producing househokhd a small surplus is sold the local marketsas a

source of cashMinot, 2010) Maize surpluses beyond home consumption m@&nly found in the
Southern highlands (largely as a result of government support), whereas maize deficits sometimes occur
in the Northern highland®BarreireHurle, 2012)

Regional bean yields have remained well below yield potential with an average @iéld tud*
versus a potential of more thantha® (Hillocks et al., 20067 his indicates that theultivatedcrops are
experiencing stress, which can haagiouscauses ranging fromvater or nutrientshortages 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 couldflience the combined or individual performance of the
component crops.

FarmeroftenA Yy 1 SNONR L) 6SFya FyR YFATS & Ffa§gNyFGAy3
Swahilijntercropping @ G SNI t £ 8 W2y S 2y SQU0® ¢ K Reseaizh Bxteasibmand S | I 1
Development in Africa (SACRA&ca) introduced a twby-two staggered row arrangement to allow for
more light to reach the understorey beaMdomeret al., 2004) t wasO | f f SR WiiSwahil), Yo A A
YSIEYAY3 Wigz2 (@2 QXONRWR YAF 2N Waftay2 3Ay3 . SYSTAOAL
(MucheruMuna et al., 2010)Theone-by-one and tweby-two staggered rowntercropping designs are
hereafter referred to amojaandmbiliintercropping.

A study by Muchervuna (2009) revealed that i intercropping can result inffnancialprofit
benefit as high as 40% compansdh moja intercroppingas a result of larger maize yield@esides, the
mbili system gave higher yields in a wide range of rainfall levels. It was emphasized, howevedestat mo
nitrogen application was recommended to sustain yieldesomer et al.(2004) foundland equivalent
ratios (LER) of 2.0 and 1.7 fobili and moja intercroppingespectively. The LER for mbili intercropping
was significantly larger than for moja irtepping These values reveal that the level of production per
area was larger for crops in an intercropped than in agolgped design, and this was mainly attributed



to maize.b R dzy’ 3 Q ¢2005)found Hean yields of 1.23 kg h mbili designs, and of 1.04 kg'tia
moja designs, whereas maize yields were not significantly different.

This thesis studfpcuses on an exploration nfoja and mbilintercropping of beans and maize in
terms of light and nutrient capture as part of thigjectives of théN2Africa projectN2Africa is a research
and-development project showing African smallholder farmers the potential of leguminous crops, using
air as dree, infinite source of nitrogen to be turned into sources of nutrition or cash. The project is led by
Wageningen Universitgand Research and collaborates with other development partners in various
countries of Africa. Phase Il of tR2Africaprojectisactive in various African countries, the core including
Tanzania, Uganda, Ethiopia, Ghana and Niger@Northern highlands of Tanzania are one of the focus
areas of N2AfricaN2Africa now aims to further studyoja and mbili intercropping practices atadfind
out how tointensify productivity of bean and maize, as well as optimizingittagen fixation potential
of beans.

1.1 Sharing resources

Compared to sole cropping, intercropping can introduce additional sources of stress because crops start
competing for lightspace,nutrients and water. Interspecific competition (malzasan) occurs on top of
the already present intraspecific competiti(maizemaize and beabean), and that may result in poorer
performance of the component crops. Howevérinterspecific competition isessthan intraspecific
competition, there is no problem in intercropping. Crops may even facilitate each other, for example by
increasing nutrient availabilignd acquisition(Brooker et al., 2015)nteractions can be quite complex
and crops may compete for one factor but facilitate each other with regard to another factor.

Maize anccommonbean strongly differ in their shoot and root architectures, so they makefuse
light and soil nutrient resourseo variable extentd.ynch & White, 1992Planting a mture of C4 and C3
species (often a tall/short combination) improves functional complementarity as a result iof the
differences in plant stature and mechanisms of photosynthesis. The light saturation level for
photosynthesis is higher for C4 than for C3 cf@psnbath & Francis, 1986 tall C4 crop like maize can
make use of the higher light intensity, while redgcihe light intensity for an understorey C3 crop like
beans Thiscan lead to an increase in radiation use efficiency (RUE) of the C3 8pecie2017)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 matalysis byru 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 nifeo is directly transferred to the cereal through
root exudates.Proof on the transfer of nitrogen in legume intercropemairs limited. Evidence of
significant transfer mainly originates from studies on {igmm mixed grastegume swards, although
contradictionsarise even in these crop systerf@Giller et al. 1991) It appears to be more likely that
0SYSTAGA F2N GKS AYyUSNONRBLILISR OSNBIf FNBE I NBadz (
maize reducing soil Nvailability for beans. Therefore, beans mal@e use of atmospheric nitrogen and
lessof soil nitrogen, which remains available for the cer&alldr, 2001; Hardarson & Atkins, 2003; Li et
al., 2003)



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 soleropped plots, by investigating light and nutrient captimsight inthe capture of
resources by crops in common planting patteimsisefulin the development ofalternative 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 importainto supplement quantitative crop data with qualitative information obtained by
interviewing farmers in the study area. Insight in their reasons for either intercropping (with legumes)
sole croppingand comprehension of thgield constraints they mostommonly encounter, places the
agronomical field data into their soadaltural context.

The following research questioase addressed ithis study:

- Does intercroppin@ncrease productivity ohaize and/obears compared tcsole cropping?
- Doesintercropping increase the relative and absolute levels of nitrogen fixation by beans?
- Candifferences irbean yields be explained by light availahitityontrasting croppindesign®

Additionally, the local and improved varieties of maize and bearc@mpared in terms of disease
resilience, nutrient ptake and chlorophyll contents.



2. Methodology

2.1 Study area

In Tanzania, the N2Africa projéthase lhas established numerous demonstration trials in the districts
Moshi Rural, Moshi Urban, Hai, Arumeru and Lushoto, since (¥0d@mer et al. 2014) These tials
consist of six plotsgach exhibiting a&pecifc legume variety or production technology. The trials are
intended to create awareness among farmers of varigusaaches to legume production. Farmers are
invited to come and have a look at the trials, and they receive information during extension days
facilitated by N2Aica staff. Farmers may try technologies of their liking on their own land, and their
feedback assures a-clevelopment of production technologies with farmers and researchers.

The study area covered six N2Africa demonstration trialseirKilimanjaro region in Northern
Tanzania. The demonstrated legumes were common bush bé&daseplus vulgari.) and the
demonstrated technologies includ@dercroppingof beanswith maize Zea may4..),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 obéigp of the trialds given inSection 2.1
This season (2016A) was the first tithat 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 (Sivait &
Mollel, 2006) The cropping season is lmdal, with along rainy seasorMasikg between March and
June, and a short rainy seas&ful) from the end of October to December. Field research took place
during thelong rainy season of 2016.

The region is divided into seven administratiigtritts, including Moshi UrbaMoshi Ruraland
Hai Four of the study trials were situated in Moshi Rural, near Himo town, and hence ceded¢l
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 Figurel andthe exact geographical locatioaltitude and
the crops of the previous seasare listed inTable 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 grothize and all but
one farmer produced legume3hey had used various approaches of intercropping and sole cropping
even within one fieldThey all usedome nitrogen fertilizers in season 201%Bt the quantities are
unknown Figures 2A and Bhow the acumulative rainfall and average nddy temperatures in the study
area.Soil characterisitcs of all trial locations are included in Table 2.

Table 1 Locations of the four trials near Himo town {H4), and the two trials in Moshi town (M1, MRpates of
applied fertilizer in season 2015 B, were unknown.

Trial Latitude Longitude District Elevationmasl) Previouseason (2015 B)
Crops Fertilizer

H1l -3.454556  37.531533  Moshi Rural 727 Maize, sorghum, lablat 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
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Figure 1Study areaBluemarkers indicate the six field trigld1,M2, H14)in the Kilimanjaro Region, Tanzaflad
markers show the locations of weather stations (W1: Kimashillage, W2: Mandakamnono village, W
Makuyuni villageMap data © 2016 Google.

Table2. Soil characteristics for each triabil samples were taken in April 2016, prior to the installation of
demonstration trials.

Trial  Texture Clay Silt Sand pH EC ocC P (Bray) P (Olsen)
(%) (%) ) (mScm) (%) (ppm) (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 (6:1 Mg K Na Cu Zn Mn Fe
(%) (cmol+ kg) (amol+kg) (cmol+ kg')  (amol+kg)  (ppm) (ppm) (ppm) (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
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Figure 2 (A) Mid-day temperatures and (EBccumulative rainfall in the study area. Weather data were obtai
from KUKUA weather stations in the villages Kimashuku and Mandakavibremd 2 in Figure ;19.5 and 10.5
km to the trials in Moshi Urbanistrict respectivelyand inMakuyuni villag€wW3) 0.56 km to the trials in Moshi
RuralDistrict. The planting date was April‘i&OlG.

2.2 Trial establishment and management

Each of the six trials consisted of six plotd@f10m with three differentcroppingdesigns: (1) sole
cropping, (2) moja (onby-onerow) intercropping and (3) mbili (twly-two rows) intercropping. fie sole
cropping and the mbili intercropping desigmere executed with local and improved varietiddeans
and maize Thesix availablecombinations of cropping designs and varieties shown inTable3. The
moja intercrop on trial H4 and the treatment with a mbili design and local varieties on ttialdHbt
been installed as instructed and were excluded from the dat&sete major management practices such
as irrigation, weeding and the directions ofrpleows, were different for somgeials, as shown in Table 4.

Table 3Available treatments (combinations of a croppi Tabled. Crop management practisat the six trial
design and a crop variety) in the studyith repetitions locations. All plots were planted in rows.
across six trials at different locatiomdoja: alternating crop

rows. Mbili: two-by-two alternatingcrop rows.

Cropping Bean variety Maize variety Plots in the Trial Row direction Irrigation  Weeding
design study (N)
Sole Improved - 6 H1 SN Yes Thrice
Local - 6 H2 EW Yes Twice
- Improved 6 H3 EW No Twice
Moja Local & Local 5 H4 EW No Twice
Mbili Improved & Improved 6 M1 WNNESS No Thrice
Local & Local 5 M2 NNWSSE No Once
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The demonstration trials werprimarily intended to demonstrate technologies and to a lesser
extent to set up a research trial. ThereforeJyoa limited number of practices was shown auad all
possible combinations of cropping designs and varieties.

Mojarintercropped 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 aridtenbibpped plots
were treated with inorganic fertilizer: DAP was applied in the furrow at a rate of 100 &gdthere was
top-dressing of urea only on maize at a rate of 65 kg Aanonsystematic insecticid¢Suracron 720 EC,
active ingredientProfenofos 720 g t) was also applied to the crops on sole andiliatitercropped
plots.

The local and improved bean varieties were Kafalsio called Sura Mbayahd Uyole Njam,
respectivelyKariasii was locally produced and never certified. Uyole Mjaamffcially released bR}
UYOLRGgricultural Research Institute (Mbeya, Tanzaméd)has a yield potential of 2 thander optimal
management Uyole Njano was bred for tolerance to a range of diseases including leaf rust, common
bacterial blighthalo blight, bean common mosaic virus, anthracnose and angular legKapgtka et al.
2007)

The local maize variety had no specific naf@mers had been using it for generations, using
saved seed from each last seas@ime improved maize variety wascertified hybrid varietycoded DK
8031, that was bred fotolerance to dryweather and to grey leaf spot, af@ high yieldga potential of 5
to 8 t ha') 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 hddant and row spacing details are showiT @able5 and Figure8. Thetiming of
management practiceand the measurements of this study can be fountaible6.

Table5. Plant spacing and density in the sole crops of maize and beans, and the moja antenchips:
Moja 6 W2y SQ Ay créppimgKaltérdating drop (rdBviNIbja: alternating crop rowsMbili: two-by-two
alternatingcroprows.B= beanM = maize.

Design Plants per hole Row spacing (cm) Plant spacing (cm, Planting density (plants l’i)a
Sole cropping : 2 B-B: 50 B: 25 B: 160,000

@

M: 1 M-M: 75 M: 30 M 44444
Moja intercropping B: 2 BM: 40 B: 25 B 100,000
M: 1 M: 325 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
<
[Loson | o
oo i
Sole bean Sole maize Moia intercrop Mbili intercrop

Figure 3Plot layout of in sole and intercropped bea ﬁnd maize(:). Figure outlines do not represent plot
boundaries. 3






















































































































































