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EXTENDED ABSTRACT

Declining soil fertility and moisture stress arc among the serious constraints facing

agriculture in most developing countries in the world. Tanzania inclusive.

Continuous farming with none or low use of fertilizer accelerates nutrient mining

in the soil. Average fertilizer use under smallholder farming systems is 16 - 19

kg/ha in sub Saharan Africa. Low fertilizer adoption by smallholder farmers arc

mainly due to inadequate knowledge on fertilizer usage, untimely availability of

inorganic fertilizers and low affordability. Declining soil fertility may cause yield

reduction of up to 50% when not addressed resulting into low food availability and

poor income generation. Inadequate rainfall and uneven distribution results into

prolonged dry spells. Low rainwater and poor runoff management practices under

the flat cultivation increases water loss, moisture stress and soil erosion that affects

plant nutrient availability and uptake. In both semi-arid and sub-humid areas.

maize production is also limited by inadequate soil moisture due to fluctuation of

rainfall regimes. A prolonged dry spell and change in rainfall pattern results into

low crop yield and shrinkage of grazing land which increase conflicts between crop

producers and pastoralist. Recommended N and P fertilizer rates have been

However, only 12% of smallholder farmers use inorganic fertilizers due to poor

capital and unavailability of fertilizer in their areas. Use of a fertilizer micro-dosing

technology which is about 25% of the rate recommended, would enable farmers to

start with the lowest-cost effective technology and gradually move to higher

capital-intensive technologies as their resources increase. Il is an entry point for

resource poor farmers to use fertilizers. Intcr-row rainwater harvesting practices

developed in maize as the most limiting in different agro-ccological zones.



ii

have been reported to increase crop yield in rain-fed farming and minimizes risks

of crop failure in drought prone areas. The influence of micro-dosing fertilizer and

soil moisture conservation through inter-row rainwater harvesting on maize and

pigeon-pea cropping systems would increase crop productivity, maximize land use

efficiency, increase financial return and nutritional quality. Most recommendations

of technologies arc from agronomic analysis with emphasis on maximum yield

without economic analysis. As farmers do the economic analysis at farm level.

profitability analysis is therefore important in recommending fertilizer micro­

dosing rate along with rainwater harvesting practices and cropping system.

Therefore, the objectives of this study were: i) To determine micro-dose rates of

phosphorus and nitrogen for maize crop, ii) To evaluate the effect of nitrogen and

phosphorus fertilizer micro-dosing on yields, resource utilization and nutritional

quality of maize and pigeonpea cropping systems as influenced by soil moisture

management through rainwater harvesting technique, and iii) To determine the

profitability of the micro-dose rates in maize production, as well as profitability of

inter-row rainwater harvesting and fertilizer use on maize and pigeonpea cropping

systems.

To achieve the objectives of this study, two field experiments were conducted in

Ilakala and Changarawc villages of Kilosa District in Morogoro Region Tanzania.

The first experiment was laid out in split-plot involving three phosphate fertilizer

types (Diammonium phosphate, Minjingu mazao and triple super phosphate), and

micro-dose rates (12.5, 25, 50 and 75% of recommended N and P) with control and

recommended rate (80 kg N and 40 kg P/ha). The second experiment was laid out
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in split-split plot design. It involved rainwater harvesting practices (tic ridge, open

ridge and flat cultivation), cropping systems (maize sole, pigeonpea sole and 1:1

recommended rate).

Results indicated that Minjingu mazao fertilizer had significantly higher maize

yield than DAP by 6.63% and TSP by 9.55%. Fertilizer micro dose rates at 12.5%

(10 kg N and 5 kg P/ha) and 25% (20 kg N and 10 kg P/ha) increased the yield

from 1012 kg/ha in control to 1928 kg/ha (90.5%) and 2394 kg/ha (137%).

respectively. Tied ridges conserved soil moisture by 13.33% more than flat

cultivation at 30 cm depth after ten days of rainfall. Ridges increased maize yield

by 8 - 15% than Hat cultivation, but decreased pigeon pea yield by 23% than Hat

cultivation. Fertilizer use increased maize yield by 93% at micro-dosing rates and

132% at recommended rate compared to control plot, l ie ridges and fertilizer use

increased maize yield by 90% and pigeon pea yield by 20% than flat cultivation

without fertilizer.

Land use efficiency was ranging from 28 to 100% higher in intercropping than sole

crop. Financial return was high ranging from 2 to 4 million shillings from maize­

pigeonpea intercrop applied with micro-dose and recommended fertilizer in both

tied ridges and fiat cultivation. Maize sole had more energy than pigeonpea under

tied ridges, however the highest energy was between 60.000 and 70.000 kJ/ha from

intercrops and recommended fertilizer. The highest protein ranging between 400

and 500 kg/ha was from intercropping applied with micro-dose and recommended

fertilizer in both tied ridges and flat. Micro-dosing rale at 12.5% was more

profitable than no fertilizer application and the profitability increased towards 25%

maizc-pigconpea intercrop), and fertilizer use (control, micro-dosing and
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and 50% of recommended fertilizer rates and thereafter, decreased at recommended

rate. Tied ridges and fertilizer micro-dose had higher gross margin than open ridges

and flat cultivation in maize sole cropping. Pigeonpea sole cropping had higher

gross margin in flat cultivation than tie and open ridges. Maize and pigeonpea

intercropping under fertilizer micro-dosing had the highest gross margin above 4.5

million Tanzanian shillings. Intercropping maize and pigeonpea had high B/C ratio

ranging from 6.1 to 15.6 in commercial farming and from 12 to 32 in subsistence

farming. Adoption of micro-dosing fertilizer at 12.5% could be an entry point to

fertilizer use and later on advance to 25% and 50% micro-dosing rates which arc

more profitable with better yield under smallholder farming systems in sub-humid

tropics. Inter-row rainwater harvesting and fertilizer micro-dosing would increase

food and nutritional security and optimize profit in both sole and intercropping

systems of sub-humid tropical farming.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

Agriculture is very important in the world as a source of food. feed, employment

and raw materials for industries (World Bank, 2008). It is the mainstay of economy

in most of developing countries in the world (Bruinsma, 2003). In Tanzania,

agriculture employs 65.5% of people, contributes 100% food when there is

adequate rainfall and 29.1% of gross domestic product according to the Ministr)' of

Agriculture Livestock and Fisheries (MALF, 2017).

About 11% of globe’s land surface (13.4 billion ha) is used in crop production.

Developing countries have 2.8 billion ha of land with a potential for rain-fed

agriculture above a minimum acceptable level which is the suitability for a defined

use of land in its present condition without major improvement, about 960 million

ha are under cultivation. The remaining 1.8 billion ha is not used for agriculture but

rather under forest, in protected areas, human settlements or considered as reserve

and most of it is concentrated in few countries of South America and Sub Saharan

Africa (SSA) (Bruinsma, 2003). In Tanzania total land is 94.5 million ha. about 44

million ha is arable land and less than 33% of arable land is under cultivation

(NBS, 2012). Annual crop production growth is 2.5% with yield increase of 68% in

SSA during 2015-2030 (Bruinsma, 2003).

Maize is the major cereal crop in SSA and Latin America, this crop is expected to

grow at 2.2% per annum against 1.3% for wheat and 1.0% for rice (Bruinsma.

2003). Maize is grown for food and cash in SSA (Smale et al.. 2011). Maize as a



2

food crop accounts for 50% of the calories and protein consumed in Eastern and

Southern Africa (ESA) and 20% in West Africa (Macauley and Ramadjita. 2015).

The estimated average consumption per person per year is 100 kg in Lesotho.

Malawi, Zambia and Zimbabwe; 104 kg in South Africa (Smale et al., 2011) and

128 kg in Tanzania (Suleiman and Rosentratcr, 2015). About 85-90% of

Tanzania’s population have been reported to eat maize in different forms as

unprocessed and processed products (Wilson and Lewis, 2015). Maize as cash crop

generates about 50 % of rural cash income in SSA (Macauley and Ramadjita, 2015;

Maziku, 2015). However, only 35% of household production in Tanzania is sold,

but the exact quantity depends on quantity produced per respective season and

domestic needs (Wilson and Lewis, 2015). Maize and pigeon pea inter-cropping

accounts for about 70% of the cropped land area in Tanzania (Rusinamhodzi et al.,

2017). In Tanzania, smallholder farmers produce about 80% of maize (Wilson and

Lewis, 2015).

Fertilizer Use and Rainwater Harvesting Technologies1.1

Fertilizer1.1.1

Fertilizer is any organic or inorganic material of natural or synthetic origin (other

than liming materials) that is added to a soil to supply one or more plant nutrients

essential to the growth of plants (SSSA, 1997). The trend of inorganic fertilizer use

is 12 and 9 kg/ha during 1979/80, 14 and 15 kg/ha during 1991/92 (Mwangi,

1996), 16 kg/ha (Cameron et al., 2017) and 19 kg/ha (MALF, 2017) during

2016/17 in SSA and Tanzania, respectively. The increase in fertilizer use has been

due to various efforts from the Government such as fertilizer subsidy called the

National Agricultural Input Voucher Scheme (NAIVS) from 2007/08 to 2014/15.
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which subsidized half of the cost of fertilizer and seeds to smallholder farmers. The

number of NAIVS beneficiaries increased from 0.7 - 2 million from 2008 to 2011

(Cameron el al., 2017). The subsidy program provided 57% of 263.000 t used

during 2010/11 and 68% of 500,000t required to achieve maize optimal yield

during 2013/14 (IFDC, 2012; Cameron el al., 2017). Later on, the system changed

and from 2017 the Ministry of Agriculture introduced a new system: ‘"bulk

procurement” by reducing taxes and other importation charges to reduced market

were under this program (MALF, 2017).

1.1.2 Rainwater harvesting

Rainwater harvesting (RWH) is the process of concentrating, collecting and storing

water for different uses such as agriculture or domestic at a later time (Nuhu and

Mahoo, 2000). There are two types: in-silu and ex-silu RWH. In-situ RWH is also

called water conservation that involves the use of methods that increase the amount

of water stored in the soil profile by trapping or holding the rain where it falls

(Yosef and Asmamaw, 2015). It is basically all the conventional approaches to soil

and water conservation designed to enhance infiltration of rainwater into the soil

(Nuhu and Mahoo, 2000). Ex-situ is the practice where rainwater is collected and

stored for productive use (Nuhu and Mahoo, 2000; Yosef and Asmamaw, 2015).

The basic components of a water harvesting system are catchment or collection

area, the runoff conveyance system, storage and application area (Mekdaschi and

harvesting, water harvesting for animal consumption, inter-row water harvesting.

price of fertilizers and increased availability of fertilizer. Fertilizer DAP and urea

Liniger, 2013). Forms of RWH commonly applied includes: roof top water
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micro-catchment water harvesting, medium sized catchment water harvesting, and

large catchment water harvesting (Nuhu and Mahoo. 2000: Mekdaschi and Liniger.

2013). Choice of the RWH practice depends on the purpose for use and capital to

establish infrastructure.

1.1.3 Intercropping systems

Intercropping is among the multiple cropping systems that involve the growing of

two or more crops in proximity to promote interaction between them (Francis,

1986; Ofori and Stern, 1987). Spatial arrangement (rows, strips, mixed and relay).

plant density, maturity dates of the crops being grown, and plant architecture

should be considered to maximize cooperation and minimize competition (Mousavi

and Eskandari, 2011). There are four groups of intercropping according to Ofori

and Stern (1987) as follows: i) Row-intercropping as growing of two or more crops

simultaneously where one or more crops are planted in regular rows, and crop or

other crops may be grown simultaneously in row or randomly with the first crop.

ii) Mixed-intercropping is the growing of two or more crops simultaneously with

no distinct row arrangement, iii) Strip-intercropping is the growing of two or more

crops simultaneously in different strips wide enough to permit independent

cultivation but narrow enough for crops to interact ergonomically, iv) Relay

intercropping is growing of two or more crops simultaneously during part of the

life cycle of each; a second crop is planted after the first crop has reached its

reproductive stage but before it is ready for harvest. Yield advantages and

intercropping indices such as land equivalent ratio and monetary values have been

reported as benefits of intercropping over sole or mono cropping (Kimaro ei al..
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2009; Mousavi and Eskandari, 2011). Also, faciliialivc and competitive

interactions under inter-cropping systems are modified by availability of resources

such as nutrients supplied by fertilizers and soil moisture from rainwater harvesting

practices (Kimaro el al.. 2009).

1.2 Problem Statement and Justification

1.2.1 Problem statement

Productivity of most food and cash crops is low. Maize yield is averaging 1.0 - 1.7

t/ha compared with potential of 5.0 - 7.5 t/ha (Cameron el al.. 2017) and pigeon

pea is less than 1.0 t/ha compared with a potential of 2.5 - 3.0 t/ha.

Declining soil fertility and moisture stress are among the main factors causing low-

crop productivity under the current climate change effects. Continuous farming and

low use of fertilizer accelerates nutrient mining in the soil. For instance. 12.0 -

15.67 kg N/ha. 2.67- 3.92 kg P/ha, 3.92- 5.42 kg K/ha, 1.25- 1.67 kg Mg/ha. 1.08-

1.33 kg S/ha and 22.42- 29.42 g Zn/ha are removed when 1.0 t/ha maize grains are

harvested (Bender el al., 2013). Fertilizer use by smallholder farmers is low-

averaging 16 kg/ha in SSA (Cameron et al., 2017) and 19 kg/ha in Tanzania

(MALF, 2017). This is less than 40% of the African Union's Abuja Declaration

Commitment of 50 kg/ha fertilizer material (Camcron el al., 2017). In SSA about

40% of fertilizer has been reported to be used on maize production (Smale el al..

2011). Low fertilizer adoption by smallholder farmers are mainly due to inadequate

knowledge on fertilizer usage (Druilhe and Barreiro-Hurle. 2012), untimely

availability of inorganic fertilizers and low affordability (MALF, 2017). Declining

soil fertility may cause yield reduction of up to 50% when not addressed (Foth and
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Ellis, 1997). Consequently, low crop productivity that results into low food

availability and income insecurity.

Also, rainfall shortage and uneven distribution results into prolonged dry spell

which is becoming a common problem to smallholder farmers causing low crop

yields due to soil moisture stress. Rowhani el al. (2011) reported that 20% increase

in intra-seasonal precipitation variability reduced yield by 4.2 % for maize. The

mean annual rainfall varies from 500 to 2500 mm characterized by unpredictable

patterns (Msaki el al., 2015). Poor rainwater and runolT management practices

under the conventional flat cultivation increases water loss, moisture stress, soil

erosion and affect plant nutrient availability and uptake, which contribute to low

yield. In both semi-arid and sub-humid areas, maize production is also limited by

inadequate soil moisture due to fluctuation of rainfall regimes (NRSP. 2005). A

prolonged dry spell and change in rainfall pattern results into low crop yield and

shrinkage of grazing land which increase conflicts between crop producers and

pastoralists.

Justification1.2.2

Recommended N and P fertilizer rates have been developed in maize as the most

limiting in different agro ecological zones (Marandu el al.. 2014). However, only

12% of smallholder farmers use inorganic fertilizers (NBS. 2012). Most of

smallholder farmers do not afford to buy fertilizer at recommended rate due to poor

capital and unavailability of fertilizer in rural areas. Micro-dose technology

involves fertilizer placement with a rate of about a third to a fourth of the usual rale

recommended by research or advisory services (Camara ei al.. 2013). Micro-dose
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technology enables farmers to start with the lowest-cost effective technology and

gradually move to higher capital-intensive technologies as their resources increase

(Aune and Bationo. 2008; Aune and Coulibaly. 2015). This strategy has been

widely used in semi-arid areas of West Africa and proven to be advantageous to

smallholder farmers and even under the long-term application (Aune and

Coulibaly, 2015; Adams el al., 2016; Okebalama el al.. 2017). Fertilizer micro­

dosing technology is potential to address most of constraints to fertilizer adoption

because few resources are needed (only 25% of fertilizer), not knowledge intensive

and can readily be comprehended by farmers by following time, quantity and type

of fertilizer, promising crop productivity and good adaptation to wide range of

climatic and agro-ccological conditions; and flexibility in purchasing farm inputs

due to less fertilizer needed and less monetary investment (Camara el al.. 2013).

Therefore, studies on fertilizer micro-dosing strategy are important under sub-

humid farming systems.

Inter-row water harvesting have been reported to restore the productivity of land

that suffers from inadequate rainfall, it increases yields in rain-fed farming areas

and minimizes risks in drought prone areas (Prinz, 1996). Thus, Inter-row

rainwater harvesting would increase nutrient availability, uptake and fertilizer use

efficient. The influence of micro-dose fertilizer application and soil moisture

conservation through inter-row rainwater harvesting on maize and pigeon-pea

intercropping system is currently inadequately documented in sub humid tropical

conditions. Intercropping has been reported to increase land use by 66% in Nigeria

conflict compared to sole crop.(Dania et al., 2014) and could reduce land use
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Therefore, maximizing land utilization by intercropping maize and pigeon pea and

use of improved technologies such as fertilizers arc becoming inevitable.

Due to increasing costs of production, smallholder farmers arc becoming aware of

financial return and other benefits before adopting a new technology (Kaliba et al..

2000; Waddington et al., 2007). Most recommendations of technologies are from

agronomic analysis with emphasis on maximum yield without economic analysis

(Limbu, 1999). It is important to supplement agronomic experiments with

economic analysis (Kirway et al., 2003). Net profit and benefit-cost ratio analyses

new technology to

farmers (Kirway el al., 2003; Senkondo el al., 2004). Thus, profitability analysis is

important to recommend fertilizer micro-dosing rate along with rainwater

harvesting practices and cropping system which is agronomically and economically

acceptable.

Therefore, with the current situation in Kilosa district where agricultural

productivity is declining due to climate change clTccts. soil degradation and

increasing land conflicts between crop producers and livestock keepers.

maximizing land utilization by use of improved technologies in crop production is

becoming very vital.

arc among the profitability analysis before recommending a
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1.3 Study Objectives

1.3.1 Overall objective

Establishment of integrated soil fertility and moisture conservation methods to

improve productivity for smallholder farmers under maize and pigeon pea cropping

systems

Specific objectives1.3.2

To determine micro-dose rates of phosphorus and nitrogen for maize cropi)

To evaluate the effect of nitrogen and phosphorus fertilizer micro-dosing onii)

yields, resource utilization and nutritional quality of maize and pigeon-pea

cropping systems as influenced by soil moisture management through

rainwater harvesting techniques

iii) To determine the profitability of the micro-dose rates in maize production.

as well as profitability of inter-row rainwater harvesting and fertilizer use

Research Hypotheses1.4

Application of micro-dose rate will not reduce yields significantly from thei.

recommended rate.

There are no differences in soil moisture conservation among the in situii.

rainwater harvesting practices

Intercropping and sole cropping systems arc not different in yields, land useiii.

efficiency, financial return and other indices

There arc no economic benefits of fertilizer micro-dosing and inter-rowiv.

rainwater harvest on maize and pigeon pea cropping systems

on maize and pigeon-pea cropping systems.
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CHAPTER TWO

Inadequate knowledge on fertilizer usage such as type, rate, time and method of

application as well as poor financial resources are among the reasons for low maize

productivity under small-scale farming. Fertilizer micro-dosing may increase food

production by using low rates which are affordable by most resource poor farmers

and have a high investment return. A two-year field experiment was conducted on

sandy loam and sandy clay soils being typical representatives of sub-humid tropical

agro-ecological zones to evaluate the effect of nitrogen and phosphorus micro­

doses on maize growth performance and yield. A split-plot design involved di­

ammonium phosphate (DAP), Minjingu mazao (MM) and triple super phosphate

(TSP) as main plots and fertilizer micro-dose rates of 1 Okg N and 5kg P/ha, 20 kg

N and 10 kg P/ha, 40 kg N and 20 kg P/ha, 60 kg N and 30 kg P/ha. recommended

rate (80kg N and 40 kg P ha'1), and control (no fertilizer application) as sub-plots.

Among the phosphate fertilizers, MM produced the highest grain yield (2317

kg/ha), followed by DAP (2173 kg/ha) and TSP (2115 kg/ha). Fertilizer micro dose

rates (10 kg N and 5 kg P/ha; 20 kg N and 10 kg P/ha) increased the yield from

1012 kg/ha in control to 1928 kg/ha (90.5%) and 2394 kg/ha (137%), respectively.

Also, fertilizer rates of 40 kg N and 20 kg P/ha and 60 kg N and 30 kg P/ha

produced average grain yields of 2629 and 2647 kg/ha while the recommended rate

(80 kg N and 40 kg P/ha) produced 2601 kg/ha. The highest grain yield was 3910

2.0 EFFECTS OF NITROGEN AND PHOSPHORUS MICRO-DOSES ON 
MAIZE GROWTH AND YIELD IN A SUB-HUMID TROPICAL 
CLIMATE

2.1 Abstract
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kg/ha followed by 3573 kg/ha and 3543 kg/ha from MM al 40 kg N and 20 kg

P/ha, TSP at 80 kg N and 40 kg P/ha, and MM at 60 kg N and 30 kg P/ha

respectively. Considering the selected phosphate fertilizers. MM is agronomically

effective than DAP and TSP. Also micro dose rates (10kg N and 5kg P/ha) and (20

kg N and 20 kg P/ha) arc recommended as entry point to fertilizer use for resource

poor farmers. However, endowed resource farmers arc advised to use intermediate

rates (40 kg N and 20 kg P/ha) and (60 kg N and 30 kg P/ha) for optimum

productivity of maize in sub-humid tropical conditions.

Keywords: Di-ammonium phosphates, Fertilizer micro-dosing, growth analysis

characteristics, minjingu mazao, recommended fertilizer, relative agronomic

effectiveness, triple super phosphate

Introduction2.2

Maize (Zea mays L.) is the most popular and important crop in Tanzania and other

sub-Sahara African (SSA) countries and is grown for food and cash. 'The estimated

average consumption, for instance in Tanzania is 128 kg per person per year

(Suleiman and Roscnlrater, 2015) but the average maize yield is 1.2 t/ha which is

far less than its potential of 6 to 7.5 t/ha (NAP, 2013). The low yield leads to

perpetual self-insufficiency in maize availability and inadequacy of food to meet

the increasing population (NBS, 2013).

Low maize productivity is attributed mainly to declining soil fertility; climate

changes especially rainfall and poor agronomic practices. Continuous farming and
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low or no use of fertilizer accelerates nutrient mining in the soil (Bender et al..

2013). Only few farmers about 10% use inorganic fertilizers (IFDC, 2012; NBS.

2012) where the main nutrient supplied is nitrogen (N) followed by phosphorus (P)

which are also the most limiting nutrients in maize farming (Marandu el al., 2014).

Reasons for low fertilizer adoption in crop production by smallholder farmers are

mainly inadequate knowledge on fertilizer usage such as type, rate, time, method

and fertilizer benefits (Druilhe and Barreiro-hurle, 2012). Also, most smallholder

fanners are resource poor, therefore they cannot afford to buy and apply fertilizers

at recommended rates (Aune and Bationo, 2008; Camara el al., 2013). This

condition necessitates the need to introduce fertilizer micro-dose technology in

Tanzania. Micro-dose technology involves fertilizer placement with a rate of about

a third to a fourth of the usual rate recommended by research or advisory services

(Camara el al., 2013). Micro-dose technology enables farmers to start with the

lowest-cost effective technology and gradually move to higher capital-intensive

technologies as their resources increase (Aune and Bationo, 2008; Aune and

Coulibaly, 2015). Fertilizer micro-dose also reduces the risk of crop failure and

fertilizer poisoning in areas where rainfall is erratic and harsh weather conditions

(Murendo and Wollni, 2015). A long term study on the use of fertilizer micro-dose

in the Sahel suggests that sustainability of this technology on highly degraded soil

is improved by combined application of organic matter (Aune and Coulibaly, 2015;

Adams et al., 2016; Okebalama et al., 2017). There are positive effects on the use

of fertilizer micro-dosing technology by smallholder farmers in West African Sahel

(Hayashi et al., 2008; Pale et al., 2009; Adams et al., 2016; Aune and
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appropriate micro-dose rate in sorghum and millet cultivated under semi-arid

conditions of Sahel. Recent studies reported 27 kg DAP and 27 kg Urca/ha in semi-

arid Ethiopia (Sime and Aunc, 2014), NPK (Niol’ioKio and N0P.10K20) in humid

forest areas in Ghana (Okebalama el al., 2016), 37.5 kg N and 13 kg P/ha in Kenya

(Kisinyo and Palapala, 2016) as micro-dosc fertilizer rates in maize. Studies to

develop micro-dosc rates for smallholder farmers in maize crop production sub-

humid conditions have not been done. Therefore, this study will provide

information about straight and multiple nutrients fertilizers and micro-dosc rates in

maize production under sub humid areas.

Field experiments were carried out in two case study villages in sub-humid

Tanzania. Different micro-dose rates were compared against farmers’ practices and

nitrogen (N) and phosphorus (P) recommended application rates (Marandu et al..

2014). The study involved use of different types of P fertilizers compared with

blended fertilizers like Minjingu mazao (MM) so as to provide micro nutrients.

which arc increasingly becoming limiting in Tanzania (Amuri et al., 2013). The

study was conducted in the framework of a large participatory research project

(Graef et al., 2014). The focus here was to increase food production through

fertilizer micro-dosing rates that would be affordable by most smallholder poor

determine the effectiveness of selected phosphate fertilizer types on maize growth

and yield under different soil conditions and determine the optimum N and P

micro-dose rates for maize.

resource farmers and give high investment return. Objectives of the study were to

Coulibaly, 2015). fhese studies found that 125kg/ha of NiJ’iqKio fertilizer was
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2.3. Materials and Methods

I he study was conducted in Kilosa District, Morogoro Region during 2014/15 and

2015/16 cropping seasons. Rainfall pattern is bimodal where the short rain season

starts in October and ends in January and the long rain season starts from mid­

February and ends in May. The mean annual rainfall ranges between 800 and 1400

The experiment was conducted in Changarawe village (06°54'55" South. 036°5710"

East and 500 meter above sea level) in Masanze ward, and Ilakala village

(07°08'39" South, 036°54'05" East and 605 meter above sea level) in Ullaya ward.

The villages are located 25 km apart from each other.

Experimental design, treatments and management2.3.2

Maize variety used was TMV1-OPV medium maturing (110 days) with white

grains and flinty type (Lyimo el al., 2014). Inorganic fertilizers applied were di

(McClauley el al., 2009), Minjingu Mazao (MM) containing 10% N and 20% P2O5,

25% CaO, 5% S, 1.5% MgO, 0.5% Zn and 0.1% B (Minjingu Mines and

Fertilizers, 2014) and triple super phosphate (TSP) that contained 46% P2O5 and

Experiments were initiated in December 2014 and February 2015’ in Ilakala and

Changarawe villages, respectively. The field experiment was laid out as split-plot

in a randomized complete block design (RCBD) (Montgomery, 2013). The main

2.3.1 Description of the study area

urea which had 46%N (FAO, 2000).

mm while the average ambient temperature is about 25*’C (Kajembe et al.. 2013).

plot was phosphate fertilizers that were DAP, MM and I SP. The sub-plots were

ammonium phosphate (DAP) ((NFL^HPO^ with 18% N and 46% P2O5
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fertilizer application rales at 0 (no fertilizer use) as farmer practice; micro-dose

rates (5kg P and 10kg N/ha; 10kg P and 20 kg N/ha); intermediate rates (20 kg P

and 40 kg N/ha; 30 kg P and 60 kg N/ha); and recommended rates of 40 kg P and

80 kg N/ha (Marandu et al., 2014). DAP and TSP fertilizers were applied by

separate hole placement, MM was applied by broadcasting followed by

incorporation into the soil because of low solubility (Prasad and Power. 1997).

Urea was applied at fifth leaf collar visible (V5) (Camara e/ al.. 2013). The crop

spacing used was 0.75 m by 0.30 m with 8 rows per plot and 10 plants per row

giving plot size of 18 m2. At Ilakala site, maize crop was sown on 25 January 2015

and 14 January 2016 while at Changarawe site sowing was done on 8 March 2015

and 20 January 2016 by dibbling method. Two seeds per hole were sown and

thinning was done at seedling stage (V2). Agronomic practices and crop

management included weeding three times, which were at seedling stage (V2), fifth

leaf (V5) and tasscling (VT) stages of maize growth. Stalk borers, aphids and other

insects were controlled by spraying insecticide KUNG EU 5 EC (50 g/litcr

Lambda-cyhalothrin) by mixing 20 ml of insecticide in 15 liter Knap sack sprayer

(Kanycka et al., 2007).

2.3.3.1 Soil sampling and laboratory analysis

Soils were sampled before establishing experiments and analysed as described by

Soil survey staff (2014) where ten spots were sampled at depth of 0 - 15 cm and 15

transferred to Soil Laboratory for analysis. Soil analysis included particle size

- 30 cm. Quartering method was used to get composite soil sample which was

2.3.3 Data collection
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distribution for textural class by Hydrometer method, soil pH by pH meter in 1:2.5

Ammonium Acetate Saturation and available micronutrients (Zn, Cu. Mn and Fe)

by the DTPA extraction method.

23.3.2 Rainfall data

At both sites, daily weather data on rainfall (mm) was recorded using standard rain

gauges type that were installed in the experimental fields during the 2014/15 and

2015/16 cropping seasons.

2.3.33 Nutrient concentration and uptake in plants

were oven dried at 80°C and plant tissue analysis was done in laboratory by nitric

acid wet digestion method as described by Okalebo el al. (1993) and Fageria el al.

(1997). The nutrients analysed include N, P, K, S and Zn. Furthermore, nutrient

uptake was determined using the equation described by Fageria et al. (1997) with

milligram per kilogram by multiplying by 10,000 and later on changed into g/kg

and kg/kg of dry plant materials to get kg nutrient/ha as follows:

Nutrient uptake (kg/ha) = TDM (kg/ha) X Nutrient content in plant (kg/kg) (1)

Five plants were selected randomly at sixth leaf growth stage (V6) and cut at five 

centimetres above the ground as described by Hochmuth et al. (2012). Samples

soil-water, organic carbon by Walkley- Black Method, total nitrogen by micro-

some modification that nutrient concentrations in percentage were changed into

Kjedahl digestion method, available phosphorus by Bray and Kurtz 1. 

exchangeable cations (Ca2+, Mg2+, K+, Na+) by Nil.,-acetate filtrates by
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2.33.4 Growth analysis and total dry matter

Growth analysis characteristics were determined by sampling five plants randomly

proposed by Ogokc el al. (2003). Length and width of leaves was measured using a

ruler and leaf area (LA) was calculated from the equation described in Ogokc el al.

(2003) as follows:

LA ~ Length of leaf (cm) x Maximum width of leaf (cm) x 0.75 (a constant factor for maize

leaves) (2)

Total dry matter ( I'DM) was determined as from five sampled plants which were

weight was measured by using the Advanced Electronic Balance ENDEL™ K-

3000BH. Crop growth rate (CGR) and leaf area index (LAI) were determined using

the methods reported by Fageria el al. (1997) as follows:

(3)

g/nr/day (4)

Where. GA is ground area covered during sampling. LA is leaf area. T1 and 1'2 arc

time intervals al different growth stages, W1 and W2 arc weights of dry matter at

different growth stages.

Total dry matter (TDM) at sixth leaf growth stage (V6), silking (Rl), dough stage

(R4) and harvesting stage were determined by sampling five plants randomly and

W2-W1
T2-T1

CGR” x 
GA

at sixth leaf growth stage (V6), silking (Rl) and dough growth stage (R4) as

oven drying at 80°C to constant weight as described by C1MMYT (2013).

oven dried at 80°C to constant weight as described by CIMMYT (2013): dry

LAI- «/„
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2.3.3.5 Yield components and grain yield

Maize was harvested seven days after attaining physiological maturity (R.6) when

turning paper}' from harvesting spot of 3m2 area. Yield

components determined included plant population at harvest, number of cobs per

,-2 and seed size (g/lOOsccds). Yield involved the

biological yield and grain yield per ha which was converted from grain yield in g

2.3.4 Data analysis

Soils, rainfall and nutrient concentration data were subjected to descriptive

statistics.

Crop growth and yield data were analysed using the analysis of variance (ANOVA)

at P < 0.05 basing on the statistical model for the split-plot design as follows:

(5)

coefficient (r) analysis for micro-dose fertilizer rates vs. yield was performed as

described by Gomez and Gomez (1984) and Montgomery (2013).

Relative agronomic effectiveness for MM fertilizer as a test fertilizer and standard

fertilizer (DAP or TSP) was calculated using the equation described in Muhawish

and Razaq (2009) as follows:

Comparison of means was done with Tukey’s test at p < 0.05 as described by 

Montgomery (2013). Coefficient of determination (R2 or r2) and correlation

K,* = A+ A+ A, + <5f/ + AB,k + £,;t.

Where: Yllk= Response level, = General effect or general error mean. //, « Block effect. A, = Main 

plot effect, 6,, = the main plot random error (Error a), Bk = Sub-plot effect. Interaction effect 

between the main plot and the subject, and eljt= Sub-plot random error effect (Error b).

husks dried up and were

plant, the number of grains m

m’2 at harvest maturity (CIMMYT, 2013).
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2.4 Results

2.4.1 Soil and rainfall description

Soil characteristics at the study sites are shown in Table 2.1. Soils at Ilakala study

site were sandy loam and sandy clay at 0 - 15 cm and 15 30 cm, respectively.

Soil pH was neutral (6.6 - 7.3) with low total nitrogen (0.10 - 0.20%). medium

organic carbon (1.26 - 2.50%) and phosphorus (7 - 20 mg/kg). Exchangeable

cations were medium to high except sodium which was low. Micronutrients

determined were medium to high except for zinc which was low in both sites. Soils

at Changarawc study site were sandy clay loam and sandy loam at 0 - 15 cm and

15 -30 cm, respectively, soil pH was medium acidic (5 - 6.0). Total nitrogen (N).

organic carbon (OC) and phosphorus (P) were very low.

Soil characteristics
15cm)

+/kg)
1.89" 1.72 "0.70 L

0.09 VL 0.24 L 0.26 L

high, 1. = low, M= medium, VH= very high, VL= very low.

Ilakala 
(0-15cm)

Soil pii
Total nitrogen (%) 
Organic carbon (%) 
P- Bray 1 (mg/ kg)

Sand (%) 
Clay (%) 
Texture class

62.24
30.48 
Sandy 
l.oain

0.24 M 
0.91 M 
38.76 " 
42.80 "

3.89 M

0.26 M
0.34 L 
13.45" 
36.70 "

^23 s|r<M,i?'y ac'd

0.04 VL
0.80 L
2.75 L
0.72 M

0.26 M 
0.58 L 
41.68" 
47.50 "

3.89 M

Ilakala 
(15- 
30cm) 
69.52 
26.48 
Sandy 
Clay 
7 10ncu,ral 

0.20 L 
2.00 M 
10.21 M 
0.64 M

77
14

Clay Sandy Loam

siruiifly ucid

0.06 Vl 
0.93 1 
2.86 L
0.80 M

Relative agronomic effectiveness (RAE) = ( r<*ldfwtttwr controlyteid_ 
'Yield of standard fertilizer Control yield

15.23 v"13.77 v"

66.24 
26.48 
Sandy 
Loam 
6.92 ncu,,,, 
0.10 L 
2.09 M 
19.77 M 

Exchangeable potassium (cmol 1.15" 
+/ kg) m
Exchangeable magnesium (cmol 0.75* 
+/kg) 
Exchangeable calcium (cmol +/ 
kg) 
Exchangeable sodium (cmol +/ 0.10 
kg) 
Copper (mg/ kg) 0.36 M
Zinc (mg/ kg) 0.58 L
Iron (mg/ kg) 20.73
Manganese (mg/ kg)43.30 
Letters in superscript represent abbreviation for remarks according to Landon (1991) where IP

Table 2. 1: Soil characteristics at Ilakala and Changarawc study sites

Chanagarawe (0- Changarawc 
(15-30cm)
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Rainfall results for 2014/15 and 2015/16 cropping seasons are presented in Figure

2.1. At llakala total rainfall was 496 mm in 2014/15 cropping season whereas it

was 805 mm in 2015/16. There was inter- as well as inlra-seasonal variations in

rainfall amount. Distribution was not even during both cropping seasons. In 2015.

there were no rains which coincided with seedling and sixth leaf growth stages (3

5 weeks after planting) while at booting and tasscling there was high rainfall (7-9

weeks after planting). From silking (11 week after planting) to dough stage (13

week after planting) there was moderate amount of rainfall (30 50mm) and well

distributed rainfall pattern. In 2016, rainfall increased from 25 mm al emergence to

110 mm at fourth leaf stages and decreased to 34.5 mm at booting and tasscling

stage (7 to 9 weeks after planting). From milk stage to maturity (11 to 15 weeks

after planting) rainfall amount was very high (90 mm and above).

7C3 ChinpiA*I

?•' ■

0
15 175

Weeks after plantinc

Figure 2. 1: Rainfall amount and distribution during main season after 
planting maize
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In Changarawc, total amount of rainfall received was 349.5 mm during 2014/15

cropping season and 579.3 mm in 2015/16. During 2014/15 cropping season, there

followed by high amount of

planting), respectively. From booting to milk stages (7 to 11 weeks after planting)

there was high amount of rainfall which decreased towards dough and maturity

stage. In 2015/16, amount of rainfall increased from sowing to third week after

planting (26.5 to 86.0 mm) and decreased rapidly to about 10 mm between sixth

leaf and silking stage (5lh and 9lh week after planting).

2.4.2 Nutrient concentrations in maize plants

Different fertilizer types and micro-dose rates affected nutrients concentrations

differently at Ilakala study site during 2015 and 2016 ('Fable 2.2). Nitrogen (N)

concentration increased from control to different fertilizer rales with maximum at

recommended rate during 2015 while during 2016 the maximum N was at

intermediate rates. Phosphorus (P) concentration increased from control to fertilizer

rates and reached maximum at both intermediate and recommended rates during

2015 and 2016 years. Concentration of potassium (K) increased from control to

different fertilizer rates and reached maximum at micro-dose, intermediate and

recommended rates during 2015 and 2016. Sulphur (S) concentration increased

from control to micro-dose rates and decreased towards recommended rate in DAP.

MM and TSP plots. Zinc (Zn) concentration was increasing from control to micro­

dose rates and decreased towards recommended rate in MM. however the trend of

was low rainfall at emergence growth stage of 8 mm

rains amounting to 154.6 mm at seedling and fifth leaf (Is1 and 3rd week after
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Zn decreased from control to higher fertilizer rates in DAP and I SP plots and was

dependent on season.

Tabic 2. 2: Nutrient concentration in maize plants at Ilakala site

and 20, 60 and 30, 80 and 40 kg N/ha and P/ha, respectively. Data were subjected to descriptive 
statistical analysis.

<1.26 

« 23 

O.2D 

0.09 

o.oi 
0.17 

0.19 

0 21 

0.18 

0.16 

0.17 

0 IS 

0.05 

o 02

Zn 

(ppm) 
2015 
515 

II 17 

5.85 

11.17 

7.18 

4.52 
7?62 

6.65 

2.87 
5.85 " 

8.51 

9.84 

9.81 

8.51 

•1.52 
7?85- 

5.32 

2.19 
5.85~ 

3.19 

4.52 

5.85 

3.19 

7.18 
4.96' 

3.99 

1.61

K 

(%) 
2016 

1.32 

2 38 

2.55 

2.67 

2.27 

2.36 

226 

1.35 

0.48 

1.32 

2.56 

2.44 

2.30 

2.02 

2.65 

2.22 

1.33 

0.49 

132 

2.52 

2.61 

2.49 

3.30 

2.70 

2.49 

1.98 

0.65

s
("«> 
2016

0 17

0 22

0.24

0 26

0 15

0 16

0 20

Oil

0 05

0 17

0 17

i> 17

0 22

Zn 

ippin) 
2016

15.96

21 .68 

19.53

14 89

14.13 

"17.77" 

7.55

3.17

To.Tl
18.84

17.25

15.77

21.8-1

19 67
~18.96

6.07

2.19 

"20.41

19.61

19.61

18.82

18.84

19.62 

"19.48

1.59 

0.59

N 

(%) 
2015 

"l 26 

1.26 

1.61 

1.68 

1.89 

1.96 

1.61

0.70 

0.30 
~L26 

1.47 

1 55 

1.45 

1.55

1 75 

1.51 

0.49 

0.16 

1.26 

1.71

1.65 

1.78

I 96 

1.96 

1J2 
0.70 

0.26

N 

(%) 
2016 

"L89 

2.38 

2 10 

2 66 

2.45 

2.52 

2.33 

0 77 

0.29 

789" 
2 17 

2.45 

2.73 

2.10 

2.17 

Z25" 

0.84 

0.29 

1.89" 

2.24 

2.31 

2.17 

2.10 

2.52 

2.21~ 

0.63 

0.21

P 

(%) 
2015 

0 15 

033 

0.28 

031 

0.39 

0.26 

0.29 

0.24 

0.08 

0.15 

0.23 

0.25 

0.21 

0.22 

0.43 

0.25 

0.28 

0.10 

0.15 

0.17 

0.19 

0.23 

0.21 

0.23 

0.20 

0.08 

0.03

P 

(%) 
2016 

021 

0.24 

0.24 

0.26 

0.23 

0.26 

024 

0.05 

0.02 

0.21 

0.27 

0.27 

0.22 

0.23 

0.28 

0.25 

0.07 

0.03 

0.21 

0.22 

0.23 

0.27 

0.23 

0.28 

0.24 

0.07 

0.03

K 

(%) 
2015 

1.39 

1.96 

1.87 

1 83 

1.86 

1.66 

1.76 

0.57 

0.21 

1 39 

1.70 

1.67 

1.57 

1.95 

1.53 

1.64 

0.56 

0.19 

1.39 

1.39 

1.68 

2.13 

1.53 

1.54 

1.61 

0.74 

0.28

Treatment 

Control (I) 

DAP2 

DAP3 

DAP4 

DAP5 

DAP6 

Mean 

Range 

SD 

Control (I) 

MM2 

MM3 

MM4 

MM5 

MM6 

Mean 

Range 

SD 

Control (I) 

TSP2 

TSP3 

TSP4 

TSP5 

TSP6 

Mean 

Range 

SD

DAP is di ammonium phosphate, MM is Minjingu mazao and TSP is triple super phosphate; control 
(farmers not applying fertilizer) while fertilizer rates numbered 2 to 6 are 10 and 5, 20 and 10, 40
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Nutrient concentrations al Changarawe study site were affected by fertilizer types

and rates (’fable 2.3). Nitrogen increased from control to fertilizer rales and

reached a maximum at micro-dose rates in DAP. recommended rate in MM and

intermediate rale in TSP during 2015 and 2016. Phosphorus increased from control

to different fertilizer rales and reached maximum at recommended rale during 2015

while in 2016 the maximum P was at micro-dose and intermediate rates. Potassium

concentration increased from control to different fertilizer rates with a maximum K

at micro-dose, intermediate and recommended rales inconsistently during 2015 and

2016. Concentration of sulphur increased with fertilizer rates from different

not consistent and was decreasing with increased fertilizer rate and was dependent

on season.

fertilizer types with a maximum al TSP4 during 2016. Concentration of zinc was
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Phosphorus uptake at Ilakala and Changarawe was affected by fertilizer type.

fertilizer rate and cropping season (Figure 2.2). Ilakala had higher P uptake than

Changarawe in all treatments. The nutrient uptake was 3 to 29 kg P/ha and 1 to 5.4

16 to 37 kg P/ha

K 

(%) 
2016 

2.57 

2.86 

2 86 

.1.39 

2.63 

2.62 

2.82' 

0.82 

0.31 

2.57 

2 70 

2.66 

2.35 

2 62 

3.15 

2 68 

0.80 

0.26 

2 57 

2.60 

255 

2.-19 

2.59 

2.74 

2.59” 

0.25 

0.08

N 

(%) 
2015 
Tw” 
2.07 

2.35 

2 17

1 99 

2.14 

Ti’i 

0 42 

0.15 

T93

2 14 

2.10 

259 

2.2-1 

2.76 

129” 

0 83 

0 32 

1.93 

2.45 

2.35 

2.45 

2.56 

2.38 

2.35 

063 

0 22

N 

(%) 
2016 

1.50 

1.54 

1.96 

1.89

I 89

1.70 

T75“ 

0.46 

0.20 

Tso” 

1.82 

1.75 

1.5-1 

1.68 

2.03 

T72- 

0.53 

0 20 

T.50
1.40 

1.82 

1.68 

1.89 

1.82 

1.69 

0.49 

0.20

P 

(%) 
2015 

0.09 

0.10 

0.11 

0.10 

0.10 

0.12 

0.10 

0.03 

0.01 

009 

0.11 

0.12 

0.12 

0.10 

0.13 

oTT 
0.04 

0.01 

0.09 

0.11 

0.10 

0.10 

0.12 

0.12 

0.11 

0.03 

0.01

P 

(%) 
2016 

0.10 

0.12 

0.12 

0.12 

0.20 

0.16 

0.14 

0.10 

0.04 

0.10 

0.14 

0.17 

0.13 

0.19 

0.16 

0.15 

0.09 

0.03 

0.10 

0.19 

0.19 

0.14 

0.21 

0.19 

0.17 

0.11 

0.0-1

K 

(%) 
2015 

3 75 

3.95 

3.43 

3.90 

3 63 

4.68 

3.89 

1.25 

0.43 

3.75 

4.48 

3.03 

5.49 

4.60 

5.33 

4.45 

2.-16 

0.94 

3.75 

5.33 

5.17 

4.15 

4.03 

4.11 

4.42 

1.58 

0.66

Treatment

Control (1)

DAP2

DAP3

DAP4

DAP5

DAP6

Mean

Range

SD

Control (I)

MM2

MM3

MM-I

MM5

MM6

Mean

Range
SD

Control (1)

TSP2

TSP3

TSP-I

TSP5

TSP6

Mean

Range

SD

Zn 

(ppinj 

2016 
' 38.49 

32.99 

28 65 

35.46 

23.54 

2433 
30.58' 

14.95 

6l>8 

“38.49 

20 77 

30.65 

26 46 

21.84 

26 92 

~27.52 

17.72 

6.47 

~3849 

23.54 

25.18 

21.97 

21.97 

25 95 
“2648 

16.52 

6.25

kg P/ha in the first year while in the second year the range was
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I able 2. 3: Nutrient concentration in maize plants at Changarawe site

Zn 

(ppm) 
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sTsF” 

37.82 

31.41 

22.53 

33.42 

32 36 
34784” “ 

28 99 

9.58 

5L52 

54.0-1 

42 39 

47.84 

43.15 

50.64 

•1826 

11.65 

4.70 

ST.52- 

56.16 

47.9-1 

45.47 

48.81 

46.62 

”•1942 

10.69 

390

“DAP is di amitwiiiunTphosphatc, MM is Minjingu mazao and TSP is triple super phosphate; control 

(farmers not applying fertilizer) while fertilizer rates numbered 2 to 6 arc 10 and 5, 20 and 10. 40 

and 20, 60 and 30, 80 and 40 kg N and P/ha respectively. Data were subjected to descriptive 

statistical analysis.
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and 1 to 5.3 kg P/ha at Ilakala and Changarawe respectively. Al Ilakala, control had

the lowest uptake in both cropping seasons, the first year had low P uptake in all

fertilizer types and rates compared to the second year. Phosphorus uptake from

DAP increased up to DAP5 (30 kg P/ha) during 2015 and DA 1’3 (10 kg P/ha)

during 2016, and thereafter decreased. The P uptake in MM and TSP increased

with increasing fertilizer rates up to the recommended 40 kg P/ha during 2015

while during the second year the trend decreased after MM3 and TSP4. ?\t

Changarawe, control plot had the lowest uptake in both cropping seasons. The

second year had the lowest P uptake in all fertilizer types and rates compared to the

first year. The P uptake increased with increasing fertilizer rate from 0 to 40 kg

P/ha.

ChangaraweIlakala
6

I
1 1 1

I
Figure 2. 2: Phosphorus uptake in maize plants at sixth leaf growth stage (V6)

Effects of fertilizer type and rates on crop growth2.4.3

The effect of fertilizer type and micro-dose rates on leaf area index (LAI) is shown

in Figure 2.3. Fertilizer application significantly improved LAI compared to the

control (P= 0.001) at sixth leaf growth stage (V6) and silking growth stage (Rl).
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ihcrc was no significant increase in LAI at R1 and dough growth stage (R4) after

addition of DAP4 and TSP4 (40 kg N and 20 kg P/ha). I lowcvcr. addition of MM3

(20 kg N and 10 kg P/ha) improved LAI similar to MM4 (40 kg N and 20 kg P/ha)

and MM5 (60 kg N and 30 kg P/ha). At V6 growth stage. LAI was very low about

0.56 in control while the highest was 1.43 in Minjingu mazao fertilizer at the

recommended rate (80 kg N and 40 kg P/ha). At R1 growth stage, the lowest LAI

was 2.2 in control plots while the highest value was 4.1 in MM6. Al R4 growth

stage, the lowest LAI was 1.58 in control plots while the highest was 3.44 in

DAP5. LAI was low al V6 and reached maximum al R1 and decreased slightly at

R4.

5

IL
i

i i
X

Crop growth rate (CGR) under different fertilizer types and micro-dose rates is

shown in Figure 2.4. Between sixth leaf growth stage (V6) and silking (Rl) the rate

-2

day’1 in di-ammonium phosphate fertilizer at recommended rate (DAP6). While
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Figure 2. 3: Leaf area index (LAI) at vegetative and reproductive stages under 
different fertilizer types and rates
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between silking (Rl) and dough stage (R4), the rale of crop growth was increasing

at decreasing rate ol 4.7 in control plots while in micro-dose fertilizer rates the

CGR increased up to 55.6 g m‘2 day'1 in DAP6. Generally. CGR increased in all

■•td euor bar

- v and 20.

Figure 2. 4: Crop growth rate (CGR) under different fertilizer types and rates

Effect of fertilizers on yield components, grain and total dry matter2.4.4

The influence of fertilizer types and rates on yield components and yield at Ilakala

site is shown in Table 2.4. In 2015 number of grains, 100 grain weight and grain

yield were significantly higher in MM than DAP and TSP. Plant population at

harvest was between 3.84 and 3.99 in 2015 while 2016 was between 3.9 and 4.1

plants m'2. The number of grains were significantly higher in MM (P= 0.003) than

DAP and TSP fertilizers during 2015. Also, fertilizer rales had highly significant

effects on number of grains (P= 0.001) which increased from control to micro­

doses and decreased slightly towards 6 (recommended rate). The weight of hundred

grains was significantly influenced by fertilizer rates (P- 0.001) and increased with

I
I

DAP is diarnmoniurn phosphate, MM is Minjingu rario, TSP is triple super pho-phate 
Control (fanners not applying fertilizer), fertilizer rites 2 to 6 are 10 and J. 20 and I 
63 and 50, SO and 40 kg N and P Ita respectively

plots except control at reproductive growth stages which decreased rapidly by -4.7 
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Icrlilizcr application, fertilizer types and rates had significant effects on grain yield

(P < 0.01), the yield increased significantly with fertilizer application from control

with fertilizer rates up to rate 5 and 6.

At Changarawc site, effects of fertilizer types and rates on yield components and

yield arc shown in 'fable 2.5. In 2015, the number of grains and grain yields were

fertilizer types and rates (P= 0.001) during 2015 and 2016 at P 0.019 and 0.001

for fertilizer types and rates respectively. The weight of hundred grains was highly

significant in fertilizer rates (P= 0.001) with the lowest weight in rale 1. Grain yield

2373a 
2707b 
2396a 
2-192 
3.00 
2.20 
0.001

511.3ab 
539.9 b 
488.1 a 
513.10 
1.90 
1-1.38 
0.003

Grains 
(// in!)

Grain 
yield 
(ke/ha)

679.1a 
754.5b 
680.2a 
70-1.6 
3.12 
16.91
0.003

Grains 
(II m 4)

28.20a 
35.42b 
37.62b 
35.87b 
36.90b
36.38b 
35.07 
5.92 
1.04 
0.001

1152a 
2064b 
2888c 
2930c 
2938c 
2980c 
2492 
3.80 
3.12 
0.001

313.0 a
424.8 b
578.9 c 
587.2 c 
596.1 c 
578.5 c 
513.10 
1.90 
20.24
0.001

TDM al 
harvest 
(gm4)

992a 
1470b 
1782b 
1798b 
1840b
1787b 
1612 
19.50 
10-1.6 
0.001

Hill 
Grain 
" I (a)

29.3a 
33.07b
33.12b 
31.24b 
31.25b 
31.10b 
33.06
6.90 
0.763 
0.001

■109.1a 
586.1b 
775.7c 
829.3c 
803.3c 
824.0c 
701.60 
3.12 
23.91 
0.001

34.69a 
35.51a 
35.00a 
35.07 
5.92 
0.74 
0.731

100 
Grain 
«t (g)

Grain 
yield 
(kg/ha)

1584a 
1580a 
1671a 
1612 
19.5 
7-1.00 
0.622

827.2a 
811.-la 
846.1 a 
838 
16.7 
32.9 
0.915

■196.8a
855.0b
811.8b
900.2b
953.2b 
982.6b 
838.00 
16.70
46.6 
0.001

•1.05a 
4.16b 
3.98a 
4.06 
0.43 
0.028 
0.025

2016 
Plan) 
(« in ’)

32.59a 
33.01a 
33.58a 
33.06
6.9 
0.539 
11.436

•1.12a 
4.03a 
4.01a 
3.99a 
4.08a 
•1.07a 
4.06
1.10 
0 042 
0.429

3.99 a 
3.89a 
3.90a 
3.84a 
3.93a 
3.92a 
3.91 
2.6 
0.048 
0.38

3.83a 
4.03a 
3.86a 
3.91 
3.40 
0.05 
0.06

1492a 
2394b 
2590c 
2938d 
3229c 
3264c 
2651 
1.10 
2.02 
0.001

TDM 
al • 
harvest 
(gm2)

2596a 
2635a 
2721b 
2651 
1.20 
1.52 
0.01

significantly higher in MM than DAP and TSP. The number of plant at harvest was 

between 3.8 and 4.03 plants m'2. The number of grains increased significantly in

to rates three (3) and lour (4) depending on season. Biological yields increased

Fertilizer
DAP
MM
ISP
Mean
CV (%)
SEM
P value
Rales
I
2
3
4 
5
6
Mean
CV (%)
SEM
P value_________________________________ _ _ _______________

-Where: 1 = 0 atidO^ 2 = 10 and 5, 3= 20 and 10, 4=40 and 20. 5 = 60 and 30, and 6 = 80 and 40 kg
N and P/ha respectively. Numbers in same column followed by same lciicr(s) do not differ 
significantly al P< 0.05 according to Tukey’s test.

1 able 2. 4: Effects of fertilizer types and rates on yield components and yields 
at Ilakala site 

’ 2015 
Treatment Plant 

(II nt4)
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0.01) in both cropping

seasons. 1 he grain yields increased with fertilizer rates up to intermediate rates (-1

and 5) and decreased at recommended rate. The yield increase was highly

influenced by seasons where higher yields averaged 2572 kg/ha during 2015 while

with fertilizer rales to two folds in rates 5 and 6.

Interaction effects of fertilizer types and rates on grain yield2.4.5

fhc interaction effect between fertilizer types and rales was highly significant (P

positive increase from control to fertilizer rate 4 and 5 in DAP, MM and TSP

fertilizer and thereafter yield decreased towards recommended rate in Ilakala and

Treat 
inent

2615b 
2819c 
2287a 
2572 
6.60 
9.17 
0.01

512.9a 
717.8b 
879.1c 
1000.8d 
1067.7d 
IO57.6d 
872.7 
2.50 
30.32 
0.001

Cirains 
(« in')

Cirain 
yield 
(kg/ha)

1107b 
1105b 
1056a 
1089.3 
3.60 
0.752 
0.005

Cirains 
(II nt-’)

Cirain 
yield 
(kg/ha)

lot) 
Cirain
Ml (gl

TDM 
at 
harvest 
CgL’l'l

3.86a 
■1.03b 
3.89a 
3.921 
2.90 
0.030 
0.001

352.5a 
729.0b 
957.5c
IO95.7d 
988.9cd 
967.7c 
849.0 
6.60 
•11.10 
0.001

853.7b
916.2c
745.7a 
8'19.00 
6.60
29.10
0.001

100 
Cirain 
M l (g)

874a 
2215b 
3023cd 
3309d 
2992c 
3029cd 
2572
8.0 
6.17 
0.001

3.90a 
3.95a 
3.89a
3.98a 
•1.02a 
3.94a
3.95
1.70 
0.034 
0.088

3.95ab
3.99b
3.89a
3.95
2.10
0.024
0.018

218.8a 
376.1b 
354.3b 
433.1c
441.9c 
361.0b 
364.7 
2.50 
8.81
0.001

378.3b
366.0ab
319.9a
364.7
3.60
4.01
0.019

29.15a 
29.80a 
29.75a
29.57
2.20
0.231 
0.199

813.8b
625.8a
628.9a
689.5
10.3
12.92
0.001

454.0a 
601.8b 
662.0b 
808.0c 
792.1c
818.9c 
689.5 
10.3 
18.27 
0.001

Fertilizer 
(a) 
DAI' 
MM 
ISP 
Mean 
CV (%) 
SUM 
P value

859.4a 
897.6a 
861.0a
872.7
2.50 
2I.4<I 
0.147

21.55a 
27.97b 
30.48c 
3I.O4c 
32.36d 
31.01c 
29.57 
1.70 
0.279
0.001

3.86a 
3.96a 
3.91a 
3.88a 
3.96a
3.99a 
3.92 
1.70
0.031 
0.065

30.33a 
29.41a 
3O.I6a
29.97
1.40
0.812 
0.485

24.84a 
30.71b 
31.67b
30.65b 
30.55b 
31.39b
29.97
1.40 
1.148 
0.001

2016 
Plant 
(II nt
2)

TDM al 
harvest 
(fitn2)

Rales (b) 
1 
2 
3 
-I 
5 
6 
Mean 
CV (%) 
Sl-M 
P value

during 2016 yields were low averaging 1089 kg/ha. Biological yields increased

0.001) in grain yield in both first and second year (figure 2.5). There was a

was highly significant in fertilizer types and rales (P <

Table 2. 5: Effects of fertilizer types and rates on maize yield components and 
yields at Changarawc 

2015 
Plant 
(//m 
2)

530a 
1037b 
IO76bc 
1336d 
1428c 
1130c 
1089.3 
1.50 
1.736 

__  ___ __aotn___ 
-Where? 1 = 0 and 0,2 = To’and 5, 3= 20 and 10,4=40 and 20, 5 • 60 and 30. and 6 = 80 and 40 kg 

N and P/ha respectively. Numbers in same column followed by same letter(s) do not differ 
significantly at P< 0.05 according to Tukey’s test.
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both villages.
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and at both sites as presented in Figure 2.6. The Coefficient ofseasons

determination (R2 or r2) denoting a ratio or percent of the explained variation to the

total variation were 0.96 and 0.97 at Ilakala and 0.94 and 0.92 at Changarawc for

the 2015 and 2016 seasons respectively.

1
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Figure 2. 5: Interaction effects of fertilizer types and rates on grain yield 
(kg/ha)
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2.4.6 Agronomic effectiveness of fertilizers used

Relative agronomic effectiveness (RAE) of Minjingu mazao (MM) fertilizer

against DAP and TSP as standard fertilizers is shown in Table 2.6. At llakala site,

during 2015 cropping season RAE of MM was 36.5% and 29.4% above the

standard fertilizers DAP and TSP respectively. During 2016 cropping season, RAE

for MM as a test fertilizer was 2% above DAP and 9.14% below the TSP as

standard fertilizer. At Changarawe site, RAE in MM during 2015 was 11.10% and

38.5% above the standard fertilizers DAP and TSP respectively while during 2016

RAE was 7.2% and 9.2% above the standard fertilizers DAP and TSP respectively.

J 4

I

I

I

Figure 2. 6: Relationship between N and P rates and maize yield at llakala and 
Changarawe
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Table 2. 6:

ChangarawcIlakala

Fertilizer type RAE(%)2015 RAE (%) 2016 RAE(%) 2015 RAE(%) 2016

DAP 100 100 100 100

MM 136.5 102.0 111.1 107.2

CV (%) 27.14 40.05 11.53 38.6

SEM 16.57 18.27 5.73 18.50

TSP 100100 100 100

90.86 138.5 109.2MM 129.4

19.4418.87CV (%) 16.1716.69

9.5011.686.67SEM 9.66

Data were subjected to descriptive statistics

2.5 Discussion

Soil characteristics and weather condition2.5.1

Soils at Ilakala site were characterized by sandy loam and sandy clay with a neutral

pH that was within the range suitable by most crops (Landon, 1991). Soils were

characterized by low nitrogen mainly due to nature of the soil that is highly

weathered and leached as reported by Szilas et al. (2005). Medium soil phosphorus

levels was probably due to the medium soil pH which was between 6 and 7.5

which was ideal for P availability as reported by Foth and Ellis (1997) and Landon

(1991). Zinc was below a critical level of 1 mg/kg required for crop production

according to Landon (1991) probably was caused by soil pH in Ilakala (Landon,

1991; Foth and Ellis, 1997).

Relative agronomic effectiveness (RAE) of Minjingu mazao 
against DAP and TSP fertilizers
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mainly due to highly weathered and leached soils. Low pl I values (<5.5) in soils

probably reduced bacterial activities and nitrification of organic matter contributing

to low N as reported by Landon (1991) and Prasad and Power (1997); also

phosphate ions probably combined with iron and aluminium to form P-compounds

not readily available (Landon, Op. cit). Low zinc in the soil below a critical level of

1 mg/kg required for crop production (Landon, Op. cit) was due to highly

weathered acidic soil in Changarawe. These findings are in agreement with Amuri

el al. (2013) who also worked in the same agro-ecological zone.

Variations in rainfall amount and distribution between Ilakala and Changarawe

during the seasons are due to their distance from each other and differences in

geographical locations. Ilakala site is hilly and surrounded by mountains and

characterized by high vegetation cover such as forests contrary to Changarawe.

characterized by unexpected onset and erraticness as previously reported in

Manyoni, Tanzania (Mary and Majule, 2009) and Accra. Ghana (Germer et al..

2011). This inter- and intra-seasonal variation of rainfall could have been

influenced by the impact of climate change (Kijazi el al., 2012).

sandy clay loam and sandy loam with strongly 

acidic soil reaction due to leaching of basic cations caused by high rains in the area

In Changarawe. soils texture was

as observed by both and Ellis (1997). Nitrogen and phosphorus were very low

There was a change in rainfall pattern between the two cropping seasons
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2.5.2 Nutrient concentration in maize crop

fertility (Table 2.1). However, soil N

Nitrogen concentration improved to sufficient range during 2016 at Uakala and

during 2015 at Changarawe due to good rainfall pattern (Figure 2.1) from seedling

to sixth leaf growth stage indicating that availability and uptake was affected by

soil moisture (Fageria el al., 1997). Hochmuth et al. (2012) reported that soil N

levels of 3 - 4% are adequate for maize production. Nitrogen concentration

increased from control to fertilizer application in similar trend reported by Mourice

el al. (2014).

Phosphorus was within adequate range of 0.3 - 0.5% reported by Hochmuth el al.

(2012) in most fertilizer treatments (Table 2.2) for both cropping years due to

fertilizer application in the soil with soil pH that was in the range ideal for P

availability and uptake by plants as reported by Landon (1991) and Foth and Ellis

(1997). However, at Changarawe site P was deficient in plants (Table 2.3)

reflecting poor soil fertility status (Table 2.1). Also, excessive precipitation (Figure

2.1) in 2016 February, increased nutrient loss and reduced nutrient uptake due to

poor aeration and death of root hairs (Fageria et al., 1997).

Potassium was deficient in 2015 while 2016 the concentration increased to

adequate range in Ilakala (Table 2.2) while in Changarawe K was adequate (Table

2.3) as reflected in soil fertility (Table 2.1) possibly due to the effect of other

nutrients such as nitrogen and phosphorus concentration as well as precipitation

The deficiency of N during 2015 and 2016 (Tabic 2 and 3) reflected poor soil

was improved by fertilizer application.
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Concentration oi sulphur was deficient (<0.4%) (Hochmuth et al., 2012) in all

treatments al Ilakala (Table 2.2) and Changarawc (Table 2.3). However, N to S

ratio was below 18: 1 indicating that S was in the range suitable for protein

development. Zinc was deficient in plants at Ilakala (Table 2.2) while at

Changarawc ('1'ablc 2.3) Zn was adequate (30-40 ppm) in both cropping years

(Hochmuth el a!., 2012) due to increasing acidity in the soil as reported by Landon

(1991) and moisture regime in the soil.

The phosphorus (P) uptake in maize plant at Ilakala was higher than Changarawc

site because the experimental site at Ilakala had medium P while Changarawc had

very low P in the soil. The results of P uptake in this study at Ilakala site arc in the

range reported by Muhawish et al. (2009) 24 to 45 kg P/ha in slightly alkaline soils

with medium P. At Ilakala, P uptake was higher at micro-dose rales (10, 20 and 30

kg P/ha) than at recommended rate (40 kg P/ha) due to medium soil P which

probably needed only small rates for maximum P uptake unlike the soil with low P

status. The trend of P uptake at Ilakala was higher in the second year (2016) than

first year (2015) due to high amount and good distribution of rainfall between

seedling and sixth leaf growth stages in the second year unlike the first year which

duiing early vegetative stage (VI- V6) which promoted root growth and expansion 

fot nutrient absorption from the soil which had adequate potassium (Fagcria et al.. 

1997). Hochmuth et al. (2012) reported that concentration of 2.5-4% K is adequate 

for optimum maize production.

was characterized by prolonged dry' spell (Figure 2.1) which affected nutrient
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uptake. The opposite was true for Changarawc which had higher nutrient uptake in

the first year (2015) than the second year, probably caused by a dry spell from third

week to sixth week after planting (Figure 2.1) which coincided with seedling and

sixth leaf growth stage and affected nutrient uptake due to moisture stress as

highly alTcctcd by moisture stress in the soil, initial soil I* as well as P fertilizer

sources and rates.

2.5.3 Crop growth, yield and yield components

As expected LAI was low (1.43) at sixth leaf growth stage but increased to

maximum (4.1) at silking growth stage and thereafter decreased gradually to 3.44

at dough growth stage (Figure 2.3). Such results are documented by Fortes and de

Melo (2014). LAI was the lowest in control plots; this rcllccts the importance of

applying fertilizer which supplies nitrogen in the soil with low fertility status

('Fable 2.1) for crop growth and development as stated by Fagcria et al. (1997). The

reports by Nguy-Robcrtson et al. (2012) and Fagcria et al. (1997) indicate that

optimum LAI is between 3 and 5 for optimum growth. Some plots treated with

fertilizer had LAI below the optimum (<3), such results could be due to dry spell

at boot (VI3), tasscling (VT) and silking (Rl) growth stages (Figure 2.1).

Crop growth rate (CGR) increased from sixth leaf growth stage (V6) to silking

(Rl) following the same trend as LAI due to increased photosynthesis which is

influenced by leaf surface area. The increasing trend of LAI (Figure 2.3) resulted

into more dry matter accumulation and crop growth rale (Figure 2.4) as significant

positively correlated (r = 0.94*) by Portcs and de Melo (2014). Such results were

observed by Fagcria et al. (1997). Therefore, nutrient uptake especially P was
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also reported by Sani el al. (2014) ranging between II and 16.7 g m'2day'’ in

Nigeria and Adepo and Olaoyc (2010) between 28 and 41 g nf’day'1 at tasscling.

In control treatment the rate of growth was decreasing from silking (Rl) to dough

stage (R.4) due to loss of leaves and decreased photosynthetic activity as reported

by 1 lokmalipour and Darbandi (2011).

Fertilizer types and rates applied increased total dry matter ( I'DM) production

averaging 5.13 - 8.72 t/ha, comparable results have also been reported by Kisetu el

al. (2014) and Mouricc el al. (2014) also working in Morogoro Region. The results

indicate that even under unreliable rainfall conditions farmers could still get TDM

for livestock feed and other uses as observed by De (ironic <?/ al. (2013) in

Tanzania and Aunc and Coulibaly (2015) in West Africa. Grain yield at both sites

indicate that Minjingu mazao (MM) was the best fertilizer for use under farmers'

conditions. The MM fertilizer produced on average 2317 kg/ha which was 6.6%

and 9.6% more than DAP and TSP, respectively. This could be due to multiple

nutrient content and ability to supply both macro-nutrients (N. P. Mg. S. Ca) and

micro-nutrients (B, Zn) (Minjingu Mines and Fertilizers. 2014) which improved

nutrient concentration in plants (Table 2.2 and 2.3). nutrient uptake (Figure 2.2)

and LAI (Figure 2.3). Fertilizer micro-dose rates at 2 (10kg N and 5 kg P/ha) and 3

(20 kg N/ha and 10 kg P/ha) increased yield by 912-1736. 902-1098 kg/ha in

Ilakala; 1341-2149, 507-546 kg/ha in Changarawc during 2015 and 2016 cropping

seasons, respectively. The trend of yield increase reported in this study is similar lb

that observed by Mouricc el al. (2014) and Amuri el al. (2013). However, at

Changarawc village during 2016 results were highly affected by drought from 3rd

to 9th week after planting (Figure 2.1). Fertilizer rales (40 kg N and 20 kg P/ha)



45

and (60 kg N and 30 kg P/ha) performed almost the same as recommended rale.

Our study was carried out in only two locations: however, we consider the sites

highly representative for large sub-humid tropical regions with sandy loam and

sandy clay soils typical for this agro-ecological zone (IUSS Working Group WRB.

2015).

2.5.4 Fertilizer affordability by smallholder farmers

It is suggested that the reported rales 50% (40 kg N and 20 kg P/ha) and 75% (60

kg N and 30 kg P/ha) from this study be recommended to replace the current

recommendation of 80 kg N and 40 kg P /ha for the Eastern zone including Kilosa

in these areas (Marandu el al., 2014). Further, the current results from micro dosing

rales of N and P arc in agreement with rates suggested by J.M.R Semoka (2017.

Personal Communication). In most Agro shops found in Tanzania, MM is sold at

Tsh 35,000 - 40,000/= per bag of 50 kg while DAP and TSP arc sold al 60,000

90, 000/= per 50 kg bag during 2014/15 and 2015/16 cropping seasons. The

relative agronomic effectiveness (RAE) indicated that Minjingu mazao (MM)

fertilizer had RAI: more than 100% (Table 2.6), suggesting that MM was superior

to DAP and TSP used as standard fertilizers in this study. Therefore, MM fertilizer

is an affordable source of P with higher RAE. This result is in agreement with

Muhawish el al.(2009) who reported that phosphate rock fertilizers with low and

medium P solubility had higher RAE (113% <) than higher solubility fertilizers

such as TSP.
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1 he results reported on grain in this study arc slightly higher than those reported by

D1 MA (2014) and other researchers who have worked under Tanzania's farmers'

held conditions. Such results could have been contributed by relatively large grain

size reported in this study that ranged from 29.57 to 35.07 g/ 100 grains. The grain

weight reported in this study was also found to be significantly correlated to grain

yield (r = 0.913* to 0.964**).

2.6 Conclusions and Recommendations

Minjingu mazao fertilizer performed better than DAP and ’ISP in this study.

Micro-dosing fertilizer increased yield by 90.5% and 136.5% al 10 kg N and 5 kg

P/ha (12.5% of recommended rate) and 20 kg N and 10 kg P/ha (25% of

recommended rate) than control, respectively. Intermediate fertilizer rates produced

recommended rate) and 60 kg N and 30 kg P/ha (75% of recommended rate)

compared to recommended rale (80 kg N and 40 kg P/ha). respectively.

(12.5% of

recommended rate) as well as 20 kg N and 10 kg P ha"1 (25% of recommended

rate) arc the appropriate micro-dose fertilizer rates for maize production in the

study site and ether areas with similar conditions. The fertilizer micro-doses

recommended from this study will improve crop productivity under smallholder

farming systems in sub-humid tropical regions. Also, intermediate rales of 40 kg N

and 20 kg P ha"1 (50%of recommended rate) as well as 60 kg N and 30 kg P ha"1

(75%of recommended rate) are recommended to replace 80 kg N and 40 kg P/ha

more grain yield by 1.0% and 1.1% at 40 kg N and 20 kg P/ha (50% ol

A combination of fertilizer rales of 10 kg N and 5 kg P ha1
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(Marandu el al., 2014) for resource endowed farmers who can afford higher

application rates. Also, fertilizer package has to include lower amount such as 5.

10, 20 and 25 kg bag to accommodate micro-dose strategy and affordability to

resource poor farmers who can rarely afford to buy a 50 kg bag package. It is

important to avail locally produced cheap fertilizers if they have a lower market

price and good agronomic effectiveness.
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CHAPTER THREE

3.0

3.1 Abstract

Declining soil fertility and moisture stress arc among the main causes of low crop

productivity resulting into scarcity of food and income insecurity. Nitrogen and

phosphorus fertilizer micro-dosing along with inter-row rainwater harvesting

practices may improve land use efficiency, monetary value and nutritional quality

of maize intercropping. A two year field experiment was conducted on sandy loam

soils at two sites in sub humid Tanzania using a 3x3x3 split-split plot design. The

main plots were tied ridges, open ridges and flat cultivation: sub-plots were sole

maize, sole pigeon-pea and 1:1 maize-pigeon pea intercropping and sub-sub plots

fertilizer, fertilizer (N and P) application at micro-dose level and

recommended rate of fertilizer. Tied ridges conserved soil moisture 13.33% more

than Hat cultivation at 30 cm depth after ten days of rainfall. Ridges increased

maize yield by 8 - 15% compared to flat cultivation. Fertilizer increased maize

yield by 93 % at micro-dosing and 132% at recommended rates compared to

control. Tied ridges and fertilizer increased maize yield by 90% and pigeon pea

yield by 20% than flat cultivation without fertilizer. Land use efficiency was 28-

100% higher in intercropping than sole crop. The highest monetary value was 2-4

million shillings per hectare under maize-pigeon pea intercropping + fertilizer.

Tied ridges conserved more soil moisture than flat cultivation which enhanced

EFFECTS OF SOIL MOISTURE MANAGEMENT AND FERTILIZER 
MICRO-DOSING ON YIELD AND RESOURCE UTILIZATION 
INDICES OF INTERCROPPING MAIZE-PIGEON PEA IN SUB 
HUMID TROPICS

were no
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efficiency that improved crop yield and land equivalent ratio under

intercropping. 1 his strategy could increase food availability and income generation

Key words: Cropping systems, fertilizer micro-dosing, land utilization, rainwater

harvesting

3.2 Introduction

Maize (Zea mays L.) is the most important cereal crop in Sub-Saharan Africa

(SSA) grown for both food and cash (Smale et al.. 2011: Sulc et al.. 2014:

Suleiman and Roscntratcr, 2015). Current smallholders' maize productivity is low

averaging 1.0-1.5 l/ha compared with potential of 5.0 to 7.5 t/ha (Cameron el al..

2017). Intercropping maize and pigeon-pea create a win-win situation during crop

management. Pigeon-pea (Cajanus cajan L.) is among the pulses which is a source

of protein (Janila el al., 2016) and the yield in smallholders' farms is 0.5 - 0.7 t/ha.

which is only 20 - 26% of its potential.

Declining soil fertility and moisture stress are among the main factors causing low

crop productivity, food insufficiency, poor nutrition and income insecurity.

Fertilizer use by smallholder farmers is low, averaging 16 kg/ha in SSA (Cameron

et al., 2017) and 19 kg/ha in Tanzania (MALF, 2017). This is less than 40% of the

African Union’s Abuja Declaration Commitment to increase fertilizer use to 50

kg/ha (Cameron et al., 2017). Also, inadequate rainfall and poor distribution results

into prolonged dry spells which are becoming a common problem to smallholder

farmers causing low crop yields mainly due to soil moisture stress. Rowhani et al.

under smallholder farming systems of the sub-humid tropics.

fertilizer use
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change. Low rainfall and poor runoff management practices under flat cultivation

commonly used by smallholder farmers increase water loss, moisture stress, soil

erosion and affect plant nutrient availability and uptake (NRSP, 2005). A

prolonged dry spell and changes in rainfall pattern results into low crop yield and

shrinkage of grazing land, which increase conflicts between crop producers and

pastoralist (Cabot, 2017; Roseline and Amusain, 2017; Walwa, 2017). Research

results have shown that inter-row water harvesting techniques restore land

productivity and increase crop yields in rain-fed farming areas and minimize risks

in drought prone areas (Prinz, 1996). To mitigate rainfall shortage problem in some

seasons there is a need to use inter-row rainwater harvesting methods.

Low fertilizer adoption by smallholder farmers are mainly due to inadequate

knowledge on fertilizer usage (Druilhe and Barreiro-Ilurle. 2012), untimely

availability of inorganic fertilizers and low affordability (MALF, 2017). Hence.

services in SSA (Camara el al., 2013). This application rate is an entry point to

fertilizer use in sub-humid tropical areas and it has proven to be advantageous in

semi-arid and arid conditions of Africa in countries such as Mali, Niger, Ethiopia,

Burkina Faso and Zimbabwe (Aune and Coulibaly, 2015: Adams el al., 2016).

Research results have shown that inter-row water harvesting techniques such as tie

fertilizer micro-dosing technology may address the problem of no fertilizer usage 

by applying small amounts of 25 - 33 % of the rates recommended by advisory

(2011) reported that 20% increase in intra-seasonal precipitation variability reduced 

yield by 4.2 % for maize. Most of SSA is characterized by unpredictable pattern 

and distribution of rainfall among months (Msaki et al.. 2015) due to climate
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influence of micro-dose fertilizer rates and soil moisture conservation through

inter-row rainwater harvesting on maize and pigeon-pea intercropping system is

still inadequately documented in sub humid Tropical conditions.

In SSA, most smallholder farmers grow pigeon-pea under mixed or intercropping

with maize and sorghum in Guinea Savanna Nigeria (Egbc and Adoko. 2012).

pigeon-pea and sorghum in Eritrea (Weldeslassie el al., 2016). Maize and pigeon­

pea are intercropped for food, cash, soil fertility improvement through nitrogen

fixation and organic matter, fodder and firewood production, yield advantages

under water stress conditions and suppression of weeds and other pests (Sharma et

al., 2011). Growing two or more crops in proximity promote interactions that

might be facilitative or competitive or complementary on capture and use of

growth resources such as light, water and nutrients (Francis. 1986: Zhang and Li.

2003; Kimaro et al., 2009). Intercropping has been reported to increase land use

conflict compared to sole crop. Therefore, maximizing land utilization by

fertilizers are becoming very vital.

system together with other cereal crops such as maize in semi-arid Tanzania 

(Kimaro et al., 2009) and sub-humid Tanzania (Myaka et al.. 2006), pigeon-pea

ridging restore land productivity and increases crop yields in rain-fed farming areas 

and minimizes risks in drought prone areas (Prinz, 1996). Inter-row rainwater 

harvesting traps, holds and conserves water in a soil profile (Nuhu and Mahoo. 

2000); this increases nutrient availability and fertilizer use efficiency. The

intercropping maize and pigeon-pea and use of improved technologies such as

efficiency by 66% in Nigeria (Dania et al., 2014) and could reduce land use
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1 he objectives ol this study were to examine the influence of inter-row rainwater

harvesting methods as well as nitrogen and phosphorus micro-dosing on yield, land

systems in the sub-humid tropical areas of Tanzania.

3.3 Materials and Methods

3.3.1 Location

Field experiments were conducted at Ilakala village in Ulaya ward and Changarawc

village in Masanze ward, Kilosa District in Morogoro Region of Tanzania. Ilakala

study site is located al 07o08'07" South, 036’55'12" Last and 599 m above sea

level, while Changarawc site is at 06’54'55.5" South. 036’57'11.5" Hast and 502 m

above sea level. Rainfall in this sub-humid area is usually bimodal where the short

annual rain season C’Kw/z”) starts in November and ends in January while the long

rain season (‘"Masika") starts in February or early March and ends in late May.

However, inter-seasonal and inlra-seasonal variations are common in the area

Ihc overall annual rainfall ranges between 800 and 1400 mm while average

temperature is about 25°C (Kajembe et al., 2013) which is typical of sub humid

tropical conditions. Soils in Ilakala and Changarawc arc categorized

Acrisols and Mollie Fluvisols (Trans SEC Project, 2017).

The study site in Ilakala was previously grown with pigeon-pea and the remaining

shown in Equation 1.

equation 1X 100% Slope — Height (m)
Horizontal (m)

part was under local vegetation. The average slope al the site is 9.7% determined as

(Rowhani et al., 2011). Rainfall during the long season ranges from 400 - 800 mm.

use efficiency and financial returns of maize and pigeon-pea sole and intercropping

as Ilaplic
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The study site in Changarawc had been under fallow from 2011 - 2013 and in

2013/14 season, the site was used for sesame (Sesainiiin ini/icuni L.) production.

The slope of the Changarawe trial site was 11.5%.

Maize variety “7’A/F7”was used. The variety is medium maturing (110 days) and is

(Kanycka el al., 2007). Pigeon-pea “Babati white" variety is commonly used in the

area (Myaka el al. 2006).This is a long maturing variety which takes about nine

months to mature (Saxena el al., 2010). Fertilizers used were di-ammonium

phosphate DAP (NILihlIPO4) a granulated solid fertilizer (18% N and 46% P2O5)

(McCauley et al., 2009) and urea (46% N).

One experiment in each village was laid out in split-split plot under randomized

complete block design (RCBD) as described by Montgomery (2013). The main

plot was moisture management options: tied ridges, open ridges and flat

cultivation. While the sub- plot treatment was cropping systems: maize sole crop.

pigeon-pea sole crop and 1:1 intercropping of maize with pigeon-pea as described

by Natarajan (1990). The sub- sub plot treatment was fertilizer application rates:

control (0 kg P and 0 kg N/ha), micro-dosing rale (10 kg P and 20 kg N/ha in

maize; 10 kg P and 9 kg N/ha in pigeon-pea) and recommended rates of 40 kg P/ha

and 80 kg N/ ha for maize (Marandu e! al., 2014) and 20 kg P/ha (Kumar Rao el

al., 1995) and 18 kg N/ha for pigeon-pea.

an open pollinated variety (OPV) which is commonly grown in the study areas

3.3.3 Methods

3.3.2 Materials
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fertilizer (DAP) was

applied at planting by banding method of placing fertilizer in holes and covering by

soil on both maize and pigeon-pea crops. Spacing for maize was 75 cm x 30 cm

and 75 cm x 50 cm for pigeon pea resulting into one plant per hill. Urea was

applied in maize at fourth leaf vegetative stage (V4) as recommended by Kanyeka

et al. (2007).

3.3.4 Data collection

3.3.4.1 Soil and rainfall data

depth of 0 - 15 cm and 15-30 cm. Soil analysis included particle size distribution

for textural class by Hydrometer method, soil pH by pH meter in 1:2.5 soil-waler.

organic carbon by Walklcy- Black Method, total nitrogen by Kjedahl digestion

method, available phosphorus by Bray and Kurtz 1. exchangeable cations (Ca2’.

Mg2', K+, Na*-) in NH.|-acetatc filtrates by Ammonium Acetate saturation and

available micronutrients (Zn, Cu, Mn and Fe) by the DIP A extraction method. Soil

moisture content was determined using a Delta T device Moisture Meter type Hl 12

in percentage (°/o Vol) as described by Delta T Devices Ltd (2013). Daily rainfall

data were collected from the study sites where rain gauges were installed during the

2014/15 and 2015/16 cropping seasons.

3.3.4.2 Yields of maize and pigeon-pea

Crops were harvested at maturity from a harvest area of 3 m2 and grain yields were

collected, measured and converted into kg/ha following the procedures described

Ridges were 75 cm apart with 20 cm height; the distance between tics was 150 cm

as recommended by 1-dje and Ossom (2010). Phosphate

Soils were sampled and analyzed as described by Soil Survey Staff (2014) at a
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both sole and intercropping plots.

33.4.3 Prices of crops

The current prices of maize and pigeon-pea after harvest were collected in the

village from 15 key informants that included extension officers. project research

assistants and farmers growing the crops. The currency used was Tanzanian

shillings (TZS). exchange rate was between 2150 and 2282 TZS to one US dollar

from 2016 to 2018 (XE Corporation, 2018).

33.4.4 Monetary' values

described by Federer (1993) and shown below:

equation 2V = K1Y1+K2Y2 

Where: KI and K2 are yields of maize and pigeon pea respectively while Y1

and K2arc prices of the respective crops; V is the financial return value.

3.3.5 Data analysis

Data collected and calculated financial values were subjected to analysis of

variance (ANOVA) basing on the statistical model for the split-split-plot design as

follows:

f-i/kn

equation

= //+ Aj ■*’ + + +

by C1MMY1 (2013) for maize and pigeon-pea as proposed by ICKISAT (1992) in

The monetary values of crops were calculated from yield and price data as

• ACJmYijkm 1 IK'km * ABCjkm
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plot effect, Sy - the main plot random error (Error a). Z?t sub-plot effect.

AHtk- interaction effect between the main plot and the sub-plot. co,,*

subject error (Error b), C„, = sub-subplot effect. AHC^ the three way

used to lest the treatment effects on the indices calculated.

Comparison of means was done using Tukcy’s test at p < 0.05 as described by

Montgomery (2013).

Land equivalent ratio (LER) is the relative land area under sole crops that is

required to produce the yields achieved by intercropping. Il is an index of

biological advantage used to compare the effectiveness of the intercropping system

used in the study as proposed by Federer (1993) where yields from intercrop and

sole crop of each crop were used as follows:

equation 4LER = — + — 

Where X and Y arc the component crops namely maize and pigeon-pea in

the sole (.s) and intercrop (/).

3.4 Results

Soil characteristics and weather conditions3.4.1

Soil characteristics at Ilakala and Changarawe study sites arc presented in Table

3.1. Soil texture was sandy loam at both sites. Soil pH was medium acidic to

neutral (6.6- 7.3) at Ilakala and medium acidic to strongly acidic at Changarawe.

Total nitrogen (TN), organic carbon (OC) and phosphorus (P) were low.

Exchangeable cations were low except sodium (Na) at Ilakala was medium.

(Factors A* B* C), and sub-sub-plot random error effect (Error c) was

Where: I',,*,,,- Response level, n = general mean. //, block effect. Aj =- main

Xi
Xs

Yi
Ys
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magnesium at Changarawc was high and potassium (K) was high at both sites.

Micronutrients such as copper (Cu), iron (Fc) and manganese (Mn) were medium

to high except zinc (Zn) which was low at both sites.

5 7 99
20hl 12 14

1.72"1.89 "

high. I. = low. M- medium, VH= very high, VL= very low; SI. sandy loam.

Rainfall results during 2014/15 and 2015/16 cropping seasons arc shown in Figure

3.1. Total amount of rainfall was 489.8 and 891.5 mm at Ilakala while at

Changarawc rainfall was 358.4 and 694.3 mm during 2014/15 and 2015/16

received rainfall above 50mm with dry spell in February during 2014/15 cropping

During 2015/16, Ilakala site received more rainfall than 2014/15season.

J'ablc 3. 1
Soil characteristics

Clay (%)

Texture class

Changarawc 
(15-30 cm) 
77

Chanagar.iwe 
(0- 15 cm) 
79Sand (%)

Silt

0.481’

0.52m

19.39"
0.37'1

0.43L
19.78"

72.42"

Ilakala 
(15-30 cm) 
73

Soil pl I 

I otal nitrogen (%) 

Organic carbon (%) 

I’- Bray 1 (mg/ kg) 
Exchangeable potassium (cmol +/ 0.41 " 

kg) 

Exchangeable magnesium (cmol +/ 

kg) 
Exchangeable calcium (cmol •/ kg) 

Exchangeable sodium (emol +/ kg) 

Extractable sulphur (mg/kg) 

Copper (mg/ kg) 

Zine (mg/ kg) 
Iron (mg/ kg) 

Manganese (mg/ kg)

0.48l

0.52m

26.48"
0.50m

0.60l

25.62"

52.36"

SI.
6.8n“,,ral

().05'l

0.68l

4.72l

SI.
g gmedium acidic

0.05'1'
0.81’

1.32 L

O.23m

0.11VL0.HVL

3.891’

0.I61’ 

22.62" 

0.50'1 

0.3 i'­

ll.68 11 

47.59"

"Tetters in superscript represent abbreviation Tor remarks according to Landon (1991) where II

SI.
filled, mi Wt.li»

0.06 11
0.601

1.811

0.67"

SI.
^Vnint'lv acidic

0.04

t).43VL
3.07 ’■

0.51"

Soil characteristics at Ilakala and Changarawc study sites 
..t Ilakala

(0 - 15 cm) 
81

3.89 1

0.24 1 

21.97"

0.24 M
0.89“ 

38.76 " 

42.81"

seasons, respectively. At Ilakala, only December. January. March and April
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2015, January and April 2016.

500 Changarawe
350
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Figure 3. 1: Amount of rainfall during 2014/15 and 2015/16 cropping seasons

Soil moisture management practices3.4.2

Soil moisture retention varied with rainwater harvesting (R.W11) practices as shown

significant differences (P<0.05) in moisture conservation al 0.5 days (12 hours)

after rainfall. Soil moisture content decreased with soil depth after 0.5 days (12

hours) and two days after rainfall from flat cultivation while in open and lied ridge

plots moisture increased from 5 cm to 30 cm depth. Two days after raining, soil at

5 cm depth had 15% moisture content while 15 and 30 cm depth had 20% for ridge

treatment. Ten days after rainfall, soil at 5 cm depth had 6% under flat cultivation

while under tied ridges the soil had 8%. At 15 cm soil depth, moisture content was

11% in flat cultivation treatment and 12% in open ridge treatment and 14% under
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tic ridges plots, lhe soil at 30 cm depth had 14% moisture content in flat plots and

15% in open ridge while the tied ridged plots had 17% moisture content. On

average, soil moisture content was 20-22% after 12 hours. 16 20% after two days

and 7 - 15% ten days alter rainfall.

Flat Open ridges Tied ridges
24 24 24

li
tt20 20 •

lift ftft ft16 ■ IIft ■i
ft 12 ■

ri
I d S ■8 ■ *S

4 •4

lOsais

3.4.3

3.2). Tied ridges had the highest yield at Ilakala and Changarawc in both cropping

higher yield than ridges. Sole maize produced very significantly higher yield than

intercropping at both sites during 2015 and 2016 seasons. Fertilizer application

increased maize yield very significantly (P = 0.001) from control to micro-dosing

and recommended fertilizer at Ilakala and Changarawc in both seasons.

-

T 
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Figure 3. 2: Soil moisture as influenced by rainwater harvesting practices at 
different soil depths and duration after rainfall

Effects of inter-row rainwater harvesting practices and fertilizer use 
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Treatment Changarawc 2016

Interaction effects of inter-row rainwater harvesting, cropping systems and

fertilizer use on maize yield were significant (P< 0.05) al both sites and seasons

(Figure 3.3). The highest yield was 3776 kg/ha from TR i SM t RE followed by

TR -I- SM + MF (3760 kg/ha), OR + SM + RF (3643 kg/ha) and Fl + SM + RF

(3534 kg/ha) from maize sole crop.

1861 b 
1746 a 
13.1 
0.001 
2.8

Ilakala
2015 

1 able 3. 2: Main effects of inter-row rainwater harvesting cropping systems 
and fertilizer use on maize yield (kg/ha)

RW1I (a) 
l ied ridges 
Open ridges 
Flat 
SEM 
I’ Value 
CV (%) 
Cropping system 
(b) 
Sole crop 
Intercrop 
SEM 
P Value 
CV (%)
Fertilizer use (c) 
Control 
MF 
RF 
SEM 
P Value 
CV (%)

1885 b 
1864 b 
1661 a 
46.8 
0.018
5.8

3000 b 
2628 a 
2601 a
19.72
0.001
1.6

Ilakala 2016 Changarawc
2015

2019 b
1613 a
26.6
0.001
5.7

1126a 
2254 b 
2719c 
11.91 
0.001 
3.2

3066.1 b
2420.1 a
14.92
0.001
2.1

2098 b 
2051 b 
1950 a
11.33 
0.001
1.2

2220.3 b
1845.8 a 
14.05 
0.001
2.7

1763 a 
1820 a 
1864 a 
40.4 
0.26 
5.0

914 a 
1893 b 
2640 c 
27.6 
0.001 
8.3

1794 a
3058 b
3377 c
13.11
0.001
2.6

958 a 
2049 b 
2403 c 
23.3 
0.001
7.1_____________________

Means followed by same letter (s) in the same column were not significantly 
different according to Tukey’s Test at P<0.05. CV is the coefficient of variation, 
and SEM is a standard error of mean.
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Pigeon pea yield was significantly influenced by rainwater harvesting practices.

cropping systems and fertilizer use (Table 3.3). Flat cultivation had significantly

higher grain yield (P < 0.015) than ridges at both villages during 2015 and 2016

cropping seasons. Pigeon pea sole crop had significantly higher yield (P - 0.001)

than intercrop at both sites during 2015 cropping season while the following year it

did

recommended rate increased yield very significantly (P 0.001) compared to

control.

Figure 3. 3: Interaction effects of rainwater harvest, cropping system and 
fertilizer use on maize yield
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Changarawc 2016Treatment Ilakala 2015 llakala 2016 Changarawc 2015

492.6 a 1037 ab 522.5 a 852.3 a

581.7 ab 947 a 856a573.4 b

611.9b IO95ab 1091.9b782.9c
SEM 22.67 12.9221.7 12.11

P Value 0.0010.015 0.008 0.001

3.19.0 4.7 4.3

934.1a700.7b 683.9b1035a

932.7a568.5a1017a423.4a
8.3617.4016.48 17.4
0.900.0010.490.001P Value

10.8 3.56.611.4

796.6a594.9a769a512.0a
1038.3c602.3a1188c581.4bMF
965.2b681.5b1122b592.8bRi­
ll.4316.5817.911.11SEM
0.0010.0010.0010.001P Value
6.714.510.8CV (%)

Interaction effects of inter-row rainwater harvesting, cropping systems and

fertilizer use on pigeon pea yield was significant (P < 0.05) as shown in Figure 3.4.

The highest pigeon pea yield was 1302 kg/ha from TR »• SP i RF followed by TR

+ SP + MF (1296 kg/ha), Fl + SP 4- MF (1283 kg/ha) and Fl i MP + MF (1273

kg/ha).

RWH (a)

Tied ridges

Open ridges

Flat

CV (%)

Fertilizer use (c)

Control

CV (%)

Cropping system (b)

Sole crop

Intercrop

SEM

Table 3. 3: Main effects of inter-row rainwater harvesting cropping systems 
and fertilizer use on pigeon pea yield (kg/ha) 

 

9.5
  

Means followed by same letter (s) in the same column were not significantly 
different according to Tukey’s Test at P<0.05. CV is the coefficient of variation.
and SEM is a standard error of mean.
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Land use efficiency of cropping systems under rainwater harvesting3.4.4

(RWII) practices and fertilizer use

Land equivalent ratios (LER) were used to describe land use efficiency in maize

and pigeon-pea cropping systems as shown in 'fable 3.4. The LER values ranged

between 1.46 and 1.99 at Ilakala and from 1.34 to 2.05 at Changarawc for soil

moisture conservation through RWH. Tie ridged plots had the lowest (1.34 - 1.68)

and fiat plots had the highest (1.62 - 2.05). Under fertilizer use treatments, the

control had the highest LER (1.64 - 1.76) during 2015 while in 2016 the

recommended rate had the highest LER of 1.95. 'l ied ridges without fertilizer

application had higher LER (1.51 - 1.72) than micro-dose and recommended

fertilizer used during 2015 at both sites. Fertilizer application under tied ridges

resulted into higher LER of 1.68 and 1.88 during 2016 at Ilakala and Changarawc.
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Figure 3. 4: Interaction effects of rainwater harvesting (RWII) practices, 
cropping systems and fertilizer use on pigeon pea yield
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respectively. Open ridges combined with fertilizer application al the recommended

rate had highest LER of 1.55 - 1.61 during 2015 al both sites. However, during

2016 the micro-dose rate under open ridges had the highest I .ER of 2.17 al llakala.

Plots under flat cultivation without fertilizer had higher I.ER (1.71) al llakala

during 2015 than micro-dose and recommended fertilizer. Micro-dose fertilizer

under Hal plots had the highest LER of 1.85 at llakala during 2016 and 2.42 at

Changarawc during 2015.
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Treatment Ilakala Ilakala

2015 2016

RWII

Tied ridges (1) 1.46 1.62 1.34 1.68

Open ridge (2) 1.99 1.951.55 1.47

Flat (3) 1.88 1.881.61 2.05

Fertilizer use

1.76 1.72Control (1) 1.661.64

1.791.681.86Miero-dosc(2) 1.45

1.951.76 1.51Recommended (3) 1.57

RWII x Fertilizer

1.631.62 1.511.721 x 1

1.561.361.681.281 x2

1.881.301.581.491 x3

1.681.481.781.542x 1

2.021.262.181.542x2

2.061.611.991.562x3

1.812.341.611.713 x 1

1.862.411.851.533x2

1.931.641.781.663x3

Indices not subjected to inferential statistical analysis

Changarawe
2015

Changarawe
2016

Table 3. 4: Land equivalent ratios in maize and pigeonpea intercrops grown 
under different rainwater harvesting (RWII) practices and 
fertilizer levels
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3.4.5 Monetary value for maize and pigeon pea cropping systems under

moisture conservation practices had highly significant effects (P 0.001) on

monetary values of the crops al both Ilakala and Changarawe sites during the 2015

and 2016 seasons with exception of Ilakala site during 2015 (P 0.08). Average

values were 1.78 and 1.69 million Tanzania Shillings (TShs) during 2015 and 2.67

and 2.15 million TShs during 2016 at Ilakala and Changarawe. respectively. The

highest monetary values at Changarawe were 2.17 and 2.26 million TShs obtained

from fiat cultivation during both seasons. At Ilakala. the highest monetary values

respectively. Cropping systems had very high significant effects (P - 0.001) with

the highest monetary values 2.28 - 3.70 million IShs from maize-pigeon pea

intercrops. During 2015 season, pigeon pea had higher financial return (1.7

maize had more financial return of 2.0 to 2.7 million than pigeon pea which had 1.4

- 1.5 million. Fertilizer use resulted into higher significant effects (P = 0.001),

where the highest monetary values were from 2.09 to 3.14 million TShs al

recommended fertilizer rale followed by 1.89 - 3.02 million TShs from micro-dose

fertilizer rate and 1.30 - 1.84 million TShs under control plots.

different moisture conservation practices and fertilizer use

million) than maize that had 1.3 - 1.4 million TShs. However, during 2016 season

Effects of soil moisture conservation practices, cropping systems and fertilizer use

on monetary value of maize and pigeon pea crops arc shown in Table 3.5. Soil

were 1.84 and 2.83 million TShs from ridges during 2015 and 2016 seasons.
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Treatment Ilakala 2015 Ilakala 2016

Interaction effects between soil moisture conservation practices, cropping systems

and fertilizer use for monetary value of maize and pigeon-pea crops were

significant at P <0.05 as presented in Figure 3.5. Al Ilakala site, the highest

monetary values were between 2.0 and 3.0 million TZS during 2015; 4.0 and 4.5

million TZS/ha during 2016 from maize-pigeon pea intercrops under micro-dose

and recommended rates in ridges and flat cultivations. Maize sole crop had higher

1300155 a
1944226 b
2090567 c

0.001
40985.3
8.9

1302712 a
1751761 b
2280475 c

1700447 a 
1839528 a 
1794972 a
0.088
38798.1
4.9

0.001 
18371.0
4.6

1845035 a
3023393 b
3147494 c

0.001 
27145.0
3.9

2836628 c 
2524163 a 
2655131 b 
0.001
22594.5 
2.0

2759529 b
1552374 a
3704018 c

0.001
31130.1 
11.0

0.001 
39210.0 
8.0

1429100a 
1894058 b 
2350039 c

1998248 b 
1401142a 
3060185 c

0.001
21586.9
3.9

1472333 a
2390915 b
2596326 c

0.001
12754.8
4.0

RWII (a)
Tied ridges (1) 
Open ridge (2) 
Flat (3) 
P value 
SEM 
CV (%) 
Cropping 
system (b) 
Maize (1) 
Pigeon pea (2) 
Maize-Pigeon 
pea Intercrop (3) 
P value 
SEM 
CV (%)
Fertilizer use (c) 
Control (1) 
Micro-dosc(2) 
Recommended 
rates (3) 
P value 
SEM 
CV (%) 

Changarawe 
2015

Changarawe 
2016

2110833 a 
2086666 a 
2262076 b
0.001
11709.1
1.2

1413332 a
1709633 b
2550232 c

1693723 a 
1804872 a 
2171602 b 
0.001 
29233.6 
3.50

1 able 3. 5: Effects of rainwater harvesting practices (RWII), cropping systems 
and fertilizer use on monetary' value (TSh/ha) of maize and 
pigeon pea

0.001
21219.0
8.0___________________ ___________________________

Means followed by same letter (s) in the same column were not significantly 
different according to Tukey’s Test at P<0.05. CV is the coefficient of variation, 
and SEM is a standard error of mean.
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monetary values ol 3.0 - 3.5 million TZS in 2016 under fertilizer micro-dose and

recommended rates than pigeon-pea. At Changarawc site, the highest monetary

values were 3.0 - 4.0 million TZS/ha maize-pigeon pea intercrop under

recommended fertilizer rate, maize sole crop had higher money value at

recommended fertilizer rate than pigeon-pea.

7:5J»aTied ridge 2015 Open ridge 2015 Flat 2015

i r 1 i!1 b* rml rjllll
I

Flat 2016Tied ridge 2016 Open ridge 2016

jl

i.«-d«d. KS ='. ••J* Sfd' -f. ha « Future

Discussion3.5

Soils and weather conditions3.5.1

Soils at both study sites were sandy loam characterized by strongly acidic (5.3) to

neutral (6.8) pH conditions that are suitable for most crops (Landon, 1991). Sandy

loam is among medium textured soils which arc ideal for the most crop growth

(Birkas et al., 2014). Low total nitrogen values recorded at both sites may have

been the results of leaching and erosion which common under tropicalarc

s 
5
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Cnar garage

Figure 3. 5: Interaction effect of soil moisture conservation, cropping systems 
and fertilizer use on monetary value of maize and pigeon pea 
crops
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conditions as reported by Weier (1994) and I'oth and Ellis (1997). Also, low total

nitrogen is related with low organic matter in the soil (Lal. 2015). The very low 1*

recorded could have been due to facts reported by Jeng (2014) highly weathered

farm organic resources. Therefore, application of fertilizer especially N and P

would be important to increase crop productivity and maintain nutrients in the soil.

The rainfall fluctuation in terms of amount, intensity, distribution and pattern

experienced at Ilakala and Changarawc sites could have been inllucnccd by the

impact of climate change observed by Augustine el id. (2012).

Effects of rainwater harvesting and fertilizer on yield3.5.2

Higher maize yield of up to 3000 kg/ha under tied ridges than under Hat cultivation

recorded in this study were due to reduced runoff, increased waler infiltration and

exceptional due to extremely low amount rainfall (358 mm) characterized by flood

in March and prolonged dry spells in April and May (figure 3.1) which confined

runoff in ridges and increased surface cvapo-lranspiration than fiat cultivation

(Karuma et al., 2016) that affected yield negatively under the current climate

changes (Augustino el al., 2012).

Yield of up to 3066 kg/ha under maize sole cropping system was due to low inter­

specific competition for resources such as light, nutrients, moisture and space

compared with intercrop as also reported by Karuma et al. (2016). Inter-specific

competition for moisture, nutrients and solar radiation reduced maize yield under

moisture conservation (figure 3.2). However, during 2015 Changarawc site was

soils, unavailability of inherent soil P, fixation of P and poor management of on-
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intercropping, however the yield advantage of two crops under this system is

advantageous for food, nutritional and income security to small scale farmers.

Significant increase in maize yield from micro-dose and recommended rates

indicated the importance of applying fertilizer under the low soil nitrogen and

phosphorus (Table 3.1) as reported by Amuri el al. (2013) and Masunga and

Kazumba (2017). The highest maize yield 3600 - 3700 kg/ha were due to

combined effects of inter-row rainwater harvest using ridges and fertilizer

application under the current changes of rainfall distribution (Figure 3.1). Pigeon

pea had higher yield (1091 - 1095 kg/ha) under fiat cultivation than under ridges.

due to deep tap root system and tolerance to drought (ICRISAT. 1992). Sole

pigeon pea had highest yield up to 1035 kg/ha due to low competition for light.

nutrients and space compared to intercropping system (Karuma et al., 2016). The

increased pigeon pea yield up to 1188 kg/ha from fertilizer application reflected the

need to apply phosphorus and nitrogen in the soil with low fertility status (Table 3.

1). However, tied ridges increased fertilizer use efficiency and produced pigeon pea

yield up to 1300 kg/ha due to interaction effects of soil moisture conservation and

fertilizer nutrient availability and uptake.

3.5.3 Land utilization in cropping systems

High land equivalent ratios (LER) of 1.5- 2.4 were recorded in this study. These

values were within the range of 1.66 - 2.79 recorded by Dania et al. (2014) in

Nigeria. Higher LER above 1.0 indicated that maize-pigeon pea intercropping

system was more efficient on land utilization than sole crop system (Federer,
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1993). Maximization of land

system was a result of interaction effects of nutrient application and soil moisture

conservation through inter-row rainwater harvesting practices. Tied ridges had the

lowest LER during 2015 cropping season in both sites due to low amount of

rainfall and uneven distribution (Figure 3.1), which affected yields negatively due

to moisture stress under prolonged dry spell of more than two weeks in sandy loam

soils. However, during 2016 ridges improved crop growth and had higher LER

than flat cultivation due to soil moisture conservation under short-term dry spells of

a week and not more than two weeks.

Differences in crop growth above and below architecture of maize and pigeon-pea

reduced inter-specific competition and enhanced resource use efficiency. This is

intercropping systems which increased LER (Zhang and Li. 2003: Kimaro el al..

deep extracting more water and nutrients from both top and deep soil layers

(ICRISAT, 1992) than maize which is shallow rooted. Also, pigeon pea (Babati

white variety) grew slowly during the first two months and flowered 6-7 months

after sowing while maize growth was faster and reached tasselling two months

after sowing. The addition of 10 and 20 kg P/ha in form of DAP at planting

increased LER (Table 3.2) indicating the importance of applying N as starter dose

and P for root development and enhanced nitrogen fixation in low soil N and' P

(Table 3.1). Rao el al. (1987) also reported similar trend of LER under flat

cultivation in sorghum and pigeon-pea intercrops when nitrogen and phosphorus

2009). Pigeon pea has a tap root system that has ability to penetrate down to 2 m

use efficiency by 50 - 140% under intercropping

complementary facilitative interaction effects of maize and pigeon-pea
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were applied. I hcrcforc, maize-pigeon pea intercropping under inter-row rainwater

harvesting and fertilizer use would reduce land use conflict between farmers and

pastoralists in Africa as reported by Cabot (2017). Roscline and Amusain (2017)

and Walwa (2017).

3.5.4 Cropping systems and financial return

Monetary values (0.7 - 4.5 million TZS) were highly dependent on quantity

produced and market price for each crop under the tested cropping system. Maize

and pigeon pea values were significantly influenced by soil moisture management

practices and fertilizer applications in the same cropping system. The highest

values from intercropping system was influenced by a combination of two crops

having different yield and market price values indicating its importance on income

generation (Sharma el al., 2011). Maize performed better under lied ridges with

fertilizer application due to increased soil moisture conservation (figure 3.2) and

nutrient uptake than under flat cultivation in low soil fertility environments (Table

3.1) and erratic rainfall (Figure 3.1). However, pigeon pea performance did not

follow the maize trend because of the crop being able to tolerate drought and

biologically fix nitrogen (Njira, 2016). In Tanzania, pigeon pea had very high

market price (2000 - 3000 TZS/kg) compared to maize which had low market price

(700- 1500 TZS/kg). Pigeon pea is usually cultivated primarily for sale (cash crop)

reported by Amaro el al. (2012).

Monetary values reported in this study were above those reported by Matcrc el al.

(2016) of 1.03 - 3.75 million TZS (48100 - 174641 KES) obtained from maize­

pigeon pea intercropping system under terraces in neighboring semi-arid Kenya.

while maize is a basically grown for food as
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3.6 Conclusions and Recommendations

I here was great inter- and intra-seasonal variation of amount and distribution of

rainfall at both sub-humid study sites leading to soil moisture stress. Tied ridges

conserved more soil moisture than flat cultivation up to ten days dry spell and

efficiency and monetary value than sole crop. It reduced the risk of crop failure due

to drought and diversified food than sole cropping system, Fertilizer micro-dosing

increased maize yield by twice than control while recommended rate maximized

maize yield. Fertilizer increased pigeon pea yield by a quarter than control. Inter­

row rainwater harvest using tied ridges and fertilizer use produced more yield and

income.

Tic ridging is the best strategy in the sub-humid tropical areas where water stress

from drought is becoming common and the main rain season is experiencing

short-term of a week. Adoption of micro-dose rate at 10 kg l*/ha to promote land

productivity and financial return under maize-pigeon pea intercrops is encouraged

and income security in smallholder farming systems of sub-humid tropical

conditions.

shortage of rainfall especially in cereal crops, which arc sensitive to dry spells even

as an entry point for small-scale farmers. The strategy of intercropping under inter­

row rainwater harvesting and fertilizer micro-dose is encouraged to increase food

better under lied ridges than pigeon. Intercropping system had better land use

increased soil water infiltration instead of surface runoff. Maize production was
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CHAPTER FOUR

4.0

fertilizer use basing on agronomic data without economic analysis contributes to

low adoption. The purpose of this study was to evaluate the profitability of selected

fertilizer types and rates in maize production in a sub humid farming system. A

field experiment was conducted to investigate costs and revenue of fertilizer types

and rates on maize. The phosphate fertilizers were local Minjingu inazao (MM), di­

ammonium phosphate (DAP) and triple super phosphate ( I SP), urea was used to

supply nitrogen. Fertilizer rates were micro-doses al 12.5. 25. 50 and 75%

compared to control and recommended. Local MM at 75% micro-dosing produced

the highest net benefit 3.0 - 3.5 million Tanzania Shilling per hectare (TSh/ha)

followed by 2.7 - 2.9 million TSh/ha from TSP at recommended and DAP at 75%

micro-dose rale under subsistence farming. Micro-dosing fertilizer at 25 and 50%

produced the highest benefit cost ratio under both commercial and subsistence

farming conditions. Micro-dosing rate at 12.5% was more profitable than control

and the profitability increased towards 25% and 50% and thereafter, decreased at

recommended rate. Adoption of micro-dosing fertilizer al 12.5% could be an entry

point to fertilizer use and later on advance to 25% and 50% micro-dosing rates

which arc more profitable under smallholder farming systems in sub-humid tropics.

Key words: Bcncfit/Cost ratio, Fertilizer use, Gross margin. Revenue

PROFITABILITY OF NITROGEN AND PHOSPHORUS 
FERTILIZER MICRODOSES ON MAIZE PRODUCTION IN SUB- 
HUMID FARMING SYSTEMS OF TANZANIA

there is a low adoption. Recommendations of improved technologies such as

4.1 Abstract
Despite a high productivity potential for many best bet agricultural technologies.
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4.2. Introduction

Agriculture is the backbone of the economy in most of the developing countries in

the world as it provides the main source of food, feed, employment, raw materials

for industry and foreign exchange earnings. In Tanzania, agriculture employs

65.5% of people, contributes 100% to the national food supply when there is

such as maize and rice arc most important crops grown for food and cash in sub-

Saharan Africa (SSA) countries, including Tanzania (NAP. 2013). Maize accounts

for 50% of the calorics and protein in Eastern and Southern Africa and generates

about 50% of rural cash income in Sub Saharan Africa (Macaulcy and Ramadjita.

2015).

there is a low adoption. This results into low productivity of most food and cash

crops about 30% of potential (Shao, 2007). Low maize yields, for instance 1.0

1.7 t/ha in Tanzania compared to potential 5.0 - 7.5 t/ha is attributed mainly to

declining soil fertility caused by very low fertilizer application averaging 19 kg/ha

(MALF, 2017), that is 38% of African Union’s Abuja Declaration (Cameron ei al..

2017). N and P fertilizers have been recommended for various parts of Tanzania

Marandu el al. (2014). Fertilizer micro-dosing a technology of a reduced

75% of recommended rate (Camara el al.. 2013) has beenapplication by 25

reported to increase crop yields in semi-arid conditions of West Africa (Adams el

al.. 2016). In Sub Saharan sub-humid and semi-arid agro-climates the maize yield

increase with micro-dosing was found to attain twice the amount compared with no

fertilizer application (Gcrmer el al., 2017). Recommendations of improved

Despite a high productivity potential for many best bet agricultural technologies
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fertilizer application technologies normally target on an optimum production rale

while fertilizer purchase economically may not be feasible to poor farmers.

Economic analysis therefore, is very important and enhances the usefulness of

biophysical research results (Kirway el al., 2003). Smallholder farmers arc much

aware on the prices of labour, inputs such as seeds, fertilizers and pesticides.

Hayashi el al. (2008) reported more profit from farmers applying inorganic

fertilizers than without fertilizer in millet cropping. However. Bachmann el al.

(2016) reported that lower net profit of micro-dosing fertilizer as compared to

recommended rates in maize production might limit its adoption. Lessons on the

economy of the fertilizer micro-dosing technology can further be drawn from the

different countries (Camara el al., 2013) as more contributions are still needed to

the debate on how soil fertility can be revitalized (Gilbert. 2012). Therefore, study

of cost components of micro-dose based maize production under agronomic

experiments will help understand costs and can increase profitability. Thus, the

objective of this paper is to evaluate the profitability of selected fertilizer types and

their micro-dose rates in maize production in a sub humid farming system.

Materials and Methods4.3

4.3.1 Study area and experimental treatments

Field experiments were carried out in Ilakala and Changarawe villages of Kilosa

District, Morogoro Region in Tanzania during the 2015 and 2016 cropping

Minjingu Mazao (MM) and triple super phosphate ( TSP) were applied at planting

seasons. Three phosphate fertilizers namely Di-ammonium Phosphate (DAP).
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and urea fertilizer was applied at vegetative growth of maize to supplement

nitrogen (Marandu el al., 2014). Different fertilizer micro-dose rates at 12.5. 25. 50

fertilizer application and

recommended rates (100%) in maize, whereby, a TMV-1 variety was used as lest

crop (Lyimo el al., 2014).

Costs of inputs such as seeds and fertilizers were collected from agro-shops during

procurement of these materials. Labor costs for commercial farming and number of

human labor (man-days per ha) under subsistence farming for land preparation.

planting, fertilizer application, weeding, harvesting, shelling, transport and storage

of produce were collected during execution of the entire experimentation.

respectively (Table 4.1). Commercial and subsistence farming have been

distinguished by Wacckc and Kimenju (2007). Subsistence farming is a form of

farming in which crops or livestock are raised to sustain the farm family, farmers

as most of activities are done by family labour. Commercial farming is a type of

farming which farmers maximize crop production, endowed with financial

activities. Labor was considered in eight hours per person per days (Kirway el al.,

2003).

arc not endowed with financial resources to buy inputs and very rare to hire labour

resources to buy inputs and use hired labour or implements to perform farm

and 75% were applied and compared with no

4.3.2 Data collection
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Item/ Activity Unit Cost or Labour power

Seeds TZS per ha 62.500.00

Fertilizer- DAP TZS per 50 kg bag 75.000.00 80.000.00

Fertilizer- MM TZS per 50 kg bag 35.000.00

Fertilizer- TSP TZS per 50 kg bag 60.000.00

Fertilizer- Urea TZS per 50 kg bag 55.000.00- 60.000.00

Cultivation (Non- family labour) TZS per ha 125.000.00

Cultivation (family labour) Man-days per ha 35.00

TZS per ha 75.000.00Planting (Non- family labour)

Man-days per ha 7.81Planting (family labour)

75.000.00TZS per haFertilizer application (Non- family labour)

Man-days per ha 6.25Fertilizer application (family labour)

TZS per ha 200.000.00Weeding twice (Non- family labour)

Man-days per ha 33.75Weeding twice (family labour)

87.500.00TZS per haHarvesting (Non- family labour)

Man-days per ha 6.56Harvesting (family labour)

TZS per ha 60.000.00Shelling (Non- family labour)

Man-days per ha 7.50Shelling (family labour)

TZS per bag 1.200.00Storage bags (woven/ polythene)

1.500.00TZS per bagTransportation of produce to home

Yield of produce (kg/ha) was obtained from a split-block designed farm trial using

collected during harvest and sowing from a total of 15 local key informants

1 able 4. 1: Costs of inputs and labour in field activities under commercial and 
subsistence farming

presented using Figure 4.1. Moreover, prices of produce in case study sites were

the procedures described by CIMMYT (2013) and corresponding results arc
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involving project research assistants, village agriculture extension officers and. in

particularly, subsistence farmers. Minimum price was collected during harvest and

the maximum at sowing period, the average price is a reflection of the overall

prices combining all prices during both cropping seasons (Figure 4.1). The

between 2150 and 2282 TZS to one US dollar from 2016 to 2018 (XE Corporation.

2018).
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Then, from these data gross return (GR), total variable cost (TVC) gross margin

(GM) or net profit, return from labor and benefit- cost (C/B) ratios were calculated

using the following equations (Debertin, 2012):

Figure 4. 1: Maize grain yield (kg/ha) and prices (TZS/kg) during 2015 and 
2016 cropping seasons
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Gross Return = Yield of produce x its market price (1)

Gross Margin = Gross Return - Total Variable Costs ... .... (2)

(3)

Rene fit — Cost ratio = (4)

4.4 Results

Revenue and costs of fertilizer use in maize production4.4.1

The lowest gross return was noted in control plots while the highest returns were

due to fertilizer application from Ilakala and Changarawc study areas during 2015

and 2016 (Table 4.2). A gross return increased from control to micro-dose rates in

DAP and thereafter decreased towards recommended rale DAP5. The trend of DAP

exceptions at Ilakala where gross return increased up to recommended rates in MtM

during 2015 and TSP during 2016 as shown in 'fable 4.2. The highest gross return

in both sites was recorded from MM3 (2.7 million TZS/ha) and MM5 (2.3 million

TZS) during 2015 while, MM4and TSP 5 (3.5 million TZS/ha) during 2016 at

Ilakala and DAP4 (3.2 million TZS/ha) at Changarawc during 2016.

Total variable costs in both commercial and subsistence farming increased with

fertilizer application rates and types (Table 4.2). Fertilizers 'I SP and DAP had more

total variable cost than MM in both commercial and subsistence, however.

commercial farming costs 500,000 Tanzanian shillings (TZS/ha) more compared to

Return to labor = {Coss Return~Total Variable Cosls»cr ha 
Number of persondays per ha

Cross Return
Total Variable Cost

was similar with Minjingu mazao (MM) and triple super phosphate (TSP) with few
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subsistence as far as fertilizer application is concerned. Fertilizer application had

more labor demand than control but fertilizer micro-doses and recommended rale

had equal labor (man-days) demand in spot application (Table 4.2).

Table 4. 2

4.4.2

Gross margin that is also a net profit from fertilizer types and rates was very high

under subsistence farming compared to commercial farming with the highest profit

in Minjingu Mazao (MM4)

control had the lowest gross margin and during 2015 Changarawc had a net loss or

Gross return, total variable costs and labor in maize fertilizer 
micro-dosing technology

Treat me 
nt

Labor 
Person 
days/ha

91
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

Control
DA PI
DAP2
DAP3
DAP4
DAP5
MM1
MM2
MM3
MM'I
MM5
TSP!
TSP2
TSP3
TSP4
TSPS

TVC- 
Subsisten 
cc __
149.5 
223.9 
278.3 
372.3 
•173.7 
575.1 
221.1 
270.9 
371.2 
471.9 
573.3 
223.7 
277.9 
385.2 
493.6 
600.9

GR 
Ilakala 

_2OI5_ 
806.4 
1263.5 
1997.1 
2009.0 
1983.8 
1904.7 
1716.4 
2136.4 
2172.8 
2175.6 
2363.9
1354.5 
1932.0 
1971.2 
2010.4 
1988.7

GR 
Changara 
we 2015 
611.8 
1599.5 
2184.0 
2323.3 
2197.3 
2067.8 
1646.4 
2433.9 
2737.0 
2070.6 
2340.1 
1406.3 
1731.1 
1887.9 
2015.3 
1952.3

GR 
Changara 
we 2016 
1059.0 
2277.0 
1824.0 
2466.0 
3270.0 
2389.0 
2003.0 
2379.0 
2805.0 
2924.0 
2089.0 
1940.0 
2253.0 
2747.0 
2372.0 
2300.0

TVC (lOOO'TZS/ha) 
IVC- 
Coininerc 
ial 
639.5 
819.9 
883.5 
997.1 
1107.5 
1206.0 
817.6 
883.4 
991.8 
1092.5 
1191.8 
815.2 
882.3 
997.7 
1106.7 
1214.0

Gross Return (1000’TZS/ha) 
GR 
Ilakala 
2016 
1492.0 
2715.0 
2776.0 
2864.0 
2886.0 
2846.0 
2146.0 
2415.0 
2844.0 
3543.0 
3373.0 
2319.0 
2579.0 
3106.0 
3258.0 
3573.0

DAP, MM and TSP arc fertilizer types namely Di-ammonium phosphate, Minjingu 
Mazao and triple super phosphate. Numbers 1,2, 3.4 and 5 are fertilizer rates as 
7.5 kg P and 10 kg N, 10kg P and 20,20 kg P and 40kg N/ha. 30 kg P and 60 kg N, 
and 40kg P and 80 kg N/ha. GR is gross return, and TVC is a total variable costs. 
Number bolded arc highest GR.



102

negative profit. Plots with DAP2 and DAP4, MM2. MM3 and MM4. TSP2, TSP3

and TSP5 had the highest gross margin (Figure 4.2).
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Figure 4. 2: Gross margin of maize under fertilizer micro-dosing application

4.4.3 Return to labor in maize under fertilizer application

Return to labor was higher in subsistence fanning than commercial with the highest

of money saved with Minjingu mazao (MM4) as shown in Figure 4.3.amount

Control had the lowest value, with negative return to labor at Changarawc during

2015 in commercial farming. There was increase in costs per person-day from

control to micro-dose rates and it decreased towards recommended rates (Figure

4.3).
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4.4.4 Benefit and cost ratio of fertilizer micro-dose rates in maize production

Commercial farming had lower benefit cost ratios (B/C) than subsistence. Maize

commercial farming had the highest B/C in DAP2. DA1’4 and MM2 with the

lowest values in control plots (Table 4.3). Subsistence maize farming had the

highest values in DAP1 and MM2 with different trend compared to commercial

farming.
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Figure 4. 3: Return to labour in maize fertilizer micro-dosing technologies for 
2015 and 2016 in liakala and Changarawc

DAP - Dianwot-nan fhosphate. MM « Minpgu inuio. TSP - Triple super phosphate Xunhets 11.-: = Kates < Hkj X and J kg P.
20 kg X and 10 kg P, JQ kg X and 20kg P, 60 kg N and W kg P, and SO kg X and a;- k; p ha■. la ■- r.Ja.: and Chan » Chanraia^e

Cocnerfli! £rar.g
3WCOO3

Subsistence farmhe
35303 33

//////

□Cna*i29l5 10303 03
5330 33 rtil iiiiJi!
/

O1S201S . 
isooooa

-530000 V' J|' jT- .s’ J* y5

■S 2500000
o 2000000

jg 1033303 ¥ s s

z

55333.03 
.g 3033303 
C 25203 93 
g 2033303 

15333 00 
10333 03

I



104

1 able 4. 3:Bcncfit cost ratio of maize from fertilizer micro-dosing 

B/C- commercial B/C- subsistence
llaka llaka llaka llaka

Treatinc
la la la la

nt
2015 2016 2015 2016

Control 1.27 2.30 0.96 1.66 5.39 9.98 ■1.09 7.08
DA PI 1.57 3.26 1.95 2.77 5.74 12.13 10.177.14

DAP2 2.26 3.12 2.43 2.12 7.37 9.97 7.85 6.55
DA 1’3 2.04 2.86 2.30 2.49 5.40 7.69 6.24 6.62

DA 1’4 2.92 4.19 6.09 4.64 6.901.83 2.60 1.97

DA 1’5 1.981.61 1.70 3.31 4.95 3.60 4.152.34

MM1 2.00 2.47 7.76 9.71 7.45 9.062.09 2.63

2.73 8.91 8.98 8.78MM2 2.70 7.892.40 2.77

2.86 5.85 7.66 7.37 7.562.70MM3 2.902.19

6.204.61 4.392.69 7.511.90MM4 1.99 3.22

4.08 3.641.79 4.12 5.881.952.81MM5 1.97
6.29 8.672.39 6.05 10.371.73TSP I 2.821.67

6.95 9.28 6.23 8.112.571.97TSP2 2.922.17
8.06 4.90 7.132.76 5.121.903.09TSP3 1.98
6.60 4.814.07 4.082.171.822.911.82TSP4
5.953.31 3.251.921.612.90TSPS 1.64

Changara 
we 2015

Changara 
we 2016

Changara Changara 

we 2015 we 2016

3.83
   

~DAP, MMandTSP arc fertilizer types namely Di-ammonium phosphate, Minjingu
Mazao and triple super phosphate. Numbers 1,2, 3.4 and 5 arc fertilizer rates as
7.5 kg P and 10 kg N, lOkgP and 20,20 kg P and 40kg N/ha. 30 kg P and 60 kg N.
and 40kgP and 80 kg N/ha. GR is gross return, and TVC is a total variable costs.
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quantity ol crop produced and price fluctuation. Amount of maize crop produced

per unit area varied among fertilizer types and levels applied as well as cropping

year (Figure 4.1). These variations among treatments reflected the importance of

fertilizer application to increase crop yield. Maize Prices fluctuated between

seasons, during harvest the supply of maize was very high that resulted into low

price. Al sowing, maize supply was very low to most of smallholder fanners so that

their value increased extremely. Fluctuation of maize prices reported in this study

(Figure 4.1) followed a trend reported by Sogodo t?/ al. (2016) confirming the

supply and demand theory described by Debertin (2012). Total production costs

increased in plots treated with fertilizers due to extra expenses incurred for

purchasing fertilizers, costs of transportation and labor needed to apply fertilizers

(Komarck el al., 2017). Subsistence farming required some extra field activities

such as cultivation, sowing, weeding, and fertilizer application and harvesting to

family labor which generally is considered as routine responsibility in family

farming as many other examples show (Oladcle. 2008). Family labour often

included self-exploitation not striving for a regular minimum salary and social

benefits; but in exchange includes higher flexibility, self-determination, and more

less transparent profit-sharing (Schmitt, 1991). 'That resulted into loweror

production costs than commercial farming where everything was charged for the

activity performed.

Net loss in control plots under commercial farming was caused by increased

production costs in land which is not productive without fertilizer application. This

4.5 Discussion
Gross return was influenced by the cost of resources invested (labour and inputs):
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indicates that whenever farmer is shifting from subsistence to commercial

production especially fertilizers should be used more intensively, as experienced

also by other authors (Pingali, 1997; Waceke and Kimenju. 2007). Fertilizer micro­

dose rates of only 25. 50 and 75% from the recommended nitrogen and phosphorus

rates produced the highest net profit (Figure 4.2). This can be considered a strategy

for coping with low rainfall periods or harsh weather conditions (Murendo and

Wollni. 2015), declining soil fertility (Montpellier Panel Report. 2013) and

reducing fertilizer costs due to lower amount purchased (Camara el al.. 2013).

Results of net return reported in this study arc different from those reported by

Bachmann el al. (2016) who found 16.9% lower net return in fertilizer micro­

dosing rates of 55.3 % compared to the recommended rate of NPK fertilizer. This

difference can be attributed to differences in better weather conditions such as 800

-1100 mm rainfall.

The result of profitability is in similar trend with those reported by Camara el al.

recommended. Profitability analysis in terms of net profit, return to labor and

benefit-cost ratio indicated that MM fertilizer was more profitable followed by

DAP and TSP. This is mainly due to lower market price of MM fertilizer (Table

4.1). Also, MM fertilizer had relatively more yield compared to DAP and TSP that

increased revenues. Fertilizer micro-dosing at 12.5. 25 and 50% of recommended

nitrogen and phosphorus were more profitable than recommended rate due to

increasing yields with lower amount of fertilizer usage. I lencc. these lower rates;

for instance 223,900 TSH/ha for 12.5% fertilizer micro-dose rales arc economically

more viable for poor smallholder farmers in sub-humid tropical conditions.

(2013) showing that micro-dosing had higher investment return compared to
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4.6 Conclusions and Recommendations

Market prices o! maize fluctuated over the year, with the price during harvest being

low and increasing towards field operations of next cropping seasons. Minjingu

Mazao fertilizer had the highest return among the phosphate fertilizer types under

this study. Micro-dosing rates of 12.5% was more profitable than no fertilizer

application and the profitability increased towards 25% and 50% and decreased at

recommended rate (100% N and P) in subsistence and commercial farming.

Subsistence farming was more profitable than commercial farming due to high

labour charges.

Therefore, smallholder farmers should first adopt 12.5% as a low cost entry point

to fertilizer use and later on advance to 25% and 50% micro-dosing rates which are

fertilizer costs and bring fairly higher yields, profits and increase return on

investment under the current changing of weather conditions affecting crop

production in sub humid tropics.
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CHAPTER FIVE

5.0

5.1 Abstract

influenced by

inadequate local supply of inputs, access to information and human capital results

into low productivity. Smallholder farmers are becoming aware on financial return

and other benefits before adopting a new technology due to increasing costs of

production. Most recommendations of technologies arc from agronomic data with

emphasis on maximum yield without economic analysis resulting into poor

adoption of new technologies being recommended. It is important to do

profitability analysis of inter-row rainwater harvesting methods in the field and

fertilizer use under sole crop and intercropping systems. Three fertilizer levels of

nitrogen and phosphorus were studies under three cropping systems and three

rainwater harvesting practices in the field. Profitability analysis involved net

benefit and benefit cost ratios of maize and pigeon-pea crops from fertilizer use

under different rainwater harvesting practices. Tic ridge and fertilizer micro-dose

had higher gross margin than open ridges and fiat cultivation in maize sole

cropping. Pigcon-pca sole cropping had the higher gross margin in fiat cultivation

than tie and open ridges. Maize and pigeon pea intercropping under fertilizer

micro-dosing had the highest gross margin above 4.5 million Tanzanian shillings.

Intercropping maize and pigeon pea had highest B/C ratio 6.1- 15.6 in commercial

farming and 12 - 32 in subsistence farming. Inter-row rainwater harvest and

PROFITABILITY OF MAIZE-PIGEON PEA IN TERCROPS UNDER 
SOIL MOISTURE MANAGEMENT OPTIONS AND FERTILIZER 
MICRO-DOSING IN SUB-HUMID TROPICS

Low adoption of improved technologies to smallholder farmers as
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fertilizer micro-dosing would optimize profit in both sole and intercropping

systems.

5.2 Introduction

Maize is the most important crop grown for food and cash in sub-Saharan Africa

(Smale el al., 2011). This crop is widely grown in mixed cropping systems by

subsistence farmers in developing countries (FAO. 1994). Maize and pigeon pea is

among the multiple cropping systems common to smallholder farmers for food

mainly energy and protein as well as income generation. Intercropping maize­

pigeon pea maximizes land use efficient, monetary value, nutritional quality, soil

fertility improvement through leaf shading and nitrogen fixation (Kimaro el al.'.

2009; Myaka et al., 2006).

Regardless of all these importance, productivity remains poor, for instance in

Tanzania average yield is between 1.0 and 1.7 t/ha against the potential of 6-7.5

t/ha maize and 0.5 - 0.8 t/ha against the potential of 2.5-3.0 t/ha pigeon pea (NAP.

2013; Suleiman and Rosentrater, 2015). This is mainly due to low adoption of

improved technologies to smallholder fanners which is influenced by inadequate

local supply of inputs, access to information and human capital (Amare el al.,

2012). Due to increasing costs of production, smallholder fanners arc becoming

(Kaliba et al., 2000; Waddington et al., 2007). However, more contributions to the

Key words: Benefit/Cost ratio, cropping systems, gross margin, micro-dosing 

fertilizer, rainwater harvesting, subsistence farming.

aware on financial return and other benefits before adopting a new technology
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passionate debate about how to revitalize soil fertility improvement arc needed

(Gilbert, 2012). Most recommendations of technologies arc from agronomic

maximum yield without economic analysis (Limbu.

1999). This contributes to slow rate and poor adoption of new technologies being

recommended.

It is important to supplement farm experiments which arc purely agronomic with

economic analysis (Kirway el al., 2003). Profitability analysis have been done on

rainwater harvesting using diversion canal in maize, bunded basins in rice and

water storage ponds in onions for semi-arid areas (Senkondo el al., 2004), net

return and the marginal value-cost ratio of fertilizer micro-dosing in millet

production in arid areas (Hayashi et al., 2008), risk analysis of adopting fertilizer

rates under erratic rainfall conditions (Monjardino el al.. 2013) and determining

factors such as access to inputs, good agricultural practices and economic benefits

for adoption of new technologies (Amare et al., 2012; Kaliba et al.. 2000; Limbu,

profitability analysis of tied ridges

combined with cropping systems and fertilizer micro-dose in sub-humid tropical

row rain water harvesting technologies in the field, cropping systems and fertilizer

use which arc economically viable under subsistence as well as commercial

farming in sub-humid tropical conditions. Subsistence farming is the production of

food primarily for consumption and done on fragmented land holdings using

archaic techniques but if there is a surplus can be sold while commercial farming is

primarily for sale to make a profit and is done with modern tools and inputs

analysis with emphasis on

1999). There is inadequate information on

areas. Therefore, this study will contribute to recommendations of a type of inter-
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(Kahan, 2013). Net profit and benefit-cost ratio arc among the profitability analysis

before recommending a new technology to farmers (Kirway el al.. 2003: Scnkondo

el a!.. 2004). In this regard, this paper attempts to analyze profitability of inter-row

rainwater harvesting methods in the field and fertilizer use under sole crop and

intercropping systems.

5.3 Materials and Methods

Field experiments were carried out in llakala and Changarawc villages of Kilosa

District, Morogoro Region in Tanzania. Three fertilizer levels namely control.

micro-dose and recommended rates were studies under three cropping systems and

three rainwater harvesting practices in the field namely tied ridges, open ridges and

flat cultivation. Di-ammonium phosphate (DAP) fertilizer was applied at planting

in both maize and pigeon-pea and urea fertilizer to supplement nitrogen from DAP

Data collection involved costs of inputs (seeds and fertilizers) from agro-shops

during procurement of these materials. Also, costs of hiring labor under

transport and storage of produce were collected during each activity (Table 5.1).

Labor was considered working effectively for eight hours per person per days

(Kirway el al., 2003).

commercial farming and labor power (person days) under subsistence farming for 

land preparation, planting, fertilizer application, weeding, harvesting, shelling.

was applied at vegetative growth of maize only.
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Item/ Activity Unit

Fertilizer- Urea 55000 ■ 60000 55000-60000

Transportation of fertilizer 3000 3000

155000 155000

Man-days per ha 44 •14

TZS per ha 145000 145000

Man-days per ha 42 42

TZS per ha

30Man-days per ha 35

Yields of maize and pigeon pea (kg/ha) were collected from field experiments

following the procedures described by CIMMTY (2013) and ICRISA1 (1992) in

maize and pigeon pea, respectively and presented in Figure 5.1.

Cost or Labour 
power in maize

Seeds
Fertilizer- DAP

Man-days per ha 
TZS per bag 
TZS per bag

TZS per ha 
Man-days per ha 
TZS per ha 
Man-days per ha 
TZS per ha

8
1200
1500

6
225000

62500
75000 80000

TZS per ha 
Man-days per ha 
TZS per ha 
Man-days per ha 
TZS per ha

I
175000

150000
28 
62500
4
40000

125000
35
50000
6
50000

200000
34 
87500
7
60000

1200
1500

Cost or Labour 
power in pigeon 
pea 
75000 
75000 80000

125000
35
75000
8
75000

TZS per ha 
TZS per 50 kg 
bag 
TZS per 50 kg 
bag 
TZS per 50 kg 
bag 

Cultivation (non-family labour) + tic TZS per ha 
ridge 
Cultivation (family labour) + tie 
ridge 
Cultivation (non-family labour) + 
open ridge 
Cultivation (family labour) + open 
ridge 
Cultivation (non-family labour) flat 
Cultivation (family labour) Hal 
Planting (non-family labour) 
Planting (family labour) 
Fertilizer application (Non- family 
labour) 
Fertilizer application (family labour) Man-days per ha 
Weeding (non-family labour) + 
ridge maintenance 
Weeding (family labour) + ridge 
maintenance 
Weeding (non-family labour) flat 
Weeding (family labour) flat 
Harvesting (Non- family labour) 
Harvesting (family labour) 
Shelling/ threshing (Non- family 
labour) 
Shelling/lhrcshing (family labour) 
Storage bags (woven/ polythene) 
Transportation of produce to home

I able 5. 1: Costs of inputs and labour in field activities under commercial and 
subsistence farming
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'1
Tied ridges Flat cultivationOpen ridges

-1009

2333

1000 1000

0 0 0

Tied ridges Open ridges Flat cultivation

1 1600 1600

1 1200 1233

SOO

400

00 0

Key: SM = Sole maize, SP = Sole pigeonpea, I = Intercropping, FM and FR - =ertilizer -ncre-ccse and recommendec

Prices of the crops were collected at harvest and planting from 15 key informants

(research assistants, Extension officers and farmers) from each case study site and

presented in Figure 5.2. The currency used was Tanzanian shillings (TZS);

however, exchange rate was between 2150 and 2282 1ZS to one US dollar from

2016 to 2018 (Xl£ Corporation, 2018).
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Figure 5. 1: Maize and pigeon pea yield under different moisture 
management, cropping systems and fertilizer use
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Figure 5. 2: Price of maize and pigeon pea crops

Then, data were imported in Excel sheets where variables such as gross return

(GR), total variable cost (TVC) gross margin (GM) or net profit, return from labor

and benefit- cost ratios were calculated using the following equations described by

Debcrtin (2012):

Gross Return = Yield of produce x its market price (1)

Gross Margin = Gross Return — Total Variable Costs (2)

(3)Return to labor =

(4)Benefit/Cost ratio =
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5.4 Results

5.4.1 Revenue and cost of maize and pigeon-pea production

Variation in gross return, variable cost and labor

rainwater harvesting in the field and fertilizer application ( Table 5.2). Gross return

increased from 2015 to 2016 season, in some treatments with maize (TR+SM+FM.

OR-i SM i-FM and FL+SM+FM) the increase was two-folds. Maize sole (SM) had

the highest return under tied ridges (TR) and fertilizer application al recommended

rate (FR). 'The trend of return increased rapidly from no fertilizer (F0) to micro­

dose fertilizer (FM) and FR in maize sole but was different in pigeon pea. Flat

cultivation (FL) and fertilizer use at recommended (FR) had the highest gross

Commercial farming had more total variable costs (1 VC) and labor than

subsistence farming. Intercropping between maize and pigeon pea had the highest

TVC when fertilizer was used under tied ridges ('fable 5.2).

was highly influenced by

return under maize-pigeon pea intercropping (1) as shown in Table 5.2:
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Tabic 5. 2

Gross Return (TZS/ha) TVC (TZS/ha) l.ahnr

Treatments Coniinrrrial Person da>s/ha

TR+SMH-0 I -19500 ’ 1(8)669900 2381600 701-100 1283200 701825

TR+SM H’M 1701700 3760100 1606500 2870400 871050 271900 107

TR+SM+FR 1825600 3776100 2134300 3078300 1211400 579100 107

TR+SP11-0 1627500 1937500 2182600 2101250 584500 112000 89

TR+SP+FM 2629550 3240000 2177000 2255750 721000 226000 94

TR+SP HR 2297750 3255000 2187500 2225500 798500 3010(a) 94

TR+I+FO 1928150 3599500 2009700 2771100 946500 291500 116

TR+I+FM 2596300 3918300 1125550 116900 1225811700 2560250

TR+I+FR 4866150 1-1659(8) 721100 1222983400 28185505589100

OR+SM+FO 1227300 682000 149500 99742000675500 1887400

OR+SM+FM 886100 274900 1052523400151340034572001515500

11866(8) 579100 105OR+SM H-'R 28-18700200970036-130001801100

1-12000 8857-15(8)OR+SP+FO 16-1725022435002295300 1782500

92708500 2260002307500OR+SP+FM 212205021375002818200

3010(8) 927835002206750OR+SP+FR 280210024275002563750

291500 1112423900 9365(8)2159150OR+I+FO 32438002056950

116900 120113690048316002349900OR+l+FM 55913003052000

721100 120144110051303003741500OR+I+FR 58070003268300

149500 916370001230200637000FL+SM+FO 1719500693700

27-1900 9783740021661001459500FL+SM+FM 32358001274700

579100 9711416(8)27548001915900FL+SM+FR 35347001566600

142000 7952950025047502091950FL+SP+FO 22850002521400

226000 8366350032087502210950FL+SPH-M 30975002678550

83738500 30100025595003526600FL+SP+FR 31225002640400

106891500 291500351700035651003259500FL+1+F0 2305800

116900 1125019250 1(8)19(8)4600050584-1900FL+I+FM 2789150

5119650 1396100 721100 112■1263350FL+l+FR 59268003356500

Sutaittcnc 
c

Gross return, total variable costs and labour of maize and 
pigeon pea crops

llnkaln 
2015

llakala 
2016

Changarawe 
2015

Changarawe 
2016
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5.4.2

under sole crops. Maize sole crop under ridges without fertilizer (TR-i-SM •FO and

OR i SM+FO) had negative gross margin at Ilakala while at Changarawc Hat

cultivation without fertilizer (FL+SM+FO) had zero gross margin during 2015

(Figure 5.3). Tic ridge and fertilizer micro-dose had higher gross margin than open

ridges and Hat cultivation in maize sole crop. Flat cultivation under pigeon pea sole

crop resulted into more gross margin than tied and open ridges. Pigeon pea sole

crop had higher gross margin than maize sole crop without fertilizer application.

The highest gross margin above 4.5 million TZS was from maize and pigeon pea

intercropping under fertilizer micro-dosing (Figure 5.3).

Flat cultivationTied ridges Open ridges

iMiii I

I

Gross margin at subsistence farming increased from sole crop to intercrops with the

lowest amount (500,000/= TZS) in maize sole without fertilizer (Figure 5.4).

Gross margin analysis of maize and pigeon pea cropping systems

Gross margin in 1 anzanian Shillings (TZS) at commercial farming increased from

Figure 5. 3: Gross margin of maize and pigeon pea crops under commercial 
farming

Note: Ila represents Ilakala village and Chan represents Changarawc village.
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Fertilizer micro-dosc under tie ridges of maize sole crop had highest gross margin

in sole cropping system. Maize and pigeon pea intercrop had higher gross margin

than sole crop under fertilizer micro-dosing (Figure 5.4). The trend was similar to

commercial farming however; subsistence resulted into more gross margin than

commercial farming.

Tied i id«K Open ridges Flat cultivation

Figure 5. 4: Gross margin under subsistence farming

Note: Ila represents Ilakala village and Chan represents Changarawc village.

5.4.3 Return to labor in maize and pigeon pea cropping systems

Return to labor in TZS per person-day was higher in subsistence than commercial

farming ('Fable 5.3). Return to labor increased from sole crop to maize and pigeon

pea intercrops. 1'lat cultivation had the best return to labor under intercropping with

fertilizer application. Maize sole crop under tied ridges had better return to labor

than flat while pigeon pea has opposite results to maize under sole cropping system

('1'ablc 5.3). Return to labor increased from no fertilizer to fertilizer micro-dosing

with slight decrease towards recommended rate.
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Tabic 5. 3: Return to labor

Trcnlments

TR+SM+FO

TR+SM H-'M 7944 26836 7076 18715 13389 32706 12196 24357
TR+SM i FR 5903 23929 8800 17380 11697 30(H) I 11591 23153
TR+SPH-'O 11690 15165 17912 17000 I665O 20125 22X72 21960
TR+SPH-M 20-119 26X87 15583 16371 25681 32203 20X15 21687
TR+SP+FR 16072 26193 14894 15193 21334 3156? 20156 20562
TR+I HO 68037 107808 73462 99659 80718 120IXX X61-I3 112310
TR+I+FM 65300 196943 79938 123975 78019 2IOOX5 92632 136X89
TR+I+FR 71416 154218 85323 152145 84483 167563 9X390 165490
OR+SM+FO -66 12207 608 5522 5327 17599 6000 10914
OR+SM+IM 6030 24451 6010 15558 11815 30308 11795 21414
OR+SM) FR 5852 23394 7839 15830 11638 291X0 13625 21615
OR+SP+FO 19631 13781 19040 12238 24565 18715 23974 17172

OR+SP+FM 22924 15359 28167 2077015527 17375 20602 22617

OR+SP+FR 19344 21934 15465 24587 23106 27177 2070817863

OR+I+FO 88887 121 lox 9137976222 78714 97111108443 84775

OR+I+FM 185309102389 21-1538 9135289331 81294 172250201479

OR+I+FR 172798101861 200711 11X56115974088802 187683 105502

FL+SM+FO 5379 119256005 173216546626 11945 0

FL+SM+FM 30561 12228 1952210321137164514 6-1222-1758
13799FL+SM+FR 30509 224591019-1166524387 79932-1703
21810 3006327267FL+SP+FO 302752513225344 1988022336
23921 359503-I6O9FL+SP+FM 29560306771865124287 29336

272213X87734(107FL+SP+FR 28196219483360422923 2873-1
16359018X68113061997361FL+l+FO 15093817602984712 117967
20-1789221203 207405103456FL+I+FM 19171019432690376 208124

I9622X 162382 175578121098162499FL+I+FR 149303108018 183149 

5.4.4 Benefit /cost ratios of maize and pigeon pea cropping systems

Benefit and cost ratios (B/C) increased with fertilizer application under commercial

farming than subsistence. Intercropping maize and pigeon pea had higher B/C than

sole crops ('fable 5.4). Rations increased from pigeon pea sole to maize sole crops

with the maximum B/C under intercropping. Maize sole crop without fertilizer had

the lowest B/C ratios (<1) under commercial farming. The highest B/C was noted

Commercial (TZS/person-day)

Ilnknla 
2015 
-220*

llakala 
2016 
18-106 "

llakala 
2016 
24245

('hangar 
2015 
5502

('hangar 
2016 
11*302*

('hangar 
2015 
94

Changar 
2016 
5813

Subsistence (TZS/persnn-day) 

llakala 
2015 
5188
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in flat (FL) cultivation when fertilizer micro-dosing was applied under

intercropping maize and pigeon pea crops under commercial farming. This trend

was similar in subsistence farming however; Ilakala site 2015 revealed that FL

without fertilizer (l-'O) had the highest ratio in pigeon pea sole crop (Table 5.4).

Maize sole crop had the highest B/C under tic ridges (TRi and fertilizer micro­

dosing (FM) while pigeon pea sole crop had the highest ratios in Hat cultivation.

IVC- subsidenceB/C- commercial

Chang 2015 Chang 2016 Ilakala 2015 Ilakala 2016Ilakala 2015 Ilakala 2016Treatments

TR+SM+i'O 8.581.83 17273 51 4.-IK0.97 I 01

I0.-II13 68 5.813.28■1.18 1.88 6 19TR+SM UM 1.99

5 323.696 522.51 3 153 08 1.78TR+SM i FR I 53

15.37 11803.59 13 613 73 11 163.31IRi-SI’i |-0 2.78

9 63 9.9811313.12 II 613 03TR+SP-* l-M 3 66 I.-1X

7 27 7 397 63 10812.772.762.90 4.05IR+SI’iFR

13 91 19.1513 36 I 698 316.399.536.07TRi IH O

21.1514.2631 1510.12 13 177.01630 I 1.99TR t h FM

21.3313 1922 1311 997 20 11.5411.87TRH+IR 6.47

82112 62 •1.96■I 521.80I 092 77OR+SMU-O 0 99

9.1855112.582.8-1 5 511.723 89OR+SM i FM 1.72

4.923476.29240 3 II1.693 071.52OR+SM+I-R
11.6015.8012 5516 162 873.913 104 00OR+SPiFO

9 39 10.2112.47 9 163.263.003023.98OR+SP+FM

7.339 318 52 8 062.823.583.10OR-rSPH-R 3.27

15 00 16.7222 3111277.067.069.236.57OR+IH’O

13.72 26 9131 0316 3613.146.9115.12OR+I+FM 7.78

22 2325.17 15 8712.09 13 888 6213.86OR-i H FR 7.54

8.2311 50 4.261.93 4611.002.70FL+SM+F0 1.09

II 77 5.31 7.882.59 161I 743.86Fl.+SMIFM 1.52

3.31 4.766 102.712.411.68l-T.+SMi FR 1.37 3.10

14 73 17.6116 094.73 17.763.954.32FLiSI’iFO 4 76

14.2013 71 9.7811.854.843.334.04 4.67FL+SPlFM

8 5010.37 11.723.47 8 774.23 4.783.58FL+SPH-R

24.90 24422.2 5015.9711.499.76 12.65FL+IH-0 7.26

28 6027.5132.1015.5814.3015.68 14.157.69FL+I+FM

22.33204321 9315.7413.63 11.24 12.238.65 FL+I+FR

Chang Chang 2016 
2015 
4 69

Table 5. 4. Benefit cost ratio of maize and pigeon pea under rainwater 
harvest practices and fertilizer application
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5.5 Discussion

1.56 in maizc-

pigcon pea intercropping under terraces in semi-arid Kenya. These were influenced

by increased crop yields under inter-row rainwater harvesting, fertilizer application

and seasonal market price of crops. Rainwater harvesting using tied ridges reduced

runoff, increased water infiltration and moisture conservation in the soil during a

short period of drought conditions. This enhanced a good fertilizer response to

different between maize and pigeon pea across the cropping seasons. Pigeon pea

had higher price (2500 and 3500 TZS/ kg) than maize which had an average price

of 700 and 1000 TZS/ kg during 2015 and 2016, respectively. During 2016 towards

2017, maize harvest was not as good as 2015 which raised the demand for maize

and consequently higher price. Crop yields and market prices were detenninants of

revenue (Debcrlin, 2012).

Total variable costs were highly influenced by technologies involved in crop

production. Construction of ridges and their subsequent maintenance increased

costs of production than flat plots. Fertilizer micro-dosing was a cheaper way of

fertilizer adoption under subsistence farming due to its lower costs of production

from reduced amount of fertilizer than recommended fertilizer usage. However, if

this is to be commercialized a farmer would need more money because family

labor and assistance from neighbors and friends is not applicable under commercial

were above those reported by Matcrc el til. (2016) that ranged 

between -56595 to 1517000 TZS (-2625 to 70391 KES) and 1.38

maize yield which increased gross return. Apart from crop yields, prices were

Gross margin recorded in this study (-22100 to 5428000 TZS) and bcncfit/cost 

ratios (Table 5.4)
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gross margin in sole maize crop and ridges without fertilizer was due to increased

compensate variable cost of production as reflected in return to labor (Table 5.3)

and bcnefit/cost ratios (Table 5.4). Maize sole crop would be considered for

commercialization under tied ridges with fertilizer micro-dose due to increased

yield which compensated total variable costs of production. Intercropping maize

and pigeon pea could be commercialized under flat cultivation with fertilizer

micro-dosing (10 kg P and 20 kg N/ha) because of the highest net profit (Figure

5.3) due to lower costs of production and better yield of pigeon pea which fetched a

good market price (2500 to 3500 TZS/kg). However, higher gross margin under

subsistence farming of maize and pigeon pea cropping systems and fertilizer micro­

expenditure compared to commercial which hired labor for all operations (Schmitt

1991).

Conclusions and Recommendations5.6

fertilizer micro-dosing had higher net profit and bencfit/cost ratio than

labor intensive than flat plots because of difficulties 

associated with ridging and fertilizer application.

labor costs of constructing and maintaining ridges with low yield which failed to

Tic ridge is more labor intensive than flat cultivation, also maize crop need more 

resource allocation such as labor and capital than pigeon pea. Maize sole crop and

farming. Tic ridges were

dosing were attributed by the use of family labor which reduced money

Maize and pigeon pea intercropping under fertilizer micro-dosing were more 

pi ofi table because intercropping reduced or saved labor costs for management like 

land preparation, weeding and pest control. Under commercial farming, negative
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recommended fertilizer application in tied ridges. Intercropping maize and pigeon

pea was more profitable than sole crops, however fertilizer micro-dosing optimized

gross return, gross margins and benefit/cost under smallholder farming conditions.

Adoption of inter-row rainwater harvest and fertilizer micro-dosing would optimize

profit in both sole and intercropping systems.
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CHAPTER SIX

6.0

6.1

Minjingu mazao fertilizer had higher maize yield averaging 2317 kg/ha than DAP

by 6.63% and TSP by 9.55%.

A combination of fertilizer rates of 10 kg N and 5 kg P ha'1 (12.5%) as well as 20

control to 1928 kg/ha and 2394 kg/ha, respectively. Grain yield increased from

control to micro-dosing rates and intermediate rates (50 and 75% of recommended)

and decreased towards recommended rate. The profitability increased towards

12.5%, 25% and 50% and decreased at recommended rate (100% N and P).

soil moisture than Hat cultivation and increased

efficiency than sole cropping. Maize growth and yield was better under tied ridges

fertilizer application. Intercropping resulted into more diversified crop production.

efficiency and high financial returns indices when micro-dose

profitable than sole crops; fertilizer micro-dosing optimized gross return, gross

margins and bcncfit/cost.

kg N and 10 kg P ha'1 (25%) micro-doses increased yield from 1012 kg/ha in

general conclusions and recommendations

General Conclusions

than pigeon pea crop, f ertilizer micro-dosing at 25% doubled yield compared to no

fertilizer at 10kg P/ha was applied. Intercropping maize and pigeon pea was more

fertilizer use efficiency. Intercropping maize and pigeon pea had higher land use

better land use

Tied ridges conserved more

Soils under the study sites had low nitrogen, phosphorus and zinc. There was inter 

and intra-seasonal variation of amount and distribution of rainfall causing moisture 

stress at the study sites.



134

6.2 General Recommendations

study site and other areas with similar conditions. Adoption of these micro-dosing

fertilizer rates could be used as an entry point to promote fertilizer usage with

lower investment risk relative to current recommended rates under the current

change of rainfall amount, pattern and distribution.

Also, combination of 40 kg N and 20 kg P ha'*and 60 kg N and 30 kg 1’ ha'1 are

recommended as optimum rates in the study sites and others with similar

conditions to replace 80 kg N and 40 kg P ha'1 that was recommended by Marandu

et al. (2014) due to agronomic and economic benefits.

Fertilizer package has to include lower amount such as 5. 10. 20 and 25 kg bag to

accommodate micro-dose strategy and affordability to resource poor farmers who

can rarely afford to buy a 50 kg bag package.

It is important to avail locally produced cheap fertilizers such as Minjingu mazao

due to their lower market price, more profitability and good agronomic

effectiveness.

The strategy of intercropping under inter-row rainwater harvesting and fertilizer

micro-dose is encouraged to increase food, nutritional and income security in

smallholder farming systems.

Fertilizer rates of 12.5% (10 kg N and 5 kg P ha'1) and 25% (20 kg N and 10 kg P 

ha ’) are the appropriate micro-dose fertilizer rates for maize production in the
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452m
1 2 11T-I-FO T-I-Fl T-I-F2 R-Sm-Fl R-Sm-FO F-I-Fl lF-1-FC

Rep I
T-Sm-F2 T-Sm-Fl T-Sm-FO R-I-FO R-I-F2

T-Sp-Fl T-Sp-FO T-Sp-F2 R-Sp-F2 R-Sp-Fl R-SO-FO

17m

6 5F-I-FO r-l-Fl F-I-F2 T-I-FO R-Sp-Fl jT-I-Fl T-I-F2

Rep II
F-Sm-F2 F-Sm-Fl F-Sm-FO T-Sm-F2 T-Sm-Fl T-Sm-FO R-I-F2

F-Sp-Fl T-Sp-FOF-Sp-FO F-Sp-F2 T-Sp-Fl R-Sm-si R-Sm-F2

7 8 R-Sm-F2 R-Sm-FOF-Sm-F2T-I-F2 F-Sm-FlT-I-FO T-I-Fl

I----- --------- -------
Rep ill i R-l-Fl 79mR-1-F2:-So-FlF-SP-F2F-Sp-FOT-Sm-FOT-Sm-F2 T-Sm-Fl

R-Sp-FlR-Sp-FCF-I-FOF-I-FlT-Sp-F2 F-I-F2T-Sp-Fl T-Sp-FO

1C1112 T-I-Fl T-I-F2T-:-=CF-Sm-FlF-Sm-FOF-Sm-F2R-I-F2R-l-FlR-I-FO

Rep IV T-Sm-Fl T-Sm-FCF-Sp-FlF-Sp-F2F-Sp-FOR-Sm-FOR-Sm-FlR-Sm-F2

T-SP-F2T-Sp-FOF-I-F2F-I-FlF-I-FOR-Sp-F2R-Sp-FOR-Sp-Fl

1413 F-Sm-FOF-Sm-F2R-SP-F1R-Sp-FOR-Sp-F2T-I-F2T-I-FlT-I-FO

Rep V F-Sp-Fl F-SP-F2R-I-FCR-I-F2R-l-FlT-Sm-FOT-Sm-FlT-Sm-F2

I. F-I-FOR-Sm-S2R-Sm-FlR-Sm-FOT-Sp-F2T-Sp-FOT-Sp-Fl

Key: 1 - 15 arc main plots, Rep I- V are replications

Moisture management options T= Tie ridge, R= Ridges (open' normal). !■' 1'lat cultivation

Cropping systems: Sm is sole maize, Sp is sole pigeon pea. and 1 is intercrop (maize-pigeon pea)

F= fertilizer placement at three levels FO = farmer practice. Fl micro-dose and 1’2 •

recommended rate.

Maize spacing = 75cm x 30cin, pigeon pea spacing - 75 cm x 50 cm.
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Appendix 2: Experimental Layout for Maize —Pigeon pea cropping systems 
under moisture conservation practices and fertilizer use in 
Kilosa study sites
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Photosynthetically active radiation (PAR) interception was measured using AccuPAR

PAR/LAI Ccptomctcr model LP 80 (Decagon device. 2OI5).This device measured abo\e

and below canopy PAR. then average intercepted PAR was calculated as follows:

f = 1 - t..

Where /'is the fractional absorption PAR and / is the fraction of incident radiation

transmitted by the canopy which was calculated as the ratio between below and

above canopy readings.

Results arc presented in the Figure below.

Appendix 3: Effects of rainwater harvesting (RWI1) practices, cropping 
systems and fertilizer use on photo-synthctically active radiation 
(PAR) at different growth stages
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food composition tables and equations below. Energy from maize was calculated

using the food composition tables in which 100g of dried maize grains in Tanzania

contains 362.0kilo calories or 1514.6J (Ikeal - 4.184joules) (Lukmanji etal..

2008). For pigeon pea grains 100 g contain 343 kcal or 1437.17.1 (Lukmanji etal..

2008; Janila el al.. 2016) as shown in the equation below.

Energy =
Grain yield X Energy content per 100 g of edible portion of crop.

Appendix 4: Effect of soil moisture conservation, cropping systems and 
fertilizer use on energy content (kJ/ha) from maize and pigeon 
pea crops

Nutritional values in form of energy (joules) and protein (g) were calculated using
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grain contains 8.1g protein. For pigeon pea, 100 g of grains contain 21.7g of

protein (Lukmanji et al., 2008) as shown in the equation below.

The highest energy (60,000 - 70,000 kJ/ha) and protein (400-500 kg/lia) was

produced in maize- pigeon pea intercropping. The energy required by people in

2479 kcal/capita/daymost of Eastern and Southern African countries is 1873

by 6867 to 8584 capita/day.

Protein
= Grain yield X Protein content per 100 g of edible portion of crop

while protein is 46.6 - 69.9 g/capita/day (Nuss and 1 anumihardjo. 2011). Maize­

pigeon pea cropping system applied with fertilizer at micro-dose and recommended 

in one hectare could meet energy required by 6591 to 7689 capita/day and protein

Appendix 5: Effect of soil moisture conservation, cropping systems and 
fertilizer use on protein (kg/ha) from maize and pigeon pea 
crops

Protein from maize was calculated using food composition table where 100g dried
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