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ABSTRACT

Soil Organic carbon (SOC) because of its influence on all aspects dérsititly, is a
useful indicator ooil healthand the performnce of mixedarms, and increasithSOC
can improve productivitystability and resilience of theoil. Thusthe overall objective
of the study was to characterize the spatial distribldfd®OCin selectedand use types
andlandscapesf Chama District oZzambia The grid survey of 10m by 10m was used
to sample the soils in the top 20cm of the soil for all the land usesaaddcapes,
composite samples were made for each land use type that was replitiaed.5The

other parametrs deteminedweresoil texture and bulky density.

The percentage SO®as déermined for all theselectedand use typesand landscapes

by using the WalkleyBlack experimentThe Analysis of VariancdANOVA) preceded

by Duncaids Multiple Rangerest DMRT) was usd. Results of this study hawshown

that there are statistically significant differences in the levels of SOC in the top 20 cm
layers of soils under different land use types in the study @heglevels of SOCanged

from 0.02% to 2.62% with soils undemaize cultivatiorhaving the highest levels and
soils in game management areas having the lowest |@feshighlevels in soils under
maize production could battributed tothe use of chemical fertilizerand high dry
mater productionassociated witlthe application of chemicahorganic fertilization
which leads to higher inputs of carbon to the soil through increaseticootass, root

turn over, stubble and crop debris. The low carbon content was estimated in the Game
Management fea soils (0.02%)which couldbe attributed to low dry matter production

and sandy st8 in most of this area.



The results also showed that topography had a major influence in the SOC content of the
top 20cm layer of the soils in the studyea;this was very evident inhat the SOC
content showed a general tendency to increase from the summit to the depression. The
SOC content at the depression was 2.38% as compared to the summit with a SOC
content of 1.57%The hgh SOC values at the depressmmuld have been attributed

the chemical stabilizatignrdecreased decomposition because of low redox conditions,
and higher litter inputs from vegetation and upslope contributims LeastSignificant
Difference (LSD)and the #est was used to ascertain the influence of taguay on

SOC content.

Results showed that soil texture influences SOC content through the role of clay in the
protection of soil organic matter frodeconpositionand role of clay and silt in water
availablity and therefore plant productivity. This was alty evident at the depression
catena positions where the clay content was 40.8% and the SOC content was at its

highest (2.38%).

Generally, grassesuch as maize, rice and pastunad high levels of SOCL.35%) and

the forest landUseType (LUT)had 0.5%% SOC.
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CHAPTER ONE

1.0INTRODUCTION

Soil carbon is the generic name for carbon held withirsthike primarilyin association
with its organicmatter. Soil carbon is the largest terrestrial pool a#rbon.Humans
have, and will most likely continue to have significant impact on the size of this pool.
Soil carbon plays a key role in the carbon cycle and ithissmportant in global climate

models( Lal et at2008.

According to Westet.al, (2010) and Sahat.al, (2012), a dcline in il Organic
Carbon (SOCXxreates an array of negatieffects on land productivityKatyal et.al,
(2001) further clarifies thamaintaining and imprauag the level of SOCis a pre
requisite to esure soil quality, crop prodtieity and sustainality of agricultural
ecosystemsBatjes(1998) highlighted thasoil contains a significant part ¢tie global
carbon stock estimated to be abou®g.Bhattacharyyaet al, (2009)stated thaturrent
research trends shatvat therds growing interest in assessing the role of soil as a sink
for carbon under different langse management practices;luding forest ecosystems.
Increase in SOC content by 0.01% can substantially rettiecadverse consequences of

annual increase in atmospherarbon dioxide concentratiofiLal et al., 1998)

According to(Westet.al, (2010), Sahat.al, (2012)the magnitude of variation in SOC
content and stock (increase/decrease) depends on theftigeluse, degree of lard

use chage and postonversion land magement



Soil Organic Carbon plays a major role in the global catasiget, ancdcan act as a
source or sink of atmosphegarbon, therebpossibly influencing the course dimate
Charges in the soil organic carbon (SOC) stocks are now taken into account in

international negotiations regarding climate chafipjes 1999.

A better understanding of the spatial variability of SOC is important for the refining
agricultural management mtices and for improving sustainable land use (McGrath and
Zhang 2009. It provides a valuable base against which subsequent and future
measurements can bealuated. Informatioabout the spatial distribution of soil organic
carbon (SOC) pools at a propscale is critical for developing feasible carbon

sequestration programes in Zambia.

To develop public policy for conservatigmogrammes, informationis needed on spatial
distribution and baselines of the soil organic carbon pools in associationiffétiert

landuses(Bationo and Buerker2007).

SOC plays anmportant role in supplying plamutrients, enhancingation exchange
capacity, improvingsoil aggregation and water retention and supporting soil biological
adivity (Dudal and Deckersl993. Although it has been difficult to quantify the efts

of SOC on crop and ecosystem productivity (Dudal and Deckers,1@33)ts from
experiments in some African countries already indidateurable responses due to
SOC. Cultivated systems have redut carbon contents due to reduced tree cover and

increased mineralization due to surface disturbaiWgadmeijer and Andriessd.993.

Soil organic matter is not only a majoggulatorof various processes underlying the

supply of nutrients and the creaiti of afavourable environment for plant growth but



also regulates various processes governing the creation efbasgéd envinomental

services

Carbon content and status in the soil is closely associated with clay anddsdtag
type, whichinfluences the stabilization of organcarbon. Aggregatgshysically protect
SOC through formation of barriers between microbes and enzymes and their substrates

thereby controlling microbial turnover (Set al, 2002a, b

Soil organic carbon plays an importardle in ensuring good health of the soll
environment and is critical in providing needed ecosysteriices. Ahigher content of

SOC will result in a higher Fertilizer Use Efficiency (FUE).
1.1 Statement of the Problem

In Zambia, nodocumented work has beelone in studying the spatial distribution of
Soil Organic Cebon (SOC) pools that caaid the formulation or development of
feasible Carbon Sequestration Progmses. There is no base line data on the spatial
distribution of Soil Organic Carbon pools inrdhia.

1.2 Objectives

The overall objective of the study was to characterize the spatial distributioa séith

organic carbon (SOC) inf@dma district of Zambia.
1.3 Specific Objectives

A To assess the spatial distribution characteristics of SOC in selecedise
types in Mphalausenga Agricultural Block of Chama District.

A To determindactors influencing SOC stocks usi@gS.



1.4 Research Hypothesis

There are majodifferences in the spatialistribution of SOC Stocks in the Soils of
Mphalausenga Agriculral Block of Chama District and the amounts of SOC Stocks
show great variation among different Land Use TygebTs), Soil types and

landscapes.

1.5 Justification of the study

Data on the spatial distribution of soil organic carbon pools in Zambia isvitatyfor

the development of public policy for conservatiprogrammes. Thus knowledge of
SOC stocks and changes is needed to devise fdarsustainablenanagement of eeo
systems, mitigationof GHG emissions, likely impacts of climate change on

soilskcosystms in future and formulation of policies on carbon credits.etc.



CHAPTER TWO

2.0LITERATURE REVIEW

Accordingto McGrath and Zhang (2004%0il Organic Carbon(SOC) is a dynamic
component of terrestriadystems, withboth internal and exteal changes with the
atmosphere and the biosphei@OC plays an important role ienhancingcrop
production (Stevenson and Col&99) and mitigating greenhouse gas emissionsdt_al

al., 1995).

Improved estimations of SOC stocks and fluxes could grbatfy scientists to monitor

and predict ecosystems response to clinthi@nge, asvell as aiding policy makers

when they take land use and management decisions and assisting land managers gain
better access to carbamarkets Lal et al.,1995).

The Intergoernmental Panel on Climate Change (IPCC) developed the Revised
Guidelines for National Greenhouse Gas Inventories to provide methods for estimating
emissions by sources and remidvg sinks of greenhouse gasé®(ghtonet al, 1997)

in which the Land Usand Land Use Change section provides a method to estimate
average annual C sources or sinks from soils with changes in land use and management
over a 20year inventory period.

Wanget al, (2001) referred SOC to be similar to other soil properties inSREC levels

exhibit variability as a result of dynamic interactidmetween paremntnaterial, climate

and geologicahistory, onregional and continental scalélowever,landscape attributes

including slopeaspectelevation and land use may be the daninfactors of SOC in



an area with the same parent material and single climate regime (Rezaei and Gilkes,
2005).

According to Buolet al, (1989, landscapattributes affect organic mattactivity, run

off and runon processes, conditioof naturaldrainage, andgexposure of soil to wind and
precipitation. TheSOC content of cropland is also strongly dependent upon crop and
soil managemenrractices, suclas crop species anmdtation, tillagemethods, fertilizer

rate, manureapplication, pesticidaise, irigation, and dainage and soil and water
conservation.

Important factors controlling SOC levels include climate, hydrology, parent material,
soil fertility, biological activity, egetation patterns and land uSOC is sensitive to
impact of human activigs, viz. deforestation, biomass burning, land use changes and
environmental pollution. To sustain the quality and productivity of soils, knowledge of
SOC in terms of its amount and quality is esseniiahily, 1941)

According toAmundson 2001, Janzen, Pd, andPostet al200], theypointed out that

the spatial distribution of the soil organic carbon (SOC) at landscape scales is controlled
by interactions ofedaphic, topographi@and biological factors through time and
understanding these interactions ssential to quantify the role of SOC in global carbon
cycle.

According to Bouwman,(1990, human modifications of the plant cover and soil
through land use changes also produce considerable alterations, usually loss of carbon
and soil stocks of soil organimatter. Davidson and Ackermat9@3 alluded that
between 20% to 40% of SOC is lost after the cultivation of previously untilled soils and

most of this loss occurs within the first few yeatbusboth land use and the type of



vegetation must be takemto account when relating SOC with environmental
conditions

According to Schulgt al, (2009), in forest landscapes, SOC stocks significantly tend to
differ between different tree species and between unmanaged and managed locations
Whilst in agriculturdland, land use histonysually explain much of the SO#&riability,

while the current land use hasmall effectvhich is attributed to slow response of SOC

to land use changes aitdtakes many decades before lamk significantly alters the

SOCstock while effects of past land use on SQtdcks are preserved for a long time

According toMooreet al, 1993; Hacet al, 2002; Moormaret al, 2004; Ziadat, 2005;
Yoo et al, 2006aandPapierniket al, 2007 they attributed thabpographyis one of tle

key factos of soil formation and its eftts on soil @rbonhave been well documented;

General topographical influences on soil C are likely to differ in magnitude under
agricultural systems with different tillage. Tillage controls soil organic mdtteamics
by three major actions, such as periodic disruption of soil structure, incorporating plant

residues within soil horizon, and altering soil microclimate (Balesetesit, 2000).

Berheet al,2007found that n manydry, temperatand humidlandscapes, th&rgest
SOC pools tend to occur in topographically low areas Viadleys).This pattern of
accumulation has been attributed to varitactors, includinghe chemical stabilization
andburial, decreasedecomposition because of low redoandtions, andhigher litter
inputs from vegetation and upslom®ntributions, Also according toGregorich et

al.,199&nd Jenry,194%hey alluded that topographical factors such as slope aspect and
7



slope gradient, affecteT and waterinfiltration, therebymodifying the soil masture
regime and consequently, netprimary production, plantlitter production and

decomposition.

According to Jenny (941, low altitudes, whereconditions are mordavourable for
biological activity (longer growing season)he SOC vhes are high which is mainly
attributed to highplant productivity and also the harsh conditions and low plant

productivity that occur at high altitudes cause a reduction of SOC storage.

Topography afécts soil @rbonthrough erosion and redistributiom fone soil particles

and organic matter across landscape, and through water redistribatiorgléo varying
leaching, infiltrdion, and runoffpotentials (Ovalles and Collins, 1986; Pennock and de
Jong, 1990; Kravchenko and Bullock, 2000; Cre¢dal, 2002). These three major
mechanisms in turn influence various soil processes, such as soil aggregation, erosion,
mineralization rates, as well as soil moisture, temperature, and aeration regimes
(Franzluebberet al, 1994; Hernanzt al, 2002). Periodidisruption of soil structure

due to tillage tends to reduce soil C and N contentstiINONT) management is

believed to lesse@ losses associated wihil disturbance.

According to Jenny (1980) thepatial variation ofSOC is a function of aumberof
factors such as relief, parent material, climate, plant coveryamabenic activities,
time and theC sequestration potential efo-regionscan be assessed by integrating and
aggregating spatial data characterizing these factors (e.g., soil ppkid use or

land cover, and climatic regime) and their temporal variations

8



The importance of soil textural (clay and silt) properties for the SOC content of soils was
stressed repeatedly as clays are important component in the direct stabilization of
organic molecules and micarganisms (Amato and Ladd, 199Feller et al,

1992 .Feller et al (1992) reported that independeot climatic variations such as
precipitation temperature, anduration of the dry seaso80C increased with clay and

silt cortents but there was a poor relationship with the amount of rainfall.



CHAPTER 3

3.0 MATERIALS AND METHODS

3.1 Study Site

Chama Distmt is situated in the eastern part of Muchinga ProvinceZambia at
longitude11°15'0" S andatitude32°49'60 E. It is locatedat an elevation of 934 meters
above sea levelThe study area is characterised by a tropical climate with the mean
annual temperature @bout 25.8C and theaverage annual precipitation about 653
mm. The rainfall distribution is uslig poor.

Agriculture is the leadingndustry, andnaize is the most commamop. Chamas also a
major rice growingarea. Cottons a lucrative crop fosome. Sorghunand soya beans
are grown. Othercommon food crops includgroundnuts, sweegpotatoes,pumpkin,
cabbage sunflowers,As of the 2011 Zambiaf€ensus, thaistrict had a population of

94,890 people.

_

Petauke

Figure 1. Location of Chama District (Sourc®IAL-2012
10



3.2ldentification of Land Use Types

The study was conducted in the following land ugpes; Sparseforest, Dense
Forest,Maize,Cotton,Sorghum,Soyabeans,GMamagemenfrea, Pasture Lands and
PaddyRice. Accordingo the Central Statistical Office and Department of Foressdtg,

theland use typewere partitioned as indicated figure 2 bedw, in the study area.

DISTRIBUTION OF THE LAND USE TYPES OF THE STUDY AREA

Paddy Rice Production
3%

Pasture Lands
6%

Sparce Forest
48%

Game
nagement
Area
11%
Soya beans
Production
1%

Sorghum
Production
4%
Cotton Production
3%

Figure 2. Distribution d the Land Use Types of thetusly Area(.Source: Central

Statigical Office/ForestryDepartment
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3.3Methods of Soil Analysis

The soil organic carbon was determined by the WalBlkegk method in the lalvatory.

The Soil clods from all the different LUTs were carefully collected for the measurement

of bulky density so that the SOC stocks could be estimated in the first 20 cm per kg/ha
basis. The Bulky density was determined by the Wax Method and soiteewas
determined by the hydrometer method.

3.4 Soil Sampling Structure

The method of sampling was that of a grid. A 10m x 10m grid was used for each LUT

and the soils collected were homogenized by hand mixing and sieved for the
determination of SOC aftdreing air dried. At each sampling point the GPS coordinates

and elevation were collected.

The other soil samples were collected fro
replicates and the slopes were varied per each soil catena whilst theioedgpe and

the c¢climate was wuniform in all the caten
summit, shoulder and the depression for the analysis of the Soil Organic Carbon.

3.5 Description of the Study Blocks in Chama District.

The study area is compabeof four agriculturalblocks, namelyBazimuy Lunzi,
Luangwaand Mphalausenga.The study wasauacted inMphalausengaBlock, the

block was selected because ofdiverse in the landscapes and there is a high

concentration of farmers.

12



LUT

T

GMA

LUT

Pastire LUT Soyabeans Paddy Rice LUT
Figure 3: Selected Land Use Types from which the soil samples were collected for the

determination of SOC in the study area.
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32 33 34

Figure 4: Soil sampling locations of the study area (n=60)

3.6 Description of Soilsin the Study Area

Based on the Exploratory Soilsdd of Zambia (ZARI 1992, the study area is
dominated by soils of older alluvial plains and higher river terraces inifthealiey
trough (slopes @%), also referred to as the $&ries.The dominant soils were®/ and
V6. By description the M is acomplexof imperfectly drainedolive brown to brown,
firm, sodic, clayey soils (orthdhaplic SOLONETZ) and well drainedsery deep,
yellowish red to strong browifriable to slightly firm,slight weathered and moderately
leached, clayey soils having a e clay increase with depthn places cracking
(chromichaplic LUVISOLS with eutric VERTISOLS)

The V6 area complex of imperfectly drained to poorly drainedry deepyvery dark

greyish brown, firm, calcareouscracking clay soils (orthcalcic VERTISOLS) and

14



moderately well drainedjeep dark reddish browslightly firm, slightly weathered and
moderately leached calcareofisg clayey soils having a clear clay increase with depth;
in places slightly cracking (Calcanaplic LUVISOLS and vertic LUVISOSE)

Source (Exploratory Soils Map of Zambig.

The soils from different land uses wemaalysed in the laboratorfpr the following
parameters,

1. Soil Organic Carbon (SOC) by the use of the WalkleyBlack Method (Walkley

and Black 1934)

The Walkley BlackWB) method used for determining Soil Organic Matter (OM) and it
utilizes a specified volume of acidic dichromate solution reacting with a determined
amount of soil in order to oxidize the OM. The oxidation step is then followed by
titration of the excesdichromate solution with ferrous sulfate which gives a volume of
ferrous sulfate in m. The OM is calculated using the difference between the total volume

of dichromate added and the volume titrated after reaction.

2. Bulk Density by the use of the wax mdiod. (Grossman and Reinsch, 2002)

Bulk density is a measure of a soils mass per unit volume of soil. It is used as a measure
of soil wetness, volumetric water content, and porosity. Factors that influence the
measurement include; organic matter conteng, prosity of the soil, and the soill
structure these factors will intern control hydraulic conductivity.

3. Textural Classes by the use of the Hydrometdvlethod. (Bouyoucos, G.J. 1962

This test method covers the quantitative determination of the digtnbat particle

sizes of the fingrained portion of soils. The sedimentation or hydrometer method is

used to determine the paféesize distributionof the material that is finer than the No.

15



200 (75um) sieve and larger than about-Qr2. The test is pormed on material that
passes the No. 10 (2Om) or finer sieve and results are presented as a percent of the
mass of the maximum particle size used for the sedimentation test specimen. 1.2 This
method can be used to evaluate the-graanedfractionof the soil with a wide range of
particle sizes by combining the sedimentation results with a sieve analysis resulting in
the complete gradation curve.

Soil Organic Carbon was calculated by the formula below,

SOC (kg/m?) =100 x (Soil Sampling Depthx % C x BD)

Where,

Soil Sampling Deptls the thickness of the soil layer (cr@}20cm

%C-=is the concentrationfa@otal carbon measured by thealMey- black method.

BD=Bulk Density of the soil sample (g/én

3.7 Statistical Analysis

The Analysis of Variancd ANOV A) preceded by Duncanods
(DMRT) was used in determining the significant differences in the levels of SOC in the
top 20cm layers of the soils under different land use types in the study area.

The Least Significant Difference (LSDh@the ttest was used to ascertain the influence

of topography on SOC content.

16



CHAPTER 4

4.0RESULTS AND DISCUSSION

4.1 Characterization of Land Use Types

The mean values OC andbulk densities of the top 20 cm layer of soils in different
land use ypes that were considered in this study are presented in Tabeglire 5

gives agraphial representation of the mean values of SOC under the different land use
types within the study area

Table 1: Mean values oSoil Organic Carbn and bulk densities the top 20 cm of saill

under different.and Use Type the study area.

Bulk SOC SOC

Land Use Type | Thickness(cm) SOC(%) | Density(g/cri) |  (kg/mP) (kg/ha)
Cotton 20 0.9 1.65 29.7 2.97 x 16
Maize 20 2.6° 1.32 68.6 6.86 x 10
Sorghum 20 0.4 1.66 129 1.29 x 16
Paddy Rice 20 1.2 1.35 35.4 3.54x 10°
Soya beans 20 0.4 1.79 13.6 1.36 x 16
Sparse Forest 20 0.4 1.67 17.0 1.7 x 10
Dense Forest 20 0.6° 1.57 18.8 1.88 x16
Pasture Lands 20 1.1° 1.66 36.5 3.65x 10°
Game

Management Area 20 0.02 152 0.6 6.0x 10°

[Letter captions with the same letter are not significantly different while the letter

captions with different letters are significantifferent]

The ANOVA generated a P<0.01 and the ana
Multiple Rang Test (DMRT) and the results showed no significant differences in the
following LUTs, Soyabeans, Sorghum and sparse forest land use types in the SOC
values. However, there were significant differences in the SOC values in the dense

forest, cotton, Pastutands, paddyice, maize and GMAand use types.
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DISTRIBUTION OF SOIL ORGANIC CARBON
IN DIFFERENT LAND USE TYPES
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Figure 5. Mean values of th8OC indifferent Land Use Types in Chama.

4.2 Characterizationof SOC in Land Use Types.

4.21 Maize

The SOC amounts of the saihder maize production w@s62% and this warelatively

high, which is consistent with the findings oGlendininget al, (1996 that chemical
fertilizers can increase shoot and root production of crop which in turn increase residue
input into thesoil. The soils under maize were loamy and the hrhadbeen under
fertilization for the past Seasons. Thieamy soils affected the SOC amounts tdlagh,

this wasattributed to the stabilizing properties that clay has on orgaatter. Organic
matter can be trapped the very small spaces betweeraglparticles making them

inaccessible to microrganisms and therefore slowing decomposition.
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4.2.2 Pasture Lands

The SOC amounts for the soilnder pasture land was 1.11#%iswas mainly attributed
to the dung from the grazing animals containinghara which is a precursor to soil
organic matter and thus provides availatlgrients. This is consistent with the findings
of Dormaaret al, (1988.The dominant pastures grown this area is the natural
pastures.

4.2.3 Paddy Rice

The SOC contenbf the soil under paddy riceas 1.3% and this waatributed to rice
producing a greatedry matter production and results of this work indicated that SOC
density of paddy soils was higher than that of corresponding soils in dry croflarsd
was because thdecomposition of mucbf the organic material occutsnder anaerobic

conditions in paddy soilswhich not only slowed down decomposition but also led to
the formation of hydrocarbons rather than just carbon diofEeenland1995. Also

the paddy soils silt andlay content is generally high which led to larger SOC
accumulation.

4.24 Dense Forest

The SOC amount# soils under dense forestis 0.61% and this wamsainly attributed

to increasedbiomass residues into the soil as compared to the sparse forest were there is
reduced biomass.

4.2.5 Sparse Forest

The SOCcontentin soils under sparse fatewas 0.41% anavas attributedo reduced

residue input into the soil coupled with the sandyssthidit have poor stocks of SOC.
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4.2.6 Game Management Area

The SOC contenin the game management area (GMA) W&2% andvas attributedo
reduced residumput into the soil coupled with the sandy soils that have poor stocks of
SOC.Most of the area in the GMA is beardais prone to high temperatures of above
40°C.

4.2.7 Cotton

The SOCcontent in the Cotton Land use typaas 0.9% and the reduced SOC as
conmpared to the Maize Land use typemainly attributed to the sandy soils and lack of
use of chemical fertilizers.

4.2.8 Soya beans

The lower SOC content in the Soyaans Land ustype 0.38%) as compared to Maize
Land use type is mainly attributed to teandy soils and lack of use of chemical
fertilizers.

4.2.9 Sorghum

The lower SOC content in the Sorghum Land use (@p&9%)as compared to Maize
Land use type is mainly attributed to the sandys, lack of use of chemical fertilizers

and reduced biomas
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4.3 Characterization of SOC in Catena Positions
Table 2 Mean values ofSoil Organic Carborn different topographic positiorsong

Soil Catena at differentSites

Elevatior{fAbove Sea

Soil Catena Position Level) % Carbon
Soil Catena Site 1

Summit 1114m 1.83
Shoulder 1107m 2.68
Depression 1098m 2.83
Soil Catena Site 2

Summit 1032m 2.26
Shoulder 1026m 2.48
Depression 1020m 2.71
Soil Catena Site 3

Summit 780m 1.45
Shoulder 773m 1.61
Depression 763m 2.07
Soil Catena Site 4

Sunmit 885m 1.14
Shoulder 875m 1.49
Depression 856m 2.08
Soil Catena Site 5

Summit 872m 1.14
Shoulder 863m 1.66
Depression 856m 2.22

From Table 2above, theamount of Soil Organic Carbon showed greater variation
between the summit and tldepressin. Accordingto Buol et al, (1989), landscape
attributes affect organiactivity, runoff and ruron processes and this was evident at the
summit. Thesummit exhibited less amounts of SOC due to a lot ofoftiiof the top
fertile soils down the slope.

The ANOVA for the catena positions generated a P>F (0.0539) anddbe(LSD) for

SOC values showed that the means of SOC values were significantly different between
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% Organic carbon

the depression and summit catena position. The SOC values at shoulder catena positions
did not significantly differ from those of the summit and depression
Figure 6 shows the distribution of the soil organic carbon (SOC) in different soil

c at ewitlaréspect to different topographic positions in selected landscapes.
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Figure 7. Distribution of organic carbon as the function of the position on the catena

The box plés above showed great variation in carbon content between the summit and
depression positions of the catena in the study aieaording to Berthe et al
.,(2007);Gregorichet al,(1998;Jenny(1941),the largest SOC pools tertd occur in
topographically lav areas i(e. valleys and depressionghis pattern of accumulation

was attributed to variousfactors, includingthe chemical stabilization andurial,
decreasedecomposition because of low redoonditions, andigher litter inputs from
vegetation and wgtopecontributions. Theabove attributes were in agreemenith the

determined results from the walkley black experiment in that the carbon content in the
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depression was about 50% more than that of the summit anéhteistigation was

consistent irall the 5 catena sites.
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Figure 7: Wireframe Map of Mphalausenga Agricultural Block.

The summithad higler relative elevation, lower SOC and lower flow accumulation
values than the depression. The suntamtded to have coarser texture with higher sand
ard lower silt contents, whiletier texcture characterized the depression and SOC values

were higher at the depression.
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4.4 Characterization of SOC according to Textural Classes.

Table 3 Results showing the relationship between the Soil Texture and SOC values for

different selected landscapes.

Land Use Type % Clay | % Sand | % Silt Textural Class (SO/?)C
Scarce Forest 6.8 79.6 13.6 Loamy Sand 0.41
Catena(Shoulder) 4.8 79.6 15.6 Loamy Sand 1.99
Cotton 10.8 67.6 21.6 Sandy Loam 0.9
Maize 10.8 47.6 41.6 Loam 2.62
Soyabeans 8.8 79.6 11.6 Loamy Sand 0.38
Paddy Rice 8.8 70.6 20.6 Sandy Loam 1.3
Dens Forest 14.8 73.6 11.6 Sandy Loam 0.61
Sorghum 8.8 75.6 15.6 Sandy Loam 0.39
Catena(Summit) 8.8 71.6 19.6 Sandy Loam 1.57
Catena(Depression) | 40.8 29.6 29.6 Clay 2.38
GMA 6.8 79.6 13.6 Loamy Sand 0.02
Pasture Lands 8.8 75.6 15.6 Sandy Loam 1.11
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Figure 10: Relationship between the percentage clay and the percentage of the SOC.

Soil texture influenced SOC content through the role of clay in the protecicsoil

organic matter from decompositigAndersonret al,1981)and the role of chaand silt in

water availability (Schimel,198% and therefore plantproductivity. This was very
evident at the depression catena positions where the clay content was 40.8% and the
SOC was at its highest (2.38%).

Figure 11, showed a very positive relatiopsbetween the percentage clay content and
percentage SOC content of the soils in the study drea.summittended to have
coarser texture with higher sandddower silt contents, whilerfier tecture characterized

the depression and SOC values were highé¢he depression.
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RELATIONSHIP BETWEEN %SAND AND % SOC
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Figure 11: Relatiorship between the percentage sand the percentage of the SOC.
Figure 11, showed a verpegativerelatiorship between the percentaggndcontent and
percentage SOC content of the soils in the study drea.sunmit tended to have

coarser texture with higher sand and lowercaihtents.
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Figure 12: Relationship between the percentage Silt and the percentage of the SOC.
Figure 12 showeda verypositive relationshipbetween the percentagédt content and

percemage SOC content of the soils in the study area.
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CHAPTER 5
5.0CONCLUSION AND RECOMMENDATIONS
Results of this study have shown that there are statistically significant differertbes in
levels of SOQn the top 20 cm layers of soils under differtamd use types in the study
area. The levelsof SOC ranged from 0.026 to 2.62% with soils under maize
cultivation having the highest levels and soils in game management areas having the
lowest levels.The high SOC levels in soilgnder maize production weattributed to
the high production of biomass due to thge of chemical fertilizers in the maize fields
compared to other land use types where lesser amotnrohss was produced due to
lower usage ofchemical fertilizes or no chemical fertilizetsThe high dry matter
production undemaize wereassociated with the applicatiasf chemicalinorganic
fertilization which leads to higher inputs of carbon to the soil through increased root
mass, root turn over, stubble and crop debris. The low carbon tevdsrestimated in
the Game Managementréa soils (0.02%), which waattributed to low dry matter

production and sandy soils in madtthe area.

The results also showed that topography &adjor influence in the SOC content of the

top 20cm layerof the soils in the study area, this was very evident in that the SOC
content showed a general tendency to increase from the summit to the depféssion.
SOC content at the depression was 2.38% as compared to the summit with a SOC
content of 1.57%The high ®C valuesn the study area wesdtributed tathe chemical
stabilization decreased decomposition because of low redox conditions, and higher litter

inputs from vegetation and upslope contributions
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Resultsshowed that soil texture influences SOC contbriaugh the role of clay in the
protection of soil organic matter frodecomposition and role of cland silt in water
availability (Anderson et al., 1981) This was clearly evident at the depression catena
positions where the clay content was 40.8% #rel SOC cotent was at its highest
(2.38%)Figure 11, showed a very positive relationship between the percentage clay
content and percentage SOC content of the soils in the studyraeesummitended to

have coarser texture with higher sandd dower d$lt contents, while fher texture

characterized the depression and SOC values were higher at the depression.

Generally, grassesuch as maize, rice and pasturad high levels of SOCL.35%) and

the forest LUT had 0.55% SOResults showed that topograplsoil texture and land

use type influenced the levels of SOC in the study area.

5.1RECOMMENDATIONS

From the results of thestudy i would recommend the following to thf&arming
community; the farmers should utilize the biomass such as dry dung, deslaad
agricultural crop residues to improve the soil quality as most of the soils in the study
area have poor stocks of SOC.

Also i strongly recommend the farmers in both plateau and hilly areas of the study area
to practice mixed cropping, leguminous gsanay be grown alternately with cereals and
cash crops. The farmers cultivating in hilly landscapes are recommended to practice

contour farming and use of cover crops.
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Appendix 1:GPS Ceordinates ad Elevations above sea level for the study area.

LAND USE TYPE GPS Co-ordinates Elevation %Carbon
Replications
S19014629.°069BM0B396 789m Rep |
S19014628.°M698BM93906 776m Repll
S190140627.°060688B033906 788m Rep Il
S11014629.°0696BR23396 796m Rep IV
Cotton S190140630.°04640BQ3 3906 778m Rep V 0,9
S12138 57.°06, BB83756 785m Rep |
S12136 57.°06, BE@3376 776m Repll
S121306 43.°06, BB3316 789m Rep Il
S121306 5833, BB8. 76 791m Rep IV
Maize S12146 01.036, BGB38396 785m Rep V 2,621
S1907 6030, 7E00 3434 . 96 770m Rep |
S1909 6040, 7660 3435 . 9 6 773m Repll
S1908 6 0 3%0,6E60 3439 . 96 782m Rep Il
S1908 6 0 3®0, 8500 3435 . 9 6 777m Rep IV
Sorghum S1407 060360, 7E00 3434 . 96 768m Rep V 0,3915
S19098 28 . Q% GEMAI 16 731m Rep |
S19096 57 .°RA,0E®BI 16 732m Repll
S19096 09 . 9%, 6E0RI3 16 743m Rep Il
S1109086 43.°@%,. BBG3IHAI9. 106 745m Rep IV
Paddy Rice S11096 28. 9®4 &E0B48B. 106 729m Rep V 1,3021
12014612 .°D40B083 756 785m Rep |
12013623 .°0D0,956FH3 706 787m Repll
12013623.90D0,86AB3 7 6 788m Rep Il
120140601 .°DOIEGB3 96 775m Rep IV
Soyabeans 120140657 . B060, 8E80. 3736 773m Rep V 0,383
S11096 52 .90&B,0E®BHI3 606 780m Rep |
S19098 42 . °0®B,6E™MUPBI 96 745m Repll
S190906 54 .D®B,0E®B3 66 753m Rep Il
S140906 58 .°DB,0EAURI 66 743m Rep IV
Sparse Forest S14106 02 .°?B0EO®I3 66 75Im Rep V 0,4106
SI050659. 606 EDB320 780m Rep |
S10 58645 . 266 EPB.326 777m Repll
S1060600. 5506 EHB326 734m Rep Il
S105632. 50606 EHB.346 725m Rep IV
Dense Forest S105633. 06 EDB.32 6 756m Rep V 0,6064
S19146 2 3 . 4 80 EDB1B. 16 773m Rep |
S191 4 6 3 3. PM9 GE403.31 6 774m Repll
S191 36 4 3. 609 GEIN23.36 6 778m Rep Il
S191 4 6 4 7 . 8069 GEME3.34 6 767m Rep IV
Pasture Lands S191 36 59 . 9068 GEI.31 6 749m Rep V 1,1064
S190 90647 . 954 EDBR 376 1114m Rep |
S1090657. #R4&ED6B396 1056m Repll
S10 96 12. 964 EL0RB.38 6 1112m Rep Il
S109653. D4 &EDB37 6 1096m Rep IV
Game Management
Area S10 9657 . PB4 &FE1043.37 6 1110m Rep V 0,02181
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Appendix 2: Textural classes for different Land Use Types aatk@a Positions in the study area.

Land Use Type % Clay | % Sand| % Silt Textural Class
Scarce Forest 6.8 79.6 13.6 Loamy Sand
Catena(Shoulder) | 4.8 79.6 15.6 Loamy Sand
Cotton 10.8 67.6 21.6 Sandy Loam
Maize 10.8 47.6 41.6 Loam
Soyabeans 8.8 79.6 11.6 Loamy Sand
Paddy Rice 8.8 70.6 20.6 Sandy Loam
Dense Forest 14.8 73.6 11.6 Sandy Loam
Sorghum 8.8 75.6 15.6 Sandy Loam
Catena(Summit) | 8.8 71.6 19.6 Sandy Loam
Catena(Depressior 40.8 29.6 29.6 Clay

GMA 6.8 79.6 13.6 Loamy Sand
Pasture Lands 8.8 75.6 15.6 Sandy Loam
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Appendix 3: Dry and moist soil color for different land use types in the study area as determined from the mussel

color chart.

LAND USE TYPE

Soil Colour

Dry Moist
Cotton

Dusky red (7.5Y 4/4 Dark Reddish Brown (7.5 Y 2/1
Maize

Dark Brown (10YR 3/4) Brownish Black (10YR 2/3)
Sorghum

Brown (5YR 3/2) Dark Brown (10YR 2/2)
Paddy Rice

Brownish Black (5YR 3/2) Brownish Black (10YR 2/2)
Soyabeans

Yellowish Brown (10YR 5/6) | Dark Reddish Brown (2.5 Y 3/§

Sparse Forest
Y ellowish Brown (10YR 5/8) | Brown (10YR 4/6)

Dense Forest

Dark Brown (10YR 3/4) Brownish Black (10YR 2/3)
Pasture Lands

Dark Brown (10YR 3/4) Brownish Black (5YR 3/1)
Game Management
Area Dark Brown (10YR 3/4) Brown (10YR 4/6)
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Appendix 4: Anova Table for the Land Use Type

Source of Variation df SS ms v.r
Replicates stratum 4 0.07759 0.01940 1.71
ReplicatesUnits*stratum 8 21.62984 2.70373 238.95
Crop Residue 32 0.36207 0.01131

Total 44 22.06950
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Appendix 5: Tables of means for the selected landscapes

Grand mean 0.896

Crop Cotton Dense Forest GMA Maize Paddy Rice
0.902 0.587 0.02 2.621 1.302

Crop Pasture Lands Sorghum Soyabeans Sparse Forest
1.106 0.392 0.383 0.417
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Appendix6:Duncandés Mul tfordfferent RuadriJgeelypése s t

Land Use Type Mean
GMA 0.0Z
Soybeans 0.3832
Sorghum 0.3916
Sparse Forest 0.4174
Dense Forest 0.5874
Cotton 0.9016
Pasture Lands 1.1064
Paddy Rice 1.302°
Maize 2.6210
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Appendix 7: Anova for Soil Catenad3itions

Source df SS ms F value Pr>F
Model 2 1.66991413 0.83495707 3.76 0.0539
Error 12 2.66406880 0.22200573

Correctedliotal 14 4.33398293
R-Square CV% Root MSE Carbtean

0.385307 23.82157  0.471175 1.977933
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Appendix 8: Results of {Test (LSD) for carbon amongst the Soil Catena Positions

Alpha 0.06

Error Degrees of Freedom 12

Error Mean Square 0.0222006
Critical Value of t 2.17881
Least Significant Difference 0.6493

Means with the same letter are not significantly different

T Grouping Mean N Position

A 23830 5 Depression
B A 1.9850 5 Shoulder
B 1.5658 5 Summit
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