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Short summary

To increase productivity and profitability, while limiting nutrient losses and related GHG-emissions,
African smallholders need more tailored fertilizer advice. Yet, such advice critically hinges upon — largely
lacking — field-level management data, as management is key to efficient fertilizer use. The Maize-
Nutrient-Manager (MNM) mobile phone application enables collection of such data at scale, and
directly converts this data into actionable advice for the farmer. Focusing on field-level management
data, MNM can identify those management practices that are currently imperative for enhancing
smallholder farmers’ efficient use of fertilizers in their locality, thereby increasing productivity while
reducing greenhouse gas (GHG) emissions. This document describes the background, design principles
and development process of then MNM mobile phone application, as well as its pilot use in advisory
practice in the Mbozi and Momba districts of Songwe region, Tanzania.

Page 4 of 30



—
<b e © J, Uesnesn (Y)ifa [ U NS

) Netherlands Organisation for Scientific Research
CGIAR  Food Security ~ CCAFS « BLLLY CIMMYT. yorro science for Global Development

Maize-Nutrient-Manager: A mobile phone application for field-specific, balanced nutrient management advisory

1. Introduction

This document describes the background, design principles and development process of the mobile
phone application Maize-Nutrient-Manager (MNM), as well as the deployment of version 1 of the
application in the Mbozi and Momba districts of Songwe region, Tanzania, in Nov.-Dec. 2019.
MNM is an application for service providers (currently, agricultural extension workers) and smartphone
owning smallholder farmers. It generates nutrient management advice for one maize field, based on the
farmer's current management practices. MNM records agronomic management data to off-line
generate:

(1) investment-based, balanced nutrient (NPK) advice, and;

(2) nutrient management advice (timing, application, application method, splitting, etc.).

The aim of this field-specific advice is to help smallholder maize growers to enhance the use efficiency
of the fertilizers they can afford to use. The focus on enhancing nutrient use efficiency is a deliberate
and key design principle of the MNM application. First, it means a shift of emphasis in agricultural
advisory towards the farmers’ (field) conditions and her/his available resources. Rather than prompting
— often resource-constrained — farmers to invest more capital and labour in order to increase profitability
and production, the main focus becomes how to increase fertiliser use efficiency based on smallholders’
current (or preferred) spending. Second, a focus on improving nutrient use efficiency simultaneously
helps to decrease related greenhouse gas (GHG) emissions. Applying the right balance of nutrients at
the appropriate time of the crop’s development not only increases yields, but also reduces losses,
particularly N2O emissions that are associated with unbalanced NPK use.

MNM is both an application and a learning system for farmers, knowledge service providers and
researchers. It alerts knowledge service providers and farmers to record those field conditions and
management practices that are most likely to be relevant for increasing nutrient use efficiency. It thus
stimulates MNM-application users to systematically record field conditions and management practices,
thereby setting up a field-based ‘business administration’. This record of management practices and
their outcomes is crucial as well as innovative as it enables farmers and advice providers to evaluate
and learn from the field-specific advice provided by MNM.

As MNM collects field-level agronomic management data (data that is currently scarce as it is typically
not collected through surveys), and does so at scale, it allows researchers to identify the key yield-
determining factors in a particular geography. Comparative analyses of management practices and their
outcomes, that is, comparisons between large numbers of fields and farms and across seasons, can
help to identify the critical management practices and field-conditions for enhancing nutrient use
efficiency. Yet, to identify these critical management factors and to develop appropriate advice for them,
requires a flexible approach with regard to application design; contents needs to be changeable.
Therefore, MNM is written in Open Data Kit (ODK), a free and open-source software package for mobile
data collection in resource-constrained environments (https://opendatakit.org). While ODK consists of a
suite of applications (for handheld devices, computers and servers), its main advantage for content
development for agricultural advisory applications is that it enables users to quickly develop content in
Microsoft Excel®, and to test this at scale on mobile phones that can be operated with ease by advice
providers.
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This document is organized as follows: First, we outline the background and rationale of field-specific
nutrient management advisory. Then, we discuss the design principles and advice logics for such
advisory, focusing on user needs, scaling potential, and effectiveness. Lastly, a pilot conducted with the
MNM app in advisory practice in the Mbozi and Momba districts of Songwe region, Tanzania is
described, and the way forward is explained.
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2. Background

2.1 From blanket fertilizer recommendations to field-specific advisory

Fertilizer advice for African smallholder farmers generally takes the form of crop-specific blanket, high-
input recommendations targeted at specified agro-ecological zones or administrative areas. These
recommendations are based on average nutrient responses as measured in multi-locational crop-dose
response experiments. Thus, for the Southern Highlands zone of Tanzania, the nutrient
recommendations for maize are: 120 kg N and 20 kg P per hectare (and no recommendation for K as
response to K was apparently minimal in the conducted experiments).

Targeted at agro-ecological zones, large scale differences in climatic conditions and soil types are
currently shaping fertilizer recommendations. Yet, crop responses to nutrients are also shaped by lower
level differences in soils and climatic conditions within one agro-ecological zone, as resulting from soil
forming processes and topography (soil texture, landscape position, slope). In addition, crop yields are
also shaped by field-level conditions (such as soil pH) and farmers’ management practices (such as
manure and nutrient management). A specific field’s soil fertility, as well as a crop response (yield) to
fertilization, is an outcome of three categories of factors — agro-ecological, field conditions and farmer
management factors — that are strongly interdependent (Figure 1). As a consequence, blanket fertilizer
recommendations (the same across an entire agro-ecological zone) can result in rather different
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Figure 1: Similar nutrient input levels result in different outcomes (cf. maize field pictures), as crop responses to fertilizer
applications (yields) are a product of agro-ecological factors, field conditions and farmer management (some examples of each
category of factors included).
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A further problem of blanket fertilizer recommendations is that they do not take account of changing
market situations and farmer behaviour. For instance, low grain prices often limit the profitability of maize
production, and therefore limit farmers’ cash and labour investments in maize production. Agronomic
considerations and profitability are therefore not likely to be the main drivers of fertiliser use. Smallholder
farmers are often cash-constrained, which restricts their capacity to invest in expensive inputs such as
fertilizer; while their livelihood composition is likely to structure resource allocations (capital and labour)
on the farm. As a consequence, most farmers do not or cannot apply the recommended nutrient rates
(Figure 2); Apart from economic and social considerations, the uptake of blanket recommendations is
also hampered by the fact that many farmers do not know the exact size of their maize fields.

15 ,'?Q"f%N/f,‘al . MNM-pilot, Tanzania (2019)
recommended n=340
©10 .
s A -
- = Yield variability not explained
g . . o by fertiliser supply alone .
@ .
-E L L]
(1] ol
E 5 3 -:o > %
TR
F : v
0 :
0] ! 200 400

mineral N applied (kg N/ha)

Figure 2: Example of smallholder maize growers’ reported Nitrogen use on their maize
field, converted to N-use per hectare (field areas GPS-measured, production farmer
estimated; outliers not-removed), Songwe region, Tanzania, 2018-2019 season.

As similar nutrient rates result in rather different yield levels (Figure 2), even within geographies of limited
extend (e.g. Mbozi and Momba districts of Songwe region), there appears to be room for improving
smallholder farmers’ nutrient use efficiency. If so, productivity can be increased, and fertiliser losses —
such as greenhouse gas (GHG) emissions — be reduced. In order to achieve this, fertilizer advice needs
to become more farmer and field-specific, and more encompassing — not only focusing on nutrient types
and quantities, but also on management that improve nutrient use efficiency.

2.2 Fertilizer advisory and the ‘data revolution’: The lack of field-level management data
Capitalizing on rapidly expanding and increasingly detailed remote sensing-, soils- and climatic-data,
data-driven approaches have taken the lead in the development of geo-spatially explicit, field-specific
advisory. This is exemplified by tools such as Nutrient Expert® and Fertilizer Optimizer® (Figure 3).
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The QUEFTS (Janssen et al. 1990; Smaling & Janssen 1993) model-based Nutrient Expert®' tool links
(1) experimentally-derived, soil nutrient supply data to model the soil’s nutrient supply and, (2) a limited
set of indicators of a field’s soil fertility status to adjust the model-derived estimation of the soil’s nutrient
supply, to generate field-specific fertilizer advice. The advice is based on a farmer-set target yield.
Fertilizer Optimizer®? uses (1) nutrient-response experiments to establish crop-nutrient response
functions, which are then used to generate farmer-specific advice that maximizes net returns to fertilizer
for financially constrained fertilizer investment.

SAMSUNG
T B A CNE 1724

Fertilizer Optimizer H

SAMSUNG
8

Mot £xpert® for Maize dgwen Ao Wosen =

Benefit of curent and improved
peactices

Fertilizer Optimizer

Yo start, cick a bution

Current NM Practice

About the app

(Exvent
( D ~

Acknowledgement

NUTRIENT Fertilizer
EXPERT Optimizer
CABI

Figure 3: Examples of field and farmer-specific fertilizer applications:
Nutrient Expert® and Fertilizer Optimizer®.

While both tools build on fertilizer and grain price data, either to calculate profitability (Nutrient Expert)
or to maximize net returns (Fertilizer Optimizer), both tools build on averages — soil nutrient supply, and
crop-nutrient responses — derived from multi-locational agronomic experiments. While the needed
sample size and representativeness of these experiments is open to discussion, a major question
remains: how to adjust the modelled average soil nutrient supply or crop nutrient response to the specific
field for which an advice needs to be generated?

Most often, the answer is sought in the ‘data revolution’, which provides increasingly detailed and real-
time, geo-spatially explicit soils and climatic data, can help to characterize field conditions. However,
such data often remains too coarse to adequately characterize the often small (<0.5 ha) and
discontinuous plots of smallholder farmers. In addition, data-driven approaches towards field-specific
advisory often assume that these (remotely sensed or interpolated) geo-spatially explicit data on agro-
ecological conditions are key determinants of field conditions and yield. Yet, as a growing body of
agronomic literature on management-induced soil fertility gradients exemplifies (Mtambanengwe &
Mapfumo, 2005; Tittonell et al. 2007a,b), field conditions and yields are to a large degree shaped by
(past) farmer management of a field. Field-level management data is, however, largely lacking as it is
not usually collected in agricultural surveys.

" Nutrient Expert® is a tool of the International Plant Nutrition Institute (IPNI). See: http:/software.ipni.net/article/nutrient-expert
2 Fertilizer Optimizer® is a tool of CABI, developed in collaboration with the University of Nebraska. See: Jansen et al. (2013).

Page 9 of 30



—
9 g O gy weeevneen@ s (V) ifa [ W NYO

3 GCap A —————————  Netherlands Organisation for Scientific Research
CGIAR  Food Security ~ CCAFS ALY CIMMYT. yworro science for Global Development

Maize-Nutrient-Manager: A mobile phone application for field-specific, balanced nutrient management advisory

Our research exemplifies this need for field-level, farmer management data. For instance, analyses of
agronomic experiments distributed over agro-ecologically diverse landscapes in Ethiopia showed that
the observed variability in experimental outcomes was not so much shaped by differences in soil types,
climate or rainfall, but foremost by field-level factors (Andersson et al. in prep.; Figure 4b). Similar
analyses of nutrient omission trials distributed over major maize growing areas in Tanzania suggest the
same (Figure 4a). This shows that most variability in yield responses to N, P or K is explained at farm
or field-level. Consequently, yield responses in one field have very little predictive value for other fields.

(a) Tanzania (b) Ethiopia (n~60)
% e g " Sou:ce.of.Vanance
i = 5| e
« fgx. . Un explained
€ .l =
l I ]

control N P K M NPKM K
Yield Response to NPK

Figure 4: Source of variance in yield responses to fertiliser application. (Note: Yield response data was derived from Nutrient
Omission Trials (NOTs), that used one (high) level of nutrient inputs (i.e. NOTs are not the same as crop-nutrient response trials).
(a) Tanzania (source: Delaune 2018). (b) Ethiopia.

2.3 Collecting field-level management data at scale: developing a learning system
Acknowledging that field-level management is a key determinant of smallholder farmers’ yields, the
challenge becomes: How to collect this largely lacking management data at scale? And subsequently,
how to translate this field-level management data into actionable field-specific advice that can be
delivered at scale? The Maize-Nutrient-Manager (MNM) mobile phone application addresses these two
challenges, by combining data collection with advice provision. Using an easily programmable mobile
phone-based survey package — Open Data Kit (ODK) — it collects data on field conditions, field-level
management and obtained yield of large numbers of smallholder farmers who farm in relatively similar
agro-ecological circumstances and market conditions. This enables comparisons between fields in the
same location and across seasons.

First, field characteristics — such as field size (GPS-measured) and agro-ecological conditions resulting
from soil formation processes are captured: field location in the landscape, field slope, and soil texture
These factors, which are known to influence nutrient availability and uptake, are recorded through simple
visual representations (Figure 5).

Page 10 of 30



Y 6
ESEARCH PROGRAM ON R 4 §
& dimate change, WAGENINGEN &% Clobal vield \/ Ifa « W‘E N Wo
Agriculture and UNIVERSITY & ARCH ‘7 p Atlas e T Netherlands Organisation for Scientific Research

CGIAR  Food Security ~ CCAFS resenRen Z i cIMMYT

'WOTRO Science for Global Development

Maize-Nutrient-Manager: A mobile phone application for field-specific, balanced nutrient management advisory

field size field slope landscape position soil texture

p

[J]  MNM-Tanzania — SHZ

SAMSUNG

T 0% 21%8 2239

SAMSUNG
T 0% 20%8 2242

SAMSUNG
T 0% 20%8 2243

SAMSUNG

T 0% 20%8 2243

[J]  WNM-Tanzania — SHZ [Z]  MNM-Tanzania — SHzZ

@ Location

To record a GPS-location, you may have
o turn on the phone’s GPS.

Bt setvngs
& Privocy
Q Location

Use locating method:
GPS only

MNM-Tanzania — SHZ :
* What is the slope of the maize field?

Pioase select the most appropriate option

little to no slope

* Landscape position Soil type of the maize field

Where is your field located?

After good rainfall, when the
farmer's maize fieid is wet,
soil can stick to the jembe (hoe)

<5%

Press Start GeoPoint to record the location:
The location will be recorded automatically when
accuracy is less than 10 m. I this does not happen
within 30 seconds, press SAVE GeoPoint.
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* After recording the location (GeoPoint), select

Figure 5: Field conditions recorded by Maize-Nutrient-Manager

Second, management practices — of the past season — that are known to influence field conditions and

yields are recorded These include:

e crop(s) grown — e.qg. yield benefits of crop rotation (especially with legqumes) (Franke et al. 2018)

¢ land preparation and seeding practices — e.g. plant density and yields (Ciampitti & Vyn, 2011).

¢ manure use (frequency and last season’s use) — e.g. effects on Soil Organic Matter (SOM), nutrient
uptake, yields (Zingore et al. 2007)

o seed use (variety, quantity used, recycled seed, seed spacing)

¢ timing of planting (plant date) — e.g. yield penalty of late planting (Tittonnel et al. 2008)

o fertilizer use (types, quantities, timing of application and method of application)

o weeding practices (pre- and post-emergence herbicides use, number of weedings)

o observed nutrient deficiencies in maize (P and K deficiencies)

o observed pest and disease prevalence
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Figure 6: Examples of field-level management data recorded in Maize-Nutrient-Manager

Third, achieved yields are recorded in ‘gunia’, commonly used bags for grain that hold 108-112 kg of
maize grain. (As many farmers do not keep the harvests of their different maize fields separate, MNM
also records whether fields are harvested separately, as a measure for data quality assessment).

Exploratory research in Songwe region, MNM'’s operational area, informed what and how management
practices are recorded. Locally available fertilizer blends, packet sizes and prices are included and MNM
uses as much as possible the local terminology and units of measurement. For instance, as it was found
that many farmers in Songwe region recycle hybrid seeds to save costs, MNM includes questions on
seed recycling in order to establish whether such practices affect yields and nutrient use efficiencies.
Using visualizations, local terms and units of measurement — such as acres and ‘gunia’ — not only serves
to improve data quality, but most importantly, to speed up advice provision and to enable non-expert
users to use the application. Thus, the scaling potential for field-specific advisory is enlarged.

2.3.1 Maize-Nutrient-Manager as a learning system for farmers and advice providers

In recording field-level management data, the MNM-application stimulates farmers to be observant and
keep a record of how they managed their maize field. In the 2019/20 pilot in Songwe region, farmers’
recording of field-level management data is further stimulated by handing-out combined advice and field-
record sheets to farmers. On one side the extension worker writes the MNM-advice, and on the flipside
the farmer records types and quantities of fertilizers used, timing and method of application, observed
nutrient deficiencies in the field, etc. (Figure 7).
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Figure 7: Flow diagram of management recording, MNM-advice provision and farmer record-keeping

2.3.2 Maize-Nutrient-Manager as a learning system for placed-based agronomy
While the recorded field conditions and farmer management data are immediately transformed into
tailored, field-specific advice (see next chapter) and handed to the farmer, the collected agronomic
management data is aggregated and used for analyses. The MNM collected data focuses on three types
of analyses:
1) the identification of management practices that enhance nutrient use efficiency in a particular
locality or region;
2) diachronic analyses of fertilizer use and nutrient use efficiencies at different scales (field,
locality, region);
3) advice uptake monitoring and impact evaluation through multi-season analyses of field-specific
data.

These analyses, which centre on nutrient use efficiency, inform MNM-application updates: data
collection on management practices that are commonly applied in the region, or that do not appear to
have any (positive or negative) effect on nutrient use efficiency when assessed at different scales
(field/locality/region), may be dropped from the application, in order to reduce the time required to
generate an advice. Alternatively, found diversity in management practices or apparent effects of
particular management practices may instigate further investigations and additional fieldwork in order to
(re)-formulate new questions to be included in the application. For instance, MNM use in 2019/20
revealed the importance of intercropping and crop rotation with legumes (groundnuts, beans) in the
Songwe region (see also section 4). Consequently, new data collection will also need to focus on
recording legume cultivation related management practices to enable: (1) analysis of the potential
effects of legume rotations on nutrient use efficiency, and subsequently; (2) the development of advisory
for intercropping/rotated fields.
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Maize-Nutrient-Manager: A mobile phone application for field-specific, balanced nutrient management advisory

3. MNM design principles and advice logics

Targeted at African smallholder farmers who are often cash and labour constrained, yet constitute the
vast majority of farmers in Africa, MNM design is informed by three main considerations. First, only
actionable advice is scalable. Second, for advice to be actionable for generally resource-poor
smallholder farmers, it should not require substantially higher cash and/or labour investments. Third, for
field-specific advisory to be scalable within a large population of smallholder farmers, a large user base
is needed. Therefore, advice generation should not require expert knowledge, take little time, and
preferably, be location independent. In the discussion of main design principles below, these
considerations will become recognizable.

3.1 Investment-based advisory and 4R principles: from Right rate to Right balance

As already noted earlier, African farmers’ investment in fertilizers for maize production is often low and
highly variable, due to low investment capacity (especially among the poor), volatile grain market prices,
low and variable profitability. Yet, as maize is the main staple food for most (cash-constrained) farming
households, all farmers do invest in maize production for food security purposes and, following the
theory of the normal surplus production (Allan, 1965), are likely to invest more labour and capital than
is needed to meet subsistence needs in an average year. Investment in fertilizer for maize is therefore
not necessarily a function of profitability, nor simply a function of subsistence requirements. Farmer
investment in a particular crop or field needs to be understood within the context of the farming
households’ livelihood strategy. Maximizing maize production is therefore not likely to be the aim of
smallholder maize growing farmers.

Consequently, a focus on a single crop’s nutrient needs, as outlined in the 4R nutrient stewardship
approach (www.nutrientstewardship.org), is only likely to impede advice uptake and thus, limit the
scaling potential of nutrient management advice. In situations of high fertilizer prices, as prevailing in
many areas in Africa, a focus on crop nutrient needs or a set target yield (as in existing applications)
may lead to social exclusion in advisory practice; Advice providers may target only those farmers who
are able to invest in fertilizer, while resource-poor farmers may ignore advice that requires investments
beyond their means. In order to enlarge the user base (scaling potential) for field-specific nutrient
management advisory, MNM therefore adopts an investment-level design principle, replacing the notion
of ‘right rate’ with ‘right nutrient balance’ (Figure 8).

T .
Matches amount of fertilizer type crop -
’ needs. ‘

RIGHT SOURCE RIGHT BALANCE RIGHT TIME RIGHT PLACE
Matches fertilizer type to crop needs. Apply nutrients in the Makes nutrients available when crops needs  Keep nutrients where crops can use them.
proportion that the crop requires them.

Figure 8: 4R nutrient stewardship stresses, Right source of fertiliser, Right amount to match crop needs (in MNM replaced by
Right balance), Right timing of fertiliser application, and Right placement (adapted from: www.nutrientstewardship.org)
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Maize-Nutrient-Manager: A mobile phone application for field-specific, balanced nutrient management advisory

Based on the recording of fertilizer use in the previous season, the MNM-application estimates a
farmer’s investment in fertilizer for maize production. This estimate forms the basis of different advisory
options (Figure 9):

1) Similar investment-level advice;
2) A farmer preferred — higher or lower — level of investment in fertilizer

Field research on farmer’s nutrient management practices revealed that a substantial number of maize
farmers in the Songwe region already starts to purchase seeds and (basal) fertilizers for the next season
upon selling their harvest in September (Kilakila, 2020). Therefore, MNM also incorporates an advisory
option for farmers who:

3) already have bought (some) fertilizer

3.1.1 Investment-based advisory and the scaling potential of field-specific advisory

As farmer-reported field areas are often biased (Carletto et al. 2013, Kilic et al. 2013), farmer reported
yields — production per area — are often inaccurate too. In order to asses current yield levels and
agronomic efficiency of current fertilizer use, the MNM application therefore starts with a protocol to
measure the field-area using the phone’s in-build GPS (global positioning system). However, as MNM-
advisory is investment-based rather than target-yield based, field advice can also be generated without
an accurate estimation of the field area for which the advice is generated. Consequently, MNM-advice
generation does not necessarily require the application user to be present in the field. Investment-based
-advice thus drastically enlarges the scaling potential of field-specific advisory, as it enables off-farm
advice generation — for instance, by agro-dealers — and thus the user base. (Although MNM version 1
does enable off-farm advice generation, pilot use has thus far been restricted to extension workers
visiting farmers in their fields).

3.1.2 Investment-based advisory: Price per kg nutrient and farmers’ fertilizer blend preferences

An exploration of fertilizer blends and prices in the Songwe region in November 2019 further informed
application design, building on the principle of investment-based nutrient advisory. It appeared that
prices per kg nutrient, differed substantially between different blends. For instance, for basal fertilizers,
prices per kg P varied from TSh 5,900 (for DAP and TSP) and TSh 6,800-7,800 (for NPS fertilizers), to
TSh 15,000 or higher (for NPK fertilisers). Similarly, prices per kg N for top-dressing fertilizer varied
between TSh 2,400 (for Urea) and TSh 3,000-3,500 (for CAN fertilizers), to TSh 3,600-4,200 (for SA
and other N-based fertilizers).

As DAP and Urea are the cheapest and most widely available sources of respectively P and N,
investment-based advice in MNM generates initial advice in kg DAP and Urea. However, many farmers
also apply other top-dressing fertilizer types than Urea, as is evidenced by the wide availability of CAN
and SA fertilizers. Such preferences for CAN and SA may be informed by lower volatilization risks in dry
soils (‘burning’), or by their (claimed?) rapid and efficient uptake by plants. Whatever farmers’ exact
considerations, MNM provides the option to replace standard, Urea-based advice with a maximum two
different types of top-dressing fertiliser (Figure 9). Fertiliser quantities advice in MNM is provided in kg.
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[C]  MNM_Tanzania B :

* Fertilizer expenditure (basal+top)

Max. nutrient per TSh
Last season, you spent about TSh 165000 . P (1)
(in total) on fertiliser for this field. advice DAP+Urea - N:P=6:1

If this amount is correct, you may choose option 1 (if
you want to spent the same as last year). If this amount
is not correct, choose option 2 and type the amount you

want to spend this year.

preferred top-dressing
What will you do this season? fertilisers (max'z)

1 will spend the same amount
on fertiliser as last year ¢

Nitatumia kiasi hichohicho
MNM-calculated LR [

fertiliser
expenditure
estimate

(last season’s use)
J 1 already have (some) fe : > What fertilisers does 3 preferred top-dressing
K Taya a mbolea kidogo farmer have (max.2) fertilisers (max.2)

preferred N-fertiliser advice] ( 2)

1 type how much I will spend top-dressing (max.2)

Ninaandika ni kiasi gani nitatumia...

@ Additional fertilisers 3
\ J for balance advice ( )

P = userinput [:] = App fertiliser advice

Figure 9: Flow-diagram for nutrient source type decisions in MNM to arrive at balanced nutrition, based on: (1) farmer-preferred
fertiliser expenditure; (2) preferred expenditure and preferred type of topdressing fertiliser, or (3) in addition to already purchased
fertilisers. DAP and Urea constitute the cheapest nutrient solutions (kg nutrient per TSh invested).

3.2 Towards balanced nutrient advice using available sources
Adopting a slightly revised interpretation of the 4R principles — adjusting only the nutrient balance, rather
also the rate — to the crop’s needs, MNM focuses on achieving an appropriate N:P ratio in the fertiliser
applied. While this focus seems at odds with the principle of balanced nutrient supply, it is informed by
the institutional environment in which field-specific advisory is to operate.

First, as in many areas, in Songwe region soils are generally regarded as not K-deficient. Hence, current
blanket recommendations for maize do not include K, which may have shaped the availability of K-
fertilizers in the region. Second, establishing the soil nutrient supply for N, P and K is a huge logistical
challenge as (past) farmer management strongly influences nutrient supply and uptake. It is also
questionable whether large-scale and repeated soil testing is a useful strategy in establishing the soil
fertility status of smallholder’'s generally small maize fields. This is because there are indications that
standard soil parameters are not always an accurate indication of the soil’s fertility status, and that
agronomic models — such as the QUEFTS model — may not adequately estimate crop yield responses
to fertilizer applications under variable soil fertility conditions (Njogore, 2019). (Nevertheless, geo-
spatially distributed nutrient response experiments for different fertilization rates could be helpful in
generating a more are or site specific standard nutrient balance)®. Third, K-fertilizers are more difficult
to obtain, more expensive, and only available in blends, impeding the possibilities of applying different
balances of nutrients in response to field conditions.

3 The reference nutrient balance used in the current version of MNM is based on current blanket fertilizer recommendations in
Tanzania.
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Unlike other field-specific advisory applications, which adopt the principle of soil nutrient replenishment
— and therefore use maintenance rates for each macro-nutrient — MNM adopts a hybrid approach. Since
establishing appropriate field-specific nutrient balances is not possible, in absence of (accurate) field-
level soil fertility data, MNM uses a standard balanced nutrient approach for N and P. This standard
balanced advice is combined with a field-specific approach focused on correcting apparent imbalances
in soil nutrient availability. Visual farmer assessments of nutrient deficiencies in the field result in
adjustments in the N:P ratio in the field-specific advice, and/or K-fertilizer application advice (Figure 10).

a N\
"B %l 17% 4 07:29
U MNM_Tanzania = . . .
nutrient balance options: manure advice:
Observed P-deficiency?
balanced N:P (6:1) ] [ try to use ]
Yes lowered N:P ratio ]—

NPK-based + lowered N:P ratioJ >[use regularly]

NPK-based, balanced N:PJ—

balanced N:P (5:1) ] [ try to use J

Figure 10: Flow-diagram for adjusted nutrient balance decisions in Maize-Nutrient-Manager-based on farmer-observed
deficiencies in previous season.

3.3 Farmer nutrient management practices: Types, timing and application methods
As the timing of fertilizer application has a significant effect on nutrient use efficiency, yields and nutrient
losses, MNM focuses both on recording existing diversity in nutrient management practices — to enable
the identification of nutrient use efficiency enhancing practices — and the provision of farmer-specific
advice. Next to recording types and quantities of fertilizer used, the focus is on:

e timing of fertiliser applications (top-dressing)

e application method (placement)

3.3.1 Manure use advisory

Next to inorganic fertilizer application, nutrient availability in smallholder farmer’s fields can be strongly
influenced by manure use, which provides nutrient and enhances soil organic matter in the soil. Yet low
and uneven stocking rates (manure availability), and different manure management (collection, storage,
transportation and on-farm distribution practices), make the assessment of the effects of manure use
on yields difficult.
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Research in smallholder farming systems has shown that manure quality and application rations are
highly variable and often low, while in-field application methods differ. For instance, in Songwe region,
farmers may spread their available manure across the field or, when there is little manure available, spot
apply it to planting stations. In addition, manure use may replace the use of basal fertilizer (DAP), or be
preferentially allocated to fields closer to the cattle kraal (boma), or to crops that have a higher returns
than maize, such as coffee (Kilakila, 2020). Next to differences in manure quality, distribution and
application methods, quantification of manure use has proven to be difficult; farmers often use different
means to carry manure to the field and often do not keep track of amounts.

Many farmers apply manure on their maize fields, yet quantities and frequency often appear to be
variable and difficult to establish. This also appeared to be the case in Songwe region, where both cattle-
owning and non-cattle owning farmers could apply manure (Kilakila, 2020). The implications of these
observations for field-specific nutrient advisory are not straightforward. Although manure application is
generally beneficial, advising farmer to preferentially apply it to their maize field, may increase labour
requirements (e.g. a when the maize field is far from the cattle kraal), or go at the expense of other crop
production, or be less or not profitable when viewed from a farm-scale perspective. MNM-advice on
manure use is therefore limited at present; it advices farmers to ‘try to use manure’ and those who
observed nutrient deficiencies in their fields to ‘apply manure regularly’ (seasonally) (Figure 10). With a
view on improving manure use advisory in the future, MNM collects information on manure use
practices, including frequency of use, and whether manure was used in the previous season. (manure
application methods — broadcast, spot-application — may also be included).

3.3.2 Nutrient management advice (1): Basal fertilizer

In the current version of MNM nutrient management advice is still limited, as detailed and quantitative
data on farmer’s management practices is still largely lacking. Building on farmer’s input of last season’s
practice, basal fertiliser related advice in MNM currently consists of:

Last season’s practice: MNM-advice:

No basal fertiliser used > ‘Try to use this season’

Basal fertiliser applied after planting > ‘Apply basal fertiliser at planting’
(DAP/NPK/NPS/TSP) ‘Dry-planting?’ (i.e. seeding before rains)

‘Try kuchomekea at emergence’
(kuchomekea = to place in a hole next to plant)

3.3.3 Nutrient management advice (2): Top-dressing fertilizer

MNM-advice related to top-dressing fertilizer use is equally limited at present, due to lack of detailed
field-level data. However, explorative research in Songwe region suggested that some farmers start
applying top-dressing fertilizer rather late in the growing season (Kilakila, 2020). Hence, the current
version of MNM already includes advice on the timing for top-dressing fertiliser. When MNM is recording
that the first time application of top-dressing fertiliser is late, the farmer is advised to apply their first top-
dressing fertilizer earlier, at 5-6 developed leaves.

Building on farmer’s input of last season’s management practice, top-dressing related management
advice in MNM currently consists of:
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Last season’s practice: MNM-advice:

No top-dressing fertilizer used > ‘“Try to use this season’

< 25 kg top-dressing fertilizer used & > ‘You may split apply, but you can also all at once

field size > 0.5 before maize has 8-10 leaves’

> 25 kg top-dressing fertilizer used & > ‘Split apply top-dressing fertiliser, about half the

applied at once first time (5-6 leaves), the remainder the second
time.’

3.4 Identifying nutrient use efficiency enhancing conditions and practices:
Adopting a farming and agricultural systems perspective
As mentioned before, in absence of field-level management data, the current version of MNM
necessarily centres upon recording those management practices that are potentially shaping crop
nutrient responses and enhancing nutrient use efficiency. What practices to include in the MNM
application is informed by:
1) An extensive academic literature that has delineated field conditions and management practices
factors that may affect nutrient availability and uptake in specific situations;
2) Local explorative research into farmer’s current farming practices to establish whether these
field conditions and management practices apply in the application’s operation area;
3) A mapping and quantification of the diversity in field conditions and management practices in
the application’s operational area.

For instance, while in the agronomic literature it has been well-established that crop rotation with
legumes can improve soil nutrient supply, local research is required to establish what rotations are
practiced in order to estimate possible effects and their magnitude. Yet, for the development of relevant
field-specific advisory it is not only necessary to map the different crop rotation practices, but also to
establish the frequency by which these occur within the farming population. Rare practices, or practices
that are applied by all, do not warrant the development of specific advice protocols, or numerous
questions in the application.

Next to mapping relevant but diverse field conditions and management practices at field-level, it is
important to understand farming practices within the context of the local farm household system and the
agricultural system at large. For example, whereas questions on crop rotations with nitrogen-fixing
legumes are included in MNM in order to enable analyses of their impact on soil nutrient supply and
nutrient use efficiency, rotations with non-nitrogen fixing cash-crops may have similar effects due to
farmers’ preferential allocation of resources (i.e. fertilizers) to such cash-earning crops. (Input-providing
contract-farming arrangements may shape similar impacts). Explorative research in Songwe region
suggests the importance of such preferential allocations of resources within the farm; coffee growing
farmers were found to preferentially allocate their available manure to this cash crop, rather than to their
maize crop (Kilakila, 2020). In addition, within farm manure allocations may appear to be a function of
the distance of the field to the farmer's homestead and cattle kraal (boma); analysis of the MNM-
collected field data is to establish whether such distances reflect management gradients and soil fertility
gradients (Zingore et al. 2007).
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4. MNM-Tanzania pilot, 2019-2020: Initial findings and next steps

In the Mbozi and Momba districts (Songwe region), Tanzania, a first version of MNM is currently piloted
(~1,000 farmers advised) (Figure 11). Its use is monitored and will be evaluated in 2020. Initial impacts
of MNM advisory will also be assessed in 2020. This chapter presents some initial findings and outlines
possible next steps in the development and institutionalization of the MNM application. As data analyses
is ongoing and application use, advice uptake and impact is still being monitored, these are merely
preliminary explorations.

4.1 Initial findings on nutrient use, timing, agronomic efficiency and investment-based advisory

The 2019/20 MNM-Tanzania pilot builds on advice provision by government extension workers in in
Momba and Mbozi district. Thirty-two extension workers who were already familiar with smart-phone
use, received a half-a-day training in MNM use in November 2019. Given a target of 35 advices per
extension worker, they generated approximately 1,000 advices within a period of two months (Figure
11).
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Figure 11: Location of MNM-advices provided by 32 government extension workers Songwe region, Tanzania (n~1,000 farmers)

Is there a need for more balanced nutrient advice?

Figure 12 shows actual N and P use by maize growing farmers in the 2018/19 season on the plot
targeted for MNM-advice in the 2019/20 season. The figure shows that whereas a number of farmers
did not apply any fertilizer (blue arrow), most did apply both basal (P) fertilizers and top-dressing (N)
fertilizers. Yet, the more kg fertilizer a farmer applied, the higher the N:P balance appears to become
(slope of the N area, no slope P area), suggesting there is space for more balanced nutrient advisory.
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Figure 12: Total kg N and P used per targeted maize plot, 2018/2019 season (n=349). Note that a substantial group of
advised farmers did not use any fertilizers. N:P ratio increases as fertiliser use increases - scope for balanced advice?

Nutrient management advice: Incorporating farmers’ fertilizer preferences and timing advice

Initial explorations of maize farmers’ fertilizer use confirmed that many farmers also apply other top-
dressing fertilizer types than Urea (CAN and SA are the most commonly used top-fertilisers after Urea;
accounting respectively for 13, 12 and 67% of all the fertiliser used among n=312 farmers; basal fertilizer

used is predominantly DAP).

A substantial number of smallholder farmers does not appear to apply fertilizers to their maize, or only
apply top-dressing fertilizers. In Songwe region, about 14% of maize growing farmers (n=347) reported
not to have applied any fertilizers (18% no basal fertilizer, 15% no top-dressing fertilizer) to their maize
in the 2018/19 season. Explorative research (Kilakila, 2020) in November 2019 yielded different figures

of non-use of fertilizers (40% no basal fertilizer, 4% no top-dressing use; n=102), but also that:

Recording of farmer practices through MNM use confirmed the latter practice; It was found that about a
third of the fertilizer-using maize farmers tend to apply top-dressing fertilizer for the first time only at 8-
10 developed leaves or later (Figure 13).

maize plots dedicated to the production of maize for household consumption tended to receive

less attention and inputs;
farmers that apply manure to their maize field may reduce or not use any basal fertilizer;
maize plots close to the homestead are more likely to receive manure inputs;

different fertiliser application methods are used by farmers using hand hoes or animal draught

power at planting;

some farmers apply basal fertilisers (long) after planting
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Figure 13: Timing of first top-dressing application by Songwe region farmers, 2018/19 season (n=292; non-applying farmers
excluded). Note that 5-6 leaves and 8-10 leaves does not correspond with V6 and V8 crop development stages. Farmer who split
applied topdressing fertiliser, tended to apply their first fertiliser application earlier (at 5-6 leaves or knee-high).

Agronomic efficiency of fertilizer use

An initial exploration of Agronomic Efficiency (AE) related to N application (outliers not removed)
suggests that maize farmers harvest at least an extra 8 kg grain for each kg N applied. On average, this
efficiency is 12 kg additional grain for each extra kg N applied (Figure 14).
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Figure 14: Observed Agronomic Efficiency related to N application (n=330): Minimum agronomic efficiency (N-AE): 8 kg
additional grain per kg N applied. Average agronomic efficiency (N-AE): 12 kg additional grain per kg N (P<<0.00001).
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Understanding farmers’ fertilizer investment behaviour to enlarge MNM'’s scaling potential

Initial explorations of the MNM-application’s principle of investment-based advice, suggests the value of
providing both cash-based options and an ‘already-purchased’ option. Figure 15 evidences the
existence of different fertilizer purchasing practices among maize growing farmers: some buy early,
others only shortly before the season starts. These different options enlarge the time-window for advice
provision, enabling advice provision from the moment farmers have harvested their maize, up to the
time time farmers start planting their next crop.
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Figure 15: Number of farmers opting for different investment-based advisory options.

4.2 Next steps in the analyses, development and institutionalization of the MNM-application
In 2020, as the agricultural season progresses, research will initially focus on monitoring advice uptake
and impact analyses. Field advice and Farmer record sheets (Figure 7) will be collected to analyse:

e  App-provided MNM-advice and MNM advice provided on the hand-outs;
e Farmer records of management practices
e Behavioural change in nutrient management

In addition, MNM use will be evaluated through interviews (and workshops) with farmers and extension
workers. These interviews will inform adjustments in the user interface and application’s options and
advice protocols.

Later in the season, after farmers’ have harvested, analyses will focus on early impacts of MNM-advice
provision, including comparative analyses of the performance of:

o MNM-advised farmers and a control group of non-advised farmers
o MNM-advice followers and non-followers
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More extensive data analyses, aiming to identify nutrient management practices that enhance nutrient
use efficiency, will result in the development of new field-specific advisory to be included in MNM, and
the identification of new data collection protocols (for future learning). A lack of observed diversity in
measured management practices, or data collection on nutrient management practices that do not
appear to have had any impact on nutrient use efficiency, may be dropped from the application.

An updated version of MNM will be made available for uptake by the Tanzanian government’s regional
agricultural research institute (TARI-Uyole), and the district agricultural extension service operating in
the Southern Highlands of Tanzania by mid to late 2020.
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7. Appendix: Screenshots of Maize-Nutrient-Manager application

Farmer registration Farmer location
4 N [ N [ N [ 2\

[T VTR o o
[C] MNM_Tanzania B : [C] MNM_Tanzania B : [C] MNM_Tanzania 5] [C] MNM_Tanzania 5] [C] MNM_Tanzania B
Maize-Nutrient-Manager + Farmer information - - e
Tanzania e * Select the district where farmer lives: s.uawardmmf.mlm
" lleje Mbozi Gua kapalala
1. Measure the field m
2. Enter field information Bwang Momba Songwe manda namkukwe
3. Enter last season inf on. +2. Whatis the farmer's name? Tunduma town  Another district mpona totowe
ifwenkenya  udinde

Fertiliser Advice e ngwala changombe

what type, how much, and how *3. What the farmer's phone number?
o to use it efficiently! ettt s 1 e, Mbuyuni magamba

. — former canot share number press 123456789) saza mwambania
Jonuog o oy e 4
e e e kanga galula Press Start GeoPoint to record the location:
The location will be recorded automatically when
By pressing 1 agre the farmer confrms he/she s mkwajuni  mbangala ey e Vs O W s B
m“mdv and agrees to the anonymous. ‘within 30 seconds, press SAVE GeoPoint.
of the information. rided, for research Another ward.
= o e P, Start GeoPoint
Depending on the condition and size of the
the money you invest, t advises you what type(s) of
fertiliser 10 use, when and how best to apply it
* After recarding thelocation (GeoPaint), select

\. J\ o\ L\ L\ J

Field Measurement
4 N N\

[C]  MNM_Tanzania B [©]  MNM_Tanzania <]

[]  MNM_Tanzania %]

Fied measurement Fiekd measurement

(@) How to measure with the phone?

1) Select[ s Gesnee_| below, then: 9

The measured field area is:

® a-e

2) Set settings to: 20 seconds, 2.35 acre(s) or 0.95 hectare(s).
(D) Measure the field with the phone Input Method: E;.m._ Input method : re(s) (s).
You measure the field area by D - O Placement by tapp 30 seconds! COPY FIELDSIZE TO ADVICE SHEET
o~ walking the EXACT BOUNDARY CrnA U
"~ of the field area with phone in O Momsiocatond 1 mioate

e hand. (stop § sec. at each comer)

Moving your FINGER ON THE
SCREEN s you walk, prevents
the screen dims or sleeps.

(a5 this affects

3) Select START, woit 5 seconds and walk
the exact ary.

K2

@® Automatic locatiof § minutes.

4) STOP for 5 seconds at every fiekd corner.
5) When back where you started, select:

Recording interval

Accuracy requirement. 10 meters ¥

CANCEL  START

* fter you have read the Info, select: * AFTER walking the field area, select:

Start GeoShape

= (c—) (—) (@—) =
\ Lo\ L\ L\ L\ J

Field Estimation If the field area is too small (< 20 x 20 meter)
4 N N

[C]  MNM_Tanzania B : [C]  MNM_Tanzania B

Fedmesaoment CoTp————

ERROR * Whatis the size of the area in the field
where you grew maize? (in acres)

The measured area is too small to You can use decimals (e.g.0.25), using the [ - key

get a reliable GPS-measurement, or

something went wrong.

1 the field is bigger than 20 by 20 meters, '

swipe backwards, and tr to measure again.

If measuring the field with the phone did not
work, you can estimate the field size on the
next screen.

3 «a

4 6 | Dome

~

O o N
\e}
|
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Field characteristics

r N N

(e} [a—)
(@ Touonazne] (@ rouoazns]
[7] MNM_FARMERsurveyTZ [°] MNM_FARMERsurveyTz [C]  MNM_Tanzania 3]
P

|

[7] MNM_FARMERsurveyTZ

H [] MNM_Tanzania
Rk the el Ko te el
* Landscape position Soil type of the maize field

a8
2 About the field

+ Field overvie
Soil type of the field ST
Where is your field located?

* What is the slope of the maize field?
Please solect the most appropriate option

little to no slope ]

The maize field is 2 acres. (0.81 ha)
The field is a hillside field,
with a: little-slope

The field has a sandy soil.
After good rainfall, when the
’ — farmer's maize field is wet, Nmmmlnm-;tmcmnuan
__soil can stick to the jembe (hoe)

0

= |
o]
(—)

(@—) (@—) (@—) (@m—)
\. o J \ J \ J \

* After heavy rain, puddles of water can
+ Doss soil stick 1 the jembe as n ploture? remain on the field for several hours, and the

soil is very sticky.
Yes. Like this or more sticky. o D

Ndio | Hopana

(@] _—_
[C]  MNM_Tanzania B [C]  MNM_Tanzania B : [] MNM_Tanzania B : [C]  MNM_Tanzania B : []  MNM_Tanzania B
* (Inter)Crops - last season R How the maize field wos managed. How (e maze Kok wes mensged. How the maize field was managed._kupanda
* Maize crop - last season * Was the seed you planted, grain that you *When did e
* How many kg of the PAN691 nvmyu harvested In. 2 you plant this maize plot?
wmmv(s)ﬁdmwwm»dmm a previous season? (recycled)
Which varlety did you grow In this field? you plant on the measured field area e v Hyou e sac co oo et .
chunsdmmoulhmone , ey s PreliC e coeeolispenteg Hapana 1.1don't remember
i \ m%u e . * How did you plant your maize? 2. Before the rains (dry-planting)
Loch e N
i\ variety JIL PAN 691 § \u:':‘;os/ ) 1. Ploughing and sowing 3. With the first rains
(A o 4. More than 3 weeks after first rains
30l :
‘""“"' & 3. | used a different method 5. On this day:...
SC 627 sC719
cron [ Csmee )| vemse ) .
Continue —>
e [ || [ Coninee >
‘ :
\ Luhango DK 777 || sY'634 |
‘fm‘:’ DK 8031 | | pKe 8053
H N o |

4 N [ N
[ e—
6 i

[C]  MNM_Tanzania %]

[C] MNM_Tanzania 5] ] MNM_Tanzania 3]

How the maze field was mansged. How the field is managed. How the maize fiekd was managed.. kupanda
* Manure use * Herbicide use - last season * Fertiliser use - last season
H this field? How many different types of fertiliser did
every |[1in2 |( tess e et
season often

If you mixed two fertilisers, sefect 2
() @D
* How did you apply this fertiliser?

1. Below the seed
How many times did you weed the field after 2. Next to the seed
planting?
*Was manure used on this field last season?

3. While ploughing with cattle
n n a 4. Broadcasting the fertiliser
Ndio | Hapana

oY |
e0e0fl0ce00

* Weeding - last season

L (a—) (@—) (=)

/
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LAST SEASON - basal fertiliser max 2) deficiencies

4 N (7 N [ N N N
[ e—) (e} —
[T VT 2 % B atd 1940

D MNM_Tanzania %] D MNM_Tanzania B

@ T 4

D MNM_Tanzania > I

D MNM_Tanzania B D MNM_Tanzania %]

How the maize feid was managed _kupsnds

* Fertiliser use - last season

What was the FIRST type of fertiliser used
at planting? (kupanda)

How the maize fied was managed_kupanda
* How much DAP did you use?
Indicate the number of bags or kifograms.

* Overview
Field size: 2 acres (0.81 ha)
Fertiliser used at planting:

Ukosefu wa P

P-deficiency
oy

*Bags (of 25 or 50 kg) or Kilograms?

Type 1: DAP - 100 kg
Type2: - kg

Total fertiliser used: 100 kg

I the above is correct, select: CONTINUE. if
not, swipe backwards to correct answers.

The (sides of) leaves of young maize * Sides of older leaves (majani ya chini) get
plants are purple in colour. Older leaves are yellow/bronze stripes and spots, and then
affected purple coloured leaves in ﬁﬁﬂtmﬂnﬂlhﬂhpﬂ'ﬂ

older plants. Results in small-sized cobs.

During last season, did your young maize During last season, did your young maize
plants

(] — —
\ Lo\ Lo\ J

LAST SEASON - top-dressing fertiliser - Ist appiication (max. 3 times x max. 2 types)

4 N [ N [ N N I
[ @—] [@m—] [ @—] [@m—]

D MNM_Tanzania %] D MNM_Tanzania B D MNM_Tanzania B D MNM_Tanzania %]

[] MNM_Tanzania 5]
Mo the maize ek was mansged. kukuza

* Fertiliser use - last season

How many times did you apply fertiliser on

FIRST ferter applcatcn after panting _ kukuza

*Fertiliser use - last season

FIRST fertitser sopication after planting  kukazis

* What type of fertiliser did you apply this
FIRST time after planting? (kukuzia)

FIRST fethner appication ate planting_ bukuza
* How much Urea did you use?
Indicate the number of bags or kifograms

FIRST fertibser sppication sfter plars

* Next to Urea, ummmw
of fertiliser at 5-6-leaves?

maumrlnﬂmwmm

Yes No
s e Ot ——
[: n n B o * Bags (of 25 or 50 kg) or Kilograms?
Indicate if you typed the number of bags, o the
[(consinse ] emergence | 56 Ium

]
4
7

8 |o leaves| |at tasseling]
* How did you apply this fertiliser?

1. Broadcasting the fertiliser
2. Next to the seed

3. In hole next to seed

3 a

6 Done

O o N
O
f

¥ wans
) NPs|| & nps|| TSP

(@—) (@—)
\. Lo J \ J O\ o\ J

[—] [@—] [@—]
[] MNM_Tanzania B [] MNM_Tanzania B : [] MNM_Tanzania B [] MNM_Tanzania B [] MNM_Tanzania <]
SECONO frtioes sppicaton st it SECOND fertiser applcaton e plotig SECOND fethoee sophcation she e SECOND ethaee sppcation shes g o
+Fertiliser use - last season What type of fertliser did you apply this * How much Bela-CAN26 did you use? * Next to Bela-CAN26, did you
planting? Indicate the number of bags or kilograms another type of fertiliser at 8-10-leaves? Fertilisers applied after planting:

SECOND time after

Wihen did you apply fertiliser the SECOND

Yes No
s (IR
& (A Amila
I

* Bags (of 25 or 50 kg) or Kilograms?
Indicate if you typed the number of bags, o the

The 1st time, at 5-6-leaves, you appliled:
Urea- 150 kg +- 0 kg

LA s

Ry cereal

2nd time, at 8-10-leaves, you applied:
Bela-CAN26 - 100 kg +- 0 kg

2 * If the above Is correct, press: CONTINUE.
4 5 6 | Done "MMP'MW-dm.
) 71819 =
9 NPs|| U9 Nps|| TSP 0 o]

@ (—)
\ L\ /N L\ L\ J
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LAST SEASON - harvest

e N D
e—] [ @—]
[EECET VETTRITT [EEECTT VEETTRIT ;
[]  MNM_Tanzania = [] MNM_Tanzania B : [C] MNM_Tanzania <]
How the ove
* Pests & diseases - last season * Maize harvest - last season Maize production - last season
Was your maize yield affected a lot by How many GUNIA maize did you harvest Fieldsize: 2 acres. (.81 h)
pests and/or diseases? from this field?
z;: Al’n‘:: N:::‘u |:‘”°:n"': :m‘i.mmmunm(wvm Production: 20 Gunia.
— = 20 Gunia = about 2200 kg.
* Harvesting - last season
. R Yield: about 1100 kg per acre. (2716 ky/ha)
epaces fromyou e maize SUAR)T
Yes No
Ndio Jl Hopona If the above is correct, press CONTINUE.
—I 2 3 a is not correct, swipe.
* Did you use a shelling machine at and change your answers.
harvest?
Continue —>
r3 4 5 6 ome
0 o
\ AN Lo J

Advice type I: Fertilizers max. nutrient option, preferred top-dressing option

Vs

@—]

D MNM_Tanzania

a8
* Fertilizer expenditure (basal+top)

Last season, you spent about TSh
375000 (in total) on fertiliser for maize

What will you do this season?

1 will spend the same amount
on fertiliser as last year

Nitatumia kiasi hichohicho
kununua Mbolea

T —
© ocenci ik oo

1 already have (some) fertiliser
I8l Toyori nina mbolea kidogo

~N

D MNM_Tanzania

* Advice: Fertiliser ja1)

For efficient use, it is important to have a

(
[ @—]

D MNM_Tanzania

* Fertiliser for this season (azlsmat>

‘What type(s) of top-dressing fertliser do you prefer

fertilisers you use.
With TSh 375000 to invest, you can
achieve balanced nutrition by applying:

102 kg DAP fertiliser for use at planting.
“This will cost approx. TSh: 122000

230 kg Urea as top dressing fertiliser.
‘This will cost approx. TSh: 253000

If you want to invest more or less TSh,
swipe backwards to change your answers.

COPY THIS ADVICE TO THE ADVICE
SHEET

Use different fertiliser(s) than (only) Urea?
Choosing Yes' il incresse your fertiliser costs.

No
Hopana

You can select s maximum of 2 fertiiser types

~

-

[ @—]
[]  MNM_Tanzania [ I
* Advice: Fertiliser a2
You achieve balanced nutrient supply,
using:
102 kg DAP fertiliser for use at planting.
‘This will cost approx. TSh: 122000.

and this/these top-dressing fertliser(s) for
use during the season:

115 kg Urea. This will cost
‘approximately: TSh 127000.

203 kg Bela-CAN26. This will cost
‘approximately: TSh 183000.

In total, your fertiliser expenditure this
season will be approx.: TSh 432000

COPY THIS ADVICE TO THE ADVICE
SHEET

\

(c—)

J

\

(c—)

/

(@—)

Advice type |: Management

-~

~

@—]

[C] MNM_Tanzania B [C] MNM_Tanzania
Management Advice: (sos] Management Advice: je1)
Manure use (BASAL) Fertiliser use at planting (BASAL)
season, or you do not apply manure

regularly on you field, or never apply it. use BASAL fertiliser, but only at planting

1f you have it try to,
use manure before/at planting

use manure regularly

Apply at planting: DAP,

Dry-planting?

N

[ @—

[ MNM_Tanzania

a8
Management Advice: s3)
Split apply top-dressing fertilisers

e

2

8-10

5-6 leaves

You are advised to apply: 230 kg fertiliser
during the season.

. Split apply top-dressing fertiliser,
‘about haf the first time, the remainder the second
COPY THIS ADVICE TO THE ADVICE Try kuchomekea at emergence :
COPY THIS ADVICE TO THE ADVICE 1: When maize has 5-6 leaves
SHEET
] 2: When maize has 8-10 leaves
COPY THIS ADVICE TO THE ADVICE
SHEET
oy

™~

(c—)

(c—)

J

(c—)

~N
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Advice type |: Management

Ve
[ e—]

[]  MNM_Tanzania

*What maize? - this season

What variety will you grow in this field this
season?

PAN 691

pcuta seeo co

Local
variety

Urole
(uH'6303)

Py
o
SC 403

(__Tumbmn

Meru Agro

HBSI3

Meru Agro

HB 515

Meru Agro

H614D

“’ \" "

~

-

[ @—]

[l MNM_Tanzania

*Will you plant newly bought seed?
mnm:mmww{mnmn If you use

(=]

a NW mﬂvyueds per planting hole will

~

[ MNM_Tanzania

Mai
paclnmcu

0o,
“an
¢

With the amount of fertiliser you will use,
you can plant:

row-spacing: 75 xin-row: 25 em
Preferably use: 1 seed per planting hole.
You can s use:7S x 50 cm x 2 seeds

COPY THIS ADVICE TO THE ADVICE
SHEET

(C—)

/)

e ™

@—]

D MNM_Tanzania

+ Fertilizer expenditure (basal+top)

Last season, you spent about TSh
375000(hmnonmllufmmln

What wil you do this season?

1 wil dm;mm
iser as last

Nitatumia kiasi hnboh-dm
kununua Mbolea

1 type how much I will spe

Ninaandika ni kiasi gani nitatumio.

1already have (some) fertiliser

Tayari nina mbolea kidogo

D MNM_Tanzania

* Fertiliser for this season a3

What type(s) of fertiliser do you already
(You can select max.2)

have for this field?

[]  MNM_Tanzania <]

* How much DAP do you already have for
use on this field?

* Bags (of 25 or 50 kg) or Kilograms?

3 a
6
9| -

Done

O o o N

D MNM_Tanzania

* Fertiliser for this season a3

The fertiliser you already have, has:
18kgN:20.24kgP: 0 kgK
wmwp«-)wmlh-«-)dommw

use during the season’
Vwann!ednmmmel?lmhmrmﬂ

D MNM_Tanzania

* Advice: Additional fertiliser (a3
You already have for this field:

100 kg - DAP.

Okg-

In addition to this, use this/these
dressing fertiliser(s) during the season:

225 kg Urea.
Okg--.

This/these additional fertiliser(s) will cost
approximately: TSh 248000.

COPY THIS ADVICE TO THE ADVICE
SHEET

Continue —>

(—)
/

Advice type 2: Management

4 N
[ e—
[T VYT
D MNM_Tanzania < I
Management Advice: [eos]
Manure use (BASAL)
vmdmmnppbymnlnywrhddhn
ety e you Pkt o et oty
Ifyou have it try to,
use manure before/at planting

use manure regularly

D MNM_Tanzania

a8
Management Advice: et
Fertiliser use at planting (BASAL)
Like last season,

use BASAL fertiliser, but only at planting

The advised basal fertiliser:

DAP (and) , you should apply all at

~N

planting.
N Split apply top-dressing fertiliser,
COPY THIS ADVICE TO THE ADVICE e e
SHEET Dry-planting?
12 When maize has 5-6 leaves
Try kuchomekea at emergence
Continue —> 2: When maize has 8-10 leaves
COPY THIS ADVICE TO THE ADVICE
SHEET COPY THIS ADVICE TO THE ADVICE
SHEET
[OF]
oy

D MNM_Tanzania B

Management Advice: [e3)
Split apply top-dressing fertilisers

You are advised to apply: 225 kg fertiliser
during the season.

D MNM_Tanzania

*Will you plant newly bought seed?
mmt-wmmtd{mﬂ'ﬁk) 1 you use

=] )

. How = ‘seeds per planting hole will

(—)

\

(c—)

D MNM_Tanzania

Management
spacing (c1]

Advice: Seed

«—>i] seed rat
oW o

[

With the amount of fertiliser you will use,
you can plant:

row-spacing: 75 xin-row: 25 cm
Preferably use: 1 seed per planting hole.
You can also use:75 x 50 cm x 2 seeds

COPY THIS ADVICE TO THE ADVICE
SHEET

(—)
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