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ABSTRACT

Tillage practices and soil amendments are important technologies in crop production
but their influence on yield and soil organic carbon dynamics are diverse with some
findings seemingly controversial. A study was conducted at a site that had received
same treatments for three years at the Agricultural Research Station of the Kwame
Nkrumah University of Science and Technology (KNUST), Anwomaso. A 4x4
factorial experiment in a Split-plot design with three replications (blocks) was used.
Four tillage practices: no-till (NT), hoe tillage (H), plough plant (PP) and plough and
harrow tillage (PH) were the main plots and four soil amendments 3 t/ha poultry
manure (PM), 60-40-40 NPK (NPK), 1.5 t/ha poultry manure plus 30-20-20 NPK
(HR) and no amendment (NA) were the subplots. Soil samples were taken from the
top soil (0-15 cm) and sub soil (15-30 cm) depths. Carbon stocks was determined
within fractionated soil aggregates separated by wet sieving. The relative proportion
of aggregate fractions and carbon stock per aggregate fraction was in the order of
Large macroaggregates (LM) > small macroaggregates (SM) > Microaggregates (M)
> Silt and clay fraction (S+C) within the 0-15 cm depth and small macroaggregates
(SM) > Large macroaggregates (LM) > Microaggregates (M) > Silt and clay fraction
(S+C) within the 15-30 cm depth. Tillage effect on carbon stocks (total stocks in all
aggregate fractions) was in the order of NT (45.31 t C/ha) > H (37.13 t C/ha) > PP
(31.10 t C/ha) > PH (14.73 t C/ha) in the topsoil (0-15 cm) and PP (31.38 t C/ha) >
NT (31.15 t C/ha) > H (29.96 t C/ha) > PH (26.38 t C/ha) in the subsoil (15-30 c¢m).
The most stable soil carbon stock which occurs in the microaggregate fraction (0.053
— 0.250 mm) was highest in PP (18.12 t C/ha) and was significantly different from NT
(15.69 t C/ha), H (15.51 t C/ha) and PH (12.12 t C/ha) over 0-30 cm depth. NT and H

were similar in the carbon stock in microaggregate but significantly different from

Xiv



PH. Soil amendment did not have significant effect on carbon stocks within the
various soil aggregates. The tillage-soil amendment interactive effect on carbon
storage in microaggregates was highest in PP/PM and was significantly higher than all
other combinations except PP/NPK and PP/ HR. Carbon dioxide emission was
significantly higher in NT plots (8.36 g C/m%day) and NPK amended plots (8.11 g
C/m?/day) than other tillage practices (PH=7.88 g C/m?/day, PP=7.67 g C/m?/day,
H=7.23 g C/m?day) and soil amendments (NA=7.86 g C/m%day, PM=7.81
gC/m?/day, HR =7.36 g C/m?/day). The Combined effects H/ HR and PP/PM which
recorded 6.28 and 6.42 g C/m?/day respectively, had significantly lower carbon
dioxide emissions whereas NT/NPK (8.88 g C/m?/day) and NT/PM (8.66 g C/m?/day)
had higher carbon dioxide emission. In the major season, tillage effect on maize grain
yield was highest under No till (4.12 t/ha) followed by PH = 3.28 t/ha, PP = 2.85 t/ha
and H = 2.33 t/ha. Soil amendments effect was highest under HR soil amendment
(3.47 t/ha) followed by PM = 3.37 t/ha, NPK = 3.29 and NA = 2.46. Similar trend was

observed in the minor season. Plough plant showed potential of sequestering.

XV



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Concerns about global warming and climate change, led by the increasing amounts of
atmospheric greenhouse gases especially CO, have enhanced the interest of soil
carbon sequestration as an aspect of counterbalancing human caused CO, emissions
(Ussiri and Lal, 2009). An increase of 0.88°C has been recorded since the 19"
Century (IPCC, 2007). Greenhouse gases involved in global warming include
methane (CH,4), Nitrous gas (N2) and carbon dioxide (CO;). Carbon dioxide is
important among the greenhouse gases contributing approximately 60% to

greenhouse effect of global warming (IPCC, 2007).

There are several sinks for carbon storage including geologic formations, biotic, soil
and oceanic sinks. The soil functions however as both a source and a sink of
greenhouse gases depending on land use and soil management (Ussiri and Lal, 2009).
Carbon dioxide emissions from soil and biotic carbon pools also results in
atmospheric carbon dioxide increase and a historic carbon emission of 55000-100000

tons from the soil has been recorded (IPCC, 1995)

Atmospheric carbon are stored into the soil as soil organic carbon (SOC) by a process
known as carbon sequestration. Soil organic carbon (SOC) and sequestration of
atmospheric carbon has a major impact on long-term environmental sustainability of
crop production system because SOC influences soil quality, affecting the soil fertility

and functions (Robertson, 2008).

Maintaining SOC levels in the soil depends on a host of factors, included are climatic

factors (temperature and precipitation), cropping systems, soil type, fertilizer



application, type and amount of crop residue left the on soil surface, crop residue

management and tillage (OECD, 1999).

Tillage affects a range of biological, physical and chemical properties of the soil. It
alters soil organic manure decomposition environment and often results in CO,
emission (Oorts et al., 2007). Soil organic carbon decomposition is higher in tropical
soils and as such contributes more to atmospheric CO, concentration relative to
temperate soils because of higher annual temperature. CO, release into the
atmosphere has been stated severally by Lal (1995; 1996; 1997) to be accelerated by
erosion, leaching of cations, compaction and biotic activity which are aggravated
mostly by tillage practices. Also, Tillage and residue management influences CO,
emission from the soil. Conservation tillage has been recommended because of these
challenges with tillage practices (Fernandez et al., 1993; Osozawa and Hasegawa,
1995). Conservation tillage is one of the recommended practices for increasing SOC
pool in agricultural ecosystems (Lal and Kimble, 1997; Lal et al., 1998). Paustian et
al. (1997) also stated that Nitrogen fertilization leads to increase in Carbon input from

enhanced productivity and crop residue return to the soil.

1.2 Problem Statement and justification

Several advances have been made to explain the relationship between various
conventional tillage practices and carbon sequestration. However, there are some
conflicting findings. Generally, most authors state that conventional tillage stores less
carbon in the soil than conservational tillage practices. Angers and Eriksen-Hamel
(2008) concluded differently, that soil variables do not affect tillage effects on soil
carbon sequestration. Similar contradictions were mentioned by Kessavalou et al.

(1998a) with soil CO, emissions describing it as complex and highly variable.



Hendrix et al., (1988) reported higher CO, emissions for a 6 year no-tillage soils than
for conventional tillage under sorghum and soyabean during an 18-month monitoring
period, but, the increase in no-tillage soil could not be accounted for. Similar findings
were made by Franzluebbers et al. (1995b), Fortin et al. (1996) and Aslam et al.

(2000)

Alvarez et al. (2001) and Al-Kaisi and Yin (2005), observed that, during a short
period after tillage disturbance, there was lower CO, emissions from no-tillage than
conventional tillage. There are limited information on the impact of soil amendment
and carbon sequestration and CO, emission and the few studies even share conflicting
ideas. Oladipo et al. (2010) observed in Nigeria that increasing poultry manure
application reduced CO, evolution from the soil but CO, emission increased with
poultry manure on a no-tillage plot elsewhere (Heller et al., 2010). In another study,
Subhadip et al. (2010) observed that the combine effect of farm yard manure and
NPK increased CO, accumulation in the soil. There also appears to be limited
information on the combined effect of tillage and soil amendments on carbon

sequestration especially under maize production.

Maize is one of the most important crops in Ghana accounting for 50-60% of total
cereal production. Various amendment programs and tillage practices adopted by
farmers to increase maize yield have potential of increasing CO, emission from soils,
respiration from plants and microbial activities. Agriculture is known to contribute at
least 1% to global CO;emissions. It is therefore important to assess the environmental
friendliness. Owing to the various differences observed in the outcome of studies on
carbon storage and emission at various sites, it is important to evaluate carbon storage

and emission in specific soils in Ghana.



1.3 Objectives
The main objective of the study was to access the impact of different tillage practices

and soil amendments on Carbon dynamics in the soil.

The specific objectives were
I. To determine the effect of tillage and soil amendment on carbon storage.
ii. To evaluate the impact of tillage and soil amendments on CO; emission
iii. To measure yield of maize under different soil amendment and tillage

practices



CHAPTER TWO

LITERATURE REVIEW

2.1 Soil Organic Carbon (SOC)

Soil carbon exists in organic and inorganic forms, however, majority of the carbon in
the soil are in the organic forms. Soil organic carbon is the carbon associated with soil
organic matter (Milne and Heimsath, 2009). Soil organic carbon can be grouped into
3 pools or fractions; the labile pool, slow pool and the inert pool and indicated that it
is an essential soil property that influences the chemical, physical and biological

fertility of the soil (Milne and Heimsath, 2009).

2.1.1 Functions of SOC

Soil organic carbon is the energy source for microbial activity and also precursor to
nutrient availability through mineralization. The active/labile SOC forms are the
major microbial energy source as well as nutrient source. The humic fraction
functions as participant in aggregate stability, water holding capacity, improvement of
the soil and nutrient holding capacity. (Edwards et al., 1999). The effect of SOC on
aggregate stability has direct effect on reduced soil erosion, making the soil resistant
to mass movement by runoff water. The increased infiltration and water holding
capacity induced by SOC reduces overland flow, help recharge groundwater and
increase water availability to crops. Subsequently, SOC is a measure of greater crop
productivity (IPCC, 2000; 2003; 2006; Ruddiman, 2007; Lal, 2008; Pan et al., 2011;

FAO, 2012)

A healthy soil, that support a sustainable production system, is defined by Govaerts et

al. (2008) as the continued capacity of the soil to sustain biological productivity,



maintain quality of air and water environments and promote plant, animal and human

health and soil organic carbon is the basis of soil health (Leu, 2007).

2.1.2 Factors affecting Soil Organic Carbon

Several factors and conditions affect SOC loss and storage in the soil. The various
processes that influence SOC dynamics in the soil are controlled by climatic
conditions such as rainfall, atmospheric temperature; soil properties and the type of

vegetation (Baldock, 2008).

Loss of SOC from the soil results from the breakdown and conversion of soil organic
materials to carbon dioxide. It is accelerated by various factors, included are the type
organic material, soil clay content, soil management practices, crop residue removal
and burning etc. (Baldock, 2008). The most important factor to accelerated carbon
loss from the soil is human influence and agricultural systems. It is difficult to
accurately measure exact quantities of SOC loss but anthropogenic activities such as
burning which remove soil cover and tillage and drainage which expose SOC to
oxygen and rapid decomposition are recorded to cause huge SOC loss (Ruddiman,

2007).

Additions of SOC on the other hand depends chiefly on the type and amount of
organic matter returned to a cropping system. Thus any crop production system that
increases productivity and return crop residue to the soil tends to increase SOC input
to the soil as majority of SOC enter the soil as crop residue (Baldock, 2008).
Secondly, reduced tillage and no-tillage are mentioned as practices with a potential of

increasing SOC storage in the soil.

Directly applying compost, biochar, manure and other organic materials to the soil

increases the soil’s potential of SOC storage (Baldock, 2008).



The SOC balance of agro-ecosystems is mainly governed by the difference between C
inputs (post-harvest residues, rhizodeposition), and recycled organic materials
(manure, slurry or sludge), and SOC output through decomposition of organic matter

(Katterer et al., 2012)

According to Baldock (2008), organic carbon stored in the soil is a balance between
additions from input of organic material losses through decomposition of organic
materials or loss through erosion. Soil organic carbon levels increase with plenty
water, nutrients and sunlight and it is low where there is high microbial activity and

fallow with no plant additions (Baldock, 2008).

2.2 Carbon Sequestration

Soil carbon sequestrations is the capture and safe storage of atmospheric carbon in the
soil that would have either been emitted from the soil or remained in the atmosphere.
It is the transfer of atmospheric carbon to long-lived pools and securely keeping them
so that it is not easily lost back to the atmosphere by re-emission, accomplished by
adaptation of appropriate land management systems (Lal, 2004). The fundamental aim
of carbon sequestration is to prevent carbon dioxide emissions emanating from human
activity from reaching the atmosphere and removing what has already accumulated in
the atmosphere and keeping it in the soil for secured storage (Al-Kaisi et al., 2008).
The technical potential for this process is higher in degraded/desertified soils and soils
that have been managed with extractive farming practices than it is in good-quality

soils managed according to recommended management practices (Lal, 2009).

Carbon is stored in the soil under two (2) pools; soil organic carbon pool and soil

inorganic pool (Eswaran et al., 1995);



The global SOC per 1 m soil depth is estimated at 1550 Pg and the SIC is estimated at
750 Pg (Batjes, 1996). The two pools put together gives approximately 2300 Pg

within the top 1m of the soil (Lal, 2004).

Aside the soil pool, the vegetation pool is estimated at 560Pg. The atmospheric pool is
estimated at 760 Pg at an increasing rate of 3.2 Pg C/year. Per this statistics, the biotic
carbon pool (carbon in the soil pool and vegetation pool) is about 3-4 times more than

the atmospheric carbon pool (Raich and Schlesinger, 1992; Schimel, 1995).

According to Lal (2002c), the above mentioned pools are interconnected such that 60
Pg C is exchanged between the vegetation pool and the atmosphere. Ironically, only
6.3 Pg/year and 1.6-2.0 Pg/year carbon is emitted from fossil fuel and land use change
respectively. This means that improving photosynthetic fixation and sequestering only
5% of the photosynthetic carbon in to the soil and vegetation carbon pools can greatly

offset the industrial emissions (Lal, 2002a).

Lal (2009) comments that soil carbon sequestration is a win-win strategy. It mitigates
climate change by offsetting anthropogenic emissions, improves the environment,
especially the quality of natural waters, enhances soil quality, improves agronomic
productivity, and advances food security. It is a low-hanging fruit and a bridge to the

future, until carbon-neutral fuel sources and low-carbon economy take effect.

The potential of soil C sink of a managed system is estimated at 55-78 Gt which
represents 50-66% of the possible sink potential of the soil (Lal, 2004). The strategy
of storing carbon in the soil is cost effective and environmentally friendly. Carbon
sequestered through change of land use (conversion from agricultural land to natural
ecosystem) and recommended management practices peaks at 5-20 years after

adoption of recommended management practices (Lal, 2004).



2.3 Soil Aggregation and Soil Carbon Dynamics

An understanding in soil aggregate dynamics in relation to SOC storage depends on
the functions of plants, microbial population of the soil and the soil itself (Angers and
Giroux, 1996). Soil aggregation in relation to microbial activity rests on processes of
plant residue breakdown leading to the formation of the “organic mat” for soil
aggregation (Watts et al., 2001). Also, the role of plants and SOM in soil aggregation
is very important in SOC sequestration (Blanco-Canqui and Lal, 2004). Aggregate

size, strength, configuration and nature depends on the stabilizing agent.

Macroaggregates are stabilized by microbial polysaccharides whiles micro aggregates
are stabilized by humic compounds (Greenland, 1965). Temporary, transient and
persistent are the various classes of binding agents responsible for stabilization of soil

aggregates. (Tisdall and Oades, 1982).

The temporary class of binding agents including plant roots, fungal hyphae, and
bacterial cells are associated with macro aggregates and are highly vulnerable to

tillage (Skjemstad et al., 1990; Cambardella and Elliot, 1993).

The second class of binding agents (the transient) include polysaccharides, mucilage,
and root exudates. These, especially the polysaccharides, mostly bind 10-50 pm
aggregates using polymer bridges. They are easily adsorbed by clay relative to humic
and fluvic acids (Tisdall and Oades, 1982; Chenu and Guerif, 1991). Tisdall (1996)
further explains that they are relatively immobile because of their association with
clay (negatively charged surfaces). Because of their reduced mobility, they remain
temporary undecomposed as long as they bind clay into macro aggregates. Aggregate
stability induced by the second class of binding agents only last a few weeks as they

are easily decomposed (Wild, 1988).



Persistent agents include the humic compounds, the polyvalent cations (Ca®*, Mg?*,

Fe 111, etc.) and polymers. They are the highly decomposed organic materials. These

agents are connected to micro aggregation and long term SOC sequestration. (Blanco-

Canqui and Lal, 2004). Classical evidence by Edwards and Bremner (1967) reveals

that these persistent agents form an inner portion of micro aggregates adsorbed clay

particles forming organo-mineral complexes. These compounds have relatively high

molecular weight making them recalcitrant. The process of soil carbon storage by

aggregates is illustrated in Figure 2.1 below;

Mechanisms of SOC Sequestration by Aggregates

|

|
| |

'

Physical I Physico-chemical . Chemical . Biochemical
Entrapment Protection Protection Stabilization
Macroaggregates Attraction of Chemical Recalcitrance
Particles Reactions Condensation
Microaggregates Organo-mineral Adsorption Condensation
Complexes

:

;

| :
!

Clay-humic Complexes

Figure. 2.1. Pathways of soil organic carbon (SOC) sequestration by aggregates

Source: Golchin et al., 1994; Laird, 2001; Six et al., 2002.
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2.4 Soil Fractionation

The size of soil aggregates has great influence on conservation and mineralization of
carbon. However, the procedure used to separate the soil into respective aggregates
(fractionation) may influence levels of aggregate distribution and quantification of

carbon pools (Whalen and Chang, 2002; Sainju, 2006)

Wet sieving method of soil aggregate separation is widely used to measure or quantify
size distribution and aggregate stability caused by raindrop impact on dry soil causing

slaking and surface crusting (Cambardella and Elliot, 1993).

The disadvantages of the wet sieving method include;

I Rapture of weak aggregates in water during sieving caused by ion
hydration, sudden release of internal air pressure, osmotic swelling forces
or solubility of binding agents in water (Perfect et al., 1990; Gale et al.,
2000)

ii. Increased disruption of physical habitat of microbial communities (Mendes
et al., 1999; Schutter and Dick, 2002).

iii. Underestimation of C pools in the aggregate because of exclusion of water

soluble C (Seech and Beauchamp, 1988).

Based on these pitfalls, Dry sieving is been advocated for so as to avoid all these

disadvantages of wet sieving (Mendes et al., 1999; Schutter and Dick, 2002).

Dry sieving however, explained by Kemper and Rosenau (1986), also ruptures
aggregates caused by the abrasive action of the sieves such that the average aggregate
size is reduce to somewhat below that found in the undisturbed soil. But Mendes et al.
(1999) as well as Schutter and Dick (2002) quickly argue that the dry sieving may not

be as destructive as the wet sieving.
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Sainju (2006), had lower amount of the large macroaggregates (> 2mm) and higher
amount of the small macroaggregates (2.00 - 0.25 mm). But both was higher than the
amount of microaggregates (0.25-0.053 mm) and silt and clay fractions in all samples
that were sieved using the dry sieving method. Few exceptions for the 0-5 cm and 5-
10 cm aggregates was observed. Large macroaggregates was higher with the dry than

with the wet sieving method for all soils.

In the same study, Sainju (2006), observed that the amount of small macroaggregates
was higher in wet than in dry sieving for almost all sites studied. The amount of
microaggregates and silt and clay fractions between sieving methods varied between

soil depths and sites.

The lower amount of large macroaggregates in wet than in dry sieving explained by
Sainju (2006); Perfect et al. (1990) and Gale et al. (2000), was caused by rupture of
weak aggregates in water because of ion hydration, sudden release of internal air
pressure, osmotic swelling forces, or to solubility of binding agents in water. The
Large macroaggregates are especially vulnerable to aggregate rupture by water
compared with small macroaggregates which in turn results in an increase in the
amount of the other aggregate fractions (small macroaggregates, microaggregates and

silt and clay fractions) (Sainju, 2006).

A lower amount of large macroaggregates with dry sieving was observed by Sainju
(2006) with samples at the 0-5 cm than at 5-20 cm soil depth. This is explained to be
probably due to the use of heavy machinery on the soil surface during tillage
practices, mechanical fertilizer application, herbicide application, pesticide
application and harvesting (Sainju, 2006). A similar observation was made by Whalen

and Chang (2002) in the northern Great Plains.
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Also, the higher amount of large macroaggregates by dry sieving could be caused by
higher clay content. Increased clay content increases the proportion of

macroaggregates in the soil (Franzluebbers et al., 2000).

2.4.1 Carbon Pools with Fractionation

SOC is regarded as slow pools if soil carbon changes slowly over time.
(Franzluebbers and Arshad, 1997; Franzluebbers et al., 1999). Also, mineralizable
and microbial biomass C are considered the active pool that change seasonally and
influence aggregation. The particulate organic carbon fraction also are considered
intermediate pools for changes of soil C with time. It provides substrates for microbes
and also influence aggregation (Beare et al., 1994a; Franzluebbers and Arshad, 1997;
Jastrow et al., 1998; Franzluebbers et al., 1999; Six et al., 1999; Martens, 2000; Gale

et al., 2000).

According to Six et al. (1998), seconded by Whalen and Chang (2002), because the
levels of aggregation and aggregate turnover influence soil organic matter,
determination of C pools in aggregates provide important information on soil C

sequestration and mineralization in aggregate size fractions.

The distribution of C pools among soil aggregates is heterogenous (Miller and Dick,
1995). Some studies report that potential carbon mineralization in the
macroaggregates (> 0.25 mm) is higher and greater than in microaggregates with
aggregates separated with wet sieving (Franzluebbers and Arshad, 1997). The
differences in C pools among size fractions results from soil properties such as clay
and organic matter contents as well as clay mineralogy (Franzluebbers et al., 2000;

Six et al., 2000).
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Sainju (2006) adds that SOC in aggregates are higher at 0 to 5 cm than at 5 to 20 cm,
regardless of sieving methods and locations. Similarly, SOC and POC in aggregates
are dependent on the locations sampling was carried out, without regards to sieving

methods.

The distribution of SOC among aggregate size fractions determined by dry and wet
sieving methods is influenced by cropping systems and soil properties at different
locations. Mostly, grassland soils have higher SOC concentration than cropland soils
because of continuous plant C inputs from above ground and below ground biomass
and reduced rate of mineralization from decreased soil disturbance (Cambardella and
Elliott, 1993; Six et al., 1998, 2000). It is also possible that some of these C inputs
were preferentially sequestered in less than 0.25-mm fractions in grassland soils
leading to higher SOC in the less than 0.25-mm fractions than in other fractions

separated by dry compared with wet sieving (Sainju, 2006).

Variations in SOC among aggregate size fractions in croplands can also be a result of
differences in mineralization rates of soil organic matter caused by destruction of
aggregates during tillage, sequestration of C in aggregates during plant growth, and
differences in soil properties, such as clay content (Wan and El-Swaify, 1996;

Maguire et al., 1998; Whalen and Chang, 2002).

In a study, Sainju (2006) observed that the SOC in the large macroaggregates (> 2.00
mm) was higher at 0 to 5 cm by wet than by dry sieving. This was attributed to the
preferential conservation of C in large aggregates in no-tilled sandy soil where stored
C could be determined only when aggregates were separated by wet sieving.
Contrary, higher SOC in less than 0.25-mm fractions at 0 to 5 cm by wet than by dry

sieving suggested that C could be stored preferentially in microaggregates and silt and
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clay fractions in tilled soil with higher clay content, where stored C could be

determined when aggregates were separated by wet sieving (Sainju, 2006).

It is obvious to observe higher SOC concentrations in aggregates at the 0-5 cm than at
the 5-20 cm depths because of increased plant residue addition at the soil surface

(Sainju, 2006).

Higher SOC in aggregates can also be linked to higher clay content because increased
clay content is usually associated with high organic matter concentration

(Franzluebbers et al., 2000; Six et al., 2000; Sainju, 2006).

Sainju (2006) concluded that soil aggregate size distribution and C pools in
aggregates vary between dry and wet sieving methods depending on soil properties
and cropping systems. However, dry sieving of moist soil is as good as wet sieving in
determining soil aggregation, active and slow C pools. Regardless of sieving methods,
soil properties, and cropping systems, most of the C pools are stored in
microaggregates and silt and clay fractions compared with large and small

macroaggregates (Sainju, 2006).

2.5 Carbon Dioxide Emission

Anthropogenic activities in agriculture particularly with soil conditioning and soil or
land use conversion influences the soil property of either a source or sink of
atmospheric carbon (IPCC, 2000). Soil management practices (soil tillage and
fertilizer application) which improves agricultural production affects the attributes of

the soil to either sequester or otherwise increase atmospheric carbon.

Curtin et al. (2000) reported that no-tillage which is an aspect of soil management

reduce the soil carbon flux and rather sequester more atmospheric carbon.
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Carbon dioxide is produced naturally in the soil from various soil processes. These
include decomposition of organic materials in the soil which results from the
heterotrophic respiration of soil macro and microorganisms and soil fauna and also

from plant root respiration. (Nyakatawa et al., 2012).

The amount of carbon dioxide evolved from the soil varies from region to region and
within management practices. Carbon emission can be as high 10-15 times that
released by combustion of fossil fuel (Raich and Schlesinger, 1992; Smith et al.,
2003). Jinyan and Chuankuan (2006) adds that a small change in global soil
respiration can significantly affect atmospheric carbon concentration.Even though soil
carbon efflux is a natural phenomenon, it is influenced by activities such as land use
conversion, cultivation and fertilizer application and organic manure management

(Nyakatawa et al., 2012).

According to Nyakatawa et al. (2012), it is rather these soil processes that activates or
create conducive conditions for environmental variables such as soil temperature and
moisture to significantly affect the behaviour of soil microbial activity and soil carbon
dioxide fluxes. This means that the behaviour of agricultural soils as either a source or
sink of atmospheric carbon dioxide is a manifestation of the net effect of the
interactive processes driving its biological, chemical and physical properties

(Nyakatawa et al., 2012).

Xu and Qi (2001) adds that soil respiration is the major components of the ecosystem

carbon balance and it contributes 50-95%of total ecosystem respiration.

2.5.1 Soil Temperature and Soil Moisture
Soil temperature and moisture conditions influence rate duration and extent of

biological, biochemical and biophysical soil reactions which impact soil-atmospheric
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gas exchange. Soil temperature and soil moisture conditions have been reported to
significantly influence soil efflux rates (Reth et al., 2005; Lee et al., 2007; Heller et

al., 2010).

Wang et al. (2010) revealed that diurnal changes in soil carbon dioxide flux were
closely related to air and soil temperature changes. Smith and Owens (2010)
discovered through simulated rainfall that surface applied poultry manure emitted

high carbon dioxide right after the rains.

A study by Nyakatawa et al. (2012) had no significant difference between various
tillage systems. Soil disturbance, usually modifies soil temperature, hence it is mostly
expected that soils disturbed through tillage practices are to have higher soil

temperature than less disturbed soils.

He also observed that a similar trend with soil moisture with the various tillage
systems as the moisture content for the conventional and conservational (No-tillage)

tillage systems were not significantly different.

2.5.2 Effect of Soil Temperature, Soil Moisture Content on Carbon Dioxide
Emission.

Nyakatawa et al. (2012) observed a significantly positive correlation (p < 0.001)

between soil carbon flux, soil temperature (r = 0.18) and soil moisture content (r =

0.22). Soil temperature can account for 65% of soil carbon dioxide flux variability

compared to 5% for soil moisture and 3% for air temperature (Rey et al., 2002).

The positive correlation between soil carbon dioxide emission with temperature and
soil moisture content has been reported by other authors. Raich and Schlesinger

(1992) reported that the release of carbon dioxide from the soil organic matter by
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heterotrophic respiration and the release by autotrophic root respiration generally

increases exponentially with temperature.

Smith et al. (2003) also argues that, the release of carbon dioxide by aerobic
respiration is a non-linear function of temperature over a wide range of soil moisture

contents but becomes a function of water content as the soil dries out.

In occasions where seasonal changes in soil moisture content are small, soil
temperature is most found as a major factor controlling carbon flux (Mielnick and
Dugas 2000; Frank et al., 2002). Almaraz et al. (2009) found different seasonal
emission patterns of carbon dioxide fluxes with higher mid-season fluxes which were

related to temperature.

Apart from soil temperature and moisture effects, there is an increase in soil mineral
activity and root growth which contributes to soil carbon efflux. With low water
content and lower temperature, microbial activity is low and lack of root vitality

leading to the decline or fall in carbon efflux.

2.5.3 Measuring Soil Carbon Dioxide Emissions

Production of CO; in the soil results from the oxidation of soil organic matter by
heterotrophic microorganisms and the respiration of plant roots. Soil respiration is an
important aspect of soil quality and an indicator of soil fertility (Jensen et al., 1996;
Staben et al., 1997). Soil respiration has been widely used for many years to quantify
the impact of soil microbial activity of various management inputs (Haney et al.,
2008). The purpose of many carbon flux studies are geared towards understanding

these natural processes of rates of C mineralization (Haney et al., 2008).
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Soil respiration is a major component in global carbon cycle and it is greatly
controlled by residue inputs (Jensen et al., 1996). CO, efflux from soil respiration is a
major contributor to net carbon exchange in terrestrial ecosystems second only in

magnitude to photosynthesis by plants (Rustad et al., 2000).

There are various uncertainties with CO, efflux measurements which is attributed to
the methods of measurement. (Raich and Schlesinger, 1992). Furthermore,
uncertainties in measuring soil CO, fluxes can cause significant errors in estimating
net ecosystem exchange. Predicted effects of climate change need to encapsulate the
effects of changes with temperature and moisture conditions on release of CO, from
terrestrial carbon pools particularly soil. In regional and global terms, a small change
in CO, efflux can represent a large change in carbon flux from the land (Raich and

Schlesinger, 1992; Rochette and Hutchinson, 2005).

The ability to accurately measure and quantify soil CO, flux in Situ is of paramount
importance in aiding the improvement of our conceptual understanding of soil organic
matter turnover (Hansen et al., 1991). In the soil on the field, transport of carbon
dioxide produced is controlled by soil porosity, water content and tortuosity of soil

matrix (Simunek and Suarez, 1993).

Selecting a technique therefore for measuring soil CO, efflux a major issue in the
study of terrestrial carbon cycling (Raich and Schlesinger, 1992; Rochette and

Hutchinson, 2005).
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2.5.4 Methods for CO, Efflux measurement
Several methods have been used to measure soil CO; emission. The choice of method
or procedure is guided by;

I Need for spatial and temporal sampling

ii. Resource and equipment available

iii. Accuracy required for the measurement

(\2 Assumptions and measurement artefacts

V. Evidence that the method can be applied reliably on the field

(Norman et al., 1997; Lund et al., 1999).

There are several methods for measuring and quantifying soil carbon emission. These
include a classical method introduced by Lundegard (1927) which uses a static closed
changer and passive absorption of CO, in an alkali trap for about 24h. (Edwards,

1982; Buyanovsky et al., 1986; Beyer, 1991; Franzluebbers et al., 1995).

This method is extensively used. However, its accuracy has been challenged when
compared to other methods such as the dynamic methods where chamber air is
actively supplied to an infra-red gas analyzer (IRGA) (Raich et al., 1990; Rochette et

al., 1992; Nay et al., 1994).

Another method is the NFTSS (Non-Flow through steady-state) chamber technique
which uses chemical absorption by soda lime. This method appears to be most
practical method for field measurements. It is comparatively inexpensive and simple.
It can also be used for a wide range of locations. The measurement expands for 24

hours allowing good temporal integration (Keith and Wong, 2006).

Previous studies have found results from different methods correlated, but often with

discrepancies, non-linearity, and site specificity (Rochette et al., 1992; Nay et al.,
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1994; Haynes and Gower, 1995; Jensen et al., 1996; Norman et al., 1997; Janssens
and Ceulemans, 1998; Le Dantec et al., 1999; Janssens et al., 2000; Pumpanen et al.,

2004).

2.6 Tillage Practice

Soil tillage is the loosening of the soil by turning the soil to prepare soil for planting.
Lal (1983) defines tillage as a physical, chemical or biological soil manipulation to
optimize conditions for germination, seedling establishment and crop growth. Ahn
and Hintze (1990) also defines tillage as physical loosening of the soil which is done
within a range of cultivation operations either by hand or mechanized. Tillage is a
widely used practice for weed control, seed bed preparation, soil conditioning and soil

physical condition improvement (Franzluebbers, 2004).

Tillage practices are grouped under two broad headings, conventional (ploughing,
harrowing) and conservational tillage practices (no-tillage, minimum tillage, reduced
tillage) (CTIC, 2002). Conventional tillage applies one or more passes on the field,
bury residue into the soil and leave the soil surface bare and unprotected. Tillage
practices that restrains or confines most of the crop residue on the surface and
involves minimal tillage is known as conservational tillage (Murphy, 2005). The type
of tillage practiced has immense contribution on the carbon storage or emissions
inffrom the soil. (Lal et al., 1998; Gale and Cambardella, 2000; Lal, 2002b).
Conservation tillage is defined as any tillage and planting system that maintains at
least 30% of soil surface covered by residue after planting to reduce water erosion

(CTIC, 2002).
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2.6.1 Effect of Tillage Practices on Carbon Sequestration

Several authors argues that, conservation tillage conserves organic matter and
stabilizes aggregates and consequently increase organic carbon pools and that
conservation tillage promotes carbon enriched macro aggregation. This is possible
because conservation tillage, particularly no-tillage, impact less perturbation to the
soil characterized with low micro aggregate turnover unlike conventional tillage
practices (Skidmore et al., 1986; Gale and cambardella, 2000; Six et al., 1999a; 2000;
Yang et al., 2013). McConkey et al. (2003) estimated about 67-512kg C ha™ yr'* more

carbon sequestered by no-tillage than conventional tillage.

Many researchers (Johnson et al., 2005; Liebig et al., 2005; Franzluebbers, 2005;
Franzluebbers and Follett, 2005; Lal et al.,1998; Kumar et al., 2012) have suggested
that converting from conventional tillage systems to conservational tillage systems
e.g. no-till has a large potential for SOC sequestration, but NT does affect the
distribution of SOC within the soil profile (VandenBygaart et al., 2003; Sundermeier
et al., 2005; Baker et al., 2007; Luo et al., 2010; Ogle et al., 2012). When No - Till,
and conventional tillage are under a non-steady state (Olson, 2010) all three tillage

systems may fail to sequester a significant amount of SOC.

According to Six et al. (2000), more plant residue left on no-tillage plots than
conventional tillage plots increases biological activity resulting in greater macro and

micro aggregation which in turn shelter SOC within the aggregates physically.

Another meta-analysis found that crop productivity can be reduced with adoption of
no-till, particularly in cooler and/or wetter climatic conditions (Ogle et al., 2012).

Besides crop yields, crop harvest index (ratio of harvested yield to the amount of crop
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aboveground residue remaining in the soil) plays another key role in the quantity of

crop residues returned to the soil.

No-tillage plots may have twice more stable and free micro aggregates than
conventionally tilled plots resulting in increased SOC encapsulation in the micro
aggregates because of slow macro aggregate turnover (Six et al., 2000). In the case of
conventional tillage such as ploughing, harrowing, ridging, etc. there is increased soil
turnover exposing most macroaggregates to microbes. Residue decomposition is
accelerated leading to less amounts of SOC stored. It also disturbs soil aggregation

(Bossuyt et al., 2002; Six et al., 2000; Lal, 2002c).

Also, continuous tillage leads to less stable micro aggregate formation. Continuous
disturbance of the soil causes cessation of SOC and soil structure interaction which
results in micro aggregates with depleted C being formed (Puget et al., 1995; Blanco-
Canqui and Lal, 2004). Conventional tillage mostly adversely affect macro aggregates
more than micro aggregates. Tillage effects on degradation of macro and micro
aggregates is selective as micro aggregates often remain relatively intact during
tillage, because the binding agents for micro aggregation are highly resistant (Tisdall
and Oades, 1982; Beare et al., 1994a; Six et al., 1999b; Denef et al., 2001; Bossuyt et
al., 2002). Angers and Chenu (1998) and Six et al. (1999a) concluded that soil
organic carbon sequestration was a function of the soil structure stability hence soils
with less disturbance tends to enhance soil organic carbon storage. Yang et al. (2013)
cautions that many soil C studies have indicated that the impacts of NT on soil C

sequestration are compounded by many factors and should not be generalized.
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2.6.2 Effect of Tillage on Carbon Dioxide Emission

A study conducted by Nyakatawa et al. (2012), showed that carbon dioxide emission
between various tillage practices had no significant difference between no-till and
conventional tillage in winter, however there was a significant difference during
summer. During spring where rainfall amount is high, no-till recorded higher carbon
(7.7 kg C ha™ day™) than conventional tillage (6.9 kg C ha™ day™) by 0.8 kg C ha*

1

day™.

In another study, (Reicosky and Lindstrom 1993; Prior et al., 2000), soil emission in
conventional tillage during summer was 94% greater than no-till. The high carbon
dioxide emission recorded from the conventional tillage in summer was explained to
be due to increased air space after tillage which positively support carbon emission

from the soil.

Tillage exposes the soil capillary stream to the atmosphere, promoting mass

movement of soil air from soil to the atmosphere (Nyakatawa et al., 2012).

Bauer et al. (2006) reported that, the difference of soil carbon dioxide fluxes between
conventional and conservational tillage tends to be greater during summer and spring
than in fall. On the contrary, Prior et al. (2000) reported that disturbing the soil results

in high carbon dioxide efflux in fall but not in spring.

On the average, Nyakatawa et al. (2012) recorded 36% more carbon dioxide emission
from conventional tillage soil than the no-till plots. Johnson et al. (2010) states that
carbon dioxide flux increases briefly following tillage, but the impact of tillage was

negligible when carbon flux was integrated across the year.
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Lower organic C contents in tilled compared to no-tilled surface soils have been often
attributed to greater CO, emissions in the former, especially after tillage operations as
the carbon would be mixed into the soil and the soil would be aerated (Reicosky and
Lindstrom 1993; Reicosky et al. 1997). However, more CO; emissions from
mouldboard plough than from no-till soils are generally based on short-term fluxes
(typically over a growing season), but not necessarily over an annual basis (Fortin et
al., 1996). On a yearly basis, ploughing the soil appears to affect the time of CO,
release rather than the amount of CO, produced when compared to no-till practices
(Hendrix et al. 1988). Yearly CO, emissions were also found higher in no-till than in
tilled soil (Franzluebbers et al. 1995; Alvarez et al. 1998). In soils under maize wheat
rotation, the cumulated CO, over the 331 days of measurement were 31609 269 and
40649138 kg CO,-C ha™ from conventional and no-tilled plots, respectively, and the
authors believed that a large proportion of the CO, emissions in no-till was probably
due to the decomposition of old weathered residues (Oorts et al. 2007). Although no-
till cropping systems may protect carbon through less soil disturbance (Reicosky and
Lindstrom 1993) and increased aggregation (Six et al. 2000) relative to conventional
tillage, CO2 emissions in no-till and conventional tillage systems vary with soil
climatic conditions and the amounts and location of crop residues and soil organic
matter. Thus, the concept that no-till practices always protect SOC from
mineralization relative to ploughing should not be generalized (Yang et al., 2013) No-
tillage effect on CO, emission rates depends on the soil type as Feiziene et al. (2012)
discovered lower CO, emission in sandy soil but had no significant effect in a loamy

soil.

According to La Scala et al. (2006), the degree of soil carbon emission from the soil

depends on magnitude of soil perturbation. Several studies have described relatively
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higher soil carbon emission under conventional tillage than under conservational
tillage particularly no-tillage (Al-kaisi and Yin, 2005; Reicosky et al., 2005;

Chatskikh and Olesen 2007; Chatskikh et al, 2008).

Elder and Lal (2008) stated no significant difference between carbon emission under
conventional and conservation tillage practices particularly mouldboard ploughing,
no-tillage and bare fallow. Hendrix et al. (1988) measured high carbon flux on no-

tillage plots more than conventionally tilled plots.

In another study, conventional tillage increased CO, flux 94% more than no-tillage
during summer but recorded no significant difference between the tillage practices
with spring, fall and winter seasons (Nyakatawa et al., 2012). Johnson et al. (2010)
reported that soil carbon flux in conventionally tilled soils are significantly different
from no-tillage soils when the soil has been freshly tilled. Subsequently, the
difference in soil carbon flux becomes non-significant. The increase of soil carbon
flux in conventionally tilled soils has been reported by several authors (Reicosky et
al., 2005; Prior et al., 2000) to be as a result of increased soil air space leading to
heightened movement of gases (CO,) from soil to the atmosphere. Carbon emission

vary with seasons.

2.7 Soil Amendment
A soil amendment is any material added to a soil to improve its physico-chemical
properties, such as nutrient levels, drainage, aeration and structure improve soil

environment for plant growth (Nobuhisa and Hiroyuki, 2009).

There are two broad categories of soil amendments: organic and inorganic. Organic
amendments come from something that was once alive. Inorganic amendments, on the

other hand, are either mined or man-made. Organic amendments include sphagnum
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peat, wood chips, grass clippings, straw, compost, manure, biosolids, sawdust and
wood ash. Inorganic amendments include vermiculite, perlite, tire chunks, pea gravel
and sand (Nobuhisa and Hiroyuki, 2009). Organic amendments increase soil organic
matter content and offer many benefits. Over time, organic matter improves soil
aeration, water infiltration, and both water- and nutrient-holding capacity. Many
organic amendments contain plant nutrients and act as organic fertilizers. Organic
matter also is an important energy source for bacteria, fungi and earthworms that live
in the soil. Nobuhisa and Hiroyuki (2009) noted that manure increase soil organic
carbon in two dimension; as direct source of carbon input to the soil and increase in
above ground residue carbon and concluded that tillage practices had no effect on

carbon storage but rather, crop management.

2.7.1 Manuring Against N-Fertilizer in Sequestering Carbon

According to Lal (1998), the primary principle to carbon sequestration increase dwells
on replenishment of nutrients especially N which enhance biomass production and
convert cropland residue into humus. The mostly recommended soil amendments for
nutrient replenishment are organic manure and inorganic fertilization to keep the soil

nutrients at optimal levels for plant growth.

These amendments contributes differently to carbon sequestration. Most of the studies
compare organic manure to inorganic fertilizer in terms of carbon sequestration
showed a more positive results on the side of organic manure than inorganic fertilizer.
These studies showed that organic manure sequesters more carbon than inorganic
fertilizers (Jarecki et al., 2005; Yang et al., 2004; Matthews and Pilbeam, 2005; Hati
et al., 2006; Morari et al., 2006; Rudrappa et al., 2006; Su et al., 2006). In another

study, several amendments were compared and the manure application appeared to

27



sequester more carbon (392 kg C ha™* yr™) than the remaining amendments especially

the inorganic fertilizer (355 kg C ha™ yr) (Jarecki et al., 2005).

Similarly, a long term study showed a general decline in nutrients supply and hence
less carbon sequestration. However, the manure application emerged the highest

sequester of carbon (Rasmussen and Parton, 1994; Rasmussen et al., 1998).

Although manure increases carbon sequestration, many farmers are aware of the
difficulty of its application and the quantity to be supplied to raise soil nutrient status.
Follett (2001), discovered that a site supplied with 97 kg N ha™ yr* inorganic N-
Fertilizer could sequesters 6-18 MMT C yr™ on a 119 Mha of land whereas 250kg N
ha® yr' manure supplied to same land area sequestered 3.6-9 MMT C yr. The
difference in C sequestered was attributed to the uniform spread of inorganic fertilizer
whereas the organic manure covered a very small area of 18 Mha of the total land
area. Olson et al. (2014) highlights that, carbon inputs from outside a land unit, such
as animal waste or other C sources, are considered to be a redistribution of C already
in storage and from external sources and not sequestered SOC. These C rich

amendments need to be accounted for when they are applied to the land unit.

2.7.2 Poultry Manure and Carbon Dioxide Emission

Soil amendment such as poultry manure is a renewable nutrient source which plays an
important role in promoting environmental and economically sustainable agricultural
practices. It is basically composed of fowl dropping and bedding material. It is a
valuable source of plant nutrients and also an excellent soil amendment for improving

soil quality and productivity.

Use of poultry manure has gained popularity due to the prices of inorganic fertilizer.

It is also another avenue to dispose of such waste which is non-essential in the poultry
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farm or in animal production (Nyakatawa et al., 2001a; Nyakatawa et al., 2001b;
Sainju et al., 2006). Ill-handling of poultry manure leads to increased emission of
greenhouse gases (Sommer and Hutchings 2001; Rochette et al., 2004; Sharpe et al.,
2004). Organic waste (crop residue and manure) contributes to high carbon dioxide
emissions relative to inorganic fertilizers (NPK) (Hadas et al., 2004; Jones et al.,

2005; Ding et al., 2007.

The process of carbon loss from the soil is based on microbial respiration and
dissolution of carbonates in calcerous soils (Rochette et al., 1999). Addition of NPK
and manure to semi-arid soil which is normally low in soil organic matter triggers

increased carbon dioxide emission to the atmosphere (Schlesinger, 1999).

The emissions of carbon dioxide caused by soil amendment is controlled by the
organic material, soil temperature, soil moisture, soil type, vegetation and quantity
and quality of organic amendments (McLain and Martens, 2006). Carbon dioxide
emission is controlled by biological production of carbon dioxide and gas diffusivity.

(Bertrand et al., 2007; Johnson et al., 2007)

A study by Heller et al. (2010) measured high carbon emissions on poultry manure
amended plots. The peak emission was measured after poultry manure was applied.
Tilled plots that received poultry manure emitted less carbon dioxide relative to the
no-till plots. Poultry manure amended soils releases more carbon dioxide than other

soil organic amendments (Heller et al., 2010)

A regression analysis showed that NH,4" contributed 39% of carbon flux variability in
various plots tested (Heller et al., 2010). The relation could be attributed to the

relationship between labile carbon in the organic residue or material and mineralized
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N in the soil. In addition, mineral N can influence crop residue decomposition when N

for microbial activity is limiting (Heller et al., 2010).
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Site description

3.1.1 Location of study area

The field experiment was carried out at the Agricultural Research Station of the
Kwame Nkrumah University of Science and Technology at Anwomaso, Kumasi-
Ghana. Anwomaso is located within the semi-deciduous forest zone of Ghana. The

site of the experiment lies at longitude 1° 31' 32.88" W and latitude 6° 41' 51.24" N.

3.1.2 Soil

The soil at the experimental site was identified as Kotei Series (Ghana classification)
and Plinthic Vetic Lixisol (Profondic, Chromic) (IUSS working group WRB 2006). It
is deep, moderately well drained soil on upper slope with average gradient of 5%.
The topsoil (0-25 cm) layer of dark brown soil-sandy loam with moderate fine
granular structure and contains many very fine roots. Underlying the A horizon is
about 25-37 cm of brown sandy clay loam with a moderate medium subangular

blocky structure.

3.1.3 Climate

The site experiences tropical monsoon climate with double maxima rainfall pattern
separated by a short dry spell in August. The mean annual rainfall is 1400 mm. The
major wet season is from March to uly with a peak in June while the minor wet
season is from September to November with a maximum rainfall in October. The
main dry season is from December to February. The mean relative humidity is 62 %

and mean maximum and minimum temperatures of 30.6 °C and 21.1 °C, respectively.

31



3.2 Field Experimentation

3.2.1 Test crop

The test crop for the study was Obaatampa which matures within 110 days. Seeds
were obtained from the Crop Research Institute (CRI), Fumesua, Kumasi.
Germination test was carried out to determine the quality of seed and to decide the

sowing rate. Germination was found to be 100%.

3.2.2 Duration of Study

The study was conducted in two growing seasons. The major season which started
from April to August and the minor season which started from September to
December. Plants were not irrigated during both seasons. However, the study site had

received same treatment for 3 continuous years.

3.2.3 Experimental design

A Split plot design arranged in RCBD fashion with 3 replication to obtain a total of 48
plots (Figure 3.1). Tillage was the main plot factor and soil amendment was the sub
plot factor. There were four levels of the main plot factor and four levels of the sub-

plot factor giving a total 4 main plots or 16 sub-plot per block.

3.2.4 Experimental Treatments

3.2.4.1 Tillage practices

Four tillage practices were studied. They were;
No-Tillage (NT) as the control

Hoeing (H)

Plough Plant (PP) and

Ploughing and harrowing (PH)
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3.2.4.2 Soil Amendments

Four different soil amendments were used in the study. These were:

a) No Amendment ( N/A) B1 as the control
b) 60-40-40 NPK (15:15:15, NPK and Urea) (NPK) B2
c) 3t/ha poultry manure (PM) B3

d) 30-20-20 NPK plus 1.5 t/ha poultry manure (HR) B4

3.2.5 Crop Husbandry practices

3.2.5.1 Land preparation

The land was slashed and cleared of vegetative cover and demarcated to various main
plots and sub-plots with iron sheets. Plots were prepared according to the particular
tillage practice to be used. NT plots were sprayed to kill weed, Hoe plots were
weeded and prepared with a Hoe (Local tillage implement used mostly in Africa), and
PP plots were ploughed with a mould board plough at 15-20 cm plough depth. For PH
plots, ploughing was followed by harrowing (5 days after ploughing). Maize Stover
(crop residue) from previous planting season were gathered from all plots and

distributed on no-till plots.

3.2.5.2 Application of amendments
Poultry manure were broadcasted on the soil surface and incorporated into the soil
except for the no-till main plots which were left on the soil surface. NPK was applied

by ring application 2 weeks after planting (WAP) and Urea used as top dress 6WAP.
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Total land area = 60 m x 14 m x 3 = 2520 m?
Fig. 1. Runoff plot layout

Figure. 3.1 Field layout as represented on the field

NT = No-Tillage, H = Hoeing, PP = plough plant, PH = Plough and harrow, B1 = No
amendment, B2 = 60-40-40 NPK (15:15:15, NPK and Urea) (NPK), B3 = 3 t/ha poultry
manure (PM), B4 = 30-20-20 NPK plus 1.5 t/ha poultry manure (HR)

3.2.5.3 Sowing

The field was lined and pegged with rows arranged across slope. Three seeds per hill
were planted and was later thinned to two stands per hill. Plant spacing was 80 x 40
cm. Total land area planted was 2560 m?. Area per plot is 3 x 12 m, a total of 48 plots

with 3 m spacing between main plots.
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3.2.6 Agronomic Practices

3.2.6.1 Pest control

Weeds on NT plots were sprayed with weedicides to control weed growth and less
disturb the soil. Weed control on Hoe plots were with the use of the hoe. Slashing of
weeds was also done on both the PP and the PH treatments. Stem borers were

controlled using systematic pesticide

3.2.7 Growth and yield parameters measured
3.2.7.1 height Plant
Five plants were randomly sampled and tagged in each sub plot. Plant height was

measured with a meter rule from the base of the plant to the tip of the tallest leaf.

3.2.7.2 Maize yield

Maize cobs were harvested from the five middle roles within each subplot
representing 27.28 m® Dehusking, drying and threshing followed the harvesting and
at each step, weights were taken. After each season Crop residue were cut at the base
and bundled on each subplot. The total biomass yield was then measured taking the
weight of the bundled biomass. The final yield was expressed as tonne per hectare

grain and biomass.

3.2.8 Field parameters
3.2.8.1 Soil temperature
Soil temperature was measured using a field thermometer. The thermometer was
inserted into the soil to 5 cm and the digital temperature displayed was recorded when
equilibrium was obtained. Weekly measurement was done on each sub plot for six
weeks. The measurement started six (6) weeks after planting (6WAP) to coincide with

emission measurements.
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Unit for measurements was degree Celsius (° C). Three (3) measurements

(replications) were randomly taken to determine the average temperature.

3.2.8.2 Carbon emission

CO; emission was studied in situ. The soda lime absorption method by Keith and
Wong (2006) was used to measure amount of CO, evolution from each subplot. This
method was used because it appears to be most practicable method for field
measurements and comparatively inexpensive and simple. Field carbon dioxide
emission measurement was initiated from the last week of September to the first week
of November, 2014. This measurement is based on the fact that soda lime traps CO,

and its absorption is expressed in weight gain basis.

The reaction for the absorption is such that for every mole of CO, absorbed, a mole of
water is produced and so it is always oven dried to evaporate the excess water. The

reaction is as follows

2NaOH + CO, = Na,CO;+ H,O

Ca(OH)z +CO, =mmp CaCO;+ H,0

3.2.8.2.1 Emission chamber

A white 15 litre bucket was used to construct the emission chamber. White buckets
where used so that it could reflect a greater part of the light that it receives so as to
limit the build-up of heat inside each chamber. The bucket had a diameter of 30 cm
and a tight covering lid. The bottom of the bucket, 10 cm from below the lid was cut

leaving the bucket with 10 cm as internal height (Figure 3.2).

A metallic template with the same shape and diameter of the bucket was used to cut

the soil to enable easy insertion of the chambers (Plate 3.1). Three chambers were

36



inserted in each sub plot. The chamber was to create a micro-climate of CO; evolution

so as to measure and extrapolate for the whole experimental site.

The chambers were inserted two weeks after planting (2WAP). During this period, the
soil should not in any way be disturbed and so the chamber was allowed to stay in the
soil for four (4) weeks before emission study started. The chamber was left open until
soda lime was placed inside the chamber. Fixing emission chamber can mechanically
disturb the soil such that it might affect the diffusion coefficient and stimulate
microbial activity. After collection of CO,, values from the three chambers were

summed and an average taken as the emission value per subplot per week.

Each chamber was pegged at two sides to make it firm. The lid of the bucket had a 2
cm depth around the edge which fits inside the rim of the bucket top to form a good
seal (plate 3.2). A metallic stand of about 4 cm was inserted into each chamber to

serve as a seat for the Petri dishes that contained soda lime (plate 3.3).

During the study, the chamber rim was coated with vacuum grease to ensure a tight

seal between chamber and lid, and this was re-applied regularly.

All vegetation inside the chamber were clipped prior to soda lime installation to
prevent CO, uptake or evolution. Four blank chambers (plate 3.4) were randomly
placed on the field. These chambers are constructed same as the emission chambers
only that, it was sealed at the top with a lid and at the bottom with another lid. They
have similar volume as the emission chambers but not exposed to the soil. The blank
measurements were made to account for the carbon dioxide absorbed by the soda lime

during the experiment.
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/v Part removed
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Figure 3.2. Diagram of the white bucket with demarcated part to be removed.

Plate 3.1 Chamber inserted in the soil before the emission study
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Plate 3.2 Chamber covered during emission study

Plate 3.3. Blank Chamber

3.2.8.2.2 Soda lime

The soda lime is composed of NaOH and Ca(OH), which are in the granular form.
Petri dishes of 9.5 cm diameter were weighed and labelled. Fifty grams of the soda
lime granules (mesh size of 2-4 mm) were measured into the Petri dishes. They were

exposed and oven-dried in a fan forced oven at 105°C for 14 hours (from 6pm to 8
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am) (plate 3.4a). Soda lime in the Petri dishes were covered after the 14 hours and
cooled in a desiccator. Petri dishes with soda lime were weighed to record the
corrected dry weight of the soda lime (3.4b). Petri dishes with dried soda lime were
sealed with electrical PVC insulation tape packed in an insulated box for field studies.
At each chamber in the field, petri dishes were untapped and water (8 mls for 50 g)
was put on the soda lime using a fine spray that evenly wets all the granules. Some
moisture is required with the exposed soda lime because the reaction between
hydroxide and CO2 requires the presence of water. The exposed soda lime in the Petri
dishes were placed on the metallic stand inserted into the ground within the chambers
and lids closed. Vacuum grease was applied before the lid is placed to make the seal
air-tight. The soda lime was exposed for 24 hours. After the 24-hour period, the lid
was removed, Petri dishes covered and sealed with PVVC insulation tape, packed into
the insulated box to be transported to the laboratory. At the laboratory, Petri dishes
with the soda lime were oven dried for 14 hours to evaporate the moisture produced

during the reaction and the 8 ml water applied.

The weight of the oven-dried Petri dishes with the Soda lime from the field was
recorded and the weight difference with the previous weight before the field
absorption was noted and used to calculate CO; evolution. Petri dishes with 50 g soda
lime that went through the same process of drying and weighing, were placed in blank
chambers and left for 24 h in the field to simulate conditions of the incubating
chambers. Blank measurements are to account for CO; absorbed by soda lime during

the experimental procedure.
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Plate 3.4a soda lime in Petri dishes in Plate 3.4b Cooling of Petri content
a fan dishes forced oven in desiccator

The weights recorded include;
Petri dish, Petri dish and soda lime, Petri dish and dried soda lime, Petri dish and

exposed dried soda lime. CO; evolution was calculated as follows:

soil CO, efflux (g Cmday™)= {[(Wl(g)'Wb (g))xl.69]} ) l24 (h)l ) [g

A (m?) D (h)
Where: W; = Sample weight gain Wb = mean blank weight gain
A = chamber area D = duration of exposure

1.69 = correction factor for water formed during the chemical absorption of
soda lime
12 = molecular mass of carbon 44 = molecular mass of carbon

dioxide
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3.2.8.3 Soil sampling
Soils were sampled based on the parameter to be measured. Core samplers were used
to sample for bulk density and moisture content. Soil auger was used to sample for

soil chemical and physical analysis in the laboratory.

3.2.8.3.1 Initial soil sampling

Soil samples were taken at 0-15cm and 15-30 cm depth along the diagonals of the
experimental plots. Samples were taken for each depth class and bulked according to
main plot effect to get four composite samples to represent each of the main plot
effects. Samples were air dried and passed through the 2 mm sieve and used to

determine the initial physical and chemical properties of the soil.

3.2.8.3.2 Sampling during the study

Three soil samples were taken per plot and bulk to represent that plot. The sampling
was done randomly per plot. Sampling was done with test auger and core samplers.
Soils were sampled each week for six weeks for moisture determination. In all eight

(8) sampling were done during the growing cycle of the test crop.

3.3 Laboratory analysis
All physical and chemical analysis was carried out in the Soil Science Laboratory of

the Department of Crop and Soil Sciences, KNUST, Kumasi, Ghana.

3.3.1 Soil bulk density

Core samplers of 3.5 cm radius and 15 cm length was used to sample soil from 0-15
cm and 15-30 cm depths. Three sub samples per each subplot was sampled and
bagged into a labelled black polythene bag. Soil samples were brought to the
laboratory and soils were emptied into pre-weighed aluminium pans and oven dried

for 24 hours at 105 °C in a fan forced oven. Soil dry weight after oven drying was
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measured and dry bulk density was calculated using the mass per unit volume ratio as

illustrated below.

Where: pb (g/cm®) = bulk density
ms (g) = soil dry weight

Vt (cm®) = total volume of soil, calculated as nr’h (r = radius of core sampler, h =

height of core sampler)

3.3.2 Soil moisture

Soil moisture per subplot was taken during the minor season of the experiment. It was
carried out weekly for six (6) continuous weeks (starting at 6 WAP). Three sub
samples were collected, bulked into a composite sample per subplot and dried at

105°C for 24 hours. Gravimetric water content was calculated using the formula:

grams of water

G =
W grams of dry soil

W,-W
eg_ (Wi : (g/ g)

Where: Gw = gravimetric water content W; = weight of the empty
container
W, = weight of most soil + container W;3; = Weight of dried soil +
container

g/g = unit of measurement.
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Gravimetric water content was then converted to volumetric water content by the

following

eV: egpr (V/V)
6,, = volumetric water content pp = bulk density

v/v = unit of measurement 0y = gravimetric water content

3.3.3 Soil total and air-filled porosity
Total Soil porosity was calculated using soil bulk density measured per sub plot and

soil particle density (assumed as 2.65 g/cm®) from the formula below:

Air-filled porosity was extrapolated using the total porosity and volumetric water

content.

3.3.4 Soil fractionation (Six et al., 1998; 2000)

The method allows differentiation of soil aggregates classes within the soil. Sampling
was done to determine the effect of the applied treatments after 3 years of continuous
application. Fresh and undisturbed soil samples from each plot were passed through 8
mm sieve to homogenize the soil particles. Soil particles that could not pass through
the sieve were gently broken with the hand. Plant debris and stones were removed.

Samples were then air dried.

A white bowl of about 30 cm diameter and 8 cm deep was filled with distilled water
such that the level of water was about 1 cm above the 2 mm sieve mesh. Eighty grams
of air-dried soil sample was weighed and spread evenly on the 2 mm (2000 pm) mesh

and allowed to sit for 5 minutes to allow for the process of slaking to take place. After
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the slaking process, the soil was sieved for 2 minutes by gently moving the sieve up
and down 50 times with a slight angle to ensure that water and small particles passed

through the sieve.

After the wet sieving, the sides of the sieve was rinsed using wash bottle to wash the
fine particles through the sieve. The soil particles that remained on the 2 mm sieve
mesh was then transferred into a pre-weighed aluminium pan. Backwashing of the
sieve mesh was done to ensure all particles entered the aluminium pan. Floating litter
was then decanted into a waste bucket after the back washing. The macro aggregates
(soil particles that was left on the 2 mm sieve mesh) was put into a fan forced oven at

60°C.

The water and soil particles that went through the 2 mm sieve was poured unto a 0.25
mm (250pm) sieve mesh. The 0.25 mm sieve was raised and water on the sieve
allowed to drain. The sieving procedure was repeated, moving the sieve up and down
50 times. After the sieving, the sides as well as the bottom of the 0.25 mm sieve was
washed to bring small soil particles into suspension. The particles that stayed on the
0.25 mm sieve is termed small micro aggregates. This was washed into another pre-
weighed and labelled drying pan. The soil particles that stayed on the 0.25 mm sieve

are the small macro aggregates.

Water that remained in the white bowl and the soil particles that passed through the
0.25 mm sieve was poured unto the 0.053 mm (53 pm) sieve mesh. The sieve was
raised and the excess water above the sieve mesh was allowed to drain. The sieving
procedure was repeated moving the sieve up and down 50 times and the bottom and

sides of the sieve were washed and then backwashed. The particles on the 0.053 mm
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sieve mesh was then transferred into another pre-weighed and labelled drying pan.

This soil fraction is called micro aggregates.

The white bowl was then emptied into yet another pre-weighed drying pan. The latter
fraction is the silt and clay fraction. The fractions were then put into a fan forced oven
at 60°C till it was evenly dried. The recovery of size separates after the fractionation

ranged from 91 to 99% of the initial soil mass.

3.3.5 Aggregate stability

Aggregate stability determination was done using Pieri (1991) method of critical
level of SOM content needed to maintain a favourable level of soil structure where
soil organic matter, silt and clay content to estimate soil stability in terms of the
carbon content within the soil. It was estimated as follows;

(SOM)%

DI |
f (clay + silt)% %100

Where: St = stability SOM = soil organic matter
Pieri (1991) proposed a scale based on soils from West Africa, presented below:
St = < 5%, Loss of soil structure and high susceptibility to erosion

St = 5%-7%, unstable structure and risk of soil degradation

St = > 9%, stable soil structure.

3.3.6 Particle size analysis

The hydrometer method was used. Fifty one grams of air-dried soil sample (<2 mm)
was measured into a beaker. 50 ml calgon (prepared with sodium hexametaphosphate
and sodium carbonate) followed by 100 ml deionized water was then added to the soil

sample. The suspension was vigorously stirred for a minute with a stirring rod and
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allowed for to stand for 30 minutes. After which were then transferred into a mixer

and mixed at medium speed for 15 minutes.

The suspension was then transferred into 1000 ml sedimentation cylinder and made
up to the 1000 ml mark with deionized water. The suspension in the sedimentation
cylinder was plunged using a plunger to thoroughly mix the suspension. The
hydrometer was slowly slid into the suspension and the first hydrometer reading (H1)
was taken after 40 seconds. Temperature (T1) in degree Fahrenheit (°F) was
measured after the first hydrometer reading. The plunging of the suspension,
hydrometer readings and temperature readings were repeated. The suspension was
then allowed to stand undisturbed for three (3) hours at the end of which the second
hydrometer reading (H2) and temperature (T2) were taken. Particle size distribution is

calculated from the formula shown in the matrix below:

HiA | T, B C % sand | D E F %clay | G

% silt

H; Ty T, _68|A+B|100 —|H, |[T; 68 x|D -|F + E|Sand+

H, T, x 0.2 -2 (2 X C) 0.2 2 X 2 Clay

100 -G

Where: H; = average of first two hydrometer readings
T, = average of first two temperature readings (°F)
H,= second temperature reading

T, = second temperature reading (°F)

3.3.7 Soil pH
Soil pH was determined using the electrometric method as described by Page et al.

(1982). Soil to water ratio used was 1:1. Ten grams of air-dried soil sample were
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mixed with 10 ml distilled water. The suspension was thoroughly stirred and allowed
to stand for 30 minutes. The pH of the samples were read with a calibrated the pH

meter.

3.3.8 Total nitrogen

Total nitrogen was determined using the Kjeldahl (1984) method of digestion and
distillation. Ten grams of air-dried soil was digested in a 500 ml round bottom flask
over source of heat after 100, 10 and 1 parts of Sodium sulphate, Copper sulphate and
selenium were respectively added. The Digest was cooled and decanted and made up
to 100 ml. An aliquot of the digest was distilled with 20 ml NaOH in a kjehdahl
distillation apparatus. The distillate was collected over 10 ml of 4 % Boric acid and 3
drops of mixed indicator in a beaker. The distillate was titrated with 0.1 N HCI to a
colour change of blue to pink. Total Nitrogen was then calculated using the formula:

N x(a-b)x1.4
w

%N =

Where:

A = volume of standard HCI used in the sample titration N = Normality of

standard HCI

B = volume of standard HCI used in the blank titration W = weight of air dried

soil

1.4 = (14 (atomic mass of Nitrogen) x 100) / 10000rganic carbon

.3.9 Organic Carbon3
Organic Carbon was determined using modified Walkley and Black method (1934).

Organic carbon was extracted from 2 g of the air dried soil sample with 10 ml of 1.0
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N potassium dichromate (K.Cr,O7) and 20 ml 98% sulphuric acid. The extraction
reaction was stopped with 200 ml distilled after 30 minutes and 10 ml
orthophosphoric acid and 2 ml diphenylamine indicator were added to the suspension.
Suspension was titrated with 0.5 N ferrous sulphate solution to change the colour
from dark blue to green. Blank samples were added. Percentage carbon was calculated

from the steps below

Mx(Vy-V)¥0.003x1.33x100

%C =
g
Where: M =Molarity of FeSO, Vi = ml FeSO, of blank
titration
Vs = ml FeSO, of soil sample titration g = mass of soil taken in
gram

0.003 = milli-equivalent weight of C in grams (12/4000)
1.33 = correction factor used to convert the Wet combustion C value to the true C
value
Soil organic carbon stocks were calculated using Lee et al. (2009) method of carbon
stocks estimation as follows;
SOC (yhay = C (conc) X M
Where: SOC yna) = soil organic carbon stocks in tons/hectare
C (conc) = % organic carbon in the soil divided by 100
M; = Mass of soil in a hectare which is calculated as M; = BD x D x 10*
Where; BD = bulk density (Mg/m®) D = soil thickness (m)

10* = a unit of conversion factor (m?/ha)
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3.3.10 Available phosphorus

The available phosphorus was extracted with Bray’s 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 spectrophotometer

Calculation:
mg \ (a-b)x35x15
P (— SOll) E—
kg w
Where: a = mg/L P in sample extract b = mg/l P in blank
35 = ml extracting solution 15 = ml final sample
solution

w = sample weight in gram

3.3.11 Exchangeable cations

Soil extract was prepared by weighing 10 g of air dried and sieved (<2 mm) soil
samples into extraction bottles after which 100 ml 1.0 N buffered (pH = 7)
ammonium acetate solution was added and shaken on a mechanical shaker for 2 hours
at 300 rpm. Suspension was then filtered through No. 42 Whatman filter paper.

Aliquots were then taken to determine exchangeable cations.

3.3.11.1 Determination of calcium and Magnesium
EDTA (Versanate Ethlyene-Dymine tetra acetic acid) method was used. Calcium and

Magnesium was measured by we

3.3.12 Exchangeable acidity
Two grams air-dried soil sample was weighed and put into a folded filter paper in a

funnel and placed on a 100 ml conical flask. Fifty millilitres 1.0 N potassium chloride

50



(KCI) solution was gently poured on the weighed soil sample to leach the soil and the
leachate was collected in the conical flask. 5 drops of phenolphthalein indicator was
added and the suspension titrated with 0.05 N NaOH to measure exchangeable acidity
(AI** and H"). The colour change was from pink to colourless. The volume of NaOH

used was recorded as (V7).

4 ml of 3 N sodium fluoride (NaF) was added to the titrated suspension and the
suspension was then titrated with 0.05 N HCI to measure exchangeable aluminium
(A*"). Volume of HCI used was recorded as (V,). Exchangeable acidity and

aluminium in meg / 100 g was respectively calculated using the formula below;

. V,x0.05x100
Exchangeable acidity (meq/100 g)= ———

Where: V = Titre volume of NaOH used (ml) Normality of NaOH =
0.05 N

W = weight of soil sample used 3 (Q)

. V,x0.05%x100
Exchangeable aluminium (meq/100 g)= ———

Where: V = Titre volume of HCI used (ml) Normality of HCI = 0.05
N

W = weight of soil sample used (3 g)

3.3.13 Microbial biomass carbon (Vance et al., 1987; Anderson and Ingram,
1993)

Fresh soil samples were used three sub samples of 15 g each were weighed. One was

oven-dried to determine the moisture correction factor, the second sample was

fumigated and the other was not fumigated but incubated. The soil samples to be

fumigated (CF) were weighed into 50 ml glass beakers and placed around 25 ml

51



washed chloroform in desiccator. Another set of samples were arranged into another
desiccator without chloroform solution (Non-fumigated (NCF)). Using a vacuum
pump, pressure was created in the fumigated samples such that the chloroform boiled
rapidly. The desiccator outlet where the vacuum was applied was then closed and
samples were incubated for 72 hours in a dark room. After this, the fumes in the
fumigated chamber was evacuated. Non fumigated samples were also incubated for
72 hours. Both sets of samples were transferred into shaking bottles, extracted with 50

ml 0.5M potassium sulphate (K,SO,) and then filtered with a whatman No. 42 filter

paper.

Ten millilitres of the filtrate was pipetted into digestion tube. Five millilitres
potassium dichromate and 7.5 ml 98% sulphuric acid were added and digested in a
block digester at 150°C temperature for 30 min. the digested samples were allowed to
cool and transferred into 100 ml conical flask. The digests were titrated with 0.2M
ferrous ammonium solution after 0.3 ml phenantroline monohydrate-ferrous sulphate
was added. The colour change was from green to brown. Microbial biomass carbon

(MBC) was calculated by the formula

MBC= (CF — NCF) x2.64
Where: CF = carbon estimated from the fumigated samples
NCF = Carbon estimated from the non-fumigated samples

2.64 is the correction factor for MBC determined by fumigation
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Initial soil characterization

4.1.1 Initial chemical and physical properties of study site

Soil at the study area was and characterized to ascertain their initial chemical and
physical properties as presented in Table 4.1a and 4.1b below. Based on the
characterization, the soil was classified as Plinthic Vetic Lixisols. The soil was
strongly acidic (pH of 4.85 and 4.78) in the 0 — 15 cm and 15 — 30 c¢cm soil depths
respectively. The low pH could be due to the old and highly weathered and highly
leached soil at the study site. Initial organic carbon and carbon stocks at both soil
depths were generally low (1.2%; 2.376 t/ha and 1.11 %; 1.98 t/ha for 0-15 and 15-30

cm respectively).

Table 4.1a. Initial chemical properties of soil at the study area.

Soil Depth
Soil Parameter

0-15cm 15-30 cm
pH (1:2.5) 4.85 4.78
Organic Carbon (%) 1.20 1.11
Carbon stocks (t C/ha) 23.76 21.98
Total N (%) 0.12 0.10
Available P (mg/kg) 25.60 20.60
Exchangeable Ca (cmol)/kg) 3.75 3.10
Exchangeable Mg (cmoly/kg) 1.30 1.33
Exchangeable Na (cmol+/kg) 0.13 0.12
Exchangeable K (cmol)/kg) 0.31 0.22
Exchangeable Acidity (Al + H) 0.95 0.71
ECEC (cmol+y/kg) 6.43 5.45
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Similarly, the initial nitrogen content of the study site was low (0.12% and 0.1 %)
within both soil depths. Available phosphorus was 25.6 mg/kg and 20.6 mg/kg for the
respective soil depths. Exchangeable cations progressed from Na* < K* < Mg?* < Ca?*
both soil depths (Table 4.1a). The low carbon contents of the soils could account for
the low aggregate stability of the soil (Table 4.1b) and probably affected its nutrient
retention ability. This observations substantiates the report by Govaerts et al. (2008)
that organic carbon is one of the most important determinants of soil health and it is
linked to increased nutrient retention, eventuating in sustainable agricultural

production.

The initial structural parameters of soil at the study area was assessed and they are

presented in Table 4.1b.

Table 4.1b. Initial physical properties of soil at the study area.

Bulk Total
density porosity
(Mg/m?) (%)

Aggregate  Sand Silt Clay Textural

Soil physical stability (%) (%) (%) class

Parameters
1.32 50.19 5.29 77.32 6.84 15.84  Sandy loam

The soil had low bulk density (1.32 Mg/m®) and good porosity (50.19 %). Aggregate
stability was susceptible to soil structural degradation (Pieri, 1991). The textural class

of the soil at the study site was sandy loam.

4.2 Final physico — chemical properties of the soil
4.2.1 Chemical properties
Soil at the study area were analysed and characterized to ascertain their final chemical

properties after field work as presented in Table 4.2 and 4.3 below.
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Carbon stocks determined from the 0-15 and 15-30 cm depth under the different
tillage practices increased in the order of PH < PP <H < NT and PH <H < NT < PP
respectively. Soil organic carbon stocks reduced with depth from the soil surface
(Table 4.2) on NT and H plots, but a reverse was recorded on plough plant and plough
harrow plots and this can be ascribed to the soil turnover during the tillage practice

(Sainju, 2006).

Table 4.2. Effect of tillage practices soil amendment on soil chemical properties

Carbon stocks (t/ha)
Tillage Soil depth (cm)
0-15cm 0-15cm

NT 48.9 38.2
H 41.8 39.1
PP 38.1 42.1
PH 17.7 34.3
Lsd (0.05) 8.18 NS
CV (%) 26.8 24
Soil amendment
PM 36.9 37.1
NPK 36.9 38.6
HR 36.9 38.8
NA 35.8 39.2
Lsd (0.05) N/S NS
CV (%) 26.8 24

NT = no tillage; H = hoe tillage; PP = plough plant tillage; PH = plough harrow
tillage; N/S = no significance, CV= coefficient of variation

Soil amendment increased carbon stock within the subsoil than the topsoil though
there was no significant difference (p > 0.05) between the amendments applied at both

depths.
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No amendment plots recorded the highest and lowest carbon stocks for the subsoil
(15-30 cm) and topsoil (0-15 cm) respectively. The inability of poultry manure alone
or its combination with chemical fertilizer to significantly influence soil organic
carbon contents was probably due to its initial carbon content (Table. 4.2).Within a
three year period, the initial carbon stocks measured increased across the tillage and

soil amendment applied (Tables 4.1a, 4.2 and 4.2) except for PH effect at the topsoil.

No-till practices recorded the highest carbon stock (25.76 t/ha) about 77.19% more in
the top soil compared to the initial whereas the PP practices stored the highest carbon
(18.34 t/ha) in the subsoil (15-30 cm), accruing 105.8% more carbon than the initial
subsoil content. The PH plots recorded lower carbon stock at the top soil (17.7 t/ha)

than was initially measured (23.76 t/ha).

4.2.2 Effect of tillage and soil amendment on soil structural parameters
Final physical properties of the soil was assessed to ascertain the effect of the various

treatment and the results are presented in Table 4.3 and 4.4 below.

From Table 4.3, Bulk density was significantly influenced by tillage practices (p <
0.05). The highest was recorded on PH plots and the least on NT plots. Hoe tillage,
plough plant and plough harrow were significantly similar but significantly different
from NT plot. Carbon stock in the NT plots were significantly higher (p < 0.05) than
in the PP and PH plots (Table 4.2) at the topsoil (0 — 15 cm) and could explains the
low bulk density of the NT plot since organic carbon content is inversely related to

bulk density in mineral soils (Sarkar et al., 2003).
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Table 4.3. Effect of tillage practices on physical properties of the soil.

) Bulk density ) Air-filled Aggregate
Tillage 3 Porosity (%) ) o
(Mg/m?) porosity (%) stability
NT 1.1764 55.15 43.76 12.69
H 1.2435 53.78 43.52 10.68
PP 1.2559 52.65 43.75 9.39
PH 1.2661 51.73 41.39 4.04
Lsd (0.05) 0.05164 1.030 1.072 1.814
CV (%) 5.0 2.3 3.0 23.6

NT = no tillage; H = hoe tillage; PP = plough plant tillage; PH = plough harrow
tillage; N/S = no significance, CV= coefficient of variation

Soil compaction by the tractor tires used to plough and harrow could also account for
the relatively higher bulk density under PH plots. Conventional tillage (plough plant
and plough harrow tillage) initially decreases bulk density but it increases
subsequently with trips of the tractor on the soil surface, erratic rainfall events, and
other pedoturbation activities (USDA-NRCS, 2008). Ussiri and Lal (2009) also
observed lower bulk density with NT plots than conventionally tilled plots at the 0 —
15 cm soil depth. Salam et al. (2013), however, found significantly lower bulk density

for deep tillage than no tillage plots.

This was because deep ploughing was coupled with higher biomass incorporation
leading to lower bulk density under conventional tillage than NT. Total porosity
ranged from 51.73% on PH plots to 55.15% on NT plots. There was significant
differences between treatment means, except between PP and PH plots (p < 0.05).
Air-filled porosity was significantly lower (p < 0.05) in PH plots than NT, H and PP
which were statistically similar. Higher total porosity and air-filled porosity recorded

on the NT plots could be ascribed to their negative relationship with bulk density,
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hence higher in the NT than conventional tillage plots (Table 4.3) (Salam et al.,

2013).

Tillage practices had significant effect (p < 0.05) on aggregates stability (Table 4.3).
Plough and Harrow, by Pieri (1991) scale, degraded the soil structure and made the
soil more susceptible to erosion. No till, H and PP tillage maintained soil structure,
but, NT maintained soil structure better than H and PP tillage practices. Plough plant

and hoed plots were statistically similar in their effect on structural stability.

Conventional tillage practices breakup soil aggregates, pulverize the soil and destroy
soil structure. Bronick and Lal (2005), explained that no tillage connotes no
disturbance of soil aggregates and hence relatively more stable aggregates were under
no tillage than the other tillage practices. Soil porosity was the only property that was
significantly influenced by soil amendment (Table 4.4). The combination of half rates
of chemical fertilizer and poultry manure produced the highest total porosity. Poultry
manure reduced soil porosity relative to the combined organic and inorganic soil
amendment. Notwithstanding significant similarity with soil amendment effect on Ea,
pp and aggregate stability, HR application resulted in the highest Ea and lowest pp.

NPK amendment also recorded the highest stability value.
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Table 4.4. Effect of soil amendment on soil physical properties

Bulk density ) Air-filled Aggregate
Amendment 3 Porosity (%) ) N
(Mg/m?) porosity (%) stability
PM 1.2532 52.67 43.19 9.14
NPK 1.2286 53.50 43.13 9.82
HR 1.2183 54.17 43.82 8.78
NA 1.2419 52.97 42.29 9.05
Lsd (0.05) N/S 1.030 N/S N/S
CV (%) 5.0 2.3 3.0 23.6

PM = poultry manure; HR = half rates of PM and NPK; NA = no amendment; N/S =
no significance, CV= coefficient of variation

Integrated application of poultry manure and NPK (HR) provides more organic matter
(organic carbon), increases nitrogen and CEC contents of the soil which in
consequence improves water holding capacity and reduces soil bulk density (Hati et
al., 2006) and this report was affirmed by results from the study (Table 4.4). Since
bulk density is inversely proportional to soil porosity (Table 4.5), the half rates of

poultry manure and NPK (HR) effect also increased total porosity in the treated plots.

The soil amendments had no significant effect on structural stability probably due to
the overshadowing effect of tillage practices and also that poultry manure and NPK

takes a longer time to effect the soil’s structural stability

Table 4.5. Coefficient of correlation between bulk density, soil organic carbon
content (0 — 15 cm), soil porosity and air-filled porosity

2

Independent Dependent r

Bulk density Total porosity -0.823**

Bulk density Air-filled porosity -0.6912**
Total porosity Air-filled porosity 0.8571**

** = significant at 1%:; r° = coefficient of determination
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High bulk density usually connotes lower pore spaces and vice versa, hence the
negative relationship between bulk density and porosity parameters. This explains NT
plots recording lower bulk density and relatively higher total porosity and air-filled

porosity.

4.3 Effect of Tillage and soil amendment on volumetric water content and soil
temperature.
Weekly soil moisture content and soil temperature determined in the various plots are

presented in the Table 4.6 and Figures 4.1 to 4.4 below.

Weekly water contents differed significantly (P < 0.05) among the various plot (NT,
H, PP and PH) (Figure 4.1). Average moisture content was higher (p < 0.05) on PH
plots (0.1117 cm®cm?®) and least on PP plots (0.0958 cm®/cm®). However, the NT
plots moisture contents in weeks 1 and 3 were higher than those of the PP and PH
plots (Figure 4.1). This could be ascribed to the relatively higher porosity on the NT

plots than the other plots (Table 4.2) that received heavy tillage operations.

NT H
0.18

0.16
0.14
0.12 4

0.1
0.08 b s
0.06
0.04
0.02

Volumetric water content (cm3/cm3)

1 2 3 4 5 6
Weeks after planting

Figure 4.1. Volumetric water content (cm3/ cm3) measured for six weeks.
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Averagely, PH plots recorded higher moisture contents than the other tilled practices
employed (Table 4.6). This is probably because, ploughing and harrowing pulverizes
the soil and create macropores that are able to collect more water after every rainfall
event. However, NT mostly retain more moisture due to the mesopores which is
higher under NT than under conventional tillage (Taylor et al., 2012). Average soil
moisture was highest under NA plots (0.1108 cm®/ cm?®) and least under NPK

amended plots (0.0983 cm® cm®) (Table 4.6).

Table 4.6. Average weekly soil temperature and volumetric moisture content

Tillage Temp (°C) Moisture (6,)(cm®/cm°)
NT 30.03 0.1067
H 31.52 0.1033
PP 30.93 0.0958
PH 30.27 0.1117
Lsd (0.05) 1.081 0.00799
CV (%) 4.2 9.2
Soil amendment

PM 30.53 0.1033
NPK 30.31 0.0983
HR 30.54 0.105
NA 31.37 0.1108
Lsd (0.05) N/S 0.00799
CV (%) 4.2 9.2

N/S = no significance, NT = no tillage, H = hoe tillage, PP = plough plant tillage, PH
= Plough — harrow tillage, PM= poultry manure, NPK = NPK 15:15:15 + Urea; HR =
NPK + PM; NA = no amendment

From Figure 4.2, soil amendments had significant influence (p < 0.05) on moisture
content in the treated plots for weeks 4 and 6. Effect of soil amendment also followed
similar rise and fall trend from week one to week six. No amendment plots recorded

the highest moisture contents at week 4 and week 6. This occurred probably because
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the plants had low vigour to absorb water because the plants were stunted due to low

nutrients.
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Figure 4.2. Soil moisture content per week as affected by soil amendments

Tillage significantly influenced (p < 0.05) soil temperature per the weekly data
(Figure. 4.3). Soil temperature values were consistent throughout the measurement
periods on the various plots (Figure 4.3). Temperatures were generally high at week
one, low at week six and fairly constant from week two to five. Highest soil
temperature, for all the six weeks of measurement, were recorded under plots
whereas the lowest temperature were recorded under NT plots from weeks 1 to 6
except for week 5 which recorded lowest soil temperature under PH plots (Figure
4.3). Average soil temperature was highest under H plots (31.52 °C), then PP plots
(30.93°C), PH plots (30.27 °C) and then lowest under NT plots (30.03 °C). Higher soil
temperature in conventional plots than NT plots were probably as a result of modified
thermal conductivity by the tillage practices applied (Silva — Olaya et al., 2013). Low

soil temperature for NT plots could also be linked to the crop residues left on the NT

62



plots, since crop residues are reported to have high solar reflection ability and lower

thermal conductivity (Fabrizzi et al., 2005).

In contrast, Hillel (1998); Salem (2015) observed higher soil temperature under NT
plots than under conventional tillage due to decomposition of organic matter from

continuous application of organic materials on NT plots.

Soil temperature values were similar for the different weeks except for week 5 (Figure
4.4). No amendment plots recorded the highest average soil temperature (31.37 °C)
whereas the lowest average temperature (30.31 °C) was recorded under NPK amended
plots. It could be inferred from Figure. 4.4 that the application of the various soil
amendment combinations stepped down the soil thermal conductivity and lowered its

ability to generate more temperature relative to NA plots (Silva — Olaya et al., 2013).
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Figure. 4.3. Soil temperature (0C) per week as affected by tillage practices
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Figure. 4.4. Soil temperature per week as affected by soil amendment.

4.4 Tillage and soil amendment effect on soil fractionation

Soil fractionation by wet sieving method separated the various soil samples taken
from tilled and no till plots into four main fractions. Table 4.7 presents the effect of
the various tillage practices and soil amendments on the various soil separates after 3
years of continuous application. Figure 4.5 and 4.6 also show the interactive effect of

the two treatments applied on soil aggregate fractionation.

Soil fractionation carried out in the study was to determine the effect of the various
tillage practices on the separation of soil particles into individual constituent upon the
administration of that tillage practice. All the aggregate fractions were more abundant
in the 15 — 30 cm depth samples than the 0 — 15 c¢cm soil depth except for the LM
fraction which recorded greater values in the 0 — 15 cm depth than the 15 — 30 cm
depth (Table 4.8). This trend was observed for both tillage and soil amendment effects

on soil aggregate fractionation.
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Bronick and Lal, (2005), observed decreasing aggregation moving down the soil
depth. Also, tillage and soil amendment effects caused more variability within the top
soil (0-15 cm) (CV = 21.3-31.9%) than within the subsoil (15-30 cm) (CV =7 — 15%)

(Table 4.8)

Table 4.7. Effects of Tillage and soil amendments on proportions of soil

aggregate fractions

Soil fractions

LM SM M S+C

_ (> 2000 pm) (250-2000 pm) (53-250 pm) (< 53 pm)

Tillage
Depth class (cm)
0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30
%

NT 4430 26.08 35.80 49.67 12.53 17.92 3.61 5.59
H 4770 35.78 33.30 42.67 12.85 15.68 4.22 5.06
PP 37.60 3284 36.40 40.14 17.18 18.95 6.23 7.26
PH 39.10 3392 37.00 41.23 17.78 17.93 4.97 6.26
Lsd (0.05) N/S 2.39 N/S 2.54 3.59 1.31 1.27 0.75
CV (%) 29.3 8.9 21.3 7.0 25.9 8.9 31.9 15
Soil Amendment
PM 39.8 32.46 37.1 43.31 15.68 17.51 5.03 5.93
NPK 42 32.05 35 42.26 15.65 18.77 4.98 6.36
HR 42.2 32.62 36.4 44.3 14.84 16.53 4.43 5.66
NA 44.7 31.49 33.9 43.84 14.16 17.68 4.59 6.21
Lsd (0.05) NS NS N5 NS N/S 131 NSNS
CV (%) 29.3 8.9 21.3 7 25.9 8.9 31.9 15

N/S = no significance, NT = no tillage, H = hoe tillage, PP = plough plant tillage, PH
= Plough — harrow tillage, LM = large macro aggregates, SM = small macro
aggregates, M = microaggregates, S+C = silt and clay fraction, PM= poultry manure,
NPK = NPK 15:15:15 + Urea; HR = NPK + PM; NA = no amendment
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Impacts of tillage on soil fractionation differed significantly (< 0.05) for all the soil
aggregate fractions under the different tillage practices (Table 4.7). Hoe tillage plots
had the highest LM fraction both at 0 — 15 cm and 15 — 30 cm depths of soil (47.70
and 35.78 %), whereas PP plots had the least LM fractions at both soil depths (37.60
and 32.84 %). More SM fraction were found on NT plots than on the other tillage
plots at the 15 — 30 cm depth. Ploughed and harrowed plots had more SM fractions

relative to the other tilled plots at 0 — 15 cm depth (Table 4.7).

The least SM fractions at 0-15 cm and 15-30 cm depth were recorded on the H plots
and PP plots respectively. More microaggregates (M), and S+C fractions were
recorded at both soil depths on the PP plots. The plots that were hoe tilled however,
recorded the lowest micro aggregate fraction at both depths. For silt and clay
fractions, H plots had comparatively lower fractions at the upper depth whereas plots

that were not tilled had the lowest at the lower depth (15-30 cm).

Conventional tillage leads to less stable macroaggregate formation due to the
continuous soil perturbation (Puget et al., 1995) and soil aggregation, according to

Bronick and Lal (2005), is higher in non-to-less disturbed soils than disturbed soils.

Plough plant and PH plots had comparatively the lowest LM fractions (Table 4.7)
because of pedoturbation significantly influencing macro aggregates amounts. Effect
of pedoturbation is reported to be more significant on macroaggregates than
microaggregates (Six et al., 2002). In effect, PP and PH practices selectively broke

down macro aggregates but most of the micro aggregates were probably unaffected.

Selective breakdown of more macroaggregates than microaggregates by conventional

tillage could be attributed to the binding agents within micro aggregates which may
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be resistant to the level of perturbation experienced. Similar observations were made

by Six et al. (1999b); Denef et al. (2001); and Bossuyt et al. (2002).

More LM fractions in the top soil (0-15 cm) of the NT plot (Table 4.7) can be
attributed to the decomposition of organic materials (maize stover) left NT plots
surfaces resulting in the increased mineralization of carbon, encouraging more macro
aggregation. (Fransluebbers and Arshad, 1997; Franzluebbers et al., 1999). According
to Watts et al. (2001), plant residue breakdown forms organic mat for soil aggregation

which is mostly concentrated at the soil surfaces.

The method used for soil separation (wet sieving) could also account for the amounts
of soil separates measured. Sainju (2006), measured lower amounts of LM (>2 mm)
and higher SM fraction (0.25 mm-2 mm) fractions. However, both fractions (SM and
LM) were higher than the quantities of M and the S+C fractions when wet sieving
was used. Lower proportions of LM fractions obtained through wet sieving resulted
from rapture of weak aggregates in water because of ion hydration, sudden release of
internal air pressure, osmotic swelling forces and solubility of binding agents in water
and these processes are best activated by perturbation associated with plough plant,
ploughing and harrowing are reason for low LM fractions under conventional tillage

practices of the top soil (Table 4.7). (Perfect et al., 1990; Gale et al., 2000)

Effect of soil amendments on soil fractionation was statistically similar (p > 0.05) in
the soil fractions except for M fractions of soil at the 15 — 30 cm (Table 4.8).
Microaggregate fractions within the subsoil (15-30 cm depth) were significantly
influenced by the application of chemical fertilizer (NPK) more than the other soil
amendments applied. Chemical fertilizers (NPK) do not directly affect aggregation

because it is not a binding agents of soil aggregates, however, it influences rate of
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organic matter decomposition hence could have stimulated organic matter breakdown

leading to the formation of more microaggregates within the subsoil (15-30 cm

depth).

This confirms reports by Bronick and Lal (2005), Yu et al. (2012) and Zhang et al.
(2015) that, chemical fertilizer (NPK) cause less aggregation because of less diverse
organic matter availability. In essence, the application chemical fertilizer (NPK) with

organic manure increases aggregation by accelerated integration of the fine particles

into coarse element

Interactive effects were established between the tillage practices and various soil
amendments on the various soil fractions (Figures 4.5 and 4.6). Combining tillage
practices and soil amendments significantly influenced (p < 0.05) soil aggregate

fractionation for all the soil fractions in the 15-30 cm depth but not 0-15cm sampling

depths.
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Figure 4.5. Interactive effects of tillage practices and fertilizer amendments on

soil aggregate fractionation from soils sampled at 0-15 cm depth
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Figure 4.6. Interactive effect of tillage practices and fertilizer amendments on
soil aggregate fractionation from soils sampled at 15-30 cm soil depth
Hoe tillage plus NPK amended plots recorded the highest interactive effect (52.9 %
and 42 %) on LM fractions within the topsoil and subsoil (Figures 4.5 and 4.6).
Plough harrow plus NPK amendment and NT/PM influenced the highest SM fractions
(53.33% and 40.8 %), within 0-15 cm and 15-30 cm depths respectively. At both soil
depths (0-15 and 15-30 cm), PP/NPK and PH/NPK recorded more M (22.03 % and
20.07 %) whereas the highest S+C fractions (7.54% and 7.98 %) influenced by

PP/NPK and PH/NA respectively.

From Figures 4.5 and 4.6, proportions of LM fractions, influenced by the various
interactions, were generally higher in the 0-15 cm depth than the other fractions
whereas in the 15-30 cm depth, SM fractions were higher generally than the other

aggregate fractions.
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Lowest fractions were the S+C fractions under all the interactive effects. Paying
attention to the 15-30 cm depth which recorded significant influence on the
proportions of the various aggregate fractions, phosphorus component of the NPK
fertilizer applied probably contributed to soil aggregation, explaining the higher LM
fraction under H/NPK system (Figure. 4.6). Zhang et al. (2015) recorded increasing
proportions of LM fractions with phosphorus amelioration. Bronick and Lal (2005)
observed more aggregation with chemical fertilizer in less disturbed soils than in

disturbed soils.

Under NT, there is increased biological activity which leads to the production of
organic by- products that bind soil particles together during aggregation (Madejon et
al., 2009; Plaza-Bonilla et al., 2013). These biological processes are enhanced by the
application of poultry manure to the system. This could probably account for the
higher small macro aggregates under the NT/PM system. Conventional tillage results
in macro aggregates, held by weak bonds of fungal hypha and plant roots, to break
down into the micro aggregates that resides in the macro aggregates (Six et al., 2000).
Soil turn over results in microbial breakdown of organic matter into more humic

forms which become the binding agent for micro aggregation (Zheng et al., 2008).

Ploughing and ploughing and harrowing breaks soil aggregates into small fractions
which are the clay and silt fraction and the micro aggregates which are held by more
recalcitrant organic binding agents. Mineral fertilizer (NPK) application could have
possibly increased nitrogen content which accelerated soil organic matter
decomposition because of a more favourable C:N ratio (Taylor et al., 2012). Hence,

the combined effect on NPK application and PP and PH tillage resulted in the

70



formation of more micro aggregates and silt at clay fractions at the 15 — 30 cm soil

depths (Blanco-Canqui and Lal, 2004).

4.5 Carbon stocks within various soil aggregates
Soil carbon stocks in the aggregate fractions after three years are presented in Table
4.8a. Generally, redistribution of soil organic carbon of the bulk soil was observed in

the soil aggregates.

The overall highest organic carbon stock (20.49 t C/ha), in soil fractions was recorded
in the LM aggregate under the NT plots in the topsoil (0 — 15 cm) (Table 4.8a). This
may be due to the higher amount of residue left on the soil surface of the NT plots and
the less disturbance and soil turn over, which probably enhanced the macro
aggregation. This affirms a report by Angers and Chenu (1998), Six et al. (1999a) and
Yang et al. (2013), that soil organic carbon accumulation with the macroaggregates
was a function of the soil structure stability hence soils with less disturbance tends to

enhance soil organic carbon storage at the topsoil.

The least carbon stocks from the LM fractions in the 0-15 cm depth (3.85 t C/ha) was
recorded on PH plots (Table 4.8a). Similar trends were observed for the carbon stocks
in SM fractions. Highest carbon stocks of the microaggregate fraction (8.19 t C/ha)
and silt and clay fraction (4.04 t C/ha) in the 0-15 cm soil depth were recorded under
the PP plots (Table 4.8a). The lowest carbon stocks in the M fraction (5.12 t C/ha) and

the silt and clay fractions (1.91 t C/ha) were recorded under the PH plots.
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Table:

4.8a. Carbon stocks within the various soil fractions as affected by tillage practices

Soil organic carbon stocks (t/ha)
Soil Aggregate Fractions
LM SM M S+C Total

Tillage

(> 2000 pm)  (250-2000 pm)  (53-250 pum) (<53 um)

Depth class (cm)

0-15 1530 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30
NT 2049 525 1361 1468 771 798 350 324 4531 3115
H 1541 762 995 1160 8.07 744 370 330 3713 29.96
PP 995 6.36 892 1022 819 993 404 487 311 31.38
PH 3865 577 38 965 512 7.00 191 396 1473 26.38
Lsd (0.05) 5.083 1.031 266 1005 169 076 091 0.64 9.82 3.436
CV (%) 491 198 351 105 279 113 330 200 153 5.8
Soil Amendment
Pm 10.85 5.73 922 1203 7.63 803 363 4.17 31.33 29.96
NPK 1249 6.24 968 1059 764 876 344 401 3243 29.6
HR 1270 543 887 1233 741 760 3.08 341 32.87 28.77
NA 1366 760 855 1119 641 796 3.00 3.78 31.62 30.53
Lsd (0.05) NI/S 1.031 N/S 1.005 N/S 0.761 N/S N/S N/S N/S
CV (%) 491 198 351 105 279 113 330 200 153 538

N/S = no significant difference, NT = no tillage, H = hoe tillage, PP = plough plant
tillage, PH = Plough — harrow tillage, PM = 3 t/ha poultry manure, NPK = 60-40-40
NPK + urea, HR = 30-20-20 NPK + 1.5 t/ha poultry manure, NA= no amendment,
LM = large macro aggregates, SM = small macro aggregates, M = micro aggregates,
s+c = silt and clay fraction, Lsd = least significant difference, CV = coefficient of
variation.

Within the subsoil (15 — 30 cm depth), the highest carbon stocks for the LM fraction

(7.62 t C/ha) was influenced by H tillage whereas NT contributed to higher carbon

stocks (14.68 t C/ha) within the SM fractions. Plough plant significantly influenced

higher carbon stocks, 9.93 t C/ha and 4.87 t C/ha, within the microaggregates and the

silt and clay fractions respectively (Table 4.8a). The least carbon stocks for LM (5.25

t C/ha) and silt and clay fractions (3.24 t C/ha) in the subsoil were recorded in the NT
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plots (Table 4.8a). This could be due to less soil turnover and carbon redistribution as

well as organic material incorporation into the soil.

Plough harrow on the other hand has the least carbon stocks in the SM (9.65 t C/ha)
and M fractions (7.00 t C/ha). Hoe tillage do not completely break and turn the soil
and so may explain the reason why the carbon stocks within the SM fractions were

more under the H plots.

The physical protection of carbon in the macroaggregates were probably destroyed
during the plough plant and the ploughing and harrowing and so resulting in their
comparatively low carbon stocks within the macro aggregates (Six et al., 1998;
Blanco — Canqui and Lal, 2004). Also, the very low carbon stocks of the various soil
fractions under PH plots was due to the continuous disturbance of the soil exposes the
otherwise protected carbon to microbial activity which might have led to a drastic fall
in SOC and soil structure interaction resulting in micro aggregates with depleted C

being formed (Blanco — Canqui and Lal, 2004).

Resck et al. (1999) suggested that, the use of disk plough and heavy disk plough
cause a great loss of organic carbon from the soil because of the destruction of the
physical protection of the organic carbon. Santos et al. (1997) observed little
difference between carbon stocks of an area that was disk ploughed and an area that
was harrowed with a heavy disk harrow even though both had appreciably less carbon
stocks. Plough harrow plots influenced lower carbon stocks within some of the soil
fractions because ploughing and harrowing broke the soil aggregates into smaller
particles making the soil highly susceptible to wind and water erosion and so most of

carbon might have been washed or carried away through selective erosion (Lal, 1997).

73



The effect of soil amendment on carbon stocks within the soil fractions was not
significantly different (p > 0.05) in the topsoil but was significantly different at the
subsoil except the silt and clay fraction. The effect of soil amendment on carbon
stocks of the LM, SM and M fractions at the subsoil decreased in the order of NA>

NPK >PM> HR; HR > PM > NA > NPK; and NPK > PM>NA> HR respectively.

Notwithstanding statistical similarities of the effect of some soil amendments, NA
plots had highest carbon stocks (Table 4.8a) within the LM fractions at the 0-15 cm
and 15-30 cm affirming that, the effect of soil amendment on carbon storage within
soil aggregates rest on other factors such as climatic variables (Baldock, 2008) hence,
the soil amendments applied could not influence higher carbon stocks within the LM

fraction.

Carbon stocks within silt and clay fractions and M fractions at both depth and was
increased by PM and NPK respectively. Highest carbon stocks in the SM in topsoil
and subsoil were recorded for NPK and HR respectively. Poultry manure contains
appreciable amount of carbon that might have increased rate of mineralization of
carbon by increasing microbial build up, hence influenced carbon stocks in the silt
and clay fractions (Zhang et al., 2015). Also, chemical fertilizer probably encouraged

preferential carbon storage within the microaggregates fraction (Sainju, 2006).

Interactive effect of tillage with soil amendment on carbon stocks within the soil
aggregates were significant (p < 0.05) only at 15 — 30 cm depth (Figure 4.7). In the
15-30 cm depth, PP/PM plots influenced higher carbon stocks in the LM,
microaggregate and silt and clay fractions. NT/PM influenced higher carbon stored in

the SM fractions (Figure 4.7).
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Comparatively, the NT/PM stored more carbon in the SM fraction (19.43 t C/ha) than
was stored by PP/PM in the other aggregate fractions (10.47 t C/ha, 11.53 t C/ha and
5.96 t C/ha for LM, M and silt and clay fractions respectively). From Figure 4.7, even
though NT/PM gave the highest carbon stocks within the small macro aggregates,
PP/PM, stored cumulatively 2.98 t C/ha more than NT + PM (Figure. 4.8). The least
total carbon storage in all the soil fraction was recorded under PH + PM which was

15.97 t C/ha less than carbon stored by the PP/PM system.
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Figure. 4.7. Interactive effect of tillage and soil amendment on carbon stocks within soil aggregates at 15 — 30 cm depth.
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Tillage mostly influence depth distribution of soil organic carbon more than soil
organic carbon accumulation (Yang and Wander, 1999; Gal et al., 2007; Hermle et
al., 2008; Angers and Eriksen — Hemel, 2008). Despite the results in Figures 4.5 and
4.6, PP/PM incorporated more carbon in three out of the four soil fractions whereas
NT/PM stored the most carbon in the SM fractions (0.25 mm-2 mm). It can also be
inferred from Table 4.8 and Figures 4.7 and 4.8 that PP and PP/Pm showed potential
of soil organic carbon sequestration than other tillage practices and interactions
because they influenced higher carbon stocks in the microaggregates and silt and clay
fractions. Six and Paustian (2014) and Sheehy et al., (2015) suggested that, the carbon
stocks in the microaggregate fraction could serve as a robust indicator for how
quickly or otherwise soil organic carbon could be lost signifying carbon loss or

carbon sequestration.
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Conventional tillage practices (ploughing) incorporates organic materials into the soil
rather than leave them on the soil surface. This leads to increased carbon stocks at
lower levels of the soil. A study by Poirier et al. (2009) showed increasing soil
organic carbon under plough plant plots at lower depths of the soil (20 — 30 cm) and
observed higher soil organic carbon under PP plots than no till plots. Subsoil
conservation of carbon by ploughing increases the soil organic carbon protection and
increases sequestration (Lorenz and Lal. 2005; Sheehy et al., 2015). According to
Figure 4.7, even though NT/PM effect influenced the highest soil organic carbon,
PP/PM stored most of the soil organic carbon within the microaggregates which is
known to protect organic carbon better. This will hold the soil organic carbon for
longer periods as soil organic carbon types held within micro aggregates are less
vulnerable to microbial breakdown (Blanco-Canqui and Lal, 2004). Also, plough
plant probably increased the surface area of the poultry manure incorporated
eventuating in heightened mineralization of soil organic carbon and subsequently

being shielded in aggregates formed at the subsoil depth (Taylor et al., 2012).

PP/PM stored more soil organic carbon in the clay and silt fraction which is suggested
to protect and stabilize soil organic carbon better especially at deeper soil depths
(Poirier et al., 2009). Stemmer et al. (1999) adds that, organic matter is more
decomposed when mixed with the soil, resulting in SOC incorporated within silt and
clay fractions. Plough plant plus PM might have encouraged more adsorption of the
humified PM to the mineral surfaces which are mostly effective in adsorption within
the subsoil. (Kaiser and Guggenberger, 2003). Stemmer et al. (1999) concluded that,
more soil organic carbon may be stored in tilled than no till plots. PP/PM stored more

soil organic carbon within the LM fraction at the 15 — 30 cm depth.
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Rasse et al. (2006), suggest that, fine root activity, microbial activity and movement
of dissolved soil organic carbon may have resulted in soil organic carbon
accumulation within large macro aggregates within ploughed soils. Particulate organic
carbon can be leached downwards and this could account for the higher soil organic
carbon stocks within the small macro aggregates under the no till at 15 — 30 cm soil

depth.

4.5.1 Soil organic carbon sequestration potential

Soil organic carbon stocks within the microaggregate fraction which is reported as the
most stable state and indicator of soil carbon sequestration (Six et al., 1998; Whalen
and Chang, 2002; Kong et al., 2005) are presented in Table 4.8b below. Tillage
practices significantly (p < 0.05) influenced carbon stocks in the microaggregates in
the 0-30 cm depth. Plough plant plots recorded the highest carbon stocks within the
microaggregates (18.12 t C/ha) and was significantly different from the other tillage
effects. Plough harrow (12.12 t C/ha) recorded the least carbon stocks in the micro

aggregates over 30 cm depth from the soil surface.

Plough plant tillage probably did not pulverise microaggregates occluded in
macroaggregate as in the PH tillage. The microaggregates are strongly bound by
humic forms of organic carbon (Six et al., 2000; Zheng et al., 2008) which are able to

resist soil disturbance.
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Table 4.8b. Total microaggregate (over 30 cm) from the soil surface

Carbon stocks (t C/ha)
Tillage M (53-250 pm)
0-30 cm
NT 15.69
H 15.52
PP 18.12
PH 12.11
Lsd (0.05) 1.77
CV (%) 5.8
Soil Amendment
Pm 15.66
NPK 16.4
HR 15.01
NA 14.37
Lsd (0.05) N/S
CV (%) 5.8

N/S = no significant difference, NT = no tillage, H = hoe tillage, PP = plough plant
tillage, PH = Plough — harrow tillage, PM = 3 t/ha poultry manure, NPK = 60-40-40
NPK + urea, HR = 30-20-20 NPK + 1.5 t/ha poultry manure, NA= no amendment,
Lsd = least significant difference, CV = coefficient of variation.

This suggests that PP tillage has the potential of sequestering more stable soil organic
carbon than other tillage practices over the 30 cm soil depth. Plough harrow,
however, recorded the least soil carbon stocks in the microaggregates due to increased
pulverization and heightened microbial activity which resulted in C-depleted
microaggregates (Blanco-Canqui and Lal, 2004). Soil amendment had no significant
influence on carbon stocks in microaggregates over the 30 cm soil depth. This was
observed because soil amendment effect on carbon stock distribution in soil

aggregates rest on other factors such as climatic conditions (Baldock, 2008)
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4.6 Microbial biomass carbon

Soil microbial biomass carbon assessed is presented in Table 4.9 and Figure 4.9
below. There was interactive effect of tillage practices and soil amendments applied.
Microbial biomass carbon forms part of the soil organic matter. It showed very high
variability (Table 4.10) affirming a statement by Lupwayi et al. (1998) that soil
microbial biomass carbon comprises little percentage of soil organic matter but is the
most dynamic form of soil organic matter. Effect of tillage on microbial biomass
carbon was not significantly different (p >0.05). However, PP plots recorded the
highest MBC whereas NT plots had the lowest MBC. It was also noticeable that

conventionally tilled (PP and PH) plots had more MBC compared to H and NT plots.

Table 4.9. Main effects of tillage and soil amendment effect on soil microbial

biomass carbon

Tillage MBC (mg/kg)
NT 667
H 735
PP 1002
PH 903
Lsd (0.05) N/S
CV (%) 60.9
Soil amendment

PM 748
NPK 1148
HR 721
NA 689
Lsd (0.05) 369.9
CV (%) 60.9

N/S = no significance, NT = no tillage, H = hoe tillage, PP = plough plant tillage, PH
= Plough — harrow tillage, PM = poultry manure, NPK = NPK 15:15:15 + urea, HR =
Half NPK + Half PM, NA= no amendment, Lsd = least significant difference, CV =
coefficient of variation.
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Ploughing increases the surface area of organic matter in the soil and pulverize the
soil, improves soil porosity (Table 4.3) and increase entry of oxygen supply to the
microbes enabling organic matter break down. These could have activated the
increase of microbial population in the soil hence increase microbial biomass carbon.
Low MBC under no tillage practices was, however, an unexpected outcome from the
study even though there was no significant difference among the treatments because it
recorded higher porosity (Table 4.3) and hence was to essentially increase microbial
biomass. Guo (2014) observed that NT did not increased MBC more than

conventional tillage (PP).

Soil amendments applied influenced (p < 0.05) the MBC significantly. In ascending

order, soil amendment effect on MBC were NA > HR > PM > NPK. NPK
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significantly increased microbial biomass carbon. Soil microbial biomass carbon are

the very labile forms of carbon with lower C:N ratio.

The NPK influencing more microbial biomass carbon could be related to increasing in
the build-up of microbial population and hence increased rate of decomposition of
carbon content of the various amended plots. Mohammadi et al. (2012) on the
contrary observed, however, that integrated chemical fertilizer and organic manure
increases MBC than their individual effects as both increase nitrogen and carbon

content of the soil there which are the raw materials to microbial activities.

The highest and lowest interactive effects of tillage and soil amendment on MBC
were recorded on PP/NPK and PH/PM respectively. This suggests that, the NPK
application on the PP plots increased labile C content of the soil with the high supply
of nitrogen which enhances increasing microbial population hence increased MBC

content than other systems used (Lupwayi et al., 1998).

4.7 Carbon dioxide emissions under tillage and soil amendments.

Carbon dioxide emission measured on the field is presented in Figures 4.10 to 4.15.

Tillage operations generally influenced a rise in carbon dioxide emissions from 6 to 9
WAP except for emissions under the PH plot which experienced a slight decline from
6 to 7 WAP and 8 to 9 WAP as well as emission under PP from 8 to 9 WAP (Figure

4.10).

There was also a sharp fall of soil carbon dioxide emission from week four to week
six. These rise and decline in carbon dioxide emissions over time indicates that the
process depends on several factors, such as organic carbon content of the soil, quality

of organic material supplied, soil temperature and soil moisture content.
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The effect of tillage operations on carbon dioxide emissions was significantly
different (p < 0.05) throughout the period of measurements. The highest carbon
dioxide emission (11.72 g C/m?/day) was recorded on the 4™ week (9 WAP) of the

emission study under NT plots.

On the average carbon dioxide emissions were significantly higher on NT plots than
the tilled plots. Plough harrow, PP and H operations followed respectively in a
descending order of amount of carbon emission. However, carbon dioxide emissions

under PP and PH plots were significantly similar.

Higher carbon dioxide emissions in week one and two (6 and 7 WAP) were recorded
on PH plots. No tillage plots had plant residue at their surfaces and the decomposition
of these organic materials coupled with carbon mineralization led to increased carbon
dioxide evolution from the NT plots than the other plots. According to Yang et al.
(2013), carbon dioxide evolution under no till varies greatly with climatic conditions
and quantity and placement of crop residue on the no till plots (Yang et al., 2013).
Nyakatawa et al. (2012) measured significant levels of carbon dioxide emissions only
in summer and Prior et al. (2000) recorded higher carbon emissions under NT plots
after rainy periods. This confirms that carbon dioxide emission depends on moisture

and temperature among other factors.
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Even though NT plots recorded the lowest (30.03) average soil temperature (Table
4.7), it was appreciable enough to accelerate the rate of carbon mineralization
especially at the surfaces of the NT plots. Silva-Olaya et al. (2013) measured 0.82
gC/m%h from a site with average soil temperature of 23.6°C indicating that the
30.03°C temperature recorded NT plots was enough to influence carbon dioxide
emissions. Conventional tillage temporarily increases carbon dioxide emissions at the
initial stages but subsequently, its impact on emissions become negligible (Johnson et
al., 2010). Ellert and Janzen, (1999) and Rastogi et al., (2002) observed that after 24
hours of tillage, there was similarity of carbon dioxide emission under no tillage and

conventional tillage.

Ball et al. (1999) suggest that low emission is associated to low gas diffusivity due to
low air-filled porosity. No till plots recorded the highest air-filled porosity (43.76%)
relative to the other tillage operations (Table 4.3). Also, from Table 4.2, NT plots
recorded the highest carbon stock (48.9 tC/ha) at topsoil (0 — 15 c¢cm) depth. These
factors may be responsible for to the higher carbon dioxide measurements recorded
under the NT plots. Hendrix et al. (1988) and Fortin et al. (1996) and Aslam et al.
(2000) observed similarities between NT and conventional tillage about their

influence on carbon dioxide emissions.

Conversely, Ussiri and Lal. (2009), Al — Kaisi and Yin (2005) and Nyakaktawa et al.
(2012) observed a higher carbon with conventional than no till plots which they
reported to be as a result of carbon turnover and soil disturbance which accelerated

carbon mineralization.
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Tilling the soil opens the soil up exposing the capillary stream of the soil to the
atmosphere, promoting mass air movement from the soil to the atmosphere (Bauer et
al., 2006; Omonode et al., 2007; Robertson, 2008; Nyakatawa et al., 2012). However,
opened streams in the absence of less carbon content within the topsoil depth would
result in less quantities of carbon dioxide supply. In general, the effect of tillage on
carbon dioxide emissions is variable since it is difficult simultaneously establish

controlled conditions. (Kessavalou et al., 1998b).

Effect of soil amendments on carbon dioxide emissions was significantly different at
all sampling dates (Figure 4.12). Consistently, higher carbon dioxide measurement

per week was influenced by a different soil amendments.
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Figure 4.12. Influence of soil amendment on carbon dioxide emissions

87



8.4
8.2 8.111

7.: 1.812 L6.320'858 1893
7.6
24 7.359
7.2
,
6.8
PM NPK HR

Soil amendments

NA

Carbon dioxide emission (gC/m2/day

Figure 4.13. Average carbon dioxide emissions under different soil amendments.

The soil amendment which gave the highest carbon evolution differed from week to
week. Soil amendments significantly caused a rise in carbon dioxide emission from
week one to week 4 and a sharp fall from week 4 to week 6 except for HR (Half PM +
Half NPK and Urea) which dropped at week two and NA amended plots which

dropped slightly at week 2 and week 4.

No soil amendment plots recorded the highest carbon dioxide emission for week one,

five and six whereas NPK influenced the highest emission from week 2 to 4.

Average carbon dioxide emissions recorded under NPK amended plots were
significantly different (p < 0.05) from the other soil amendments applied and recorded

the highest promoter to carbon dioxide emissions above PM, HR and NA.

Averagely, NPK increased carbon emissions than PM and other soil amendments
applied (Figure. 4.13). Carbon dioxide emission occurs through microbial respiration

(Johnson et al., 2007). Applying nitrogenous fertilizers affects carbon dioxide
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emission because it directly increases microbial build up through nitrogen provision

and also slightly affect soil pH which affect microbial activity (Rastogi et al., 2002).

Nitrogen application to the soil forms strong relationship with labile carbon leading to
increased carbon dioxide emissions. Heller et al. (2010) found that, high percentage

of carbon dioxide emission variability is linked to the N content of the soil solution.

Organic waste decomposition results in higher volumes of carbon dioxide emission
and this is highly influenced by nitrogen availability (Heller et al., 2010). Earlier,
Hadas et al. (1998) reported that availability of inorganic N may influence organic
matter decomposition and subsequent carbon dioxide emission into the atmosphere.
Also, Jacinthe and Lal (2005) showed that N application increases humification which
eventuate in heightened carbon dioxide emissions. Feiziene et al. (2012) observed that

mineral NPK fertilizer promoted higher carbon dioxide exchange.

This affirmed in this study as NPK resulted in higher carbon emissions which could
be attributed to heightened microbial activity resulting in increased humification and
resultant higher carbon dioxide emission (Sommer and Hutchings, 2001; Rochette et

al., 2004; Sharpe et al., 2004).

On the contrary to the findings of this study, Hadas et al. (2004), Jones et al. (2005)
and Ding et al. (2007) found that poultry manure contributes to high carbon
emissions. Heller et al. (2010) measured higher carbon dioxide emissions on plots
amended with poultry manure and emission peaked after the application of poultry

manure.

Figures 4.14 and Table 4.10 show the weekly interactive effects on carbon emission.

From Table 4.10, carbon dioxide peaked at week four and was lowest at week six.
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Least emissions per week were recorded under H/ HR system and highest under
NT/NPK (Table 4.10). Average interactive effects on carbon dioxide emissions
(Figure 4.14) were highest under NT/NPK followed closely by NT/PM as both

systems had significantly similar effects on carbon dioxide emissions.

Least average carbon dioxide emissions were recorded under the H/ HR which was
also not different (p > 0.05) from emission by PP/PM system (Figure 4.14). NPK on
no till plots gave out the highest carbon dioxide because of the residue on the surface
of the NT plots and the accelerated decomposition of the residue due to application of
NPK and subsequent build-up of microbial activity eventuating higher carbon dioxide
emissions. Application of mineral N reduced the C:N ratio of the residue and hence
improved easier crop residue break down. No till plots as mentioned earlier were
porous enough (Table 4.3) to improve gas diffusivity which is important for carbon
dioxide loss from the soil (Figure 4.14). The lowest carbon emissions recorded for H/
HR and PP/PM were probably because the poultry manure was incorporated into the
soil rather than left on the soil surface, hence its breakdown did not increase the

carbon dioxide concentration in the immediate atmosphere (Figure 4.14).

Heller et al. (2010) observed that tilled plots which were poultry manure amended
emitted appreciably less carbon dioxide than NT/PM plots. This is because of the
placement of manure by the various tillage practices, PP incorporates while NT leaves

on the soil surface.
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Table 4.10. The combined effect of tillage and soil amendment on carbon dioxide

emissions
Tillage/ Carbon Dioxide Emissions (g C/m?/day)
amendment Weeks After Planting (WAP)
interactions 6 7 8 9 10 11
NT/PM 8.88 8.55 11.04 12.34 6.81 4.34
NT/NPK 8.42 9.01 10.37 12.65 8.25 4.59
NT/HR 5.56 5.78 10.98 11.64 6.37 4.54
NT/NA 7.79 9.06 10.39 10.24 6.92 6.02
H/PM 5.48 7.43 9.43 11.61 8.057 4.78
H/NPK 8.13 8.72 8.32 10.82 4.61 4.77
H/ HR 5.00 4.74 8.73 10.47 5.96 2.78
H/NA 7.28 5.64 9.16 10.37 6.48 4.84
PP/PM 3.96 5.68 9.62 9.29 5.94 4.01
PP/NPK 6.63 8.46 11.40 12.21 6.71 4,71
PP/ HR 8.94 6.20 10.82 10.54 6.97 3.85
PP/NA 8.80 8.32 9.62 9.19 7.43 4.86
PH/PM 9.78 8.38 11.34 11.00 5.94 3.76
PH/NPK 8.67 7.64 8.93 10.26 6.88 3.49
PH/ HR 8.74 8.19 10.43 10.23 6.32 2.88
PH/NA 8.61 8.30 9.65 7.97 7.60 4.16
Lsd (0.05) 1.12 1.43 1.19 1.37 0.95 0.93
CV (%) 26.5 30 16.1 18.5 23 27.2

NT/PM = no till/poultry manure, NT/NPK= no till/60-40-40 NPK 15-15-15 + urea,
NT/ HR = no till/ 30-20-20 NPK 15-15-15 + Half Urea + 1.5 t/ha poultry manure,
NT/NA = no till/no amendment, H/PM = hoeing/poultry manure, H/NPK= hoeing/60-
40-40 NPK 15-15-15 + urea, H/ HR = hoeing/ 30-20-20 NPK 15-15-15 + Half Urea +
1.5 t/ha poultry manure, H/NA = hoeing/no amendment, PP/PM = plough
plant/poultry manure, PP/NPK= plough plant/60-40-40 NPK 15-15-15 + urea, PP/ HR
= plough plant/ 30-20-20 NPK 15-15-15 + Half Urea + 1.5 t/ha poultry manure,
PP/NA = plough plant/no amendment, PH/PM = plough harrow/poultry manure,
PH/NPK= plough harrow/60-40-40 NPK 15-15-15 + urea, PH/ HR = plough harrow/
30-20-20 NPK 15-15-15 + Half Urea + 1.5 t/ha poultry manure, PH/NA = plough
harrow/no amendment, Lsd = least significant difference, CV = coefficient of
variation.
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Figure 4.14. Interactive effects of soil amendments and tillage practices on
average carbon emissions.
Comparing interactive effect of tillage and soil amendments on carbon storage within
the aggregates and carbon dioxide emission (Figure 4.9), it could be inferred that, NT

lost most of its organic carbon through carbon dioxide emission hence recording more

carbon dioxide emission than PP system.
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4.8 Correlation analysis between emission, soil moisture and temperature

Table 4.11. Coefficient of correlation between soil organic carbon stocks, soil
moisture, soil temperature, microbial biomass carbon and soil carbon

dioxide emissions

Sr%iilsgig)rf mosi’gtillj e temps)gllflatur s?(g:f(:s sf(?cf(:s MBC
e (0-15cm) (0-15cm)
Soil CO; emission -
Soil moisture 0.2866 * -
Soil temperature -0.3817** -
SOC stocks (0-15 cm) NS NS NS -
fr%c stocks (1530 \g NS NS 02581%* -
MBC NS NS NS NS NS -

MBC = Microbial biomass carbon, ** = p <0.01, * = p <0.05, NS = not significant.

There was significant positive relationship established between soil moisture content
and carbon dioxide emission. No till plots from Table 4.8 recorded the lowest soil
temperature but increased carbon dioxide emission. Nyakatawa et al. (2012) observed
positive correlation between soil temperature and carbon dioxide emissions. From
Figure 4.3, peak soil moisture measured at week four significantly increased soil
emissions at 9 WAP especially in the NT plots. Silva — Olaya et al. (2013), observed
similar trends of positive corelation between soil moisture and soil carbon dioxide
emissions. Correlation between soil carbon emissions and MBC and soil organic

carbon stocks at both soil depths measured was not significant.

Also, no good fits of correlation was observed between microbial biomass C and
organic carbon measured at both soil depths. This conforms the findings of Insam and

Domsch (1989) and Zak et al. (1994) who reported no significance between soil

93



organic carbon and microbial biomass carbon. Leiros et al. (2000), observed positive
correlation between soil organic carbon and soil microbial biomass carbon. These
inconsistencies could be explained by the fact that soil microbial communities are
affected by organic carbon quality and microbial community structure and the soil

type (Leirds et al., 2000).

4.9 Tillage and soil amendment effect on maize yield
Grain and biomass yield measured over two cropping seasons, major season and

minor season, are presented in the Tables 4.12.

Effect of tillage on yield (biomass and grain) of maize was significantly different in
both the minor and major seasons. However, maize yield were more in the major than
the minor season (Table 4.12). The highest biomass and grain yield in both seasons
were on the no till plots and was significantly different from H and PH plots in all

seasons.

No till effect on biomass yield for the major season was 6.17%, 12.35% and 15.49%
more than PP, PH and H respectively and influenced grain yield, 20.5%, 30.76% and

43.38% more than PH, PP and H tillage practices respectively.
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Table 4.12. Effect of tillage on stover and grain yield (t/ha)

Stover (t/ha) Grain yield (t/ha)

Tillage Season

Major Minor Major Minor
NT 8.524 1.47 4.122 0.918
H 7.208 4.08 2.334 0.571
PP 7.998 5.6 2.854 0.636
PH 7.471 3.75 3.277 0.471
Lsd (0.05) 0.818 0.801 0.5188 0.1989
CV (%) 12.6 18.4 19.8 36.8
Soil amendment
PM 8.623 4.97 3.368 0.566
NPK 7.866 5.10 3.288 0.649
HR 6.977 6.29 3.470 0.977
NA 7.734 4.54 2.462 0.404
Lsd (0.05) 0.818 0.801 0.5029 0.1989
CV (%) 12.6 18.4 11.3 36.8

N/S = no significance, NT = no tillage, H = hoe tillage, PP = plough plant tillage, PH
= Plough — harrow tillage, PM = poultry manure, NPK = NPK 15:15:15 + urea, HR =
Half NPK + Half PM, NA= no amendment, Lsd = least significant difference, CV =
coefficient of variation.

In the minor season, NT effect on biomass yield was 25.03%, 45% and 49.79%
greater, and 30.72%, 37.79% and 48.69% more grain yield than PP, H and PH
respectively (Table 4.12). Least biomass yield for the two seasons were influenced by
H whereas the least grain yield was recorded under PH plots for the two seasons.
There was no significant difference between PP and NT effect on biomass yield in the
major season but there was significant difference between their effect on grain yield

for the major season and the biomass and grain yield for the minor season.
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Maize yield (grain and biomass) is affected by several factors (Table 4.12). High
rainfall amounts were observed in the major rainy season than the minor season hence
the lower grain and biomass yields in the minor than the major rainy season. Crop
residue on the soil surface improves water infiltration, regulates soil temperature and
evaporation. This could explain the higher grain and biomass yield on the NT plots

(Thierfelder et al 2015).

Also, the crop residue improves the soils resistance to erosion and hence able to

conserve more plant nutrients. Resultant effect is increased maize yield.

Dick and Gregorich (2003) assert that, uneroded soils have higher net primary
productivity than eroded soils and this is so because, erosion leads soil quality

reduction, soil nutrient removal and reduction in effective rooting depths of soils.

Effect of soil amendment on maize yield also showed significant differences (P <
0.05) and grain yield were highly variable in the minor season than the major season.
Half rates of NPK and PM significantly increased maize yield than the other soil
amendments. Poultry manure effect on biomass yield was the greatest while the
lowest effect was recorded under HR in the major season. Highest biomass yield for
the minor as well as the grain yields for the major and minor seasons were obtained
on HR plots even though HR recorded the lowest biomass yield in the major season.
No amendment plots recorded the lowest maize yield (biomass and grain) for the two

Seasons.
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Chemical fertilizers rapidly releases plant nutrients and subsequently increase plant
yield in the presence of soil moiture. These ready — to — use nutrients are however
short lived in the soil as they are easily leached, lost through volatilization and fixed
by the clay minerals in the soil reducing their availability and eventual effect on yield.
Combining NPK with PM therefore sustained the nutrient needs of the maize more
than the other soil amendments applied hence giving the highest crop yield. Kapkiyai
et al. (1998) adds that, interactive effects of the integrated use of organic and

inorganic plant nutrients appreciably increases crop (maize) yield.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

From the study, tillage practices affected soil organic carbon depending on the soil
depth, soil moisture and amount of organic materials returned to the soil. Soil
aggregation was also affected by soil carbon distributions within the soil depth

classes.

No tillage practice increased soil organic carbon stocks in the surface (0-15) cm but
not in the subsurface layer (15-30). Relative to other tillage practices, no tillage had
more large macroaggregates (> 2 mm) and increased organic carbon stocks in this
aggregate size in the surface layer (0-15 cm). The plough plant plots showed
potentials of effective soil organic carbon protection as it contributed to higher carbon
stocks within the micro aggregates (53-250 um), and the silt and clay fractions at both

depths.

In addition, because of the high carbon input on the soil surface, the No-till plots
produced more carbon dioxide emissions than the conventionally tilled plots even
though they recorded lower soil temperatures. Consequently a negative correlations

was established between soil temperature and carbon dioxide emissions.

Poultry manure did not increase the carbon stocks of the soil as expected. The
amendments applied did not significantly influence organic carbon stocks of the soil
especially within the various soil aggregates and did not contribute much to carbon

dioxide capture and storage within the soil.
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However, poultry manure returned appreciable biomass to the soil after the major

cropping season which upon decomposition would return more carbon into the soil.

Application of chemical fertilizer (NPK) increased carbon emission through
accelerated humification of soil organic matter and consequently reduced carbon

sequestration.

Soil structure was highly deteriorated by plough and harrow tillage whereas the other
three tillage practices, No till, hoeing and plough plant significantly improved and
maintained soil structure which translated into higher grain and biomass yields of

maize.

The combined effect of NT/NPK and NT/PM influenced high carbon dioxide
emissions and lower soil organic carbon storage within the soil aggregates whilst
PP/PM showed promise of increased organic carbon storage in the aggregates and

reduced carbon dioxide emissions.

No tillage increased maize yield (biomass and grain) for the two seasons but stored
less organic carbon and also increased carbon dioxide emissions. Per the three pillars
of sustainable agriculture, NT/PM relative to PP/PM has negative effect on
environmental sustainability. Considering the effect of PP on yield of maize and its
contribution to reduced soil carbon emission and increased soil organic carbon storage
in the aggregates, it could be considered a better system if integrated with PM

incorporation than NT/PM in terms of sustainable agriculture.
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5.2 Recommendations
From this study, the following recommendations have been made:

1. Plant biomass be incorporated into the soil rather than on the soil surface and
the use of deep plough plant or plough and harrowing be reduced to avoid loss
of soil structure and organic matter.

2. Integration of poultry manure and ploughing can reduce carbon dioxide
emission and protect soil organic carbon within soil aggregates. However,
there should be further studies as to the time for poultry manure application
with ploughing.

3. Soil carbon dioxide emission study was carried out during the dry cropping
season without irrigation and so it is recommended that rainy season
measurement be done and also longer period studies of tillage practices with

carbon dynamics be carried out.
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APPENDICE

Appendix 1: Monthly rainfall data at Anwomaso during the study period

Month Total monthly rainfall (mm)
March 99
April 89.5
May 75
June 164
July 52
August 34
September 84.9
October 143
November 39
December 20

Source: KNUST weather station

Appendix 2. Poultry manure characterization

Manure Oc CNratio N (%) P (mg/kg) K (cmol/kg)

analysis
30.66 10.8 2.84 1.74 3.04

PM = poultry manure; HR = half rates of PM and NPK; NA = no amendment; N/S =

no significance.

Appendix 3: Soil chemical parameters and their ratings

Soil Parameter Rating

Soil organic carbon (% of soil by weight)

<2 Very low
2-4 Low
4-10 Medium
10-20 High
> 20 Very high

Source: Landon (1996)
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Soil Parameter Rating
Soil pH

<5.0 Very acidic
5.0-5.5 Acidic
5.6-6.0 Moderately acidic
6.1-6.5 Slightly acidic
6.6-7.0 Neutral
7.1-75 Slightly alkaline
7.6-8.5 Alkaline
>8.5 Very alkaline
Nitrogen (%)

<0.1 Low
0.1-0.2 Moderate
>0.2 High
Calcium (cmolgKg™) (Mg = 0.25)

<5 Low
5-10 Moderate

> 10 High
Exc. Potassium (cmolKg™)

<0.2 Low
0.2-0.4 Moderate
>0.4 High
ECEC (cmolKg™)

<10 Low
10-20 Moderate

> 20 High

Source: Soil Research Institute of Ghana (CSIR)
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