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ABSTRACT

Soil fertility decline due to low nutrient input is a constraint to increasing crop production
in smallholder cropping systems in Niger. The current rate of fertilizer application is
insufficient for replenishing soil fertility and to compensate for nutrient removal. Organic
amendments provide most of the essential nutrient elements, but limited availability and
contrasting qualities restrict the supply of sufficient quantities to meet crop demand. This
study therefore aimed at enhancing the yields of improved pearl millet and cowpea
through the sole and integrated use of compost and mineral fertilizer. Compost was
prepared using manure and cowpea haulm. Decomposition and nutrient release patterns
of the matured compost were monitored under field conditions using litterbags. The
optimum combinations of compost and mineral fertilizer for optimal millet and cowpea
yields were assessed over a two-year field experiment during the 2013 and 2014 cropping
seasons. The treatments used consisted of a factorial combination of (i) three levels of
compost (0, 2500 and 5000 kg ha*) and (ii) four levels each of two mineral fertilizer types
(0, 100, 175 and 200 kg ha* NPK for millet and O,

50, 75 and 100 kg ha™ DAP for cowpea). The treatments were arranged in Randomize
Complete Block Design (RCBD) with three replications. Composting manure resulted in
2.5and 4.5 times more N and P contents respectively. Decomposition results after 84 days
revealed that 40.3 and 56.5 % of compost mass losses were recorded respectively in 2013
and 2014 cropping seasons. In 2013, 31, 74 and 97 % of N, P and K, respectively were
released at 63 days of decomposition. On the other hand, peak N, P and K release values
of 58, 60 and 99 % respectively were obtained after 84 days of decomposition under field

conditions in 2014. The application of 2500 kg ha* of

XVii



compost resulted in an increase of pearl millet and cowpea grain yields of 11 and 26 %,
respectively over the 2 cropping seasons compared to the application of recommended
rate of mineral fertilizer. Doubling the rate of compost from 2500 to 5000 kg ha™* did not
result in any additional increase in yield of millet and cowpea. Combined use of compost
and mineral fertilizer markedly improved some millet and cowpea growth parameters
(crop growth rate and leaf area index) which resulted in an increase in grain and
straw/haulm yield. Sustainability yield index (SYI) was greatest on plots which received
the combined application of compost and mineral fertilizer. Application of compost at
2500 kg ha + 175 kg ha* NPK and 5000 kg ha! + 175 kg ha* NPK which produced
higher SYI values of 0.64 and 0.65 respectively, appeared to be more promising in
sustaining millet production. Similarly, application of 5000 kg ha™ compost combined
with 50 and 75 kg ha DAP gave higher cowpea SY1 of 0.63 and 0.57 respectively.
Combined application of compost and mineral fertilizer led to N and P accumulation in
the soil which resulted in positive partial N and P balances. On average, N and P use
efficiencies for millet were increased by 60 and 31 %, respectively with the application of
compost at 2500 kg ha? + 175 kg ha® NPK over the control. The highest N and P use
efficiencies of cowpea were recorded on plots that received compost at 2500 kg ha™* + 50
kg ha DAP. Among all the combined use of compost and NPK fertilizer, application of
2500 kg ha compost + 175 kg ha* NPK gave the highest net return of US $ 366.3 for
pearl millet while the highest cowpea net return of US $ 37.5 was obtained under 2500 kg
hat compost + 50 kg ha DAP . These findings indicate that pearl millet and cowpea
yields could be increased with combined use of compost and mineral fertilizer which may

have important implications for combating food insecurity in the Sahel region.

xviii



CHAPTER ONE

1.0 INTRODUCTION

In Africa, low growth rate of cereal and grain yield result in widespread malnutrition,
recurrent need for emergency food supply and an increasing dependence on food
importation (Branca et al., 2011). Indeed this situation is a consequence of low soil
fertility, which is a major constraint to increasing food production in Africa (Bationo et
al., 2004). This is due to inherent or induced deficiencies of major nutrients such as N, P
and K or low nutrient holding capacities, high acidity and low soil organic matter content
(Bationo et al., 2006a). Sub-Saharan Africa (SSA) is a large area of Africa where land
degradation is seen as a major limiting factor for agricultural production and food security
(Saidou et al., 2010b). Niger is one of the poorest countries in the Sahelian zone of West
Africa where soil fertility and rainfall are the most limiting factors to crop production.
Soils in Niger are generally sandy and low in organic matter, deficient in phosphorus (P)
and nitrogen (N) (Baidu-Forson and Bationo, 1992), and low in moisture-retention
capacity (Issaka, 2001; Mahaman, 1988). The majority of the people in Niger depend on
subsistent agriculture for their livelihood. There is therefore the need for sustainable land
use which implies harmony between man‘s use of land and the ability of land to maintain

or renew its quality as reported by Fatondji et al. (2006).

The use of mineral fertilizer has been proposed to overcome the declining soil fertility and
crop production throughout SSA. However, the use of mineral fertilizers in subSaharan
Africa is limited by the lack of purchasing power and scarcity of the product in smallholder

sectors while their continuous use lead to a decline in soil organic matter (SOM)


http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Africa

(Chivenge et al., 2009). Fertilizer use is very low in Niger with an estimate of 5 kg per
hectare (Rinaudo and Yaou, 2009). Despite the introduction of mineral fertilizer in SSA
in general and especially in Niger, crop yields are still low. For instance in Niger, average
grain yields of cereals under subsistence farmer management remain low, varying from
150 to 550 kg ha* (Manyame, 2006). Consequently, there is a need to explore the efficient
utilization of the available nutrient resources that can lead to improved crop yields. In fact,
the potential of genetically improved crops cannot be realized when soils are depleted of
plant nutrients. Thus, soil fertility under cultivation can only be maintained by an
integrated management of plant nutrients. This management involves efficient recycling
of organic materials like crop residues or manure, in combination with mineral fertilizer

under improved cropping systems.

In Niger, considerable information is available on the requirements for sole cropping of
various crops and several studies have been conducted to assess the effect of combining
manure and mineral fertilizer on grain yields under millet/cowpea intercropping system

(Garba and Renard, 1991; Kramer et al., 2002; Diangar et al., 2004; Saidou et al., 2010b).
However, there is limited information on the use of manure as an alternative to mineral
fertilizer for intercropping, although manure application is one of the most effective ways
of improving soil fertility. Indeed, mechanisms underlying the integrated use of cattle
manure and mineral fertilizer under farmer management are still not well understood.
Furthermore, there is still scarce information on the requirement of combined application

of cattle manure and mineral fertilizer on improved pearl millet [ Pennisetum glaucum (L.)

R.Br.O and cowpea [Vigna unguiculata (L.) WalpO varieties under strip cropping and its



effect on soil fertility. The suitability of composted cattle manure to meet the nutritional
requirement of crops (millet and cowpea) and its effect on the physicochemical properties
of soil and the extent to which subsequent crops can benefit from its application is not
well documented. Furthermore, there is also lack of appropriate recommendations on the
integrated management of composted cattle manure and mineral fertilizer under strip

cropping system.

The overall objective of this study was to optimize the application of composted cattle
manure and mineral fertilizer and to enhance yields of improved pearl millet and cowpea

varieties under strip cropping system in Niger.

Working on the hypothesis that integrated composted cattle manure and mineral fertilizer
under strip cropping system results in high yield of pearl millet/cowpea and efficient use

of both amendments, the specific objectives of the study were to:

I evaluate the decomposition and nutrient release patterns of composted cattle

manure,

ii.  determine the optimum combination of composted cattle manure and inorganic
fertilizer application and their effect on the growth and yield of millet/cowpea

under strip cropping system;

iii.  assess the sustainability yield index and agronomic efficiency of composted cattle

manure and mineral fertilizer (NPK) under strip cropping system, and

iv.  evaluate the N and P partial balance of combined application of composted cattle

manure and mineral fertilizer under strip cropping system.

3



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Background

Declining soil fertility in smallholder farms is the fundamental biophysical root cause for
low per capita food production in sub-Saharan Africa (SSA) (Sanchez, 2002). In fact, soil
nutrient mining is one of the main causes of the current stagnation, or even decline in crop
yields in the sub-region (Kanté et al., 2007). Current productivity of millet cropping
system is very low, with average grain yield rarely exceeding 500 kg ha? in Africa
(Akponikpe et al., 2008). Unfavorable inherent soil fertility as well as frequent droughts
and high inter-annual rainfall variability are some of the reasons for low yield. In semi-
arid sub-Saharan Africa, it is usual to find great variability in rainfall and low accessibility
to technical information and markets, so the early and widespread adoption of fertilizers
has not occurred (Kihanda et al., 2007). This situation largely contributes to poverty and
food insecurity in the whole region. To deal with this situation, an alternative approach
must be found to replenish soil fertility depletion. Manure application is one of the most
effective ways for improving soil fertility in SSA. Therefore, combined application of
mineral fertilizers and organic resources has been proposed as an appropriate strategy to
ameliorate soil fertility decline and improve productivity as reported by Kihara et al.
(2007).

2.2 Soil fertility problems in Africa

For the West African Sahel in particular, scientists have demonstrated that above an

average annual precipitation of 250 mm, SOM and limited availability of plant nutrients,
4



particularly phosphorus (P) and nitrogen (N), are major bottlenecks to crop production
(Schlecht et al., 2006). Hanson (1992) reported that of the three billion hectares of arable
land in tropical Africa, only 14.7 % is considered to be free of physical or chemical
constraints. One third (32.2 %) has physical constraints, 13.2 % has limited nutrient
retention capacity, 16.9 % has high soil acidity, and 6.8 % has high P fixation. Also, human
based and physico-climatic factors are among principal factors affecting soil productivity
potential of soil resources in SSA (Sanchez et al., 1997). Soils in Africa are typically
highly variable in fertility and in how they respond to inputs (Hossner and Juo, 1999).
Most soil resources in Africa exhibit low nutrient levels with a high propensity towards
nutrient loss due to their fragile nature (Bationo et al., 2006a). Indeed poor soil fertility
and nutrient depletion continue to represent huge obstacles to achieve the needed food
production in SSA and to push out hunger and food insecurity away from the region
(Sanginga and Woomer, 2009). Thus, better soil fertility management is imperative for
SSA because soil fertility depletion on smallholder farms is seen as the fundamental
biophysical root cause of declining per capital food production in Africa (Sanchez et al.,
1997). Consequently, the need to effectively manage soil resources in order to achieve
optimum productivity of soils is obvious. On the other hand, improving local agricultural
production and ensuring adequate supply to the general populace is a vital step in
preventing a total collapse of the food production and supply sector of the economies of
developing countries of SSA (Chukwuka, 2009). Soils in Niger are generally sandy, low
in organic matter and moisture-holding capacity, and deficient in both P and N, although
P tends to be more limiting to crop productivity reported Abdoulaye and Sanders (2005).

Therefore better technologies, more sustainable practices, improved seeds and fertilizers



to increase and sustain crop productivity and to prevent further agricultural land
degradation are expressly needed in SSA, particularly in Niger where 90 % of the
population depends entirely on agricultural production for their livelihood. Proper soil
fertility management becomes imperative when considering issues regarding soil fertility

improvement in SSA.

2.3 Soil nutrient depletion

Soil fertility depletion is a major problem in many areas of SSA and contributes, along
with other factors, to low and declining agricultural productivity and food insecurity in
SSA. Unsustainable land cultivation practices like inadequate replacement of soil nutrients
taken up by crops have led to accelerated depletion of the natural soil base available for
food production. The magnitude of nutrient depletion in Africa“s agricultural land is

enormous and is becoming a serious concern for all stakeholders

(Smaling, 1993). Sanchez et al. (1997) reported that an average of 660 kg N ha, 75 kg P

hal, and 450 kg K ha! have been lost during the last 30 years from about 200 million

-1
ha of cultivated land in 37 African countries. This is equivalent to 1.4 t of urea ha , 375

-1 -1
kg of triple superphosphate (TSP) ha or 0.9 t of phosphate rock (PR) ha of average

composition and 896 kg of potassium chloride (KCI) ha* during the same period. Also,
poor cultivation practices have resulted in a decrease of soil fertility, reduction of SOM
and increase in occurrence of acidified soils (Aihou et al., 1998). Indeed, low soil fertility
inevitably leads to low agricultural productivity, since agricultural development is

fundamentally affected by productivity status of land resources.



Soil nutrient mining in Niger was estimated to average 15 kg ha™* of N, 2 kg ha* of P, and
11 kg ha* of K per year, equivalent to an annual loss of about 440 kg of millet grain and
1,860 kg of straw per hectare as reported by Pender et al. (2008). As a consequence, yields
are low, typically less than 500 kg ha™*. Therefore, soil productivity maintenance remains
amajor vital and environmental issue in countries of SSA (Oyetunji et al., 2001) especially

in Niger.

2.4 Nutrient replenishment

One of the eight agronomic laws stated that for the maintenance of soil fertility, most of
the nutrients removed from soil through harvests (crop uptake) must be returned
(Sebillotte, 1974). Indeed nutrient inputs to soils cultivated by small-scale farmers are
essential for improved crop production in Africa. Some best ways to replenish soil
nutrients are through inorganic and organic amendment application which can improve

soil nutrient status and maintain soil organic matter content.

2.4.1 Effect of amendments on soil fertility and crop production

Continuous soil fertility decline is the major problem limiting crop production in SSA and
particularly in Niger. There is a need to amend soil using several amendment sources so
that it continues to support crop production with minimum soil fertility decline. In the
sahelian zone of Africa, where farmers use very little or no inorganic fertilizers due to
their high prices, organic amendments constitute the principal source of nutrients for
sustainable agriculture. This can help to improve soil productivity and meet the need of

the growing population in Africa.



2.4.1.1 Use of inorganic fertilizer

Since the 1970s, research throughout West Africa showed that low soil organic matter and
limited availability of plant nutrients, in particular phosphorus and nitrogen were the main
constraints to food production in this area (Schlecht et al., 2006). Crop response to N is
minimal until P requirements have been satisfied and P seems to be the most limiting plant
nutrient in SSA. On average, less than 5 kg ha™* of mineral fertilizer nutrients are applied
to food crops in sub-Saharan Africa, the lowest rate in the world (Quifiones et al., 1997).
To overcome low soil productivity, mineral fertilizers have been proposed as an
alternative. With the introduction of mineral fertilizers, some increases in yields have been
observed throughout West Africa depending on the agro-ecological setting (soil types and
rainfall) and the rates and frequencies of applying these amendments. Nevertheless, the
high cost of fertilizers, lack of credit, delays in the delivery of fertilizers and poor transport
and marketing infrastructure serve as disincentives to fertilizer use by smallholder farmers
(Buresh and Giller, 1998). As a result, fertilizers are sparsely used, grain yields and per
capita food production are declining, and food insecurity is worsening, particularly in the
extensive semi-arid areas of Africa. Buerkert et al. (2001a) showed that NPK placement
(considering P alone) at 0.4 g P per hill raised average cereal yields between 26 and 220
% in 1998 across eight locations in Niger, Burkina Faso and Togo. This revealing P
placement is a promising strategy to overcome P deficiency as the regionally most growth
limiting nutrient constraint to cereals. Also they demonstrated that the average total dry
matter (TDM) yield in P placed plots was 672 kg ha™*, which was 120 % higher than the
average control (Po) plots confirmed by the second set of on-farm test in 1999 where

average Yyield increases of 118 % for NPK and 116 % for DAP were found. Hussein et al.
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(2011) showed that under irrigation, NPK fertilization improved either fresh or dry matter
yields of pearl millet by 42.24 % (fresh yield) and by 56.71 % (dry matter yield) by
applying 60 kg N + 32 kg P20Os + 48 kg K20 in Egypt. This result indicates that pearl millet
yield responded positively to NPK application. From the two - year on-farm trials
conducted in Burkina Faso, Mali and Niger, Tabo et al. (2007) showed that, on average in
all the three countries, grain yields of millet and sorghum were greater by 44 to 120 %
while incomes of farmers increased by 52 to 134 % when using hill application of fertilizer
than with the earlier recommended fertilizer broadcasting methods and farmers®™ practice.
Although mineral fertilizer application increase yields, its use alone cannot stand up to
address continuous soil fertility decline problem. Hence, the necessity of having sources
of organic amendments more especially because most soils are sandy in SSA and are
subject to water and wind erosion. They should be amended with organics before applying

mineral fertilizers to avoid greater losses through leaching and water erosion.

2.4.1.2 Use of organic manure

Organic inputs have several advantages in soil fertility management. Apart from providing
essential plant nutrients, they contribute directly towards the build-up of SOM and its
associated benefits (Fairhurst, 2012). In fact manure, one of the key inputs to smallholder
farming systems, especially in the semi-arid environment of SSA where cost and
availability limit the use of inorganic fertilizers, it is used to address soil fertility problem.
Indeed in the mixed farming systems that characterize SSA, low rural incomes, high cost
of fertilizers, inappropriate public policies and infrastructural constraints prevent the

widespread use of inorganic fertilizers (Bationo et al., 2004). Many smallholder farmers



in SSA, practicing mixed farming, rely on manure to maintain soil fertility and enhance
crop productivity; and manure has been long recognized as one of the most effective ways
of improving soil fertility and crop production in tropical African conditions (Onduru et
al., 2008). Organic sources of plant nutrients such as manure remain the principal sources
of nutrients for soil fertility maintenance and crop production. Manure serves as an
excellent source of both primary and secondary nutrients required for crop growth. In
addition, application of manure improves overall soil quality (physical, chemical,
biological properties and moisture holding capacity) which has indirect benefits to the
farmer through improved crop response (Akponikpe et al., 2008). Fatondji et al. (2006)
showed that increasing the rate of cattle manure application from 1 to 3 t ha! increased
yield by 115 % TDM, but increasing the manure application rate further from 3to 5t ha’
! only gave an additional 12 % vyield increase. The average application (total amount of
manure applied per landholding) was around 4 t ha (Harris and Yusuf, 2001) and this
application rate can add approximately 12 kg N, 8 kg P, 32 kg K, 10 kg Mg and 34 kg Ca
ha*. Furthermore, with good rainfall (672 mm), grain yields of maize were high even for

the control plots (average 1.2 and 2.7 t ha®)

(Ncube et al., 2006). Also, maize grain yields due to manure applications at 3 and 6 t ha”

1 -1
were 1.96 and 3.44 t ha , respectively. Thus, Abunyewa et al. (2007) demonstrated that

manure application increased maize grain yield, but doubling manure application did not
result in corresponding significant yield increase. In fact, continuous manure application
on the same plot each year showed an increased yield of maize as compared to the
previous year. Broadcasting manure yielded more than spot application and generally

manure broadcast plus fertilizer out yielded manure spot placement plus fertilizer. In the
10



same way, Akponikpe et al. (2008) demonstrated that manure application at 900 and 2700
kg hal increased millet stover yield by 23 and 27 % and millet grain yield by 19 and 29
% respectively in the sahelian condition of Niger. According to Onduru et al. (2008), the
potential of manure production under farmer management varied between 0.7 and 3.1
tones dry matter per year per farm at Mbeere and Kiambu districts of Kenya respectively.
This shows that optimum application rates of manure around 3 t ha™* results in high millet
yield of both grain and stover. In addition, Abunyewa et al. (2007) demonstrated during
a three year study in northern Ghana that increased maize grain yield as a result of 4 t ha
! manure applied over the control treatment were 55.6 % in 1996, 132 % in 1997 and 121
% in 1998. Doubling manure application rate to 8 t ha® resulted in increase over control
by 67.6 % in 1996, 133 % in 1997 and 225% in 1998. Also they showed that manure
application alone explained 40, 39 and 37 % of the variation in maize grain yield in 1996,

1997 and 1998, respectively.

Manure application results in reduction of inorganic inputs such as fertilizers, liming
materials, and pesticides, and reduced soil and water losses. Thus, the use of organic
manure to meet the nutrient requirement of crops would be one of the inevitable practices
in the years to come for sustainable agriculture (Nwaiwu et al., 2010). This leads to
enhanced crop productivity and sustains the quality of crops produced (Premsekhar and
Rajashree, 2009), even though organic manure contains plant nutrients in small quantities
as compared to inorganic fertilizers. Total nitrogen content of manure on dry matter basis
ranges from below 0.5 to over 4 % (Paul et al., 2009) and nutrient and carbon losses during

manure collection and storage vary substantially. Indeed depending on cattle and manure
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management, nitrogen losses for example may vary from less than 10 to about 90 % (Paul
et al., 2009). According to Eghball et al. (1997), nitrogen loss during composting ranged
from 19 to 42 % and was related to the initial manure N content. Mass loss was relatively
low (15 - 20 %) while C loss ranged from 46 to 62 % and was basically decomposed
through bio-oxidation. This mass loss was lower than the normal range of 35 to 50 %. A
research survey conducted in one hundred households in Niger, indicates that only 2 % of
farmers improved the quality of manure before using it (Abdoulaye and Sanders, 2005).
Composting is one of the strategies for enhancing nutrient content of manure by adding
some materials rich in nutrient. According to Stoffella et al. (1997), composted manure
has multiple benefits on both the improvement of the soil and crop performance. As a soil
fertility amendment, it can be used as a source of soil nutrients as well as mulch to
moderate soil temperatures. Composted manure provides alternative weed control and/or
can be used in an integrated weed management programme (Ondieki et al., 2011).
Composted manure is generally environmentally friendly. In cases where composted
manure could be nutrient deficient due to the type of raw materials used, artificial
fortification can be done by adding the deficient nutrient hence ensuring its
appropriateness. The way farmers handle manure traditionally (by leaving it under sun for
instance) does not allow them to see improvement in their production. Moreover, the type
of compost farmers use is either from domestic premises which could have variable
nutrient contents or deficient (Jost et al., 2013) depending on the raw materials and
methods used during composting; hence the need for fortification to make them more

appropriate.
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2.4.1.3 Factors influencing manure mineralization

The mineralization of manure is governed by biological, chemical, and physical properties
of soil and is a function of the chemical composition or quality of the organic manure, soil
moisture, and soil temperature (Eghball et al., 2002). Manure mineralization is a process
where microbes digest and reduce the organic portion of the manure to inorganic materials.
Inorganic materials released during this process are the essential plant macronutrients (N,

P, and K), micronutrients, salts, and heavy metals.

Soil moisture, temperature, and aeration regulate soil microbial activity, and thus are
factors that influence the rate of manure mineralization. Soils that are warm, moist, and
well aerated have the highest potential rate of organic manure mineralization. Lower
potential rates should be expected when soils are dry, cold, or saturated with water (Watts

et al., 2007; Azeez and Van Averbeke, 2010).

2.4.1.4 Integrated organic and mineral fertilizer management

The combined application of organic resources and mineral fertilizers is increasingly
gaining recognition as one of the appropriate ways of addressing soil fertility depletion,
especially in low-external input systems in SSA and forms an integral part of integrated
soil fertility management (Vanlauwe et al., 2010). Indeed food production can be
increased through the integration of organic and inorganic nutrient sources coupled with
proper land and crop management. Researchers showed that productivity of sandy soils
can be increased significantly with the adoption of improved crop varieties, cropping
systems and combined use of organic and inorganic fertilizers. For instance, application

of animal manure and retention of crop residues in the field are nutrient recycling
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processes that culminate in increased soil organic matter, pH, exchangeable bases,
improved soil structure, and reduced capacity of soils to fix P (Baldock and Musgrave,
1980; Bationo and Mokwunye, 1991). Furthermore, integrated use of organic and
inorganic resources under intercrop is superior to inorganic fertilizer only. For example,
application of 8.5 kg N ha! increased maize grain yields up to 2.5 t ha* with 3 t ha* of
manure, and to 4.3 t ha™* with 6.0 t ha™* of manure (Ncube et al., 2006). In addition, the
use of 75 % of NPK recommended rate (RR) + 5 t of farmyard manure improved the seed
yield of soybean by 47 % and 32 % over the use of 75 % of NPK RR in sole and intercrop
systems respectively (Ghosh et al., 2004). On the other hand, Akponikpe et al. (2008)
demonstrated that combining 2700 kg ha* of manure + 300 kg ha™ of crop residues (millet
straw) and 900 kg ha* of crop residues + 15 kg N and 4 kg P ha! increased pearl millet
grain yield by 95 % and 132 % respectively. In fact, combining manure and mineral
fertilizer or even crop residues can result in an additive effect of both amendments.
However, high amount of manure (2700 kg ha*) and fertilizer (45 kg

N and13 kg P ha?) leads to no additional yield increase or even to a yield decrease
(Akponikpe et al., 2008). Adamou et al. (2007) demonstrated that by integrating organic
and mineral fertilizer, the absolute control recorded 79 kg ha* of pearl millet grain yield;
1267 kg ha was obtained when phosphorus, nitrogen and crop residue were applied and
followed cowpea of the previous season. Results indicated that for total dry matter yield,
phosphorus use efficiency (PUE) increased from 126 kg hawith only P application to 228
kg ha* when P applied in combination with nitrogen plus crop residue and to 318 kg ha™
in a rotation system. Cowpea fodder production was increased to 1267 kg ha in the

rotation system while the grain production was low and variable with a highest yield of
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only 213 kg ha* (Adamou et al., 2007). A three-year study in northern Ghana showed that
percent increases in maize grain yield due to manure plus fertilizer over fertilizer
application only ranged from 64 to 75 % in 1996, 59 to 69.5 % in 1997 and 43 to 66.8 %
in 1998 (Abunyewa et al., 2007). Furthermore, combinations of mineral N fertilizer with
the leguminous resources and manure resulted in between 24 and 104 % increase in grain
yield of maize against sole fertilizer, implying an increased nutrient recovery by maize
under organic - inorganic combinations (Mtambanengwe et al., 2007). According to
Efthimiadou et al. (2010), combined use of NPK and farmyard manure increased SOM,
total N, Olsen P and exchangeable K by 47, 31, 13 and 73 % respectively compared to
application of NPK through inorganic fertilizer. Intercropping legumes and cereals with
the addition of mineral fertilizer or organics has been reported to improve yield and
incomes of farmers. Thus, Haseeb-ur et al. (2010) showed that maize intercropped with
cowpea with the addition of N at 225 kg ha™* gave higher grain yield of 6.65 and 1.26 t ha-
! of maize and cowpea respectively. Also, higher net farm income and cost benefit ratio
with maize intercropped with cowpea and N at 225 kg ha™* was obtained (Haseeb-ur et al.,
2010). Yamoah et al. (2003) demonstrated that returns from cowpea grown in cowpea-
millet rotation without fertilizer and rates of fertilizers (4 kg P ha + 15 kg N hat) were
found to be most profitable in terms of high returns and low risk, principally because of a

higher price of cowpea than millet.
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2.5 Constraints to mineral fertilizer and organic resources use

In spite of the importance of mineral fertilizer and organic resources for soil fertility
management, nutrient supply and improvement of crop production, there are still some

constraints in their use.

2.5.1 Constraints to mineral fertilizer use

Despite the fact that farmers are aware that maximum yield can be obtained by using
mineral fertilizers, they use very little amount due to some reasons. Throughout Africa,
sufficient mineral fertilizers are not available at the right time during the year. Shortage,
high cost, incorrect type, adulteration of fertilizer and farmer*s unfamiliarity and incorrect
usage of fertilizer are some reasons that impair fertilizer widespread use in Africa
(Sanginga and Woomer, 2009). Also at the beginning of fertilizer introduction, focus was
on cash crops and the recommendations were blanket instead of being specific.
Furthermore, farmer*s resource endowment, access to credit, farm

characteristics are also key determinants for mineral fertilizer use. In fact, yield varies
widely with the climate: rainfall is highly uncertain; in drought years the crop response to
fertilizer can be very low. Mineral fertilizers do not improve soil physical structure or

enhance soil biological activity (Odhiambo and Mag, 2008).

In Niger, the fertilizer price relative to the millet price is a highly significant determinant
of fertilizer adoption (Abdoulaye and Sanders, 2005). Other studies in semi - arid regions
have emphasized on risk, liquidity, or fertilizer responsiveness as constraint to fertilizer

use.
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2.5.2 Constraints to organic resources use

The use of organic resources for soil fertility improvement in SSA has been in practice for
a long time. Indeed even though organic resources have been claimed by scientists as an
alternative for soil fertility restoration, several constraints reduce their widespread use.
The major constraint of organic inputs is their relatively low nutrient content (Fairhurst,
2012). Organic inputs are therefore required in large quantities if they are to supply
significant amounts of nutrients to growing crops. Such large biomass quantities are,
however, not always easy to find in resource-constrained smallholder farming systems.
Also, the use of organic resources require huge labour force for both processing and
transporting, as well as large amounts of organic resources often needed to supply
adequate nutrients to soils for successful crop production (Chukwuka, 2009). In fact, the
availability of organic resources as nutrient sources is limited by their alternative use as

fuel, feed and fibre (Sanginga and Woomer, 2009).

2.6 Cropping systems and their effect on soil fertility and crop production

Another way of dealing with continuous food production decline observed within SSA is
growing crops under different cropping systems. Yamoabh et al. (2003) showed that choice
of cropping systems explained more than 50 % of the overall variability in millet and
cowpea grain Yields. Indeed, the most common cropping systems in SSA are
monocropping, crop rotation and intercropping. The use of different cropping systems
provide farmers with several options for returns and prevents uncertain sahelian
conditions. It increases the efficient use of scarce resources and reduces dependence upon

a single crop that is susceptible to environmental and economic fluctuations. In the
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sahelian zone, the cropping system is millet-based, with millet/cowpea and

millet/groundnut being the important cropping patterns.

2.6.1 Monocropping system

Monocropping system is the agricultural practice of growing a single crop year after year
on the same land, in the absence of rotation through other crops. While economically a
very efficient system, allowing for specialization in equipment and crop production,
monocropping is also controversial, as it can damage the soil ecology (including depletion
or reduction in diversity of soil nutrients) and provides an unbuffered niche for parasitic
species, increasing crop vulnerability to opportunistic insects, plants, and microorganisms
(Peter and Runge-Metzger, 1994). The result is a more fragile ecosystem with an increased
dependency on pesticides and

artificial fertilizers. Continuous cropping with inadequate nutrient replenishment through

the use of mineral fertilizers and cattle manure can lead to soil fertility decline over time.

2.6.2 Crop rotation

Crop rotation is the practice of growing two or more crops in the same space in sequence
or a definite sequence of crops grown in successive years (or successive seasons). It can
maintain soil fertility by improving soil structure and enhancing soil quality as crop
residues improve the quality of the soil organic matter, particularly with regard to
leguminous plant that add nitrogen via biological nitrogen fixation (BNF) (Bationo et al.,
2003). Crop yields have also been shown to increase substantially using rotation of cereals
with legumes or intercropping. Yamoah et al. (2003) reported that among the cropping

systems, rotation gave higher yields than sole crop and intercropping systems and
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increased millet yield by 46 % without fertilizer application. Yields of pearl millet can be
doubled following cowpea as compared to continuous pearl millet cultivation (Adamou et
al., 2007). Also they found that rotation of cereals with legumes could be a way to increase
nitrogen use efficiency (NUE) from 20 % in the continuous cultivation of pearl millet to
28 % when pearl millet was rotated with cowpea. In addition to increasing yields of
succeeding cereals, rotation has other advantages such as providing good quality livestock
feed, which leads to production of manure as organic soil amendment and also provides
cash to ameliorate farmer*s livelihood and their capacity to buy fertilizers. The rotation of
legumes with cereals will give more opportunity to increase the legume component in the

present cropping systems.

2.6.3 Intercropping system

Intercropping is an alternative pathway for sustainable agriculture in Africa. Traditional
intercropping systems, the agricultural practice of cultivating two or more crops in the
same space at the same time, is an old and commonly used cropping practice which aims
to match efficiently crop demands to the available growth resources and labor
(Lithourgidis et al., 2011). Intercropping is being looked at as an efficient and most
economical production system as it does not only increase the production per unit area and
time but also improves the resource use efficiency and economic standard of farmers in
SSA. Presently, interest in intercropping is increasing and fast becoming important among
the small-scale farmers throughout SSA and in Niger particularly because of their
diversified needs and low farm income from mono-cropping system. The most common

advantage of intercropping is the production of greater yield on a given piece of land by
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making more efficient use of the available growth resources using a mixture of crops of
different rooting ability, canopy structure, height and nutrient requirements based on the
complementary utilization of growth resources by the component crops.

Traditional multiple cropping systems are estimated to still provide as much as 15 - 20 %
of the worlds food supply (Altieri, 1999). In Latin America, farmers grow 70 - 90 % of
their beans with maize, potatoes and other crops, whereas maize is intercropped on 60 %
of the maize-growing areas of the region (Francis, 1986). Other quantitative evaluations
suggest that 89 % of cowpea in Africa are intercropped, 90 % of beans in Colombia are
intercropped and the total percentage of cropped land actually devoted to intercropping

varies from a low 17 % for India to a high of 94 % in Malawi (\VVandermeer, 1992).

Several types of intercropping systems have been tested by scientists (Ghosh et al., 2004;
Diangar et al., 2004; Ajeigbe et al., 2007; Sarr et al., 2008; Saidou et al., 2010a). Saidou
et al. (2010a) demonstrated that intercropping four lines of cowpea followed by four lines
of millet does not disturb millet biomass and keeps it stable while cowpea biomass
increases with increase in crop density in the sahelian zone of Niger. Oseni (2010)
demonstrated that intercropping sorghum with cowpea at 2S:1C planting pattern will give
higher income, better land use efficiency and thus enhance sustainability of crop
production than sole culture of each crop species at Bauchi in the northern Guinea savanna
of Nigeria. Intercropping systems, especially a cereal-legume combination have the
potential to achieve higher grain yield and greater land use efficiency than sole cropping.
Thus, it helps in minimizing the risks of uncertain crop production and brings stability
under rainfed condition. Ghosh et al. (2004) reported that the grain yield of intercropped

sorghum (with soybean) was 9.5 % more than sole sorghum.
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2.7 Composting

2.7.1 Composting process

Composting is a naturally occurring process that farmers have used for centuries. Under
the right conditions, microorganisms grow and multiply and decompose the organic
material by converting its original form into a more stable, usable product. Farmers
manage the organic resource through composting to obtain the same product that should
occur naturally but much more quickly. Composting is the active management of manure,
crop residues and litter to aid the decomposition of organic material by microorganisms
under controlled conditions (Augustin and Rahman, 2010). According to Sandeen and

Gamroth (2003), effective composting is affected by four major factors:

i. Aeration, is a key element in efficient composting. Composting is an aerobic process
meaning that it requires lots of oxygen. Air can be provided by stirring and mixing the
material in the pit. ii. Nutrient balance, determined by the ratio of carbon to nitrogen in
the compost pile.

The ideal C:N ratio is 25:1 to 30:1 iii. The moisture content of the compost pit ideally
should be around 60 % after the original mixing, below 40 % the decomposition decreased
rapidly and
iv. The temperature, which is expected to increase in a compost pile due to the breakdown

of the organic material by microorganisms. It can reach 65.5 °C in less than 2 days

and the maximum composting rate occurs when temperature is between 37.8 — 65.5

°C.
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Furthermore, Ewusi—Mensah (2009) reported also that composting processes typically

have three main stages:

a. A mesophilic growth stage, which is characterized by bacterial growth under

temperatures of 25 — 40 °C;

b. A thermophilic stage, where bacteria, fungi and actinomycetes (first level consumers)
functioning at temperatures of 50 — 60 °C, breakdown cellulose, lignin and other resistant

materials (this thermophilic stage can go as high as 70°C).

c. A maturation stage, where temperatures stabilize and some fermentation occurs,
converting the organic materials to humus (this process commences when the temperature

of the composting material reverts to the ambient temperature).

2.7.2 Importance of compost

Compost is considered to be an environmentally safe, agronomically advantageous, and
relatively cheap organic amendment which stimulates soil microbial activity and crop
growth (Ros et al., 2006). According to Stoffella et al. (1997), composted manure has
multiple benefits on both the improvement of the soil and crop performance. As a soil
fertility amendment, it can be used as a source of soil nutrients (macro and micronutrients)
as well as a mulch to reduce soil temperatures. It also improves waterholding capacity,
bulk density and biological properties of soil. Composted manure provides alternative for
pathogen and weed control, and/or can be used in an integrated weed management
program. Composted manures are generally environmentally

friendly.
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2.8 Major nutrients affecting plant growth and yield

2.8.1 Nitrogen

Nitrogen (N) is the motor of plant growth and constitutes from 1 to 4 percent of the dry
matter of the plant. Nitrogen is the key to soil fertility and an essential component of SOM.
About 90 - 95 % of the total soil N is associated or combined with the soil organic fraction
(Bationo et al., 2006). It is taken up from the soil in the form of nitrate (NO 3 ~) or
ammonium (NHa4 +). Being the essential constituent of proteins, it is also involved in all
the major processes of plant development and yield formation (FAO, 2000). A good

supply of nitrogen for the plant is important also for the uptake of the other nutrients.

2.8.2 Phosphorus

Normal plant growth cannot be achieved without phosphorus (Buerkert et al., 2001a). It
is a constituent of nucleic acids, phospholipids, and most importantly adenosine
triphosphate (ATP). It decomposes carbohydrates produced in photosynthesis; and is
involved in many other metabolic processes required for normal growth, such as
photosynthesis, glycolysis, respiration, and fatty acid synthesis (FAO, 2000). Phosphorus
enhances seed germination and early growth, stimulates blooming, enhances bud set, aids
in seed formation and hastens maturity.

2.8.3 Potassium

Potassium is not linked to organic compounds in the plant, and can easily be released from
decaying straw becoming available for subsequent crops. The amount of K leached right

after drying plant is correlated with the residue nutrient content and can be as high as 64
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kg ha ! considering a mulch of 8 tha ! (FAO, 2000). Although well_nourished millet plants
release considerable amounts of K with the first rains, a large percentage of the nutrient is

still retained in the straw.

2.9 Summary of literature review

Declining crop production has been noticed many years ago throughout Africa. The main
bottleneck of this situation is the continuing decline of the soil*‘s capacity to ensure its role
of nutrient reservoir to crops coupled with low adoption and or misuse of technologies to
enhance soil fertility status. Research has struggled to find solutions which are low cost
and easily adoptable by farmers in order to reduce food insecurity within the whole of
Africa. In light of this, several technologies were developed by researchers. The use of
fertilizer to address soil fertility decline and increase crop production had been proposed
earlier, followed by the use of organic resources. Despite their advantageous use, some
constraints such as high cost, shortage in the market and farmers financial capacity limit
the use of fertilizers. Use of organic resources is also limited by their availability and other
competing uses (fuel, animal food, building material, etc). To tackle soil fertility problem
and to ensure sustainable crop production, research should shift toward integrated use of
mineral fertilizer and organic resources. A deep understanding of quality, decomposition
and nutrient release pattern of organic resources becomes necessary for their good and

efficient use and/or management.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Description of the study area

3.1.1 Location of the study area

The study was conducted over two years (2013 and 2014) from June to October of each
year in Maradi, located in the south central part of Niger republic (West Africa) between

13°-15°26' N and 6°6'-18° 33' E. Maradi region occupies an area of 38,500 km?, which is

approximately 3 % of the total land surface of Niger.
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Figure 3.1: Map of the study area
More precisely the experiment was conducted at the National Institute of Agricultural
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Research INRAN/CERRA research station. The whole region is within the
SaheloSudanian zone, characterized by a monomodal rainfall pattern which is variable
and fluctuates between 350 and 650 mm per year with a mean of 500 mm. Rainfall

generally exceeds or is equal to potential evapotranspiration for 2 - 4 months.

3.1.2 Climate

The year is characterized by two seasons: the dry season from October to May and the
rainy season from June to September. Monthly temperatures are generally high and are at
their maximum (around 45 °C) in April/May and in September/October. The cropping
calendar is very short; hence, farmers have to use short-duration crops and time their

planting to reduce risk of crop failure resulting from inadequate rainfall.

3.1.3 Soil type

The soils of the region are composed of up to 95 per cent sand, and are poor in nutrients
and organic matter (Issaka, 2001). Based on parent material, geomorphology and climate,

three major soil types have been distinguished:

i. The ferruginous soils, brown color, rich in fine sand in the 0 - 30 cm depth, representing

the majority of the soil”s area and allocated to rainfed agriculture; ii. The Goulbi soils

(valley floor), considered hydromorphs, with grey color, rich in silt in the 0 — 30 cm depth

and allocated to fruit growing and some vegetable crops;

iii. The iso-humic soils (acid brown soils), advocated to vegetable crops agriculture during
the dry season. The majority of Maradi's soils are sandy Arenosols (FAO, 2006)

containing very little organic matter (Haglund et al., 2011).
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3.2 Planting materials

Improved pearl millet variety, Haini Kiré Précoce (HKP) developed at the National
Institute of Agronomic Research of Niger (INRAN) in 1978 with a growth cycle of 75 -
90 days and cowpea variety IT98K-205-8 developed at the International Institute for
Tropical Agriculture (11TA), Nigeria with 55 - 57 days growth cycle were used in the field
experiment. Pearl millet and cowpea were planted respectively in strip cropping at the
density of 1 m x 1 m thinned to 3 plants per hill giving a plant population of 30,000 plants
hatand 0.5 m x 0.5 m with 2 plants per hill giving 40,000 plant ha™* using 4 rows of millet

followed by 4 rows of cowpea (4 M : 4 C) as described by Saidou et al.

(2010a). Each plot was 6 m wide and 10.5 m long (63 m?).

3.3 Composting and field experiment

3.3.1 Raw materials used for composting

Manure collected from INRAN/CERRA research station and cowpea haulm from farmers
were the raw materials used for composting during the two years of this study (2013 and
2014). Prior to the compost preparation, three samples each of cattle manure and haulm
of cowpea were taken in order to characterize the nutrient content of these raw materials.

3.3.2 Compost preparation

The pit method was used for composting. Three pits each measuring 250 cm x 150 cm X
60 cm were dug. Each pit contained 250 kg of cattle manure and 107 kg of cowpea haulm
corresponding to 70 % and 30 % of cattle manure and haulm of cowpea respectively. Each

pit was watered with 15 L of water followed by the first layer of cowpea haulm (53.5 kQ)
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on which 35 liters of water was added. This was then followed by the first layer of cattle
manure (125 kg) and watered with 50 liters of water. The same procedure was used for
the second layer of cowpea haulm and cattle manure but with addition of 50 liters of water
after each second layer. A total of 200 L of water was used during the compost preparation
and at each turning date at least 50L of water was added depending on the compost
humidity. Temperature and moisture content of compost were recorded each week. For
moisture content, samples were taken and weighed, oven dried at 65 °C for two days and

dry weight was recorded. The moisture content was obtained using the formula:

(Weight of undried sample — weight of dried sample)x 100
% Moisturecontent =

Weight of dried sample

For the temperature recording, a small hole was made within the compost pit and a soil

thermometer was inserted inside and removed two minutes later for temperature record.

The composting took 67 days in 2013 (from 19" April to 25" June 2013) and 60 days in
2014 (from 7"April to 16"June 2014) to mature. At maturity, the compost was air - dried
under Azadirecta indica tree.

3.3.3 Compost decomposition and nutrient release patterns under field conditions

Litterbags measuring 20 x 30 cm made from nylon mosquito nets with 1.0 mm mesh size
were used in the field to monitor the decomposition of compost over time. Each litterbag
containing 100 g of matured compost was arranged in a completely randomized block
design replicated three times. The litterbags were placed at the same date of compost

application within the field. Two litterbags per replication were collected at 3 weeks
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intervals in 2013 and two weeks intervals in 2014. The remaining compost in the litterbags

was weighed after being dried and the weight loss calculated using the formula:

% dry weight remaining= __Mt x 100
Mo

where:
Mt = mean oven dry weight remaining at time, t
Mo = initial oven dry weight

To describe the decomposition pattern and calculate decomposition rate constants (k), data

was modeled using a single exponential model (Olson, 1963) as shown below:

-kt
M = Mo.e

Where M: and Mo are defined as above, and k is the decomposition rate constant.
Several studies have demonstrated that the single exponential model describes reasonably

well the decomposition rate of organic resources (Tetteh, 2004; Gnankambary et al., 2008;

Ewusi—Mensah, 2009; Fatondiji et al., 2009).

For the nutrient release pattern, at each sampling date, a composite sample of 5 g of the
remaining compost per litterbag was taken and mixed to obtain a sub-sample of 10 g per
replication and analyzed for N, P, K Ca, Mg and organic carbon. Nutrient release was

calculated using the equation as described by Gnankambary et al. (2008):

Co x Mo-Ct x Mt
Nutrient release (%)= x 100 Co x
Mo
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where:
Co = initial nutrient concentration of nutrient in compost
Mo = initial mass in the litterbag
Ct = nutrient concentration of nutrient at time t

Mt = mass of compost in litterbag at time t.

3.3.4 Nutrient release patterns of compost under laboratory condition

The leaching tube procedure as described by Fening et al. (2010) was used to study the
nutrient release patterns of the compost under laboratory conditions. A mixture of 10 g of
soil and 1 g of compost was put into leaching tubes plus a control and arranged in a
Completely Randomize Design (CRD) with four replications. Samples in the tubes were
leached at 3, 6, 9 and 12 weeks in 2013 and at 2, 4, 6, 8, 10 and 12 in 2014 with 100 ml of
1.0 M KCI. Nitrate - N (NO37), ammonium - N (NHs"), phosphorus, calcium and

magnesium were then determined in the leachate. Mineral N was determined using 2 M

KCl as the extracting solution. Ammonium (NHz ™) and nitrate (NO3 ™) were
determined by steam distillation of ammonia (NHs) using heavy MgO for NH4" and
Devarda®s Alloy for NOs™ (Bremner and Edwards, 1965). This distillate was collected in

saturated H3BO3 and titrated with dilute H2SO4.

Calculation:

AV-BX N xR x 14.01 x 1000
NHs-N = Wit
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V-B x N xR x 14.01 x 1000

NO® "7 T
Wit

where:
V = volume of 0.01 N H2SOx titrated for the sample (ml)
B = blank titration volume (ml)
N = normality of H2SO4 solution (N = 0.01)

R = ratio between total volume of the extract and the extract volume used for
distillation

W = weight of air-dry sample
3.4 Soil sampling and sample preparation

The experimental field was cleared and plots demarcated before the imposition of
treatments. Each plot measured 6 m x 10.5 m (63 m?). Composite soil samples were taken
at a depth of 0 - 20 cm before treatments imposition and after harvesting. Within each plot,
five samples were taken and mixed to obtain one composite per plot. Thirty six (36) core
soil samples were taken from the thirty six plots, bulked after which three subsamples
were considered for the initial soil physico-chemical laboratory analysis. After harvesting,
thirty six (36) soil samples from all the experimental plots were taken and analyzed for
chemical parameters (pH, total N, available P and K, Organic carbon, exchangeable Ca,
Mg, K, Na, Al and H). All the samples were air dried, ground, passed through a 2 mm

mesh sieve and stored for both chemical and physical analysis.
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3.5 Soil laboratory analysis

3.5.1 Soil chemical analysis

The following soil chemical properties: pH, soil organic carbon, total N, available P and
K, exchangeable bases were undertaken in the laboratory of the Department of Crop and

Soil Sciences, KNUST, Kumasi.

3.5.1.1 Determination of soil pH

The pH of the soil was determined using a Suntex pH mv meter, model 70l at soil: water
ratio of 1:1. A 10 g soil sample was weighed into a 50 ml beaker. To this, 10 ml distilled
water was added and the suspension was stirred continuously for 15 minutes and allowed
to stand for 15 minutes. After calibrating the pH meter with buffer solutions of pH 4.0 and
7.0, the pH was read by immersing the electrode into the upper part of the soil: water

suspension.

3.5.1.2 Determination of soil organic carbon

Soil organic carbon was determined by the modified Walkley-Black wet oxidation
method. A 2 g of air-dried soil was weighed into 250 ml Erlenmeyer flask. Then, 10 ml

of 0.1667M potassium dichromate (K Cr O ) solution was added to the flask and swirled

2 2 7
gently so that the sample was made wet. Using an automatic pipette, 20 ml of concentrated

sulphuric acid (H SO ) was dispensed rapidly into the soil suspension and

2 4
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swirled vigorously for 1 minute and allowed to stand on a porcelain sheet for 30 minutes,

after which 200 ml of distilled water was added and mixed well. Few drops of

diphenylamine indicator were added and the excess dichromate ion (Cr2072*) in the
mixture was back titrated with ferrous concentration until the colour of the solution
changed to green and the volume used for the titration was recorded. A blank sample was

included.
The organic carbon content of soil was calculated as:

( m. e.KCr07-
m.e.FeSO4)x 1.32 x 0.003
% Organic C =x 100
Wt of soil

where:
m.e = molarity of solution x ml of solution used

0.003 = m.ewt of C in grams (12/4000)
1.32 = correction factor

wt = weight of soil (2 g)
3.5.1.3 Determination of soil total nitrogen

Total nitrogen was determined by the Kjeldahl digestion and distillation procedure as
described in Soil Laboratory Staff (1984). A 10 g soil sample was weighed into a Kjeldahl
digestion flask and 5 ml distilled water added. After 30 minutes, a tablet of selenium

catalyst and 20 ml of concentrated H SO were added to the soil and the flask

2 4
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placed on a Kjeldahl digestion apparatus and digested for 3 hours until a clear and
colourless digest was obtained. Forty milliliters (40 ml) of distilled water was added to the
digest and transferred into 100 ml volumetric flask. Twenty millimeters (20 ml) of 40 %
NaOH was also added to the solution and then distilled using the Tecator Kjeltec distiller.
The digested material was distilled for 4 minutes and the distillate received into a flask
containing 20 ml of 4 % boric acid (H BO ) prepared with PT5 (bromocresol
3 3

green) indicator producing approximately 75 ml of the distillate. The colour change was
from pink to green after distillation, after which the content of the flask was titrated with
0.02 M HCI from a burette. At the end-point when the solution changed from weak green
to pink the volume of 0.02 M HCI used was recorded and % N calculated. A blank
distillation and titration were also carried out to take care of traces of nitrogen in the

reagents as well as the water used.

The percentage nitrogen in the sample was calculated as:

(M x(a— b)x 1.4 x mcf)
%N = w

where:

M= concentration of hydrochloric acid (HCI) used in titration

a =ml HCI used in sample titration
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b = ml HCI used in blank titration
w = weight of air-dry soil sample
mcf = moisture correction factor (100 % + % maoisture) /100)

1.4 =14 x 0.001 x 100 % (14 = atomic weight of N)

3.5.1.4 Determination of soil available phosphorus

The available phosphorus was extracted with Bray No.1 extracting solution (0.03 M NH4F
and 0.025 M HCI) as described by Bray and Kurtz (1945). Phosphorus in the extract was
determined by the blue ammonium molybdate method with ascorbic acid as the reducing

agent using a Jenway 6051 colorimeter.

A 5 g soil sample was weighed into a shaking bottle (50 ml) and 30 ml of Bray No.1
extracting solution added. The mixture was shaken for 10 minutes on a reciprocating
shaker and filtered through a Whatman No. 42 filter paper. An aliquot of 1 ml of the blank,
the extract and 10 ml of the colouring reagent (ammonium molybdate and boric acid) were
pipetted into a volumetric flask and uniformly mixed. The solution was allowed to stand
for 15 minutes for the blue colour to develop to its maximum. The absorbance was

measured on a Jenway 6051colorimeter at a wavelength of 660 nm at medium sensitivity.
Calculation:

(a-b)x 30 x 15 x mcf
Available ( ) P mg/kg =

w

where;
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a =mg/L P in sample extract
b = mg/L P in blank

mcf = moisture correction factor
30 = ml extraction solution 15=
ml final sample solution

w = sample weight in gram

3.5.1.5 Determination of exchangeable cations

3.5.1.5.1 Extraction of exchangeable bases

A 10 g soil sample was weighed into an extraction bottle and 100 ml of 1.0 M ammonium
acetate solution (pH = 7) was added. The bottle with its contents was shaken for thirty
minutes. At the end of the shaking, the supernatant solution was filtered through Whatnan
No. 42 filter paper and the extract was used for Na, K, Ca and Mg determination.

3.5.1.5.2 Determination of exchangeable calcium

For the determination of calcium, a 10 ml portion of the extract was transferred into an
erlenmeyer flask. To this, 10 ml of potassium hydroxide solution was added followed by
1 ml of triethanolamine. Few drops of potassium cyanide solution and cal-red indicator
were then added. The mixture was titrated with 0.02 M Ethylene Diamine Tetraacetic Acid

(EDTA) solution from a red to a blue end point.
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3.5.1.5.3 Determination of exchangeable calcium and magnesium

Ten millimeter (10 ml) portion of the extract was transferred into an Erlenmeyer flask and
5 ml of ammonium chloride — ammonium hydroxide buffer solution was added followed
by 1 ml of triethanolamine. Few drops of potassium cyanide and Eriochrome Black T
solutions were then added. The mixture was then titrated with 0.02 M EDTA solution from

a red to a blue end point.

Calculation:

~150il) =0.02 x V x 1000
CatMgor (Ca)  (cmol:+kg

w

where:

W = weight in grams of soil extract

V =ml of 0.02 M EDTA in the titration

0.02 = concentration of EDTA used

3.5.1.5.4 Determination of exchangeable potassium and sodium

Potassium and sodium in the soil extract were determined by flame photometry. Standard
solutions of 0, 2, 4, 6, 8 and 10 ppm K and Na were prepared by diluting appropriate
volumes of 100 ppm K and Na solution to 100 ml in volumetric flask using distilled water.

Flame photometer readings for the standard solutions were determined and a standard

37



curve constructed. Potassium and sodium concentrations in the soil extract were read from

the standard curve.

Calculations:

Exchangeable K (cmol+ kg-1 soil) = Graph reading x 100
39.1xwx10

Exchangeable Na (cmol. kg soil) = Craph reading x

100 23 xwx 10

where:
w = weight of air-dried sample soil in grams
39.1 = mole of potassium

23 = mole of sodium

3.5.1.5.5 Determination of exchangeable acidity

Exchangeable acidity consists of aluminium (AI®") and hydrogen (H*). Five grams (5 g)
of soil sample was put into a shaking bottle and 100 ml of 1.0 M KCI solution added. The
mixture was shaken for one hour and then filtered. Fifty millimeters portion of the filtrate
was transferred into an Erlenmeyer flask and 2 - 3 drops of phenolphthalein indicator
solution added. The solution was titrated with 0.05 M NaOH until the color just turned
permanently pink. A few drops of 0.05 M HCI were added to the same mixture to bring

the solution back to colorless condition and 10 ml of 1.0 M sodium fluoride (NaF) solution
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added. The solution was then titrated with 0.05 M HCI until the color disappeared. The
milliequivalent of acid used is equal to the amounts of exchangeable Al. The amount of H

was determined by difference (McLean, 1965).

Calculation:

Exchangeable Al + H or Al (cmol+ kg-1soil) =0 05xV x 200
w

where:

0.05 = molarity of NaOH or HCI used for titration

v =ml NaOH or HCI used for titration

w = weight of air — dried soil sample in grams

3.5.1.6 Calculation of effective cation exchange capacity

Effective cation exchange capacity (ECEC) was calculated by the sum of exchangeable

bases (Ca, Mg, K, and Na) and exchangeable acidity (Al and H).

3.5.1.7 Percent base saturation

This was calculated from the sum of exchangeable bases as a percent of the ECEC of the

soil.
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3.5.2 Soil physical analysis

3.5.2.1 Particle size distribution

Soil particle size distribution analysis was determined by the Hydrometer method as per
Anderson and Ingram (1998). Fifty one grams (51.0 g) of soil was shaken with 100 ml
distilled water and 50 ml of 5 % dispersing agent (5 % sodium hexametaphosphate) in
a corked 500 ml plastic bottle at 300 rpm for 2 hours, then transferred to 1.0 L
sedimentation cylinder and made up to the 1 litre mark with distilled water. The soil
suspension was plunged and stirred vigorously after which a hydrometer and
thermometer were used to measure the density and temperature, respectively of the
suspension of soil and water at 40 seconds. The soil suspension was allowed to stand
undisturbed for 3 hours after which the second hydrometer and thermometer readings

were taken (Okalebo et al., 1993).

Calculation:

% Sand = 100 — (H1 + 0.2 x (T1—20.0) — 2.0) x 2

% Clay = (H2 + 0.2 x (T2 -20) — 20.0) x 2

% Silt =100 — (% Sand + % Clay)

where:

Hq = first hydrometer reading at 40 seconds
H> = second hydrometer reading at 3 hours
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T1 = temperature of suspension at first hydrometer reading at 40 seconds
T2 = temperature of suspension at second hydrometer reading at 3hours.

0.2(T1-20) = temperature correction factor to be added to the hydrometer

reading
-2.0 = Salt correction factor to be added to the hydrometer reading

3.5.2.2 Determination of soil bulk density

A core sampler of 10 cm length, 9.8 cm diameter (r = 4.9 cm) and 69 g weight (W1) was
used to take soil samples from each plot at ten (10) days interval during the crop growing
period as described by Anderson and Ingram (1998). Before inserting the tube within the
soil, 1 - 2 cm of surface soil was removed and a knife was used to remove the soil from
the tube ends. The samples were weighed fresh (W-) and oven dried at 105 °C for two
days. Bulk density was calculated using the formula:

W3

Bulk density(Op) (g cm®) =__ V

where:

W3 = dry sample weight (g)

V = volume of core sampler (V = nr’h = 753.914 cm®)

3.5.2.3 Determination of gravimetric moisture content

This was determined using the gravimetric method Marshall and Holmes (1988). The

method is based on removing soil moisture by oven-drying a soil sample until the weight
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remains constant. The moisture content (%) is calculated from the sample weight before

and after drying:

Moisture content (%) = (w2 WiyrWwsy 100
W3

where:
W1 = Weight of the core sampler (g)
W> = Weight of moist soil + the core sampler (g)

W3 = Weight of dried soil

3.5.2.4 VVolumetric water content

The volumetric water (Ov)content was calculated by multiplying the moisture content by

the ratio of soil bulk density over water density.

Ov(m3m3) = OmXx
Ow

where:
Ow= density of water (9w = 1000 kg m~*)
Ob = bulk density (kg m™)

Om= moisture content
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3.6 Laboratory analysis of cattle manure, compost, pearl millet and cowpea grain,

straw and haulm

The raw materials used for composting were cattle manure and cowpea haulm which were
analyzed for their nutrient content (total N, P, K, Ca and Mg, organic carbon, polyphenol
and lignin content). Also millet and cowpea grain, straw and haulm samples were also
taken at the end of each cropping season and analyzed for their chemical parameters (total

N, P and K).

3.6.1 Determination of total nitrogen

One gram (1 g) of the compost or plant material was weighed into a Kjeldahl flask,
Selenium catalyst was added and 20 ml of concentrated H SO were also added to the
2 4

mixture. The digestion flask with the mixture was heated in the DK20 heating digester
block starting at a temperature of 80 °C and then the temperature raised to 350 °C. The
content of the digestion flasks were heated until the volume was reduced to 3 - 4 ml. The
content of the digestion flask was cooled and the volume made up to 100 ml in a
volumetric flasks. Ten (10) milliliters of each sample digest was transferred by means of
pipette into a Kjeldahl distillation apparatus. To this, 20 ml of 40 % NaOH was added and
distilled (Okalebo et al., 1993). Distillate was collected over 10 ml of 4 % boric acid and
three drops of mixed indicator in a 250 ml conical flask for 5 minutes. The presence of
nitrogen gave a light blue colour. Two hundred millilitrers (200 ml) of the distillate was
titrated with 0.1 N HCI till the colour changed from light blue to gray and suddenly flashed

to pink. A blank was carried out with the solution sample. The weight of N was calculated
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as; 14 g of N contained in one mili-equivalent weight of NHs.The percentage of nitrogen

in the sample was calculated as:

14 x A — B x concentration of acid
% Total N= X 100

1000 x 1

where:

A = volume of standard HCI used in the sample titration

B = volume of standard HCI used in the blank titration

14 = atomic weight of nitrogen

1 = mass of the sample in gram

3.6.2 Determination of total phosphorus, potassium, calcium and magnesium

A 1.0 g of the milled compost or plant was ashed in a muffle furnace at 550 °C for 4 hours
after which the ash was dissolved in 2.0 M HCI solution, heated and filtered. The filtrate

was diluted to 100 ml with distilled water.

3.6.2.1 Determination of total phosphorus

A 5 ml aliquot of the supernatant digest was pipetted into a 50 ml volumetric flask. Five

(5.0) millilitres of ammonium molybdate - ammonium vanadate solution was added.
Volume of mixture was made up with distilled water to the 50 ml mark and allowed to
stand undisturbed for 30 minutes for colour development. A standard curve was developed

concurrently with P concentrations ranging from 0.0, 0.8, 1.6, 2.4, 3.2 and 4.0 ug/ml. The
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absorbance of blank, control and the samples were read on the Jenway 6051 Colorimeter

at a wavelength of 430 nm.

A standard curve was obtained by plotting the absorbance values of the standard solutions
against their respective concentrations. Phosphorus concentration of the samples was

determined from the standard curve.

Calculation:

Graph reading x 50
%P= w
x 1000

where:
w = weight of sample

50 = final volume of solution

3.6.2.2 Determination of total potassium

Potassium in the ash solution was determined using a flame photometer. Potassium
standard solutions were prepared with the following concentrations: 0, 2, 4, 6, 8 and 10
pg/ml. The emission values were read on the flame photometer. A standard curve was
obtained by plotting emission values against their respective concentrations.
Calculation:

Graph reading

Yo K=___w
x 100

where:
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w = weight of sample
3.6.2.3 Determination of total calcium and magnesium

A 10 ml aliquot of ash solution was put in an erlenmeyer flask. Ten milliliters of 10 %
potassium hydroxide, 1 ml of triethanolamine and few drops of potassium cyanide
solutions were added. The mixture was titrated with 0.02 M EDTA solution with cal red

as an indicator.

3.6.2.4 Determination of total calcium

Ten millilitres of the ash solution was put in an erlenmeyer flask. Potassium hydroxide,
buffer solution, 1 ml of triethanolamine and few drops of potassium cyanide solutions

were added. The mixture was titrated with 0.02 M EDTA solution with murexide as an

indicator.
Calculation:
V x 0.02 x 20
% Ca=
W
where:

V = ml of EDTA required for titration
0.02 = molarity of EDTA
20 = equivalent weight of Ca (40/2)

W = weight of sample
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3.6.2.5 Determination of total magnesium

The concentration of magnesium in the residue was calculated by subtracting the value
obtained from calcium alone from the calcium + magnesium value.

Calculation:

V x0.02 x 12
% Mg =
w

where:

V = ml of EDTA required for titration

0.02 = molarity of EDTA

12 = equivalent weight of Mg (24/2)

w = weight of sample

3.6.3 Determination of organic carbon

Organic carbon content was determined using the wet dichromate oxidation method. A
0.05 g of organic material (manure, compost and cowpea haulm) was weighed into an
erlenmeyer flask. Ten millilitres concentrated sulphuric acid, 10 ml 0.1667 M K Cr O

2 27,
and 10 ml of orthophosphoric acid were added. After the addition of 200 ml of distilled
water, the solution was allowed to stand for 30 minutes on an asbestos sheet and back

titrated with 0.333 M FeSO solutions with diphenylamine indicator Anderson and

4
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Ingram (1998).

Calculation:

(m.e.K2Cr207- m.e.FeSO4)x 1.32 x 0.003
% Organic C= x 100
w

where:

m.e. = molarity of solution x ml of solution used

w = weight of oven dried sample in grams

0.003 = milli—equivalent weight of carbon in grams (12/4000)

1.32 = correction factor

3.6.4 Determination of polyphenol content

This was determined using the Folin - Denis method (Anderson and Ingram, 1998). A1 g
each of oven dried and milled manure, compost or cowpea haulm were weighed into a 50
ml beaker. Twenty millilitres of 50 % methanol was added, covered and placed in a water
bath at 80 °C for 1 hour. The extract was filtered through Whatnan No. 42 filter paper into
a 50 ml volumetric flask using 50 % aqueous methanol to rinse, and made up to the mark
with distilled water. Standard solutions of tannic acid (0, 1, 2 and 4 ml) were prepared.
The samples and tannic acid standards were subjected to colour development using Folin
- Denis reagent. VValues of absorbance of the standard and sample solutions were read on

a spectronic 21 D spectrophotometer at 760 nm wavelength. A standard curve was
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obtained by plotting absorbance values against concentrations of the standard solutions,
and used to determine the concentration of the sample solutions Anderson and

Ingram (1998).

Calculation:

Graph reading x 50 x 100
Total extractable polyphenol (%) =

W x 1000
where:

W = weight of sample in grams

3.6.5 Determination of lignin content

Lignin is an aromatic compound composed of repeating benzene rings that are branched
and complex (Franzluebbers et al., 1996). It is defined as the residual organic fraction after
chemical extraction which is resistant to microbial degradation. The acid detergent fibre
method was used in determining the lignin content of the residues (Anderson and Ingram,
1998). Two grams of milled residue was weighed into a sealed pyrex tube. To this, 25 ml
of 0.05 M sulphuric acid was added, heated at 100 °C for 1 hour, cooled and centrifuged.
The supernatant solution was saved in another container. This was repeated with distilled
water to remove most of the sulphuric acid in the residue. The solution was transferred
into a 100 ml Erlenmeyer flask with 40 ml distilled water, boiled for 3 hours and filtered.
The residue was washed with water, dried at 60 °C for 48 hours, weighed and ashed in a
muffle furnace at 550 °C for 4 hours. The loss in weight on ignition is the lignin content

of residue (Anderson and Ingram, 1998).
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3.7 Treatments used and experimental design

A 3 x 4 factorial experiment arranged in randomized complete block design (RCBD) with
three replications was used. Each plot measured 10.5 m x 6 m. The space between plots
was 2 m and the field had a total area of 3,139 m? (73 m long and 43 m wide). Pearl millet
was sown first followed by cowpea one week later. Pearl millet and cowpea were sown 5
July and 14 July 2013 and 13 July and 19 July 2014 respectively. Two types of
amendments were used during this experiment; mineral fertilizer (NPK for pearl millet
and DAP for cowpea) and compost. Compost (C) with three rates (0, 2500 and 5000 kg
ha) and mineral fertilizers (MF) with four rates (0, 100, 175 and 200 kg ha™* for NPK and
0, 50, 75 and 100 kg ha? for DAP) corresponding to 0, 50, 75 and 100 % of the
recommended rate which is 200 kg ha™for NPK (15-15-15) and 100 kg ha™for DAP (18-
46-0) (Buerkert et al., 2001b). NPK was applied to pearl millet while DAP to cowpea.
Compost was broadcast one week before sowing and mineral fertilizer was spot applied
(incorporated) twice. The experiment was repeated on the same plots in 2014.

The combination of the two factors gave 12 treatments outlined below:

T1 (control) = 0C+ONPK/DAP ; T2 = 100NPK/50DAP ; T3 = 175NPK/75DAP

T4 =200NPK/100DAP ; Ts =2500 C ; Te = 2500 C + 100NPK/50DAP ; T7 = 2500 C +
175NPK/75DAP ; Tg = 2500 C + 200NPK/100DAP ; T9 =5000 C ; T10 = 5000 C +

100NPK/50DAP ; T11 = 5000 C + 175NPK/75DAP ; T12 = 5000 C + 175NPK/75DAP
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3.8 Data collection

3.8.1 Plant height

Pearl millet height was recorded each week using a rule graduated from 0 - 3 m. Five pearl

millet hills per plot were marked in which one plant per hill was measured weekly.

3.8.2 Leaf area index

Leaves of two plants were randomly harvested from each plot, counted and then average
was worked out. Length and width of the top, middle and bottom leaves of each plant were
measured and used to calculate leaf area. The formula below was used for the calculation
leaf area index (LAI) (Amanullah et al., 2007).

Leaf area Index (LAD= (length x width) x 0.75

3.8.3 Crop growth rate

Three hills of pearl millet were marked per plot within which one plant per hill was
uprooted and the fresh and dried weight recorded. For cowpea, two hills per plot were
uprooted for the determination of crop growth rate (CGR). All millet and cowpea samples

were oven dried at 65 °C for two days. To obtain the CGR, the formula below was used

(g/m? /day) . fresh weight - dried weight

t

where:

t = time in days
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3.8.4 Pearl millet and cowpea grain and dry matter yield

A total area of 24 m? and 12 m? per plot respectively for pearl millet and cowpea were
harvested for grain and dry matter yield and then extrapolated to obtain yield per hectare.

Pearl millet straw and cowpea haulm were sun-dried and weighed.

3.8.5 Pearl millet and cowpea harvest index

Pearl millet and cowpea havest index (HI) which is the ratio of economic yield to

biological yield, was calculated using the formula below:

Grain yield
() H%= x 100

Biomass yield

3.8.6 Nitrogen and phosphorus use efficiency and recovery in grain and
straw/haulm

Pearl millet and cowpea nitrogen and phosphorus use efficiency and recovery were

calculated using the following formula (Snyder and Bruulsema, 2007):

/ treat

Y
NPuse efficiency

Grain N/Ptreat uptake

where:
Yireat = Grain yield of the treatment
(Total N/P millet/cowpea J)f - (Total N/P millet/cowpea )C
N P% recovery = x 100

Amount of N/P added
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where:
f = fertilized plot

C = control plot

3.9 Evaluation of the sustainability yield index and the agronomic efficiency of

compost and mineral fertilizer under strip cropping

The sustainability yield index (SY1) and agronomic efficiency (AE) were calculated using
the following formula described by Efthimiadou et al. (2010).

ym-sdy-Y°

SYIl = and AE=___

YmaxF

where:

Ym = mean yield
Sd = standard deviation

Ymax = maximum yield obtained under a set of management practice
Y = grain yield of fertilized plot
Yo = grain yield in control plot

F = amount of amendment applied.

3.10 Economic evaluation of combined use of compost and mineral fertilizer

The economic analysis in this study was done using the local market prices of the various
inputs (mineral fertilizer NPK and DAP). However, manure was collected freely within

the station. All costs from transporting manure and purchasing of cowpea haulm were
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summed. The cost of 1 kg (1 kg = 65 FCFA) of compost was found by dividing the total
cost involved in the whole composting process by the total quantity of compost produced.
The cost of land preparation, incorporation of amendments (compost and mineral
fertilizer), sowing, tillage and harvesting did not differ among treatments and were not
taken into account during the economic evaluation (Mucheru-Muna et al.,

2007) and (Opoku, 2011). Economic analysis was done using the formula developed by

Khaliq et al. (2006).

Net return = value of grain yield obtained-cost of mineral/organic nutrient sources

Value of grain yield obtained
Value Cost Ratio (VCR) =
Cost of mineral or organic resources

Net income
Relative Increase in Income (RI1)= X 100
Income at control

Also added benefit resulted from integrated use of compost and mineral fertilizer was

calculated using the following formula (Vanlauwe et al., 2002):

AB = Ycomb — (Yfert — Ycon) — (Yecomp— Ycon) - Ycon

where;

AB = added benefit

Y comb = Mean grain yield of treatment receiving both compost and fertilizer
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Ytert = mean grain yield of treatment receiving fertilizer
Y comp= Mean grain yield of treatment receiving compost Y con

= mean grain yield of control.

3.11 Evaluation of nitrogen and phosphorus partial balance of combined
application of composted cattle manure and mineral fertilizer

Partial balance was calculated after application of combined composted cattle manure and
mineral fertilizer taking into account only easily measurable nutrient flows. This refers to
inputs of nutrients in the form of mineral fertilizers (IN1) and composted cattle manure
(IN2) and outputs in harvested product (OUT1); crop residues (OUT2) using the formula

developed by (Roy et al., 2003):

(IN1+ IN2) - (OUT:1 + OUT)
3.12 Data analysis

All statistical analysis was performed using GenStat 9™ edition statistical package (2007
edition). Data on treatments and times of sampling of decomposing compost, nutrient
release pattern, changes in soil chemical and physical properties and pearl millet and
cowpea growth parameters, grain and biomass yield were subjected to two - way analysis
of variance (ANOVA) at the probability of 5 %. Repeated measurements analysis was also
performed for millet height. Polynomial contrast analysis and mean separation was
performed using the Duncan®s least significant difference (LSD) method at 5 %.

Correlation analysis between some of the parameters estimated was done.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Rainfall pattern during the cropping periods

4.1.1 Results

The total rainfall amounts recorded during the cropping seasons were 621 mm in 2013 and
374 mm in 2014. Figure 4.1 shows the distribution of the rainfall over the 2013 cropping
season with higher values recorded daily between 27 to 51 days after sowing

(DAS). During the year 2014, less than 10 mm of the daily rainfall was received after 51

DAS which lasted till the end of the cropping season.

4.1.2 Discussion

Rainfall supply is one of the most critical factors limiting crop growth and yield. Thus,
according to Mason et al. (2014), limited and erratic rainfall, short and variable growing
season are all obstacles to pearl millet production. The results during both cropping
seasons showed that rainfall was within the long-term rainfall range recorded for the
experimental site (350 - 650 mm per year). The total amount of rainfall recorded during
2014 was slightly above the minimum rainfall reported for the long-term period, while in
2013 it was almost equal to the highest value for the long-term period. This low rainfall
pattern observed in 2014 around crop maturity (ie. 70 to 90 days after sowing for millet)
may have had an impact on crop productivity, because under water stress most of flowers

abort resulting in low crop yield.
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Figure 4.1: Rainfall distribution during 2013 and 2014 cropping seasons

4.2 Initial soil physico-chemical properties of the experimental site

4.2.1 Results

The initial soil physico-chemical properties of the sandy arenosol of the study area are
presented in Table 4.1. The results indicated that the soil was strongly acid (pH = 5.3) with

low organic carbon (0.11 %), total nitrogen (0.01%) and available phosphorus (8.72 mg

kgl) contents. Initial soil exchangeable bases of the experimental site recorded were

0.68, 0.07, 0.49 and 0.26 cmol+ kg of Ca, Mg, K and Na respectively. Concentrations
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-1 3+ +
of the acidic cations were 0.39 and 0.31 cmol+ kg for Al and H respectively. The effective

cation exchange capacity (ECEC) was 2.2 cmol+ kg whilst percent base saturation was

68.18 % .

Soil particle size analysis showed that the soil contained 93.20 % sand, 3.90 % silt and
2.88 % clay described as sand texture (Table 4.1). This textural characteristic correspond
to the properties of an arenosol and confirms the fact that the soil of the study area is an

arenosol.

Table 4.1: Initial soil physico-chemical properties of the experimental site”

Soil parameters Mean (0 - 20 cm)
pH (1:1 Soil : water) 530+ 0.14
Organic carbon (%) 0.11+ 0.02
Total N (%) 0.01 £ 0.00
Available P (mg/kg) 8.72 £ 0.57
Exchangeable cations (cmol+ kg of soil)

Ca 0.68 + 0.08
Mg 0.07 = 0.02
K 0.49+ 0.16
Na 0.26 £ 0.05
Al 0.39+ 0.06
H 0.31+ 0.03
ECEC 220+ 0.4
Base saturation (%) 68.18 + 0.78
Physical parameters

Sand (%) 93.2 £ 029
Silt (%) 390+0.1
Clay (%) 2.88+£0.29
Texture Sand

*Values are means of triplicate sample analysis; O standard error
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4.2.2 Discussion

The initial pH value (5.3) of the experimental site was similar to the findings of Akponikpe
et al. (2008) who found a pH of 5.4 at Sadoré in Niger. With acidic pH, plants cannot
easily absorb natural or applied nutrients particularly phosphorus and it delays microbial
activity in the soil (Haile et al., 2009). All this leads to low crop yields. The low pH in the
study area could be attributed to low Ca and Mg contents of the soil. According to Whalen
et al. (2000), most agricultural crops produce well in the pH range of 5.6 to 7.5 in sandy

soils.

Soil organic carbon (SOC) value (0.11 %) of the experimental site was similar to the
findings of Fatondji et al. (2009) who reported organic carbon content of 0.10 % in soils
of Sadoré, Niger. Also, Akponikpe et al. (2008) found low organic carbon content (0.18
%) at Sadoré in south-western Niger. Bationo et al. (2006b) indicated that SOC is crucial
in determining response to N and P fertilization. Landon (2014) rated soil containing
organic carbon > 20 % as very high, 10 — 20 % high, 4 — 10 % medium, 2 — 4 % low and
< 2 % very low. With reference to these ranges, the percent organic carbon of the study
area was very low. This could be explained by the lack of addition of organic resources
such as farm yard manure and compost. Soil organic carbon is an index of sustainable land

management (Nandwa, 2001).

The initial total nitrogen content (0.01 %) was very low. Landon (2014) rated percent total
N content in soil > 1.0 as very high, 0.5 - 1.0 high, 0.2 — 0.5 medium, 0.1 — 0.2 low and <

0.1 very low. With reference to these ranges, the total N content of the study area was very
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low due to the low organic matter content since nitrogen is an essential component of

organic matter.

The initial available P content of the study area is low but around the value of 8 mg kg
which according to Manu et al. (1991) has been determined to be the critical P level
required to obtain 90 % of the maximum millet yield in sandy soils of Niger. Buchholz et
al. (2004) provided available P ranges as: < 3 mg kg*-very low, < 10 mg kg*-low,

between 10 - 20 mg kg t-medium, > 20 mg kg*-high.

According to the rating reported by Metson (1961), Ca and Mg of the study area can be
classified as very low, K as moderate and Na as low. Robertson et al. (1999) showed that
in highly weathered sandy soil where pH is low and with low organic matter, exchangeable
bases content and availability can be affected. Acid sandy soils that have very low levels

of exchangeable calcium and magnesium may limit plant growth.

The effective cation exchange capacity (ECEC) (2.2 cmol+ kg of soil) of the study area
was very low and could be explained by the low pH and soil organic matter content. Arthur

(2009) reported that low ECEC value could be due to low pH (5.07). According

-1
to the rating given by Landon (2014), ECEC value (i.e. in cmol+ kg ) > 40 is very high, 25

— 40 is high, 15 — 25 is medium, 5 — 15 is low and < 5 is very low.

The initial percent base saturation of 68.18 % corresponds to the high level as classified
by Metson (1961). Percent base saturation provides an indication of how closely nutrient

status approaches potential fertility.
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4.3 Soil physico-chemical properties after sole and combined application of compost

and mineral fertilizer
4.3.1 Results
4.3.1.1 Soil pH

Sole application of composted cattle manure and mineral fertilizer and their combination
did not significantly (P > 0.05) change the soil pH of the experimental site even though an
increase from the initial pH was observed in all treatments during the 2013 and 2014
cropping seasons (Table 4.2). The pH values in 2014 were higher than the 2013 values
under all treatments as shown in Table 4.2 and Appendix 1. The highest pH value of 5.63
was recorded under 2500 kg ha™* compost + 200 kg ha™* NPK in 2013 while 6.26 resulted

from the sole application of 2500 kg ha™* compost during the 2014 cropping season.

4.3.1.2 Soil organic carbon

Changes in soil organic carbon content (SOC) following the application of the different
amendments are presented in Table 4.2. An increase in organic carbon content relative to
the initial SOC content (0.11 %) was observed in all treatments except the control in 2013
even though these changes were not significant among treatments. In 2014 cropping
season, organic carbon content decreased in most treatments compared to the initial value
(0.11 %). The highest organic carbon content of 0.28 % was recorded under the application
of 5000 kg ha* compost + 175 kg ha* NPK in 2013 while 0.13 was recorded in 2014
under the sole applications of 2500 and 5000 kg ha™* compost.

Table 4.2: Effect of compost, mineral fertilizer and their combinations on soil pH and
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soil organic carbon during the 2013 and 2014 cropping seasons

Treatments (kg ha™) pH(1:1 H-O) Organic carbon (%)
—Compost  NPK fertilizer 2013 2014 2013 2014
00 551 595 0.11 0.12100 539 565 0.24

0.09

175 5.57 6.01 0.22 0.10

200 5.50 6.23 0.25 0.09

2500 0 542 6.26 0.19 0.13100 546 542

0.25 0.08

175 5.47 5.65 0.25 0.07

200 5.63 6.22 0.22 0.11

5000 0 551 569 025 0.13100 536 5.70

0.21 0.10

175 5.44 5.86 0.28 0.07

200 5.33 5.97 0.24 0.11

CV (%) 3.70 7.30 60.20 41.40

Lsd (0.05)

Lsd C 0.17 0.37 0.07 0.03

Lsd NPK 0.19 0.42 0.08 0.04

Lsd C x NPK 0.37 0.74 0.14 0.07
C = compost

4.3.1.3 Soil total N

Soil total nitrogen content after sole and combined applications of compost and mineral
fertilizer is presented in Table 4.3. The total soil nitrogen content doubled after
amendment application in all treatments compared to the initial soil nitrogen content (0.01
%) during 2013 cropping season but was however, still low. In 2014 cropping season, this

increase was noticed in most treatments (e.g. 2500 kg ha* + 175 kg ha* NPKfertilizer).

Table 4.3: Effect of compost, mineral fertilizer and their combinations on soil total N
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and available P during the 2013 and 2014 cropping seasons

Treatments (kg ha™) Total N (%) Available P (mg kgt)
(‘nmpncf NPK fertilizer 2013
0 0 002 o01 7.04 7.04
100 0.02 0.02 8.58 10.61
175 0.02 0.02 9.16 10.88
200 0.02 0.02 8.32 13.40
2500 0 0.02° 0.02 6.75 16.36100 0.02 0.01
9.71 12.09
175 0.02 0.02 8.33 10.61
200 0.02 0.01 9.11 14.39
5000 0 0.02 0.01 7.01 1143100 0.02 0.02
6.48 12.01
175 0.02 0.02 6.52 10.34
200 0.02 0.01 8.58 14.89
CV (%) 12.40 39.30 24.80 25.90
Lsd (0.05)
Lsd C 0.002 0.005 1.670 2.780
Lsd NPK 0.002 0.006 1.929 3.210
Lsd C x NPK 0.004 0.011 3.341 5.570
C = compost

4.3.1.4 Soil available P

Table 4.3 presents the changes in available phosphorus after sole and integrated
application of compost and mineral fertilizer. In comparison to the initial available P value
of 8.72 mg kg%, an increase was observed in all treatments in 2014 except the control. The
highest available P values of 9.710 in 2013 and 16.360 mg kg™ in 2014 were obtained by
applying 2500 kg ha™* compost + 100 kg ha* NPK and 2500 kg ha* compost, respectively
(Table 4.3). The increase in available phosphorus values obtained among treatments was

not significant during both cropping seasons. In both years, the control had the same P
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value of 7.04 mg kg, which was lower than the initial available phosphorus value (8.72
mg kgl) (Table 4.3).

4.3.1.5 Exchangeable bases

Sole and combined applications of compost and mineral fertilizer led to changes in soil
exchangeable bases content as presented in Tables 4.4 and 4.5. Under all treatments, Ca

content was higher in 2014 relative to 2013 and also higher than the initial Ca content of
0.68 cmol+ kg*. The year significantly affected the exchangeable bases (Appendix 1).

Higher Ca contents of 0.90 and 1.06 cmol: kg* were obtained by applying 200 kg ha*
NPK in 2013 and 2500 kg ha* compost respectively in 2014. On the other hand, higher
values of soil magnesium content were recorded under all treatments in both cropping
years compared to an initial value of 0.07 cmol: kg’ (Table 4.4). Furthermore, all
treatments in 2014 had higher Mg content than in 2013 even though there were no
significant differences among treatments. The highest Mg contents of 0.33 and 0.74 cmol+
kg™ were obtained when 200 kg ha* NKP was applied in 2013 and 2500 kg ha™* compost

+ 100 kg ha NPK in 2014 respectively.

Table 4.4: Effect of compost, mineral fertilizer and their combinations on soil
exchangeable calcium and magnesium during the 2013 and 2014 cropping

seasons

Treatments (kg ha™) Ca (cmol+ kg™ Mg (cmol+ kgt)

Compost  NPK fertilizer —20143— 2014~ 2043 — 2014
00 0.75 0.85 0.17 0.49100 072 088 0.24

0.57
175 0.62 1.05 0.06 0.41
200 0.90 0.88 0.33 0.49
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2500 0 0.57 091 0.09 0.61100 0.63 0.81
0.13 0.74
175 0.89 0.77 0.32 0.71
200 0.55 1.03 0.04 0.35
5000 0 065 106 0.09 0.36100 0.62 101
0.08 042
175 0.60 0.83 0.16 0.63
0.53 0.98 0.09 0.37
38.20 15.90 86.10  42.30
Lsd (0.05)
Lsd C 0.22 0.12 0.11 0.18
Lsd NPK 0.25 0.14 0.12 0.21 Lsd C x NPK 0.43 0.25
0.22 0.37
C = compost

200

Table 4.5 presents changes in potassium and sodium after sole and combined application

of compost and mineral fertilizer. All treatments had higher potassium contents than the

initial value of 0.49 cmol. kg™ during the two cropping seasons. Moreover, all treatments

recorded relatively higher potassium content in 2013 than in 2014 cropping season. On

the other hand, apart from 200 kg ha* NPK, 2500 kg ha* compost + 200 kg ha™* NPK and

5000 kg ha* compost + 200 kg ha* NPK, all other treatments had higher sodium content

in 2013 than the initial value of 0.26 cmols kg™. Similar trend of Na content was also

observed in 2014. The highest Na content of 0.36 cmol+ kg was obtained under the

application of 100 and 175 kg ha* NPK during the 2013 cropping season.

Table 4.5: Effect of compost, mineral fertilizer and their combinations on soil

exchangeable potassium and sodium during the 2013 and 2014 cropping

seasons

Treatments (kg ha™) K (cmol: kg Na (cmol. kg?)
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Compost NPK fertilizer 2013 2014 2013 2014
0 0 1.24 097 0.35 0.07100 1.31
0.98 0.36 0.07
175 1.40 0.95 0.36 0.07
200 1.51 0.95 0.24 0.07
2500 0 1.39 1.03 0.27 0.07 100 1.77
0.92 0.43 0.07
175 1.21 0.97 0.28 0.06
200 1.24 0.96 0.23 0.07
5000 0 1.31 0.86 0.33 0.07100 1.50
1.16 0.34 0.07
175 1.75 0.86 0.35 0.06
0.52 0.85 0.25 0.06
47.70  20.50 31.30 19.50
Lsd (0.05)
Lsd C 0.54 0.7 0.08 0.01
Lsd NPK 0.63 0.19 0.09 0.01LsdC x NPK 1.09
0.33 1.17 0.02
C = compost

4.3.1.6 Exchangeable acidity

CV (%

200

Changes in aluminium (AI**) and hydrogen (H*) concentrations were observed after the

application of treatments (Table 4.6). Apart from the application of 175 kg ha™* NPK, 2500

kg hat compost + 175 kg ha* NPK and 5000 kg ha* compost + 200 kg ha* NPK, all other

treatments recorded higher values of AI** in 2013 compared to the initial value of 0.39

cmol: kg, On the other hand, higher values of H* were recorded under all treatments in

2013 except for the application of 5000 kg ha compost + 175 kg hat NPK compared to

the initial concentration of 0.31 cmol+ kg.

Table 4.6: Effect of compost, mineral fertilizer and their combination on soil

exchangeable acidity during the 2013 and 2014 cropping seasons
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Treatments (kg ha)

Al (cmol: kg?t)

H (cmol.: kg

Compost NPK fertilizer

—2013—2014— —2013—20344—

0 0 045 045 045 0.39100 0.45
033 045 0.28
175 0.33 0.33 0.39 0.33
200 0.50 0.39 0.45 0.28
2500 0 045 0.33 0.33 0.22100 0.50
050 045 0.33
175 0.33 0.39 0.39 0.33
200 0.56 0.39 0.50 0.33
5000 0 050 0.28 045 0.28100 0.50
033 0.33 0.28
175 0.56 0.39 0.22 0.39
0.39 0.33 0.33 0.33
26.70  22.70 41.00 24.20
Lsd (0.05)
Lsd C 0.10 0.07 0.14 0.06
Lsd NPK 0.12 0.08 0.16 0.07
Lsd C x NPK 0.21 0.14 0.27 0.13
C = compost

4.3.1.7 Effective cation exchange capacity and percent base saturation

CV (%

200

The effective cation exchange capacity (ECEC) of the soil during the 2013 and 2014

cropping seasons ranged from 2.10 - 3.92 cmols kg! and 2.90 - 3.37 cmol+ kg*

respectively as shown in Table 4.7. All treatments recorded higher ECEC values compared

to the initial 2.2 cmol. kg value during both cropping seasons except the application of

5000 kg ha™* compost + 200 kg ha* NPK.

On the other hand, base saturation in 2013 and 2014 fluctuated between 65.72 - 78.80 %

and 74.03 - 82.44 %, respectively (Table 4.7). Application of 5000 kg ha™* compost + 200

kg hat NPK had a lower base saturation compared to the initial value of 68.18 % in both
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cropping seasons. The 2014 cropping season obtained higher base saturation values

(80.35, 82.44 and 81.22 %) compared to the 2013 cropping season.

Table 4.7: Effect of compost, mineral fertilizer and their combinations on ECEC and

base saturation during the 2013 and 2014 cropping seasons

Treatments (kg ha®) ECEC (cmol: kg?) Base saturation (%)
Compost NPK fertilizer —2013 2014 2013 2014
73.80
0 0 3.40 3.22 74.03
100 3.52 3.4 74.74 80.35
175 3.16 3.15 77.10 78.77
200 3.92 3.06 75.88 78.14
2500 0 3.10 3.17 74.85 82.44 100 3.90 3.37
75.71 75.24
175 3.42 3.23 78.86 77.56
200 3.11 3.13 65.99 76.87
5000 0 3.33 290 7159 80.84 100 3.37 3.28
75.25 81.32
175 3.64 3.16 78.57 0. 32
- S ol ey 200
CV (% 145.10 6768 211
271.00
65.72
2.93 75.02 77.17
Lsd (0.05)
Lsd C 1.19 1.14 0.80 0.89
Lsd NPK 1.37 0.70 0.80 0.79
Lsd C x NPK 3.39 1.24 0.86 0.78
C = compost

4.3.1.8 Soil physical properties after sole and combined application of
compost and mineral fertilizer
Changes in soil moisture content, volumetric water content and soil bulk density were

observed after the sole and combined applications of compost and mineral fertilizer during
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the two cropping seasons (Table 4.8). Contrary to expectation, the highest bulk density

values of 1.75 (2013) and 1.68 g cm™ (2014) were recorded under the application of 5000

kg ha compost + 100 kg ha* NPK and 5000 kg ha™* compost + 200 kg ha™* (Table 4.8).

Moisture content was relatively higher in 2013 than in 2014 in all treatments. Similar trend

was observed for volumetric water content. The highest volumetric water content value of

12.31 m®m3was recorded by applying 5000 kg ha* compost + 100 kg ha™* NPK and 5000

kg hat compost + 175 kg ha™* NPK during the 2013 cropping season.

Table 4.8: Soil physical properties as affected by sole and integrated use of compost and

mineral fertilizer

Bulk density Moisture Volumetric
Treatments (kg ha™) (gcm®) content (%) Water (m3m‘3)
NPK
Compost _fertilizer 2013 2014 2013 2014 2013 2014
0 0 1.70 1.66 6.84 3.86 11.63 6.40
100 1.67 1.65 729  3.30 12.23  5.44
175 1.69 1.65 7.17  3.38 12.14 5.60
200 1.67 1.66 6.86  3.49 1146 5.79
2500 0 1.69 1.65 6.88 3.42 11.63 5.65
100 1.67 1.66 7.28 A @25 12.14 542
175 1.65 1.64 6.85 3.13 11.30 5.16
200 1.65 1.65 7.03 4.03 11.55 6.53
5000 0 1.71 1.68 6.66  3.57 11.38 5.98
100 1.75 1.67 6.98 3.34 12.31 5.56
175 1.73 1.67 7.12  3.36 1231 5.63
6.72 3.62 11.63 6.09
11.00 29.80 1290 28.30
1.73 1.68
CV (%) 3.40 2.40
Lsd (0.05)
Lsd C 0.05 0.05 0.65 0.65 119  1.29
Lsd NPK 0.05 0.06 0.69 0.75 1.49 1.45
Lsd C x NPK 0.09 0.09 130 1.29 257 259
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C = compost
4.3.2 Discussion

4.3.2.1 Soil pH

Soil pH did not significantly change under all treatments even though increases were
observed compared to the initial value (Table 4.2). Hati et al. (2007) reported that soil pH
did not change significantly with application of manure and fertilizer even after 26 years.
The highest pH values of 5.63 (2013) and 6.26 (2014) were obtained under combined use
of 2500 kg ha* compost + 200 kg ha* NPK and sole application of 2500 kg ha™* compost,
respectively. Whalen et al. (2000) found an increase in pH of two acid soils after
application of fresh manure or composted animal manure. Fatondji (2002) also reported a
non-significant increase in pH value from an initial value of 3.9 to 4.3 within Zai amended
with manure and crop residues and to 4.4 in flat application of manure and crop residues.
Abdel-Rahman (2009) found a pH increase after composted manure application in the
sahelian zone of Burkina Faso. Increased pH contributes to nutrient assimilation since

most of plant nutrients are soluble and are available between pH of 5.6 to 7.5.

4.3.2.2 Soil organic carbon

There was a non-significant increase in soil organic carbon (SOC) content among the
treatments especially under combined use of compost and mineral fertilizer in 2013 (Table
4.2). This can be explained by the addition of organic matter through compost application
(Table 4.9). Fairhurst (2012) reported that organic inputs with C/N ratio < 16 release
nutrients within a short time. Weber et al. (2007) found a progressive increase in % SOC

after three years of compost application. On the contrary, in 2014 % SOC decreased (Table
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4.2) and this can be related to the low soil moisture (Table 4.8) and the high temperature
which probably had an impact on organic matter decomposition. Brown and Cotton (2011)
found an increase of 3 fold over the control in organic carbon after application of compost

with an average of 1.5 0 1.2 % in the 0 - 15 cm depth. Sarwar et al. (2008) obtained an

increase of percent SOC under a 12 t/ha and 24 t/ha compost application.

4.3.2.3 Soil total N

Soil total nitrogen content increased in all amended plots in 2013 due to addition of N
through compost and mineral fertilizer applications (Table 4.3). Harris (2002) found that
the application of 4 t/ha of manure approximately provided 12 kg N, 8 kg P, 32 kg K, 10
kg Mg and 34 kg Ca ha. Furthermore, Bouajila and Sanaa (2011) found a significant
increase in soil total N following the application of manure and household compost.
However, nitrogen content decreased relative to the initial under the application of 2500
kg ha't compost + 100 kg ha™ NPK 2500 kg ha compost + 200 kg hat NPK, 5000 kg ha
1 compost and 5000 kg ha™* compost + 200 kg ha* NPK in 2014 (Table 4.3). This can be
linked to the low rainfall received in 2014, which might have influenced the nitrogen tie-
up by microorganisms. Ewusi—Mensah (2009) found a lower reduction of total N content
in plots amended with compost and mineral fertilizer. On the contrary, Efthimiadou et al.
(2010) found that combined use of NPK and farmyard manure increased SOM, total N,
Olsen P and ammonium acetate exchangeable K by 47, 31, 13 and 73 % respectively

compared to the application of NPK through inorganic fertilizer.
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4.3.2.4 Soil available P

An appreciable available P increase of 11.35 % (2013) and 87.61 % (2014) relative to the
initial value (8.72 mg kg*) was observed under application of 2500 kg ha™* compost + 100
kg ha! NPK and 2500 kg ha™* compost with available P values of 9.71 and 16.36 mg kg™
respectively (Table 4.3). This increase though not significant, can be attributed to the
addition of organic matter which according to Nziguheba et al. (1998) contributes to the
desorption of phosphate and thus improves the available P content in soil. Arthur

(2009) made similar observation in Ghana after application of crop residues. Chen et al.
(2001) demonstrated that composted straw was found to have the greatest ability to reduce
the inorganic P sorption capacity of the soil, followed by composted cattle manure.
Composted poultry manure also reduced the strength of P adsorption by the soil and

improved the P availability (Yu et al., 2013).

4.3.2.5 Exchangeable bases

Application of compost and NPK mineral fertilizer after two years (2013 and 2014) did
not significantly change the exchangeable calcium and magnesium among all treatments
even though an increase was observed compared to their initial values (Table 4.4). This

increase was more pronounced under application of 5000 kg ha* compost for Ca and

2500 kg ha! compost + 100 kg ha* NPK for Mg. On the other hand, mean exchangeable
K (1.35 cmol+ kg™) and Na (0.25 cmol. kg™) were higher under application of 2500 kg
hat compost + 100 kg ha™ NPK as shown in Table 4.5. Ayeni and Adeleye (2012) found

a significant increase in exchangeable Ca and Mg after combined application of cattle
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dung and urea fertilizer from selected agro-ecological zones of Nigeria. The highest Ca

was obtained under application of 5000 kg ha* cattle dung.

4.3.2.6 Exchangeable acidity

The AI** and H* showed a decrease in concentration relative to their initial values under
application of 2500 kg ha* compost + 175 kg ha* NPK and 5000 kg ha™* compost + 200
kg ha! NPK for AI** and 2500 kg ha* compost for H*. According to Ayeni and Adeleye
(2012), sole application of cattle dung and its combination with urea fertilizer decreased

soil AP* and H* at various selected agro-ecological zones of Nigeria.

4.3.2.7 Effective cation exchange capacity and percent base saturation

Percent base saturation was relatively higher in 2014 than in 2013 in most treatments
(Table 4.7) with higher values of 82.4, 80.8 and 81.3 % being recorded under application
of 2500 kg ha* compost, 5000 kg ha* compost and 5000 kg ha compost + 100 kg ha
NPK, respectively. This can be explained by the accumulation of exchangeable bases
following the amendment application over the two cropping seasons. An appreciable
ECEC increase of 78.18 % (2013) and 53.18 % (2014) was observed under the

applications of 200 kg ha* NPK and 2500 kg ha™* compost + 100 kg ha* NPK,

respectively.

4.3.2.8 Soil physical properties after sole and combined application of
compost and mineral fertilizer

Compost and mineral fertilizer application decreased bulk density insignificantly in
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2014 compared to 2013 in all treatments (Table 4.8 and Appendix 1). This decrease can
be explained by the soil structure improvement due to compost application. The lowest
value of 1.64 g cm™ was recorded by applying 2500 kg ha* of compost + 175 kg ha*

NPK in 2014.

The high moisture and volumetric water contents observed in 2013, especially under
application of 5000 kg ha* compost + 175 kg ha* NPK (7.12 % and 12.31 m®m) were
due more to the fact that the compost improved soil moisture storage as well as the high
and regular rainfall received in 2013 compared to 2014 (Figure 4.1). Stoffella et al. (1997)
showed that composted manure has multiple benefits on the improvement of soil moisture,
storage and porosity. Harris (2002) stated that the addition of manure to fields can improve

water-holding capacity and soil structure.

4.4 Chemical composition of organic amendments used

4.4.1 Results

The chemical composition of raw materials (manure and cowpea haulm) and the matured
compost used during the two years of the study are presented in Table 4.9. The manures
used for composting during the two years of the study had similar percent N content which
ranged from 0.29 to 0.35 %. Total N content of compost ranged from 1.02 to 1.22 %. Total
P content of manure was higher in 2014 (1.06 %) than in 2013 (0.16 %). On the other
hand, matured compost had similar P content in both years (3.01 and 3.23 %). Total N
content of the matured compost was not too much different in both years (1.02 and 1.22

%). The matured compost had a C/N ratio of 5.5 and 9.0 respectively in 2013 and 2014 as
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shown in Table 4.9. Lignin contents of manure, cowpea haulm and matured compost were
3.80 and 2.20 %, 10.95 and 4.35 % and 6.70 and 5.55 % respectively in 2013 and 2014
while the polyphenol contents were 0.59 and 0.92 %, 0.97 and 1.35 % and 0.62 and 0.67
% respectively. Even though the lignin and polyphenol contents of the raw materials
(manure and cowpea haulm) were different, the matured compost had closely the same

value of lignin and polyphenol in both years.

Table 4.9: Chemical characteristics of manure, cowpea haulm and compost used

Measured Organic amendments”
parameters
2013 2014
Manure - cowpea Matured Manure - cowpea Matured
haulm compost haulm — compost
Total N (%) AL 2.51 1.02 0.29 1.66 1.22
Total P (%) 0.16 0.16 3.01 1.06 0.94 3.23
Total K (%) 2.06 1.93 555 1.74 0.89 2.09
Org. C (%) 785 2075 560 1862 4868  10.90
C/N ratio 22.40 8.30 5.50 64.20 29.30 9.00
Total Ca (%) 0.20 0.06 0.22 0.03 0.07 0.20
Total Mg (%) 0.09 001 0.10 001 0005 007
Lignin (%) 380 1095  6.70 220 435 555
Polyphenol (%) 0.59 0.97 0.62 0.92 1.35 0.67

*Values are means of triplicate sample analyses

4.4.2 Discussion

Quality of organic amendments is one of the key factors determining the rate of

decomposition. Manure used for this study in both years contained low major nutrients
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indicative of low quality (Table 4.9). Paul et al. (2009) reported a low total nitrogen
content of manure on a dry matter basis of below 0.5 %. Harris (2002) found percent N

and P ranges of 1.2 - 1.7 and 0.15 - 0.21, respectively.

Cowpea haulm on the other hand, had higher N content in both cropping years and P was
higher in 2014. Composting cattle manure with the addition of cowpea haulm enhanced
manure fertilizer value. Composting manure resulted in 2.5 and 4.5 times more

N and P content respectively relative to the initial manure contents over the two years
(Table 4.9). These results are higher than the findings of Fening et al. (2010) who found
53 and 102 % N increase in Ghana respectively ina 2:1 and 1:1 composted cattle manure.
This high increase can be explained by the high N content of cowpea haulm (Table 4.9)
and also by the fact that the manure quality was very poor. Organic carbon decreased after
composting and this could be due to its use by microorganisms. Ewusi— Mensah (2009)

made a similar observation after composting cowdung in Ghana.

According to Vanlauwe et al. (2002), organic materials with lignin content less than 15 %
and polyphenol less than 4 % can be incorporated directly as soil amendment if the N
content is greater than 2.5 %. The lignin content of the initial manure (2.2 - 3.8 %), cowpea
haulm (4.35 - 10.95 %) and polyphenol (0.59 - 0.92 %) for manure and for cowpea haulm
(0.97 - 1.35 %) (Table 4.9) were less than those found by Opoku (2011). Opoku (2011)
found lignin content range of 10.1 and 16.0 % and polyphenol content range of 6.6 and
8.4 % in manure at Maradi (Niger). On the other hand, lignin and polyphenol contents of

compost ranged between 6.70 and 5.55 % and 0.62 and 0.67 % in
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2013 and 2014 respectively. The nitrogen content of compost (1.02 - 1.22 %) was lower
than 2.5 % indicating the need to mix the compost with mineral fertilizer according to the

decision support system elaborated by Vanlauwe et al. (2002).

4.5 Temperature and moisture content of compost

4.5.1 Results

Moisture content and temperature were monitored during the composting period in 2013
and 2014 (Figure 4.2). Compost temperature was above the ambient temperature during
the whole period of two years. The highest temperature values of 50 and 52.1 °C were
recorded after 42 and 28 days of composting in 2013 and 2014, respectively (Figure

4.2). Moisture content reached its highest value of 55.0 % and 66.3 % one (1) and four (4)
weeks after the composting began in 2013 and 2014 respectively. Moisture level was more

stable in 2013 than in 2014.

4.5.2 Discussion

The measurement of temperature during composting is an indirect method of assessing the
decomposition of organic matter. At the onset of the composting process in 2013 and 2014,
temperatures in the pile were 41.4 and 39.5 °C (after one week), which increased to a
maximum of 49.3 and 52.1 °C six and four weeks afterwards (Figure 4.2) and decreased
gradually till compost maturation. This can be explained by the presence and activity of
microorganisms. Ngakou et al. (2008) reported that the first week of composting
temperature is explained by the activity of mesophilic microorganisms and after few
weeks these mesophilics are changed by the thermophilic micro-organisms as temperature
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increases. Furthermore, Tkachuk et al. (2013) observed two phases of temperature during
the composting process: the biooxidative phase and the maturation phase. The
biooxidative phase generally begins within the first few days of composting, when
primarily mesophilic organisms decompose organic matter, resulting in an increase in
temperature to over 40 °C. As the temperature increases, thermophilic organisms

proliferate and decompose organic matter and inactivate many pathogens.

Moisture content of the compost decreased from 70.0 to 40.3 % and 59.2 to 44.2 % in
2013 and 2014 during composting process (Figure 4.2). These ranges were favourable for
the development and activity of microorganisms. This has been reported by Augustin and
Rahman (2010) who found 50 % moisture content for good development and activity of

microorganisms.
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Figure 4.2: Temperature and moisture changes during the composting periods

4.6 Compost decomposition and nutrient release patterns
4.6.1 Results

4.6.1.1 Decomposition of compost under field conditions

The decomposition of compost was monitored under field conditions during the 2013 and
2014 cropping seasons as shown in Figure 4.3. There was a gradual decrease of the mass

remaining in the litterbags over time during the two cropping seasons. After 21 and
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14 days of decomposition, 26.50 and 32.25 % mass loss was observed in 2013 and 2014
respectively. This mass loss showed a rapid decomposition pattern in 2014. The remaining
compost in the litter bags after 84 days (almost the end of cropping season) of exposure were
59.67 and 43.5 % in 2013 and 2014 cropping seasons respectively. In both years, the
decomposition factor was the same (k = 0.07 week™) indicating a low decomposition rate of

the compost.
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Figure 4.3: Compost decomposition over time under the field conditions during

2013 and 2014 cropping seasons (Bars = standard error).

4.6.1.2 Relationship between mass loss and rainfall

Rainfall pattern is important for the decomposition of compost under field conditions since
it influences the soil moisture content which has an impact on microbial activities. The
correlation between mass loss and cumulative rainfall were 99.3 and 96.4 % in 2013 and
2014 respectively as shown by Figure 4.4. The higher R? in 2013 was due to higher

rainfall.
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Figure 4.4: Relationship between % mass loss and cumulative rainfall

during compost decomposition under field conditions

4.6.1.3 Nutrient release from compost under field conditions

received

For good management of an organic resource, it is fundamental to understand how it

releases nutrients over time under field conditions. Thus, compost samples were analyzed

after each sampling time in order to find out its nutrient release pattern over time. In 2013

cropping season, potassium (K) was the most released nutrient with a maximum value of

97 %, followed by phosphorus (P) (74 %) and nitrogen (N) (31 %) as shown in Figure 4.5.

These maximum values were reached sixty three (63) days of decomposition in 2013.

Potassium and phosphorus were immobilized between 63 and 84 days after

decomposition. Immobilization of nitrogen occurred between 21 - 42 days and 14 — 28
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days of decomposition in 2013 and 2014, respectively. In 2014 cropping season, K was
mineralized throughout the decomposition period. Phosphorus was immobilized between
42 — 70 days of decomposition. Potassium (K) and phosphorus (P) release patterns
followed the same trend as compost mass loss in 2013 and 2014 cropping seasons. In

2014, the higher percentages of K, P and N release of 99, 60 and 58 % respectively were

observed after 84 days of decomposition (Figure 4.5).
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Figure 4.5: Nitrogen, phosphorus and potassium release patterns under field

conditions during the 2013 and 2014 cropping seasons (Bars represent
standard error)

Calcium and magnesium were mineralized between 21 — 63 days with maximum release
values of 41 and 21 % and immaobilized between 63 — 84 days of decomposition in 2013.

A slight immobilization occurred for carbon between 42 — 63 days of decomposition in
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2013 and its highest percent release (44 %) after 42 days (Figure 4.6). In 2014, calcium
and magnesium were immobilized between 14 — 28 days of decomposition after which
mineralization occurred till the end of bags exposure. On the contrary, carbon was
mineralized between 14 — 42 days, after which it was immobilized till the end of
decomposition. The highest Ca and Mg values of 51 and 40 % were obtained after 84 days

of decomposition while at 42 days carbon release reached its highest percent value of 50

% (Figure 4.6).
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Figure 4.6: Calcium, magnesium and carbon released patterns under field

conditions during the 2013 and 2014 cropping seasons (bars represent standard
error)

Mass remaining and nutrient release were strongly negatively correlated especially for N,P
and K during the two cropping seasons as shown in Table 4.10, indicating that the nutrient

concentration decreased with time.
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Table 4.10: Correlation between mass remaining and nutrient release from compost under
field conditions during the two cropping seasons.

% mass

2013 remaining % N %P % K %Ca %Mg %C

%  mass

remaining 1

% N -0.69 1

% P -0.975* 0.66 1

% K -0.947* 0.516  0.984** 1

% Ca -0.955* 0.458  0.958* 0.983** 1

% Mg -0.402 0.398 0.589 0.581 0.426 1

%C -0.395 -0.341  0.323 0.446 0.58 -0.297 1
% mass

2014 remaining % N %P % K %Ca %Mg %C

%  mass

remaining 1

% N -0.707 1

% P -0.82* 0.655 i

% K -0.987*** 0.659 0.85* 1

% Ca -0.706 0.916** 0.586 0.614 il

% Mg -0.541 0.77 0.295 0.422 0.936* 1

%C -0.663 0.224 0.791 0.764  0.051 -0.237 1

*, ** and *** Correlation is significant at 0.05, 0.01 and 0.001 respectively

4.6.1.4 Nutrient release from compost under laboratory conditions

Nutrient release patterns of composted cattle manure was also monitored under controlled

laboratory conditions. Nitrogen release was highest on day one (1), i.e. 8 % (2013) and 17



% (2014) and decreased continuously but still above the control till the end of the
incubation period in both years (Figure 4.7). Phosphorus release followed the same trend
as nitrogen and was still higher than the control even though in 2014 it was close to zero

as shown in Figure 4.7.
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Figure 4.7: Compost N and P release patterns under laboratory conditions (Bars

represent standard error)
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Under laboratory conditions, nitrate - N (NO 3 —— N) release decreased over the period of
incubation with the highest values of 9.37 and 7.59 % observed at day one in 2013 and
2014 respectively (Figure 4.8). At the same time, ammonium - N (NH4 +— N) kept rising
in 2013 and reached the highest value of 9.92 % at 63 days of incubation, while it
decreased gradually in 2014.
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Figure 4.8: Compost ammonium - N and nitrate - N release patterns under

laboratory conditions (Bars represent standard error)
Calcium (Ca) and magnesium (Mg) release patterns were also monitored under laboratory

conditions. Compost released the highest Ca and Mg values of 1.82 and 0.81

% in 2013 respectively after 42 days of incubation. On the other hand, 5.28 and 0.87 %
Ca and Mg were released respectively in 2014 at day one (Figure 4.9). Calcium was
immobilized at one and 63 days after incubation in 2013 and at 42 days in 2014.
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Magnesium was also immobilized throughout the compost incubation and from 28 days
of incubation period respectively in 2013 and 2014 cropping seasons.
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Figure 4.9: Compost Ca and Mg release patterns under laboratory conditions

(Bars represent standard error)
4.6.2 Discussion

4.6.2.1 Decomposition of compost under field conditions

After 84 days (12 weeks) of decompostion, there were still 59.6 and 43.5 % of
undecomposed matured compost in 2013 and 2014 respectively (Figure 4.3). This was
against only 8 % of the undecomposed manure in zai pits after 81 days of exposure found
by Fatondji et al. (2009). The difference between the two findings could be explained by

the microclimate created within Zai which allowed high microorganism activity.

87



However, this decomposition rate is similar to the findings of Esse et al. (2001) who
found in nylon bags at 10 weeks manure decomposition of 38 % on ,,Glacis™ and

,,Dallol* soils in South-west region of Niger. In addition, Partey et al. (2011) reported 31
% of decomposing leaf material remaining (Acacia auriculiformis) after 12 weeks of

decomposition.

Even though decomposition of matured compost increased gradually till the end of
cropping season, it was low in both years and this could be linked to the rainfall pattern
(Figure 4.1) particularly in 2014. In fact when rainfall decreases, the moisture content of
soil also decreases and activity of microorganisms is negatively affected (Augustin and
Rahman, 2010). The low observed compost decomposition is contrary to the findings of
Tetteh (2004) in Ghana who found a rapid decomposition phase of organic materials
during the earliest weeks of decomposition. The difference in both findings may be due to
the climatic conditions (moisture and ambient temperature) as well as population and
diversity of microorganisms. Under dry sahelian conditions of Niger, decomposition is
mainly dominated by the macro fauna (termites essentially) (Fatondji et al., 2009).
Quality of the material (lignin content), and soil conditions of the study site can influence
decomposition rate as reported by Dhanya et al. (2013). According to Freymann et al.
(2008), termites can quickly remove large amounts of mammalian dung especially in the

dry season, where on average about 1/3 of dung is removed within one month.

4.6.2.2 Nutrient release patterns of compost under field conditions

Nutrient release of the compost had different patterns under field and under the laboratory

environmental conditions, due to environmental conditions particularly temperature which
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easily influences the activity of microorganisms. Nutrients release, especially P and K
(Figure 4.5) followed the same decomposition pattern as found by Esse et al. (2001) and
Fatondji et al. (2009) in Niger during manure decomposition. In both years, K was the
most released nutrient with maximums values of 97 and 99 %, followed by P with 74 and
60 % and N with 34 and 57 % (Figure 4.5). The high potassium release was due to the fact
that potassium was already in the inorganic form within the compost while N and P can
only be mineralized from organic to inorganic form. The release patterns discovered
during this study followed the same trend found by Augustin and Rahman (2010), who
demonstrated that 90 % K, 80 % P and 50 % N of the total nutrient within composted
cattle manure were released and made available to the plant during the first crop growing

season.

Rainfall pattern in the study area may have affected nutrient release and availability
especially N. Hagedorn et al. (1997) showed that with low rainfall intensities,
mineralization occurred, doubling top soil mineral N concentrations within 5 days after
wetting. In contrast, under heavy rains at the onset of the rainy season, top soil mineral N
decreased by 50 and 70 % within the first two weeks. Nitrogen immaobilization observed
between 21 — 42 and 14 — 28 days of decomposition respectively in 2013 and

2014 cropping seasons could be due to nitrogen tie - up by microorganisms. Furthermore,
it could be as a result of low moisture resulting from low rainfall at the study area during
the period (Figure 4.1). Partey et al. (2011) however, found N immobilization between 4
and 8 weeks of decomposition of leaves of four species (Acacia auriculiformis, Senna
spectabilis, Leucaena leucocephala and Gliricidia sepium). Nitrogen immobilization

observed in this study could also be due to increased carbon release as it has been shown
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by Moore et al. (2000) that N immobilization increased with soil organic carbon increase.
Organic carbon release was biphasic in both years (Figure 4.6). It reached the values of 44
and 50 % in 2013 and 2014 respectively after 42 days of decomposition and decreased till
the end. This trend could be due probably to the use of organic carbon by microorganisms.
Magnesium and calcium release fluctuated over time in both years with high release over
time in 2013 than 2014 which could be due to the high correlation between mass remaining

and rainfall.

4.6.2.3 Nutrient release patterns of compost under laboratory conditions

Compost total N and P release under laboratory conditions in both study years decreased
gradually from the onset of incubation till the end but were always relatively higher than
the control (Figure 4.7). Nitrogen and phosphorus followed a similar trend in both years
with maximum release of 8 (2013) and 17 % (2014) for N and 3 (2013) and 1 % (2014)
for P at day one (1) of the incubation. Nitrogen release was highest in 2014 while
phosphorus release was highest in 2013 and both nutrients were mineralized during the
whole incubation period. These findings followed the trend of total N mineralization found
by Azeez and Van Averbeke (2010) during 120 days of manure incubation. On the
contrary Jost et al. (2013) found a net N immobilization after 2 weeks incubation of cattle
manure. Furthermore, Fening et al. (2010) found a net immobilization after 1 week of
incubation of 1:1 compost (- 57 mg kgt) and 2:1 compost (-59 and - 9 mg kg™) after two
weeks. The difference between these findings and the results of this study could be
attributed to the low C:N ratio of the matured compost (5.5 and 9.0) of this study which is

favorable for mineralization. In 2013, Ammonium - N release increased over time while
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nitrate - N is decreasing (Figure 4.8). This could be explained by the fact that nitrate - N
is the most preferentially absorbed nutrient compared to ammonium - N by crops and also
more leachable (Figure 4.8). These findings are contrary to those of Ewusi—Mensah (2009)
in the case of nitrate - N release. He reported a net nitrate immobilization throughout the

period of incubation for a 1:1compost.

4.7 Effect of composted cattle manure and inorganic fertilizer on the growth

parameters of pearl millet and cowpea under strip cropping

4.7.1 Results

Table 4.11 shows pearl millet height (at harvest) and LAI during the 2013 and 2014
cropping periods. The highest values of plant height were recorded by combined
application of 2500 kg ha"‘compost + 175 kg ha* NPK in 2013 (190.9 cm) and 2014 (149.0
cm). Furthermore, plant height was significantly different (P < 0.001) among the
treatments during the 2013 cropping season. On the contrary, in 2014 only sole application
of mineral fertilizer significantly (P < 0.001) affected plant height as shown in Table 4.11.
The least plant heights of 114.4 and 151.6 cm were obtained following application of 5000

kg of compost in 2013 and 2014 cropping seasons respectively.

Despite the fact that leaf area index (LAI) was not significant in all treatments in 2013, it
was relatively higher than in 2014 as shown in Table 4.11. The relatively higher values of
LAl in 2013 could conducted to better light interception which could have contributed to

higher photosynthesis and consequently good crop growth as well as grain filling. The

91



highest LAI was recorded under application of 5000 kg ha + 175 kg ha* of NPK with

values of 2.08 and 1.49 m? m respectively during 2013 and 2014 cropping seasons.

Table 4.11: Pearl millet height and leaf area index under different treatments

Treatments (kg ha™) Millet height (cm) LAl (m? m?)
Compost  NPK fertilizer _ 2013 2014 2013 2014
0 0 17200 191 103
115.70
100 180.60  139.80 2.29 1.33
175 173.00  137.50 1.75 1.38
200 17120  137.90 2.07 1.17
2500 0 176.40  135.70 2.23 1.11
100 17520  138.00 2.10 1.39
175 190.90  149.00 2.06 1.27
200 18520  142.50 1.92 1.46
5000 0 15160  114.40 1.82 118
100 17370  143.10 2.31 1.35
175 188.80  141.30 2.08 1.49
200 166.70  142.50 1.80 1.33
Fpr.
Compost < 0.001 0.091 0.380 0.522 M. Fertilizer < 0.001 < 0.001 0.440 0.026
CXM.F <0.001 _ 0.229 0.760  0.787
Lsd (0.05)
Lsd C 4830  7.880 0.380  0.180
Lsd NPK 5580  9.100 0.440  0.210
Lsd cxMF 9.670  15.440 0.760  0.360

C = compost, M.F = mineral fertilizer
Crop growth rate (CGR) of pearl millet during the 2013 and 2014 cropping seasons are

presented in Figure 4.10. Application of 2500 kg ha™* compost + 100 kg ha™* NPK had the
highest growth rate (2.92 g/m?/day) followed by 5000 kg ha™* compost + 175 kg ha* NPK
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(2.67 g/m?/day) in 2013. However in 2014, the application of sole 200 kg hal NPK
recorded the highest millet growth rate of 2.00 g/m?/day followed by 5000 kg ha™* compost

+ 100 kg ha! NPK (1.96 g/m?/day).
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Figure 4.10: Crop growth rate as affected by treatments during the 2013 and 2014 cropping

seasons (Bars represent standard errors)

Net assimilation rate (NAR) of pearl millet was calculated during the 2013 and 2014
cropping seasons (Figure 4.11). The lowest net assimilation rates of 0.63 and 0.61
g/m?/day were recorded under the application of 5000 kg ha™* compost and control in 2013

and 2014 cropping seasons respectively. On the other hand, highest NAR of 1.42 g/m?/day
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(2013) and 1.54 g/m?/day (2014), were all found under the application of 2500 kg ha™

compost + 100 kg ha.
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Figure 4.11: Pearl millet net assimilation rate under treatments during the 2013
and 2014 cropping seasons (Bars represent standard errors)

Relationship between crop growth rate and net assimilation rate of pearl millet is as shown
in Figure 4.12. In both 2013 and 2014 cropping seasons, pearl millet net assimilation rate

was highly correlated with crop growth rate with a correlation coefficient (r) of 88 % each.
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rate during the 2013 and 2014 cropping seasons

4.7.1.2 Effect of composted cattle manure and inorganic fertilizer on the yield of
pearl millet and cowpea under strip cropping

Pearl millet grain yields during the 2013 and 2014 cropping seasons resulting from the
sole and combined application of composted cattle manure and mineral fertilizer are

presented in Table 4.12. The application of 2500 kg ha™* compost + 175 kg ha NPK and

2500 kg ha compost + 100 kg ha* NPK recorded the highest pearl millet grain yield of
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1762 (2013) and 866 kg ha* (2014) which were 133 and 71 % over the control. Significant
grain yields were observed between the sole and combined use of compost and mineral
fertilizer (Pc = 0.009, Pmr< 0.001, Pc x mr< 0.001) in 2013. However, only sole compost
and sole mineral fertilizer applications were significant (Pc = 0.007, Pmr< 0.001) in 2014
cropping season (Table 4.12). In both years, sole compost and sole NPK application
responses were quadratic (P = 0.003 (2013) and 0.007 (2014) for compost and P = 0.002
(2013) and P < 0.001 (2014) for NPK). The interaction was quadratic (P < 0.001) only in
2013, indicating a peak of millet grain response to the combined application of compost
and NPK fertilizer. After this peak, increasing the amount of both amendments did not
lead to pearl millet grain yield increase. The lowest pearl millet grain yields were observed
under 5000 kg ha™* compost and 2500 kg ha™ compost with 737 (2013) and 431 kg ha"

1(2014) which represented a decrease of 2 % and 15 % over the respective controls.

Table 4.12: Pearl millet grain yield as affected by sole and integrated application of

compost and mineral fertilizer

Grain vield (kg ha)

Treatments (kg hat)

Compost  NPK fertilizer 2013 2014
0 0 755 507
100 1225 (62.3) 544 (7.3)
175 1144 (51.5) 550 (8.5)
200 1246 (65.0) 525 (3.6)
2500 0 1527 (102.3) 431 (-15.0)
100 905 (19.9) 866 (70.8)
175 1762 (133.4) 691 (36.3)
200 1395 (84.8) 647 (27.6)
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5000 0 737 (-2.4) 492 (-3.0)
100 1347 (78.4) 716 (41.2)
175 1732 (129.4) 734 (44.8)
200 918 (21.6) 665 (31.2)
Fpr.
Compost (C) 0.009 0.007
Lin. 0.329 0.006
Quad. 0.003 0.007
M.Fertilizer (M.F) <0.001 <0.001
Lin. 0.011 0.016
Quad. 0.002 < 0.001
CxM.F <0.001 0.113
Lin. 0.576 0.220
Quad. <0.001 0.228

Lin. = linear, Quad. = quadratic, Values in bracket = % increase over the control

Pearl millet straw yields during the 2013 and 2014 cropping seasons following the sole
and combined application of composted cattle manure and mineral fertilizer are presented
in Table 4.13. The highest pearl millet straw yields of 6750 (2013) and 4750 kg ha (2014)

were recorded under the application of 5000 kg ha* compost + 100 kg ha”

1 -1 -1
NPK and 2500 kg ha compost + 175 kg ha NPK respectively. These represented

increases of 93 and 201 % over the control in 2013 and 2014. Only the sole mineral
fertilizer application had significant effect (P = 0.004) on straw yield in 2013, while sole
and combined use of compost and mineral fertilizer significantly affected the straw yield

(Pc<0.001, Pmr<0.001, Pcxvr = 0.001) in 2014 cropping season (Table 4.13). The lowest
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pearl millet straw yields of 3500 and 1533 kg ha* were recorded under the control for both
years. Straw yield response was quadratic (Pc = 0.001, Pmr = 0.02, Pcxvir
= 0.001) under application of compost and its interaction with NPK in 2014 and under

NPK application (P = 0.004) only in 2013.

Table 4.13: Pearl millet straw yield as affected by sole and integrated application of

compost and mineral fertilizer

Treatments (kg ha™) Straw vield (kg hal)

Compost  NPK fertilizer 2013 2014
0 0 3500 1533
100 5000 (42.9) 2167 (41.4)
175 3917 (11.9) 1833 (19.6)
200 5250 (50.0) 3500 (128.3)
2500 0 4250 (21.4) 2850 (85.9)
100 4500 (28.6) 4125 (169.1)
175 4583 (30.9) 4750 (209.9)
200 4050 (15.7) 4000 (160.9)
5000 0 3667 (4.8) 2125 (38.6)
100 6750 (92.9) 2250 (46.8)
175 4583 (30.9) 2125 (38.6)
200 4583 (30.9) 2583 (68.5)
Fpr.
Compost (C) 0.235 <0.001
Lin. 0.173 0.944
Quad. 0.304 < 0.001
M.Fertilizer (M.F) 0.004 < 0.001
Lin. 0.268 <0.001
Quad. 0.024 0.431
CxMF 0.057 <0.001
Lin. 0.252 0.011
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Quad. 0.483 <0.001

Lin. = linear, Quad. = quadratic, Values in bracket = % increase over the control

Cowpea grain yields under sole and combined application of composted cattle manure and
mineral fertilizer are presented in Table 4.14. Grain yields were low during both years and
fluctuated between 49 kg ha in 2014 and 360.5 kg ha™ in 2013. Cowpea grain yields
were higher during 2013 cropping season than 2014 under all treatments except under the
application of 5000 kg ha™* compost + 75 kg ha™* DAP. The year affected significantly (P
< 0.001) cowpea grain yield (Appendix 3). The lowest cowpea grain yield were obtained
under control for both years. The highest yields of 360.5 and 389 kg ha™ were obtained
by applying 2500 kg ha® compost + 50 kg ha® DAP and 5000 kg ha* compost + 75 kg
hat DAP in 2013 and 2014 respectively. These yields lead to 183 (2013) and 694 % (2014)
increases over the control. For both years, there was no significant interaction between
compost and mineral fertilizer application. Sole compost application had significant effect
(P <.001 in 2013 and P = 0.003 in 2014) on cowpea grain yield for both years. Sole
application of DAP significantly (P = 0.038) affected cowpea grain yield only in 2013
cropping season. Cowpea grain yield response was quadratic (indicating a peak of grain
yield response) under compost application (P < 0.001) in 2013, under DAP application in
2014 (P = 0.019) and under combined use of compost and DAP (P = 0.001) in 2013

cropping season.
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Table 4.14: Cowpea grain yield as affected by compost and diamonium phosphate

application
Treatments (kg ha®) Grain yield (kg ha™)
Compost DAP fertilizer 2013 2014
0 0 127.3 49
50 169.7 (33.3) 94 (91.8)
75 177 (39.0) 91 (85.7)
100 203 (59.5) 109 (122.5)
2500 0 299 (134.9) 95 (93.9)
50 360.5 (183.2) 242 (393.9)
75 305.7 (140.1) 201 (310.2)
100 303.5(138.4) 185 (277.6)
5000 0 220.5 (73.2) 136 (177.6)
50 359.5 (182.4) 306 (524.5)
75 225 (76.8) 389 (693.9)
100 245.7 (93.1) 209 (326.5)
Fpr.
Compost (C) < 0.001 0.003
Lin. <0.001 <0.001
Quad. <0.001 0.841
M.Fertilizer (M.F) 0.038 0.060
Lin. 0.601 0.154
Quad. 0.093 0.019
CxMF 0.340 0.609
Lin. 0.169 0.755
Quad. 0.001 0.867

Lin. = linear, Quad. = quadratic, VValues in bracket = % increase over the control

Cowpea haulm vyield following the sole and combined application of composted cattle

manure and mineral fertilizer is shown in Table 4.15. For all treatments, cowpea haulm
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yields were greater in 2013 than 2014 cropping season and the year effect was significant
(P < 0.001) (Appendix 3). The highest haulm yield in 2013 (723 kg ha*) was recorded
under 2500 kg ha* compost + 75 kg ha* DAP while 5000 kg ha™* compost + 75 kg ha
DAP produced 475 kg ha! in 2014. However, application of 2500 kg ha™* compost + 50
kg ha DAP recorded the lowest haulm yield of 405 kg ha™ in 2013 contrary to 2014
where the control had the lowest cowpea haulm yield of 97 kg ha™.

Significant differences (P = 0.001 and P = 0.023) were found under the sole compost
application in 2013 and 2014. Compost-mineral fertilizer interaction was significant (P <
0.001) only in 2013. On the other hand, cowpea yield response was quadratic (P <

0.001) under sole application of compost in 2013.

Table 4.15: Cowpea haulm yield as affected by compost and mineral fertilizer

treatments

Treatments (kg hat) Haulm vield (kg ha™)

Compost  DAP fertilizer 2013 2014
0 0 423 97

50 433 (2.4) 158 (62.9)
75 404 (-4.5) 118 (21.7)
100 481 (13.7) 199 (105.2)

2500 0 662 (56.5) 228 (135.1)
50 405 (-4.3) 342 (252.6)
145 723 (70.9) 294 (203.1)
100 451 (6.6) 270 (178.4)

5000 0 429 (1.4) 229 (136.1)
50 544 (28.6) 275 (183.5)
75 517 (22.2) 475 (389.7)
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100 463 (9.5) 228 (135.1)

Fpr.

Compost (C) 0.001 0.023
Lin. 0.080 0.012
Quad. < 0.001 0.237

M.Fertilizer (M.F) 0.052 0.421
Lin. 0.766 0.404
Quad. 0.408 0.160

CxM.F <0.001 0.539
Lin. 0.789 0.894

Quad. 0.717 0.997

Lin. = linear, Quad. = quadratic, Values in bracket = % increase over the control

4.7.2 Discussion

4.7.2.1 Pearl millet growth parameters as affected by sole and integrated use of
compost and mineral fertilizer

Significant differences (P < 0.001) of plant height of pearl millet were observed under
compost and NPK application in 2013 cropping season. Highest plant heights of 190.9
and 149.0 cm were all obtained under the application of 2500 kg ha* compost + 175 kg
hal NPK in 2013 and 2014. There was a synergistic effect when composted cattle manure
and NPK fertilizer were combined (P < 0.001) during the 2013 cropping season. On the
contrary, in 2014, the interaction was not significant indicating an additive effect of both
amendments (Table 4.11). These findings are in agreement with the results of ElLattief
(2011), who obtained a greater millet height of 145.6 cm by applying 75 % of NPK

recommended rate and 5000 kg ha* of farm yard manure. Khan et al. (2009) observed that
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plant height and leaf area of wheat significantly increased by combining organic and

inorganic N fertilizers.

Leaf area index (LAI) in 2013 was relatively higher than in 2014 under all treatments
(Table 4.11). This could result in higher light interception in 2013 which would allow
good photosynthesis and production of assimilates. An increase from 8.9 — 44.0 % in LAI
was observed in 2013 and 2014 respectively compared to the control when 5000 kg ha*

compost + 175 kg hat NPK were applied.

Generally, a high CGR resulting from high LAI tends to lead to high yield (\Valero et al.,
2005). A strong correlation (R? = 88 %) was found between NAR and CGR as shown in
Figure 4.12. Habib et al. (2012) reported that maximum maize leaf area, leaf area duration,
crop growth rate and net assimilation rate resulted from combined application of inorganic
fertilizer and poultry manure. Furthermore, Efthimiadou et al. (2010) obtained the highest
plant height, dry weight, leaf area index and yield of sweet maize under cow manure
treatments (with or without chemical fertilizer). According to Habib et al. (2012), high

CGR contributed to high grain yield.
4.7.2.2 Effect of composted cattle manure and inorganic fertilizer on the yield of

pearl millet and cowpea under strip cropping

Pearl millet grain yield under combined use of compost and NPK fertilizer was
significantly different (P < 0.001) in 2013 indicating a synergistic effect of both
amendments (Table 4.12). In 2014 grain yield interaction effect of compost and mineral

fertilizer was not significant indicating only additive effect of these amendments. The
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highest pearl millet grain yields of 1762 and 866 kg ha™ were recorded in 2013 and 2014
respectively under the application of 2500 kg ha™* compost + 175 kg ha™ NPK and 2500
kg hal compost + 100 kg ha! NPK. These yields led to 133 and 71 % increases
respectively over the control (Table 4.12). These results confirm the hypothesis of this
study which stated that integrated use of composted cattle manure and mineral fertilizer
under strip cropping systems results in high yield of pearl millet and efficient use of both
amendments. However, the decline in grain yield observed under 5000 kg ha compost
application in both 2013 and 2014 cropping seasons, could be explain by the fact that
slower nutrient release is important when relatively large quantities of organic amendment
are applied at a time (Lehmann and Schroth, 2003).

According to Wu and Ma (2015), integrated nutrient management enhances crop yields
by 8 — 150 % compared to conventional practices, increases water-use efficiency and also
the economic returns of farmers, while improving soil health and its sustainability. Singh
and Chauhan (2014) showed that combined application of 75 % NPK + 4 t ha* FYM
increased grain yield of pearl millet by 109.3 % and stover yield by 121.2 % over control.
In line with these results, Yamoah et al. (2002) found a synergetic effect under fertilizer
and crop residues application (Prxcr = 0.0001). Kapkiyai et al. (1998) reported that
combined use of organic and inorganic nutrient sources resulted in synergy and improved
synchronization of nutrient release and uptake by plants leading to higher yields.
Abunyewa et al. (2007) also found in a three year study in northern Ghana 64 to 75 % in
1996, 59 t0 69.5 % in 1997 and 43 to 66.8 % in 1998 increase in maize grain yield due to
manure plus fertilizer over sole fertilizer application. Diangar et al. (2004) reported an

increase of more than 40 % of millet yield under sole compost application compared to
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the control and an additional 10 % increase in millet yield was observed when compost
was supplemented with rock phosphate. Furthermore, Badiane et al.

(2001) found millet grain yield of 1230 kg ha™® under farmer®s field using compost and
NPK while it was only 430 kg ha under farmer*s field when neither compost nor fertilizer
was applied in Senegal. In addition, Rezaei et al. (2014) reported that a combination of
crop residues and mineral fertilizer resulted in higher pearl millet yields compared to sole

application of crop residues or fertilizer in Niger.

Pearl millet straw yield (Table 4.13) responded positively to the combined use of compost
and NPK fertilizer with the highest straw yields of 6750 kg ha* and 4750 kg ha under
application of 5000 kg ha* compost + 100 kg ha NPK and 2500 kg ha™* compost + 175
kg hat NPK in 2013 and 2014 respectively. These highest straw yields gave increases of
92.8 % in 2013 and 209 % in 2014. Omae et al. (2014) found that manure increased total
biomass by 127 to 147 % and millet grain yield by 130 to 184 % in the sahelian zone of
Niger. The interaction of compost and mineral fertilizer was significant (P = 0.05 in 2013
and P < 0.000 in 2014) in both cropping years indicating a synergetic effect of both
amendments. Buerkert et al. (2001a) demonstrated that the average total dry matter (TDM)
yield in P placed plots was 672 kg ha™*, which was 120 % higher than the average control
plots. This result was confirmed by a second set onfarm test in 1999 where average yield
increases of 118 % for NPK and 116 % for DAP were found. Fatondji et al. (2006) showed
that increasing the rate of cattle manure application from 1 to 3 t ha® increased the yield
by 115 % TDM, but increasing the manure application rate further from 3 to 5 t ha™ only

gave an additional 12 % vyield increase.
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The lowest cowpea grain and haulm yields in 2014 could be due to low rainfall received
during the cropping period (Tables 4.14 and 4.15). This low rainfall (Figure 4.1)
influenced the soil moisture and activities of microorganisms which affected the
decomposition and nutrients availability of compost. Soon et al. (2001) reported that low
and poorly distributed rainfall could have reduced the availability of nutrients to the maize
plants. Soil moisture content influenced N mineralization and availability and
subsequently maize growth and N uptake. The high yield increase over the control

observed under all treatments in 2014 was due to the low yield of the control (49 kg ha

1
). Ghosh et al. (2004) showed that the use of 75 % of NPK + 5 t of farmyard manure

improved the seed yield of soybean by 47 and 32 % over the use of 75 % of NPK in sole
and intercropped systems respectively. The combined use of compost and mineral
fertilizer in 2013 and 2014 cropping seasons had only additive effect on cowpea grain
yield since the interaction was not significant. On the contrary, treatments had synergetic

effect (P < 0.001) on cowpea haulm yield in 2013 as shown in Table 4.15.

4.8 Effect of composted cattle manure and inorganic fertilizer on rainfall use

efficiency of pearl millet and cowpea under strip cropping

4.8.1 Results

Rainfall use efficiency (RUE) of pearl millet and cowpea following the sole and combined
use of compost and mineral fertilizer are presented in Table 4.16. Except under the
application of 5000 kg ha™* compost + 200 kg ha™* NPK in 2014 for pearl millet, RUE was
greater under all treatments in 2013 than in 2014 for both pearl millet and cowpea. Higher
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values of RUE ie. 2.83 and 2.37 kg mm™ for pearl millet were recorded by applying 2500
kg hat compost + 175 kg ha™ NPK and 5000 kg ha* compost + 175 kg ha* NPK with in
2013 and 2014 respectively. Rainfall use efficiency of Pearl millet was significant under
sole application of compost (P = 0.009 (2013), P < 0.001 (2014)) and sole mineral fertilizer
(P <0.001) in both 2013 and 2014, while the interaction was significant (P < 0.001) only
in 2013. Rainfall use efficiency of cowpea was significant in 2013 and 2014 under sole
compost application (P < 0.001, P = 0.003) and in 2013 under sole mineral fertilizer

application only (P = 0.042).

Table 4.16: Rainfall use efficiency of pearl millet and cowpea

Millet RUE Cowpea RUE
Treatments (kg ha?) (kg mm™) (kg ha®)
—Compost NRK/DAP fortilizer - —2013— 2014 2013 — 2014
0 0 1.22 0.97 0.21 0.13
100/50 1.97 145 0.27 0.25175/75 1.84 1.40
029 0.24
200/100 2.01 1.42 0f33 0.29
2500 0 2.46 1.39 0.48 0.25
100/50 1.46 2.05 0.58 0.64
175/75 2.84 2.28 0.49 0.54
200/100 2.25 1.87 0.49 0.49
5000 0 1.19 0.91 0.36 0.36
100/50 2.17 2.01 0.58 0.81
175/75 2.79 2.37 0.36 1.04
200/100 1.48 1.52 0.40 0.56
Fpr.
Compost 0.009 <0.001 <0.001 0.003
Mineral Fertilizer <0.001 <.001 0.042 0.061

CxM.F <0.001 0.145 0.350 0.613
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Lsd (0.05)

Lsd c 0.300  0.250 0.070  0.240
Lsd mF 0.350  0.290 0.080  0.280
Lsd cxmF 0.610 0.510 0.150  0.480

NPK for Millet, DAP for Cowpea

4.8.2 Discussion

Rainfall use efficiencies (RUE) of pearl millet and cowpea were relatively higher in 2013
than in 2014 in all treatments (Table 4.16). This could be due to the fact that yield was
higher in 2013 as a result of well distributed than in 2014. Rainfall use efficiency was
particularly higher under combined use of compost and mineral fertilizer. Compost had
significant effect (P = 0.009 (2013) and P < 0.001 (2014) for millet and P < 0.001 (2013)
and P = 0.003 (2014) for cowpea) on RUE in both years for pearl millet and cowpea (Table
4.16). The application of 5000 kg ha™ compost + 175 kg ha™ NPK for millet gave a RUE
of 2.79 and 2.37 kg mm™ in 2013 and 2014 cropping seasons respectively. This could be
explained by the improved soil structure and moisture storage resulting from compost
application. In fact, RUE has been a surrogate for WUE in rainfed agriculture because soil
management practices that increase soil water storage have a positive impact on WUE.
Hatfield et al. (2001) reported that modifying nutrient management practices can increase
water use efficiency (WUE) by 15 to 25 % and it is possible to increase WUE by 25 to 40
% through soil management practices that involve tillage. Furthermore, Fatond;ji et al.
(2006) showed a high range of millet grain WUE

1.8 and 1.9 kg mm™and 2 and 2.1 kg mm™* at Damara and Kakassi (Niger) in 1999 and

2000 respectively under manure application compared to straw application.
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4.9 Pearl millet and cowpea harvest index under sole and combined application of

compost and inorganic fertilizer

4.9.1 Results

Table 4.17 shows harvest indices (HI) of pearl millet and cowpea. The highest pearl millet
HI (45.3 %) was recorded by applying 5000 kg ha compost + 175 kg ha* NPK in 2014,
but generally millet HI was higher in 2013 than in 2014. Both pearl millet and cowpea
harvest indices were significant under sole application of compost and mineral fertilizer
in 2013 and 2014 (Table 4.17). The interaction was only significant (P = 0.009) for pearl
millet in 2014 cropping season under combined application of compost and mineral
fertilizer. On the other hand, cowpea HI was generally higher in 2014 than in

2013. The highest cowpea HI values of 90.5 (2013) and 115.4 % (2014) were obtained by
applying 2500 kg ha* compost + 50 kg ha* DAP and 5000 kg ha* compost + 50 kg ha

DAP respectively.

Table 4.17: Harvest index of pearl millet and cowpea under sole and combined use of

compost and mineral fertilizer

Harvest index (%)

Treatments (kg ha?) Millet Cowpea
Compost NPK/DAP fertilizer 2013 2014 2013 2014
0 0 30.3 53.4
21.8 23.6
100/50 24.5 25.3 39.0 62.0
175/75 29.7 28.6 44.0 73.6
200/100 23.8 15.4 425 54.9

109



2500 0 42.3 18.3 45.1 414

100/50 20.4 18.6 90.5 75.5
175/75 40.4 18.1 435 66.3
200/100 345 17.7 67.8 67.9
5000 0 204 15.1 51.7 61.5
100/50 20.2 34.0 67.9 1154
175/75 40.0 45.3 42.3 85.9
200/100 20.5 22.0 52.8 96.5
Fpr.
Compost 0.044 0.001 0.001 0.006
Mineral Fertilizer 0.027 0.002 0.004 0.033
CxM.F 0.269 0.009 0.068 0.584
Lsd (0.05)
Lsd ¢ 8.290 5.410 11.330 18.480
Lsd m.r 9.570 6.250 13.090 21.340
Lsd cxMm.F 16.570 10.830 22.660 36.960

NPK for Millet, DAP for Cowpea, C = compost, M.F = mineral fertilizer

4.9.2 Discussion

The HI, according to Smith and Hamel (2012) usually refers to the proportion of the total
dry weight biomass (grain/biomass) in the harvest organs or the ability to mobilize
photosynthates from stover (pod, straw) to seed (Polania et al., 2015). Pearl millet and
cowpea HI were significantly (P = 0.001 and P = 0.002 for millet and P = 0.001 and P =

0.004 for cowpea) affected under sole application of compost and mineral fertilizer in both
cropping years (Table 4.17). Highest pearl millet and cowpea HI were obtained generally
under combined use of compost and mineral fertilizer. Sinclair and Weiss (2010) reported
that significant improvement in yield of new varieties has been attributed to the increases

in HI. The higher values of cowpea HI observed in 2014 could be due to the lower haulm
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production as a consequence of low rainfall (Figure 4.1) particularly forward the end of

the cropping season.

4.10 Nitrogen and phosphorus use efficiency of pearl millet and cowpea as affected

by compost and mineral fertilizer use

4.10.1 Results

Nitrogen and phosphorus use efficiencies of pearl millet and cowpea were calculated for
sole and combined use of compost and mineral fertilizer. Nitrogen use efficiency (NUE)
of pearl millet NUE was relatively higher in 2013 than in 2014 under all treatments. The
highest NUE of 125.2 kg kg was obtained under the application of 2500 kg ha™* compost
+ 175 kg ha 1 NPK in 2013. However, in 2014 cropping season, the highest NUE of 65.8
kg kg was recorded under the application of 175 kg ha ** NPK. Highest values for
phosphorus use efficiency (PUE) of 454 and 353 kg kg* were recorded under the control
in 2013 and 5000 kg ha* compost + 100 kg ha 1 NPK in 2014 (Table 4.18). On average,
N and P use efficiencies for millet were increased by 60.2 % and 31.1 %, respectively with
the application of compost at 2500 kg ha* + 175 kg ha™* NPK over the control plots. The
highest cowpea NUE of 33.7 kg kg* was obtained by applying 5000 kg ha™* compost + 50
kg ha " DAP in 2014 cropping season. For cowpea PUE, the highest value of 197.9 was

recorded under the application of 5000 kg ha! compost + 100 kg ha 1 DAP.

Table 4.18: Nitrogen and phosphorus use efficiencies of pearl millet and cowpea under

various treatments
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Cowpea Cowpea
Treatments (kg ha™) Millet NUE Millet PUE NUE PUE
NPK/DAP
Compost __fertilizer 2013 2014 2013 2014
0 0 740 56.1 454.0 193.0 30.6 146.0
100/50 720 556 231.0 166.0 32.0 165.7
175/75 676 65.8 237.0 169.0 29.7 166.7 2014
2014
200/100 77.2 553 212.0 218.0 25.0 168.5
2500 0 76.0 61.0 314.0 235.0 31.7 169.6
100/50 70.7 54.8 230.0 232.0 33.0 164.1
175/75 1252 57.4 253.0 253.0 30.6 160.9
200/100 746 60.0 239.0 252.0 315 165.1
5000 0 78.2 56.5 292.0 236.0 29.5 155.9
100/50 742 55.0 393.0 353.0 33.7 161.8
175/75 709 599 183.0 212.0 32.4 152.8
CV (%) 9.2 11.2
Lsd (0.05)
Lsd C 19.8 6.7 111.3967 .2 2.4 15.6
Lsd M.F 229 1.7 1285 775 2.8 18.0
Lsd C x M.F 39.6 13.3 2225 1343 4.8 31.2
715 575 232.0 334.0
200/100 30.1 13.6 48.2 334 32.7 197.9

NPK for Millet, DAP for Cowpea

4.10.2 Discussion

Nutrient use efficiency, defined as kilogramme of yield produced per kilogramme of

nutrient uptake (Roberts, 2008), was calculated for pearl millet and cowpea. Higher N and

P use efficiencies were recorded in 2013 than in 2014 (Table 4.18) particularly under

combined use of compost and NPK fertilizer for pearl millet. This could be explained by
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the high amount of nutrients provided by the combined use of compost and mineral
fertilizer, where nutrients availability were conditioned by moisture conservation and
microbial activities due to compost application. These results were higher than the
findings of Mosier et al. (2004) who found N use efficiencies of 11.7 and 20.3 kg kg™
respectively for sorghum and wheat when N was used alone, but with P addition NUE
increased from 17.1 to 25.9 kg kg for the same crops. This indicated that nutrient use

efficiency could be improved through combined use of soil amendments.

Cowpea N and P use efficiencies were generally high in 2014 (Table 4.18) due to low
yield following the statement made by Roberts (2008) that nutrient use efficiency is high
at a low vyield level. This is because any small amount of nutrient applied could give a

large yield response.

4.11 Nitrogen and phosphorus recovery of pearl millet and cowpea as affected by

compost and mineral fertilizer use

4.11.1 Results

Total nitrogen and phosphorus recoveries of pearl millet (grain + straw) and cowpea

(grain + haulm) are presented in Table 4.19. The treatments did not significantly affect %
N and P recoveries for both pearl millet and cowpea even though they improved over the
control. Higher values % N recovery of 68.9, 56.9 and 63.7 for pearl millet were found

under application of 100, 200 kg ha* NPK and 2500 kg ha ** compost in 2013. In

2014, higher values of % N recovery of millet were found by applying 100 kg ha* NPK

(82.3), 2500 kg ha compost (71.9) and 2500 kg ha compost + 175 kg ha™* NPK (43.6).
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At the same time, % P recovery values of 65.0, 48.9 and 16.1 for pearl millet were recorded
under application of 100, 200 kg ha* NPK and 2500 kg ha™* compost + 100 kg ha* NPK
respectively in 2013. In 2014, applying 100, 175 and 200 kg ha NPK resulted in the

higher P recovery values of 20.2, 37.9 and 30.8 % respectively.

On the other hand, high cowpea % N recoveries were found under the application of 50
kg ha (51.8 %), 2500 kg ha compost (60.0 %) and 2500 kg ha™* compost + 50 kg ha'
DAP (27.2 %) in 2013. In 2014, higher recovery values of cowpea % N of 32.0, 35.2 and
33.3 were found under application of 50 kg ha™ DAP, 2500 kg ha* compost + 50 kg ha-
1 DAP and 5000 kg ha compost + 75 kg ha' DAP respectively. For cowpea % P
recoveries, higher values were found by applying 100 kg ha?* DAP (3.1), 2500 kg ha
compost + 50 kg ha? (2.2) and 2500 kg ha* compost + 75 kg ha™ DAP (2.4) in 2013. In
2014, higher values of cowpea % P recovery of 5.2, 3.9 and 2.7 % were obtained following
the application of 50 kg ha* DAP, 100 kg ha* DAP and 2500 kg ha* compost + 50 kg ha”

1 DAP as presented in Table 4.19.

Table 4.19: Nitrogen and phosphorus recoveries of pearl millet and cowpea under sole

and combined use of compost and mineral fertilizer

Millet % N Millet % P Cowpea % Cowpea %

Treatments (kg hat) recovery recovery N recovery P
recovery NPK/DAP

Compost  fertilizer 2013 2014 2013 2014 2013 2014 2013 2014

0 100/50 68.9 823 65.0 20.2 51.8 32.0 1.0 5.2

175/75 219 124 135 37.9 129 138 0.8 2.2

200/100 56.9 215 489 30.8 204 312 3.1 3.9

2500 0 63.7 719 6.5 2.1 60.5 18.8 2.2 0.5
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100/50 138 297 16.1 8.8 27.2 352 15 27
175/75 23.2 436 78 94 223 256 24 19
200/100 19.4 209 46 85 97 126 13 14
5000 0 14 64 01 1.2 40 12,0 05 07
100/50 356 75 30 09 12.4 - 17.3 10 14
175/75 270 74 61 2.2 33 333 09 22
271 202 80 28 04 118 05 08
1060 1597 2023 1167 760 700 840 67.1
200/100
CV (%)
Lsd (0.05)
Lsd C 294 323 26,7 103 240 126 09 11
Lsd M.F 340 37.2 308 119 277 145 11 13
Lsd C x M.F 58.9 64.5 534 20.6  47.9 25.1 19 23

NPK for millet, DAP for cowpea

4.11.2 Discussion

Nutrient recovery refers to kilogrammes of nutrient uptake by crop per kilogramme
nutrient applied. Nutrient recoveries were calculated following compost and mineral
fertilizer application. Highest N and P recoveries (Table 4.19) were found under sole
application of mineral fertilizer in both years for pearl millet and cowpea. This could be
explained by the direct availability of nutrients in mineral fertilizer compared to the
compost which has to undergo decomposition. Fofana et al. (2008) showed that average
apparent recoveries of fertilizer applied P across years and treatments were significantly
higher under infield (31 %) compared to outfield (18 %) conditions due to manure
application on the infield. Low N and P recoveries were found under the application of
5000 kg ha* of compost which could be explained by the fact that nutrient availability
under compost application was not direct and depended on factors conditioning the

mineralization of compost. A review of best available information made by Roberts (2008)
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showed that average N recovery efficiency for fields managed by farmers ranges from
about 20 to 30 % under rainfed conditions. Furthermore, Ladha et al. (2005) based on a
worldwide data on N use efficiency for cereal crops from researcher-managed
experimental plots reported that single-year fertilizer N recovery efficiencies averaged 65

% for corn, 57 % for wheat, and 46 % for rice.

4.12 Evaluation of the sustainability index and the agronomic efficiency of compost

and mineral fertilizer under strip cropping.

4.12.1 Results

4.12.1.1 Evaluation of the sustainability index of compost and mineral fertilizer

under strip cropping system.

Sustainability yield index (SY1) of both pearl millet and cowpea are presented in Table

4.20. Sustainability yield indices for both millet and cowpea were significantly different
(P =0.015 and 0.023) in 2013 and 2014 under sole application of mineral fertilizer. Sole
application of compost had significant effect (P <0.001) on cowpea only in 2014 cropping
season. The higher pearl millet SYI values of 0.65 and 0.64 were found by applying 5000
kg hal compost + 175 kg ha! NPK and 2500 kg ha compost + 175 kg ha! NPK
respectively in both years. Higher cowpea SY|I values of 0.63 and 0.57 were recorded
following the application of 5000 kg ha* compost + 50 kg ha DAP and 5000 kg ha* of

compost + 75 kg ha* DAP respectively in both cropping seasons.

Table 4.20: Pearl millet and cowpea sustainability yield index under compost and

mineral fertilizer use during 2013 and 2014 cropping seasons
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Treatments (kg ha™l) Sustainability yield index

Compost DAP fertilizer Millet Cowpea
0 0

0.22 0.00

100/50 0.40 0.12

175/75 0.38 0.12

200/100 0.41 0.18

2500 0 0.48 0.29
100/50 0.38 0.55

175/75 0.64 0.43

200/100 0.50 0.41

5000 0 0.21 0.24
100/50 0.50 0.63

175/75 0.65 0.57

200/100 0.32 0.36

Fpr.

Compost  (C) 0.081 <0.001
Lin. 0.300 < 0.001
Quad. 0.046 0.032

M.Fertilizer (M.F) 0.015 0.023
Lin. 0.065 0.184
Quad. 0.014 0.011

CxM.F 0.192 0.687
Lin. 0.952 0.746

Quad. 0.132 0.876

NPK for millet, DAP for cowpea
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4.12.1.2 Agronomic efficiency of pearl millet and cowpea under combined
application compost and mineral fertilizer

Higher pearl millet agronomic efficiency (AE) values of 5.21 and 1.82 kg kg* were
obtained following the application of 100 kg ha* NPK in 2013 and 2014 respectively
(Table 4.21). Pearl millet agronomic efficiencies were significantly influenced (P < 0.001
for sole compost and NPK and their interaction) by the treatments during 2013 and 2014
cropping seasons. Higher cowpea AE values of 0.46 and 0.47 kg kg* were obtained under
the sole application of 50 kg ha DAP in 2013 and 2014 cropping seasons respectively.
Cowpea agronomic efficiencies were significant (P < 0.001 for sole compost and DAP) in
both 2013 and 2014 cropping seasons. The interaction was significant (P < 0.001) only in

2014 cropping season.

Table 4.21: Pearl millet and cowpea agronomic efficiency as affected by treatments

Treatments (kg ha™) Millet AE (kg kg Cowpea AE (kg kg?)
NPK/DAP

Compost fertilizer 2013 2014 2013 2014
0 100/50 5.21 1.82 0.46 0.47
175/75 2.51 0.93 0.30 0.25
200/100 271 0.85 0.40 0.31
2500 0 0.33 0.07 0.07 0.02
100/50 0.08 0.16 0.09 0.08
175/75 0.40 0.19 0.07 0.06
200/100 0.26 0.13 0.07 0.05
5000 0 0.01 0.00 0.02 0.02
100/50 0.13 0.08 0.05 0.05
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175/75 0.20 0.10 0.02 0.07

200/100 0.04 0.04 0.02 0.03
Fpr.

Compost (C) <0.001 <0.001 <0.001 <0.001
Lin. <0.001 <0.001 <0.001 <0.001
Quad. <0.001 <0.001 0.073 <0.001

M.Fertilizer (M.F) <0.001 <0.001 0.055 <0.001
Lin. 0.007 0.038 0.096 0.038
Quad. <0.001 <0.001 0.119 <0.001

CxM.F <0.001 <0.001 0.06 <0.001
Lin. 0.003 0.057 0.033 0.057

Quad. <0.001 0.007 0.348 0.007

4.12.2 Discussion

4.12.2.1 Evaluation of the sustainability index of compost and mineral fertilizer
under strip cropping system

In dry sahelian conditions where rainfall is an important component affecting crop yield,
it is important to evaluate the sustainability of any practice. Thus pearl millet and cowpea
sustainability yield index (SYI) were calculated under combined use of compost and
mineral fertilizer (Table 4.20). Pearl millet and cowpea SY | were significant (P = 0.01 and
0.02) during both years, with the highest SY1 values of 0.65 and 0.63 obtained following

the application of 5000 kg ha™* of compost + 175 kg ha* NPK and 5000 kg ha”

1 -1
of compost + 50 kg ha DAP respectively. Efthimiadou et al. (2010) concluded from the

SYI data that maize crop is more stable under double rate of cow manure and combined
organic and inorganic fertilizer treatment as compared with inorganic fertilizer

application. In addition, Vittal et al. (2002) stated that any practice with SY1 > 0.66 is
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considered as a recommendable component for production of a crop in a region and SYI
of 0.50 to 0.65 is considered as highly promising, while a practice with SY1 <

0.33 is undependable. It can thus be said that the application of 2500 kg ha™* compost +
175 kg ha* NPK and 5000 kg ha* of compost + 175 kg ha NPK are the most highly
promising treatments for pearl millet production. For cowpea, combined use of 5000 kg
hat compost + 50 kg ha DAP and 5000 kg ha* compost + 75 kg ha* DAP are the most
promising treatments. This shows that integrated use of compost and mineral fertilizer is
more sustainable than sole application of each confirming again the hypothesis of this
study.

4.12.2.2 Agronomic efficiency of pearl millet and cowpea under sole and integrated
application of compost and mineral fertilizer

Pearl millet and cowpea AE were high under sole application of mineral fertilizer as shown
in Table 4.21. These results are in line with the findings of Efthimiadou et al. (2010) who
found that AE was greater in plots treated with mineral fertilizer. This could be explained
by the direct availability and uptake of nutrients in mineral fertilizer. Under combined use
of compost and mineral fertilizer, application of 2500 kg ha of compost + 175 kg ha™
NPK recorded the highest pearl millet AE values of 0.4 and 0.19 kg kgt in 2013 and 2014
respectively in 2013 and 2014. The highest cowpea AE values of 0.09 and 0.08 kg kg™
were recorded under combined use of 2500 kg ha* of compost + 50 kg ha™* DAP. Fatondji
et al. (2006) found N, P and K agronomic efficiencies for pearl millet as 33, 118 and 57
kg kg respectively under the application 1000 kg ha® of manure which decreased with

the increase of manure rate. The lower AE recorded and combined used of compost and
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mineral fertilizer for both millet and cowpea could be explain by the high rate of
amendment application. Vanlauwe et al. (2011) reported that AE is low for excessive

inorganic and organic fertilizer application.

4.13 Economic evaluation of composted cattle manure and mineral fertilizer under

strip cropping

4.13.1 Results

To evaluate the economic effect of integrated use of compost and mineral fertilizer on
pearl millet and cowpea under strip cropping system, cost involved in each treatment was
calculated (Table 4.22). To calculate the price of grain yield of pearl millet and cowpea,
the mean market price of a “tiya”, local unit of measure which is equivalent to 2.5 kg was
used. The “tiya” costed respectively 400 FCFA in November and 750 FCFA in June for
pearl millet and 1,250 FCFA and 1,500 FCFA for cowpea. The mean price of a “tiya” was
575 FCFA or US $ 1.15 for pearl millet and 1375 FCFA or US $ 2.75 for cowpea. So 1
kg each of pearl millet and cowpea grains costed 230 FCFA (US $ 0.46) and 550 FCFA

(US $ 1.10) respectively.

Table 4.22: Parameters used to calculate the economic returns under the different

treatments
Quantity (kg ha') Price in CFA* Price in dollar (US $)*
NPK + DAP+ NPK+  DAP + NPK +  DAP+

Compost compost Compost compost Compost compost

100 50 34,000 17,000 68 34
175 75 59,500 25,500 119 51
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200 100 68,000 34,000 136 68

2500 2500 162,500 162,500 325 325
2600 2550 196,500 179,500 393 359
2675 2575 222,000 188,000 444 376
2700 2600 230,500 196,500 461 393
5000 5000 325,000 325,000 650 650
5100 5050 359,000 369,000 718 738
5175 5075 384,500 350,500 769 701
5200 5100 393,000 359,000 786 718

*The exchange rate used is: 500 FCFA = US $1
4.13.1.1 Cost and economic returns of combined application of compost and

mineral fertilizer

Net return (NR) and relative increase in income (RI11) of pearl millet were significantly (P
<0.001) affected by the sole application of compost and mineral fertilizer in both cropping
years. The compost and NPK fertilizer interaction affected significantly (P <

0.001) pearl millet NR and RRI only in 2013 cropping season. The highest pearl millet
NR and RII values of US $ 495.5 (2013) and 306.4 % (2014) were obtained under sole
application of NPK fertilizer in both years. Among all the combined use of compost and
NPK fertilizer, application of 2500 kg ha* compost + 175 kg ha NPK recorded the
highest relative income of 233.8 % in 2013 with a net return of US $ 366.3 for pearl millet.
Combined application of 2500 kg ha™* compost and NPK at 100, 175 and 200 kg ha* gave
positive net returns in 2013 only. In 2014, only the addition of mineral fertilizer had a

positive millet net return.
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Table 4.23: Net return and relative increase in income of pearl millet under sole and

combined use of compost and mineral fertilizer

Treatments (kg ha™) Millet Net return ($) Millet RII (%)
Compost  NPK/DAP fertilizer 2013 2014 2013 2014

0 0 - - - -
100 4955 182.2 162.9 150.9
175 407.0 122.4 152.0 183.4
200 437.3 108.8 165.3 190.1
2500 0 377.3 -83.7 200.8 187.2 100 23.3 -40.0 120.1
265.7
175 366.3 -50.1 233.8 306.4
200 180.9 -139.1 187.1 250.3

5000 0 -310.8 -492.9 97.8 138.5 100 -98.4 -371.2 179.6 254.9

175 27.5 -359.4 2295 299.5
200 -363.6 -523.7 122.1 210.4

Fpr.

Compost (C) <0.001 <0.001 <0.001 <0.001
Linear <0.001 <0.001 0.006 <0.001
Quadratic <0.001 <0.001 <0.001 <0.001

Mineral Fertilizer (M.F) <0.001 <0.001 <0.001 <0.001
Linear 0.051 0.968 <0.001 <0.001
Quadratic <0.001 <0.001 <0.001 <0.001

CxM.F <0.001 0.082 <0.001 0.249
Linear 0.003 0.084 0.003 0.049
Quadratic < 0.001 0.160 <0.001 0.535

Cowpea net return (NR) and relative increase in income (RII) resulting from sole and
combined application of mineral fertilizer (DAP) and compost are presented in Table 4.24.
Significant differences (P < 0.001) for cowpea NR and RII were observed under the sole

application of compost in both cropping seasons. The highest cowpea net return of US
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$155.3 resulting in a relative income of 160.6 % was obtained by applying 100 kg ha* of
DAP fertilizer in 2013. Among all the combined use of compost and DAP fertilizer, only
the application of 2500 kg ha* compost + 50 kg ha* DAP had a positive net return ( US
$ 37.5) in 2013 while in 2014, all the interactions had a negative net return. On the other
hand, cowpea NR and RII were significant (P = 0.04 and 0.001) under sole application of
DAP fertilizer in 2013 while the combined use of compost and DAP fertilizer had

significant effect (P = 0.036) only on the cowpea RII in 2013.

Table 4.24: Cowpea net return and relative increase in income under combined use of

compost and mineral fertilizer

Treatments (kg ha™) Cowpea Net return ($) Cowpea RII (%)

Compost  NPK/DAP fertilizer —2013 2014 = 2013 2014
0 0 - - - -

50 152.6 69.9 1354 1920

75 143.7 48.6 138.0 183.0

100 155.3 52.1 160.6  232.0

2500 0 3.9 -220.8 236.5 198.0

50 37.6 -93.2 288.3  532.0

75 -39.8 -155.1 238.7 3920

100 -59.2 -189.8 239.7  403.0

5000 0 -407.5 -500.3 173.2  294.0

50 -342.6 -401.9 2845  678.0

75 -453.5 -272.6 1746  758.0

100 -447.8 -488.5 191.6  491.0

Fpr.

Compost (C) <0.001 <0.001 <0.001 <0.001
Linear < 0.001 <0.001 <0.001 <0.001
Quadratic < 0.001 0.606 <0.001 0.69

Mineral Fertilizer (M.F) 0.044 0.161 0.001 0.013
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Linear 0.883 0.539 0.065  0.046

Quadratic 0.054 0.032 0.009 0.009
CxM.F 0.064 0.686 0.036 0.724
Linear 0.006 0.946 0.003 0.98
Quadratic 0.598 0.869 0.415 0.794

4.13.1.2 Estimation of value cost ratio for pearl millet and cowpea under sole and
integrated use of compost and mineral fertilizer

The profit in pearl millet resulting from the sole and combined application of composted
cattle manure and NPK mineral fertilizer in 2013 and 2014 cropping season were
appraised by the value cost ratio (VCR) as presented in Table 4.25 The sole application of
NPK mineral fertilizer provided a net positive profit in both 2013 and 2014 cropping
seasons since their VCR was higher than 1. However, 2500 kg ha™ compost gave a net
positive profit only in 2013 with a VCR of 2.2. In 2013, VCR values of 1.1, 1.8, 1.4 and
1.0 were found under combined use of 2500 kg ha* compost with 100, 175 and 200 kg
ha' NPK mineral fertilizer respectively (Table 4.25). The VCR values observed is an
indication of a net positive profit of the combined use of compost and mineral fertilizer.
Application of sole compost and NPK mineral fertilizer and their interaction had

significant effect (P < 0.001) on the VCR of pearl millet.

On the other hand, cowpea VCR values were generally higher in all treatments in 2013
than 2014 (Table 4.25). Application of sole DAP mineral fertilizer provided a net positive
return in 2013 and 2014 cropping seasons since their VCR values were greater than 1. In

2013, only combined use of 2500 kg ha compost + 50 kg hal DAP gave a positive
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cowpea net profit with VCR of 1.1. The sole application of 2500 kg ha™* of compost gave
a positive profit VCR (1.0). In 2014 cropping season, only DAP mineral fertilizer had net

positive profit even though treatments significantly (P < 0.001) affected the VCR.

Table 4.25: Value cost ratio of sole and combined use of compost and mineral fertilizer

Treatments (kg ha™l) Millet VCR Cowpea VCR
Compost DAP fertilizer 2013 2014 2013 2014
0 100/50 55 3.1
8.3 3.7

175/75 4.4 2.0 3.8 2.0

200/100 4.2 1.8 3.3 1.8

2500 0 2.2 0.7 1.0 0.3
100/50 1.1 0.9 1.1 0.7

175/75 1.8 0.9 0.9 0.6

200/100 14 0.7 0.9 0.5

5000 0 0.5 0.2 0.4 0.2
100/50 0.9 0.5 0.5 0.5

175/75 1.0 (8 0.4 0.6

200/100 0.5 0.3 0.4 0.3

Fpr.

Compost  (C) <0.001 <0.001 <0.001 <0.001
Linear <0.001 <0.001 <0.001 <0.001
Quadratic <0.001 <0.001 <0.001 <0.001

M.Fertilizer (M.F) <0.001 <0.001 <0.001 <0.001
Linear <0.001 <0.001 <0.001 0.026
Quadratic <0.001 <0.001 <0.001 <0.001

CxM.F <0.001 <0.001 <0.001 <0.001
Linear <0.001 <0.001 <0.001 0.040

Quadratic <0.001 <0.001 <0.001 0.050
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NPK for millet, DAP for cowpea

4.13.2 Discussion

4.13.2.1 Net return, relative increase in income and value cost ratio of compost and

mineral fertilizer

The profit derived from any technology is a key entry point for its adoption by farmers,
particularly the short-term cost-benefit as reported by De Jager et al. (1998). Net return
(NR) and relative increase in income (RII) derived from sole and combined use of
composted cattle manure and mineral fertilizer were evaluated. Significant differences (P
< 0.001) were found for NR and RII for both pearl millet and cowpea in both years after
sole application of compost and mineral fertilizer (Tables 4.23 and 4.24). The interaction
affected significantly (P < 0.001) NR and RII for pearl millet in 2013 while, RII for
cowpea was significant (P = 0.036) during the 2013 cropping season. Pearl millet and
cowpea gave the highest NR and RII under sole application of mineral fertilizer in both
cropping years. Under combined use of compost and NPK mineral fertilizer for pearl
millet production, the sole application of 100 kg ha' NPK mineral fertilizer gave the
highest NR of US $ 495.5 leading to 162.9 % relative increase in income. Among the
combined application of compost and NPK mineral fertilizer, the use of 2500 kg ha™
compost + 175 kg ha™* NPK gave the highest NR of US $ 366.3 leading to a Rl of 233.8
%. This combination recorded also a VCR of 1.8 in 2013. Zhen and Routray (2003)
reported that a farming enterprise satisfies conditions for economic sustainabilty when the

VCR is greater than one (1).
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Cowpea production recorded the highest NR of US $ 155.3 leading to 160.6 % RII under
sole application of 100 kg ha of DAP mineral fertilizer. Among the combined use of
compost and DAP mineral fertilizer, the application 2500 kg ha* of compost + 50 kg ha*
DAP yielded the highest NR of US $ 37.5 with a VCR of 1.1 in 2013. These findings for
pearl millet and cowpea under combined use of compost and mineral fertilizer were in line
with the findings of Mucheru-Muna et al. (2007) who obtained the highest maize net
benefit of US $ 938.8 with a benefit cost ratio (BCR) of 2.5 under application of manure
with half recommended rate of inorganic fertilizer. Kiani et al. (2005), found a wheat net
return of Roupies (Rs.) 1776 with a VCR of 8.39 and RII of

20.20 with a variable cost of Rs. 1260 which a farmer can easily afford under the application
of 1/2 N and 1/2 FYM in Pakistan. Furthermore, under cotton cash crop production in
Pakistan, Khaliqg et al. (2006) found that, addition of full recommended NPK fertilizer with
effective microorganisms (EM) + organic materials (OM) increased net return by US $ 350,
which represented 129 % increase in net income with a VCR of 4.05. During the 2014
cropping season, results of this study showed that application of sole compost and its combined
use with NPK gave negative NR which could be explained by the low nutrients released from
compost compared to 2013 especially NPK

(Figure 4.5) and also low recorded rainfall (Figure 4.1) particularly at maturity stage. Soon

et al. (2001) demonstrated that low and poorly distributed rainfall can reduce the
availability of nutrients to maize plant and its N uptake. This may have resulted in the low

grain yield of pearl millet which induced the negative NR.
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The higher VCR and NR for pearl millet and cowpea (Tables 4.23, 4.24 and 4.25) were
recorded under sole application of mineral fertilizer in both years. This is contrary to the
findings of Mucheru-Muna et al. (2007) who reported a high BCR of 2.9 under sole
application of manure. The application of 2500 kg ha™* of compost recorded VCR of 2.1
and 1.0 for pearl millet and cowpea respectively in 2013. Mehmood et al. (2011) found a
benefit cost ratio of organic wheat production of 1:1.08 (0.92) which was higher than
inorganic wheat production having the value of 1:1.01(0.99).

4.14 Quantification of added benefits of pearl millet and cowpea under integrated

use of compost and mineral fertilizer.

4.14.1 Results

Added benefit is defined as a result of positive interactions between organic resources and
mineral fertilizer. The changes in pearl millet grain yield resulting from the interaction of
composted cattle manure and NPK mineral fertilizer are shown in Figure 4.13. In 2014,
all the interactions gave positive added benefit. However in 2013, positive added benefits
were obtained under the combined application of 5000 kg ha* compost + 100 kg ha™* NPK
and 5000 kg ha* compost + 175 kg ha* NPK mineral fertilizer. Combined use of 5000 kg
ha™ compost + 175 kg ha NPK recorded the highest positive added benefits of 606 and

386 kg ha* of grain in 2013 and 2014 cropping seasons respectively.
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Figure 4.13: Added benefit of grain yield of pearl millet under integrated use

of compost and NPK mineral fertilizer
Added benefit of cowpea grain yield resulting from integrated use of composted cattle

manure and DAP mineral fertilizer is presented in Figure 4.14. All compost and DAP
interactions in 2014 gave positive added benefits of cowpea grain yield. However in 2013,
only the application of 2500 kg ha compost + 50 kg ha™* DAP and 5000 kg ha™* compost
+ 50 kg ha™ DAP gave positive added benefit. The highest added benefit of 211 and 97
kg ha! were obtained by applying 5000 kg ha* compost + 75 kg ha* DAP and 5000 kg
ha* compost + 50 kg ha* DAP mineral fertilizer in 2014 and 2013

respectively.
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Figure 4.14: Added benefit of cowpea grain yield under integrated use of

compost and DAP mineral fertilizer

4.14.2 Discussion

Added benefits, defined as a result of positive interactions between organic resources and
mineral fertilizer (Vanlauwe et al., 2002) were evaluated under combined use of compost
and mineral fertilizer for pearl millet and cowpea during the two cropping seasons (2013
and 2014). Positive added benefit of pearl millet was recorded in all combined use of
compost and NPK mineral fertilizer in 2014 (Figure 4.13). High added benefit values of
169, 231 and 386 kg ha™* for pearl millet were found under the applications of 2500 kg
hat compost + 175 kg ha NPK, 5000 kg ha* compost + 100 kg ha™* and 5000 kg ha
compost + 175 kg hat NPK respectively in 2014. However in 2013, the application of
5000 kg ha* compost + 175 kg ha! NPK and 2500 kg ha™ compost + 175 kg ha® NPK

recorded high added benefit values of 140 kg ha* and 606 kg ha* for pearl millet. This
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could be explained by the higher rainfall use efficiency recorded in these treatments (Table
4.16). Vanlauwe et al. (2001) reported that benefits generated in mixed treatments were
likely caused by improved soil water conditions compared with sole applications
especially during drought period. These findings were different from the findings of
Opoku (2011), who did not find any significant interactive effect from combined NPK
fertilizer and manure at Maradi (Niger) and hence did not estimate added benefits or
losses from this combination. However Opoku (2011), demonstrated that application of
100 % recommended rate of NPK and 5 t ha of manure recorded the highest added
benefits of 684 kg ha! at Sarauniya (Nigeria). In addition, Nhamo (2001) found added
benefits of maize grain yield ranging from 663 to 1188 kg grain ha* and attributed the
synergetic effect to the supply of cations by the manure to ameliorate the low cation
content of the soil. Furthermore, Vanlauwe et al. (2001) found added benefits in terms of
extra maize grain yield generated from the combined use of organic and urea inputs
averaged from 490 to 580 kg ha in Sékou

(Benin) and Glidji (Togo) respectively. Unlike pearl millet, all compost and mineral
fertilizer (DAP) interactions in 2014 gave positive added benefit for cowpea grain yield.
On the contrary in 2013, only the combined application of 2500 kg ha™* compost + 50 kg
hat DAP and 5000 kg ha™ compost + 50 kg ha* DAP gave a positive added benefit as

shown in Figure 4.14.
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4.15 Evaluation of nitrogen and phosphorus partial balance of sole and combined

application of composted cattle manure and mineral fertilizer under strip

cropping
4.15.1 Results

4.15.1.1 Nitrogen and phosphorus input and pearl millet output (uptake) in grain
and straw

The nitrogen and phosphorus input (compost + NPK) on pearl millet and output (grain +
straw) under sole and combined use of compost and mineral fertilizer are presented in
Table 4.26. Pearl millet N output was significant (Pc x mr = 0.027) under combined use of
compost and NPK fertilizer only in 2013 cropping season. Nitrogen output was generally
higher in 2013 than 2014 under all treatments except under the application of

2500 kg ha* compost + 175 kg ha* NPK. In both years, the higher N output values of
46.4 (2013) and 38.6 (2014) kg ha* were obtained under the application of 5000 kg ha™

compost + 100 kg ha* NPK and 2500 kg ha™* compost + 175 kg ha* NPK mineral

fertilizer respectively.

On the other hand, pearl millet phosphorus output was significant (Pc = 0.021 and Pur =

0.027) under the sole applications of compost and NPK fertilizer in 2014 cropping season
(Table 4.26). The higher pearl millet phosphorus output values of 17.9 and 15.3 kg ha
were obtained under the applications of 5000 kg ha'* compost + 175 kg ha™ NPK and 2500
kg hal compost + 175 kg ha* NPK mineral fertilizer respectively in 2013 and 2014

cropping seasons.
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Table 4.26: Nitrogen and phosphorus input and pearl millet output (uptake) during the
2013 and 2014 cropping seasons

Treatments N input P input N output P output
(kg ha™ kg ha* kg ha’
NPK
Compost _fertilizer 2013 2014 2013 2014 2013 2014 2013 2014
0 0 00 00 0.0 0.0 23.3 16.2 8.1 6.6
100 15.0 15.0 6.6 6.6 33.6 28.6 123 85
175 26.3 26.3 115 115 290 13.0 9.6 11.5
200 30.0 30.0 13.1 131 40.3 22.7 145 11.2
2500 0 255 305 75.3 80.8 39.2 34.2 129 8.8
100 405 455 81.8 873 28.8 28.1 21.2 143
175 51.8 56.8 86.7 92.2 35.1 38.6 148 15.3
200 55,5 60.5 88.3 938 339 277 121 147
5000 0 51.0 61.0 150.5 1615 240 13.0 7.8 8.9
100 66.0 76.0 157.1 168.1 4675211 127 8.7
175 773 873 162.0 173.0 438 219 179 108
200 81.0 91.0 163.6 174.6 306 324 12.1 118
Fpr.
Compost C 0.423 0.06 0.27 0.021
Mineral fertilizer
(M.F) 0.24 0.731 0.249 0.027
CxM.F 0.027 0.388 0.493 0.824

4.15.1.2 Pearl millet nitrogen and phosphorus partial balance

Combined application of compost and mineral fertilizer led to an accumulation of N and
P in the soil which resulted in positive partial N and P balances. Pearl millet N and P
partial balances were significantly different (ie. P < 0.001 for N and P under sole compost)
under the sole application of composted cattle manure and NPK mineral fertilizer in 2013

and 2014 cropping seasons. Negative N partial balances were recorded under control, the
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sole application of 2500 kg ha* compost and also sole application NPK mineral fertilizer
in 2013 (Table 4.27). In 2014 cropping season, N partial balances were negative under the
control, the sole applications of 2500 kg ha compost and 100 kg ha! NPK fertilizer.
Compost and NPK mineral fertilizer interaction had significant effect (P = 0.027) on N
partial balance only in 2013 cropping season. Higher values of positive N partial balance
of 50.4 and 58.6 kg ha* were obtained with the application of 5000 kg ha* compost + 200

kg ha NPK mineral fertilizer during 2013 and 2014 cropping season.

Negative P partial balances were found under control (- 5.0 and - 4.3 kg ha) and sole
application of 100 kg ha™* NPK (- 8.0 and — 6.6 kg ha™®) in 2013 and 2014 cropping seasons.
In addition, negative P partial balances of — 5.8 and — 2.0 kg ha* were recorded under the
sole application of 100 kg ha NPK fertilizer in 2013 and 2014 respectively. Higher
positive values of P partial balances were obtained under combined use of compost and
NPK fertilizer especially the application of 5000 kg ha™ + 200 kg ha* NPK with values
of 151.5 and 162.8 kg ha* respectively in 2013 and 2014 cropping seasons.

Table 4.27: Pearl millet nitrogen and phosphorus partial balance in 2013 and 2014

cropping seasons

Treatments (kg hal) N balance (kg ha?) P balance (kg ha™)
—Compest—NPK fertilizer— —2013 2014 2013 2014

0 0 -23.3 -16.2 -8.0 -6.6

100 -18.6 -13.6 -5.8 -2.0

175 -2.8 13.3 1.9 -0.1

200 -10.3 7.3 -1.4 1.9

2500 0 -13.7 -3.7 62.3 72.0

100 11.7 17.4 60.6 73.0

175 16.6 18.2 71.9 76.9
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200 21.6 32.8 76.3 79.2

5000 0 27.0 48.0 142.7  152.6
100 19.6 54.9 1443 1594
175 334 65.4 1441 162.2
200 50.4 58.6 1515  162.8
Fpr.
Compost C <0.001 <0.001 <0.001 <
0.001
Mineral fertilizer (M.F) <0.001 0.001 0.006 <
0.001
CxM.F 0.027 0.388 0.494  0.824

4.15.1.3 Nitrogen and phosphorus input and cowpea output in grain and haulm

Nitrogen input on cowpea was generally higher in 2014 than in 2013 (Table 4.28). Cowpea
nitrogen output was significant (P < 0.001 and P = 0.026) under the sole application of
compost in both cropping seasons while the interaction was significant ( P = 0.042) only
in 2013 cropping season. The higher values of 69.0 and 79.0 kg ha™ of nitrogen input were
obtained under combined application of 5000 kg ha* compost + 100 kg ha* DAP in 2013
and 2014, respectively. Higher cowpea nitrogen output values of 21.5 and 25.3 kg ha*
resulted also from the combined application of 2500 kg ha compost + 75 kg ha* DAP
and 5000 kg ha* compost + 75 kg ha* DAP respectively in

2013 and in 2014 cropping seasons. On the other hand, phosphorus input was higher in
2014 than 2013 under the sole application of compost and its combination with DAP
fertilizer (Table 4.28). The highest P input values of 170.6 and 181.6kg ha™ was obtained

under the combined application of 5000 kg ha compost + 100 kg ha* DAP mineral
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fertilizer in both years. Phosphorus output was significant (P < 0.001 (2013) and P = 0.013
(2014)) only under the sole application of compost. The higher cowpea P output values of
4.1 kg ha (2013) and 4.3 kg ha! (2014) were obtained by applying 2500 kg ha* + 75 kg

hat DAP and 5000 kg ha + 75 kg ha* DAP mineral fertilizer.

Table 4.28: Cowpea nitrogen and phosphorus input and output (uptake) during the 2013

Treatments
(kg ha'l) N input N output P_input P output
kg ha™ kg ha™
DAP 201
Compost _fertilizer 2013 4 2013 2014 2013 2014 2013 2014
00 0.0 4.1 0.0 0.0 0.8
0 0 10.2
50 9.0 9.0 12.1 7.0 10.0 10.0 2.1 1.3
75 13.5 135 12.4 6.0 151 151 2.1 1.1
100 18.0 18.0 16.2 9.7 20.1 20.1 2.6 15
2500 0 255 30.5 19.8 8.8 75.3 80.8 3.6 1.1
50 345 395 18.0"*T6.1 85.3 90.8 3.3 3.0
75 39.0 44.0 215N 140 90.3 95.8 4.1 2.5
100 435 485 17.0 9.5 95.3 100.8 3.2 2.1
5000 0 51.0 61.0 14.3,- 101 150.5 1615 2.7 1.7
50 60.0 70.0 19.3 143 160.5 1715 3.6 3.0
75 645 745 16.0  25.3 165.6 176.6 3.5 4.3
100 69.0 79.0 13.7 122 170.6 181.6 2.8 2.1
Fpr.
Compost <0.001 0.026 <0.001 0.013
M. F 0.503 0.215 0.294 0.097
CxM.F 0.042 0.489 0.13 0.526

and 2014 cropping seasons
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4.1.15.4 Cowpea nitrogen and phosphorus partial balance

Cowpea N and P partial balances were calculated under sole and integrated use of compost
and DAP mineral fertilizer as presented in Table 4.29. Significant differences (P < 0.001)
for N and P partial balances were found under the sole application of compost and DAP
mineral fertilizer in both cropping seasons. Negative cowpea N partial balances were

found under control (- 10.8 and — 4.1 kg ha') in both 2013 and

2014 cropping seasons and also under the sole application 50 kg ha™* DAP (-3.1 kg ha't).
Higher values of cowpea positive N partial balance of 55.3 and 66.8 kg ha™* were recorded

under the application of 5000 kg ha + 100 kg ha™* DAP during both years.

On the other hand, cowpea P partial balances were positive under all treatments except the
control (Table 4.29). Higher values of 167.8 and 179.5 kg ha™ were recorded under the
combined application of 5000 kg ha® compost + 100 kg ha® DAP mineral fertilizer
respectively in 2013 and 2014 cropping seasons. The sole application of compost and
mineral fertilizer significantly (P < 0.001) affected cowpea P partial balances in both

years.
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Table 4.29: Cowpea nitrogen and phosphorus partial balance during 2013 and 2014
cropping seasons

Treatments (kg ha™) N balance (kg ha™) P balance (kg hat)
Compost DAP fertilizer 2013 2014 2013 2014
0 0 -2.0 -0.8
-10.2 -4.1
50 -3.1 2.0 7.9 8.8
75 1.1 7.5 12.9 14.0
100 1.8 8.3 17.5 18.5
2500 0 5.7 21.7 71.6 79.6
50 16.5 23.4 82.0 87.8
75 17.5 30.0 86.2 93.3
100 26.5 39.0 92.1 98.7
5000 0 36.8 50.9 147.8 159.8
50 40.7 95.7 156.9 168.6
5 48.5 49.2 162.1 172.2
100 55.3 66.8 167.8 179.5
Fpr.
Compost (C) <0.001 <0.001 <0.001 <0.001
Mineral Fertilizer (M.F) <0.001 0.002 <0.001 <0.001

CxM.F 0.042 0.489 0.133 0.53
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4.15.2 Discussion

4.15.2.1 Evaluation of nitrogen and phosphorus partial balance of combined

application of composted cattle manure and mineral fertilizer under strip

cropping

The nitrogen input on pearl millet and cowpea was significant (P < 0.001 and P = 0.026)
for cowpea under the sole application of compost in both years. These results are contrary
to the findings of Opoku (2011) who showed that the resource base of the farming systems
in Garin Labo (Niger) had no significant effect on their N inputs although equipped crop-
livestock system supplied more N through manure than the other systems. The nitrogen
and phosphorus inputs (Tables 4.26 and 4.28) observed in the study far outweighed the
amount actually applied by farmers. De Rouw and Rajot (2004) reported extremely low
levels of manure input 500 - 1,000 kg ha™* per year, which added about 10 kg N, 1.2 kg P
and 5 kg K to the soil in Niger. Nowadays this rate has increased due to the gains obtained
by farmers and the fact that most farmers own cattle for agricultural traction. Kangalawe
(2014) reported an average of 1,200 kg manure being produced by one livestock unit in a
year. The positive N partial balance obtained under combined application of compost and
NPK mineral fertilizer in 2013 may be due to the high nutrient content resulted from these
treatments. Ngala et al. (2013) reported that increasing the level of NPK fertilizer and
farmyard manure subsequently increased N-balances. In addition, Omae et al. (2014)
reported the greatest and positive N balance under manure application, followed by millet
husk in the intercropped millet - cowpea system in sahelian condition of Niger. Also under

mixed farming systems in Ethiopia with cereals, oil crops, pulses, vegetables and
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permanent crops, the partial balances were positive for all nutrients considered (N, P and

K) at the national scale (Haileslassie et al., 2005).

Higher positive P partial balances were observed under integrated use of compost and
mineral fertilizer for both pearl millet and cowpea in 2013 and 2014 (Tables 4.27 and
4.29). Kanté et al. (2007) found that positive partial P balance in Mali ranging from 2.9

to 6.6 kg ha? resulted from farmers® farms under good, medium and unfavorable soil
fertility management. The positive P partial balances could be explained by the high rate
of P input (Tables 4.26 and 4. 28) and the low P uptake due to soil solution P — root P

uptake mechanisms. Richardson et al. (2009) reported that uptake of P from the soil

depends on both the rate of dissolution of orthophosphate (HPO 42— and H2PO4 —) towards
roots and growth of the root system to intercept new sources of P. According to Malboobi
et al. (2012), the low rate of P diffusion through soil (102 — 10-'°> m/s) to roots effectively
limits the uptake of P and restricts plant growth, unless roots can grow into and extract P

from unexploited soil.
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CHAPTER FIVE

5.0 Summary, conclusions and recommendations

5.1 Summary

Nitrogen, phosphorus, calcium and magnesium contents of manure increased as at the
end of the composting process. Increases of 191.4 (2013) to 320.0 % (2014); 61.5
(2013) to 840.0 % (2014); 10.0 (2013) to 566.6 % (2014) and 11.1 (2013) to 600.0 %
(2014) were recorded respectively for N, P, Ca and Mg. Decomposition of matured
compost under field conditions showed that 40.3 % (2013) and 56.5 % (2014) of

composted cattle manure decomposed after 84 days.

Pearl millet grain yields of 1226.5 and 1233.0 kg ha over the two cropping seasons
were obtained under the application of 2500 kg ha™ compost + 175 kg ha™ NPK and
5000 kg ha* compost + 175 kg ha* NPK fertilizer respectively. Similarly, straw yields
of 4666.5 and 3354.0 kg ha! over the two cropping seasons were recorded under the
same treatments. Cowpea grain yields of 301.3 and 332.8 kg ha over the two cropping
seasons were obtained under the application of 2500 kg ha* compost + 50 kg ha* DAP
and 5000 kg ha* compost + 50 kg ha®. The higher mean haulm yield values of 508.5
kg ha (2500 kg ha* + 75 kg ha* DAP) and 496.0 kg ha® (5000 kg ha™* compost + 75
kg hat DAP) were obtained under integrated use of compost and mineral fertilizer over

the two cropping seasons.

Application of 2500 kg ha™* compost + 175 kg ha NPK and 5000 kg ha™* compost +
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175 kg ha NPK was quite highly promising (sustainable) for pearl millet production
with SY1 of 0.64 and 0.65 respectively over the 2013 and 2014 cropping seasons. For
cowpea production, application of 5000 kg ha* compost with 50 and 75 kg ha™* DAP
was highly promising with SY1 of 0.63 and 0.57 respectively over the 2013 and 2014
cropping seasons. Pearl millet nitrogen and phosphorus use efficiencies means of 91.3
and 373.0 kg kg™ over the two years (2013 and 2014) were obtained respectively under
combined the application of 2500 kg ha* compost + 175 kg ha* NPK and 5000 kg ha'*
+ 100 kg ha* NPK. The highest cowpea NUE of 33.7 kg ha* was obtained under 5000
kg ha™* compost + 50 kg ha* DAP while the highest PUE of 197.9 kg kg™ was recorded
under the application of 5000 kg ha™* + 100 kg ha* during the 2014 cropping season.
Net return of US $366.3 led to 233.8 % RII with a VCR of 1.8 for pearl millet under the
application of 2500 kg ha™ + 175 kg ha* NPK. However, cowpea net return of US $37.5
led to 288.3 % RIl and a VCR of 1.1 which was obtained by applying 2500 kg ha™*

compost + 50 kg ha* DAP.

iv. Higher positive partial nutrient balances were obtained under combined use of compost
and mineral fertilizer for N and P during both years. Positive partial balances of 50.4
(2013) and 58.6 kg ha (2014) for N and 151.5 (2013) and 162.8 kg ha™* (2014) for P
were obtained for pearl millet under the combined application of 5000 kg ha* + 200 kg
hat NPK. In the case of cowpea, higher positive partial balances of 55.3 (2013) and 66.8
kg hal (2014) for N and 167.8 (2013) and 179.5 kg ha* (2014) for P resulted from the

combined application of 5000 kg ha® + 100 kg ha* DAP.
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5.2 Conclusions

Composting cattle manure with cowpea haulm (rich in N content) is a way of improving
the fertilizer value of cattle manure. High decomposition and nutrient release of compost
under field conditions were dependent on high and well distributed rainfall. The peak of
compost nutrient release could be used to synchronize the peak nutrient demand of crops.
The increase in soil nutrients following amendment application suggests that continuous

application could result in a buildup of soil fertility.

Increased plant height, LAI, CGR and NAR resulted from the combined application of
composted cattle manure and mineral fertilizer which consequently led to higher grain and

straw/haulm yields relative to average yields under farmer*s field.

The high yield obtained following the combined application of compost and mineral
fertilizer and its associated positive net benefit are good incentives for the acceptability of
this management practice by farmers. High sustainability yield index was observed under

the combined application of composted cattle manure and mineral fertilizer.

Positive partial N and P nutrient balances (the most limiting nutrients in Niger) could be
obtained by using compost and mineral fertilizer under pearl millet and cowpea strip

cropping system.

5.3 Recommendations

Even though this study has sufficiently addressed some of the relevant issues in the
management of composted cattle manure and its combination with mineral fertilizer, the

following recommendations can be examined for further research:

144



i. Due to optimum pearl millet and cowpea yields obtained under the combined 2500 kg
ha* compost + 175 kg hat NPK/50 DAP, in addition to high sustainablity yield index and
positive net benefit, this treatment is recommended to farmers for sustainable crop
production. ii. Studies exploring other available local organic materials in the study area
(e.g. Sesbania pachycarpa) for improving manure fertilizer value through composting
should be carried out under farmer field managed conditions. Futhermore, a guide
describing all the stages of composting should be developed for farmers.
iii. With the determination of peak nutrient release of the compost under field conditions,
mechanisms underlying synchronization of nutrient release and crop uptake must be

given the needed research attention.
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Appendix 1: Summary of analysis of variance of soil physic-chemical parameters

APPENDICES

Sources of
variations P values
Volumetric
Cmol. kg™ water
N P Moisture
(%) (mg/kg) K H content 3
C 0.344 0.122 0.506 0.234 0.121 0.193 0.111 0.498 0.679 0.348 <0.001 0.941 0.853
M. F 0.009 0.816 0.204 0.223 0.95 0.409 0.964 0.999 0.406 0.146 0.915 0.44 0.458
Year <0.001 <0.001 0.011 <0.001 <0.000 <0.001 0.003 <0.001 0.002 0.014 <0.001 <0.001 <0.001
Bulk content
pH Oc (%) Ca Mg Na Al density (mm)
CxMF 0.013 0.393 0.542 0.549 0.101 0.962 0.92 0.936 0.255 0.463 0.78 0.766 0.803
CxY 0.933 0.123 0.795 0.099 0.013 0.608 0.085 0.562 0.402 0.537 0.067 0.935 0.984
M.FxY 0.387 0.707 0.083 0.301 0.742 0.729 0.819 0.988 0.283 0.724 0.791 0.382 0.305
CxM.FxY 0.279 0.445 0.165 0.15 0.929 0.470 0.988 0.97 0.783 0918 0.791 0.997 0.996
CV (%) 6 41.9 27.4 28.3 24.6 65.3 46.2 47.4 27.4 37 2.6 24.1 23.2

C = compost; M.F = mineral fertilizer






Appendix 2: Summary of analysis of variance of millet grain and straw yields and

millet rainfall use efficiency

P values
Sources of variation Grain yield  Straw yield RUE
Compost <0.001 <0.001 <0.001
Mineral Fertilizer <0.001 <0.001 <0.001
Year <0.001 <0.001 <0.001
Compost x Mineral Fertilizer <0.001 0.004 <0.001
Compost xYear 0.382 <0.001 0.422
Mineral Fertilizer x Year 0.067 0.026 0.113
Compost x Mineral Fertilizer x Year 0.002 0.045 0.025
CV (%) 19.1 18.1 18.1

Appendix 3: Summary of analysis of variance of cowpea grain and haulm yields and

cowpea RUE
P values
Sources of variation Grain yield Haulm yield RUE
Compost <0.001 <0.001 0.001
Mineral Fertilizer 0.008 0.149 0.235
Year <0.001 <0.001 0.031

Compost x Mineral Fertilizer 0.533 0.102 0.305



Compost x Year
Mineral Fertilizer x Year

Compost x Mineral Fertilizer x Year
CV (%)

0.034 0.222 0.124
0.271 0.456 0.501
0.560 0.058 0.214
40.8 30.5 39
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