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ABSTRACT OF DISSERTATION

EFFECTS OF LIME AND CHICKEN MANURE ON NUTRIENT CYCLING, SOIL
PROPERTIES AND PLANT RESPONSE IN ACID SOUTH AFRICAN ULTISOLS

In South Africa’s Eastern Cape Province, little information is available from which the
influence of soil acidity and liming on organic matter decomposition, nutrients cycling
and plant growth responses can be predicted. Accordingly, the laboratory studies
described herein were conducted to obtain information on the effects of soil liming on
amounts of carbon (C) and nitrogen (N) released during the decomposition of chicken
manure applied to soils. Additionally, liming, organic and/or inorganic N fertilizers were
compared for their effects on maize growth, N uptake, added N recovery and selected soil
properties. The two soils used in these studies were collected from two sites (Magusheni
and Nikwe) in the Eastern Cape Province. Both soils are classified as Humic Hapludults.
A comparison of chemical properties of virgin topsoil (0-15 cm) indicated that the soils
differ in fertility and potential productivity, with the experimental soil from Magusheni
site being the poorer of the two. The Magusheni soil had a pHcy) of 4.78, exchangeable
(Al + H) acidity was 1.40 cmol, kg™ and acid saturation was 24.7%. The percentage Ca,
Mg and K saturation levels were 30.1, 41.4 and 3.9 %, respectively. In comparison, the
Nikwe soil had a pHcy) of 5.06, exchangeable (Al + H) acidity was 0.38 cmol, kg! and
acid saturation was 4.3%. The percentage Ca, Mg and K saturation levels were 46.6,
34.0 and 15.0 %, respectively. Results of the 56-day soil laboratory incubation
experiment (chapter 1) indicated that the effects of liming on microbial activity and N
mineralization varied between the soils. In the low acid saturated (Nikwe) soil, total CO,
evolution and N mineralization increased as the rate of chicken manure application
increased. However, liming and the accompanying increase in soil pH (5.0 to 5.9) had no
apparent effect on total CO, evolution and N mineralization rates. The results indicated
that microbial activity and N mineralization were limited by C and N supply and not by

soil acidity in the Nikwe soil. The lack of a liming effect on microbial activity and N
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mineralization in the Nikwe soil can be attributed to the relatively high initial soil base
status (95.7 %), high % Ca®" saturation (47 %) and the low percent acid saturation (4.3
%). In the Nikwe soil, there would be no appreciable benefit on microbial activity nor N
mineralization by liming soil when the base saturation is high and the soil acid saturation
percentage is low. In the high acid saturated (Magusheni) soil, total CO; evolution
increased as both lime and chicken manure application rates increased. However, among
all chicken manure rates, the total amount of CO; evolved was lower in the unlimed than
in the lime amended treatments. The results indicate that N mineralization decreased as
lime application rate and soil microbial activity increased. The decrease in the
accumulation of inorganic N in lime amended treatments as soil respiration rates
increases, suggest a rapid immobilization of mineralized N by an active microbial
population. Therefore, liming is essential to supply Ca®" and correct the acidity in the
Magusheni soil. However, addition of large amounts of lime, especially when combined
with broiler chicken manure, are expected to stimulate greater microbial activity and are
likely to cause an initial N immobilization or a longer lag period in N mineralization.
The long-term effect under field conditions, however, is expected to be a net increase in
N availability. The results of this study do show that the short-term effects of lime on
microbial activity and N mineralization varies among soils and highlight the influence of
chemical soil properties other than soil pH on microbial activity and N mineralization in
organic waste amended soils. The findings presented in chapter 1 agreed with the results
obtained in the greenhouse pot experiment reported in chapter 2. Results of another
greenhouse pot experiment (chapter 3) also showed that the effect of lime x N fertilizer
interaction on maize plant height, biomass production, total N uptake and N
concentration varied between the Magusheni and Nikwe soils. In the Magusheni soil, the
lime x N fertilizer interaction was positive in that lime enhanced plant growth responses
to N application. Based on soil analysis results, responses in plant height, aboveground
biomass production, and total N uptake to N application were lower in the unlimed than
in limed soil due to the higher levels of soil acidity in the former soil. In the unlimed
soil, the percent soil acid saturation was 47%, which is more than double the critical 20%
permissible acid saturation level for a maize crop. The percent base saturation and Ca®*

saturation were also much lower than in limed soil. In the limed soil, the percent base
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saturation, Ca®* saturation, and soil acid saturation were 91%, 50%, and 9.3%,
respectively. These greatly improved soil conditions may have contributed to the
positive plant responses to N application in the limed soil. Therefore, soil acidification
must been corrected in order to optimize maize response to applied N fertilizer in the
Magusheni soil. In the Nikwe soil, the plant height, aboveground belowground biomass
production and total N uptake was either similar or lower in limed than in the limed soils.
Soil analysis results, indicated that chemical characteristics of the unlimed and limed
soils were similar. In both the unlimed and the limed soils, the percent base saturation,
Ca?* saturation, and soil acid saturation were 95%, 50%, and 5.0%, respectively.
Therefore, lime had little or no effect on soil chemical properties in the Nikwe soil. The
results presented, suggest that as long as the soil base status remains high and acid
saturation levels low, there would be little or no benefit to total N uptake, maize growth
and development due to lime application in the Nikwe soil. However, the fact that large
responses to applied N were obtained in the Nikwe and Magusheni soils confirms that N

was the limiting nutrient in the control treatments.

Gcinuhlanga Goodman Jezile
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GENERAL INTRODUCTION

The Eastern Cape is the second largest of South Africa’s provinces (Figures 1.1 and 1.2),
with an area of approximately 169, 580 square kilometres (km?). It constitutes about
13.9% of total area of South Africa. The Eastern Cape is subdivided into 7 districts. The
Oliver Tambo District covers much of the former Transkei including most of the Wild
Coast and Pondoland (Eastern Cape Development Corporation, 2006). This District has
an area of 15,535 km?. It is well watered. It counts many rivers and has a mean annual
rainfall in excess of 700mm in most parts. Pondoland is one of the most fertile areas of
South Africa, with warm temperatures, frost-free conditions and good soils (Eastern Cape
Development Corporation, 2006). The studies reported in this dissertation were
conducted using two soils that were collected near Bizana, one of the major towns in the

Pondoland region.

Soil acidity has been recognized as an important crop production problem in the high
rainfall areas of the Eastern Cape Province, including Bizana and surrounding areas.
There is a need to apply agricultural lime to the soils to improve their productivity. To
date, there is a general lack of soil liming, particularly in areas farmed by smallholders
(Mandiringana et al., 2001). In addition, information on the lime requirement and
appropriate liming practices for the wide range of soils occurring in the Eastern Cape is
limited. Of importance are information on agricultural liming materials, the methods of
use, and the potential benefits accruing from their use, before lime use is adopted.
Research is needed to elucidate the effects of liming on soil acidity and soil fertility on
crop productivity. Such information for important crops and for different soils is likely to
be of value for small-scale farmers in the Eastern Cape who struggle to achieve food

security partly due to low crop yields.
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In sub-Saharan Africa, manures and chemical fertilizers are increasingly being used in
combination rather than as separate applications. Small-scale farmers recognize that,
chemical fertilizers are too expensive to be used on their own and only limited amounts
of manure are available. On their own, neither of these types of fertilizers are adequate to
redress the decline in soil fertility, but combined they may be effective. In the Eastern
Cape Province, there is very little information about the optimum use of small amounts of
mineral fertilizers to supplement nutrients in locally obtained organic materials.
Therefore, research on the efficient use of organic resources supplemented with mineral

fertilizers is needed.

The first chapter of this dissertation describes a soil laboratory incubation study designed
to evaluate the effect of liming to raise soil pH on soil microbial activities and N
mineralization in broiler chicken manure amended soils. The second chapter reports on a
greenhouse pot study designed to evaluate the effect of liming to lower percent soil acid
saturation to levels of less than 20% on plant growth, nutrient uptake, N mineralization
and soil chemical properties in soils amended with broiler chicken manure. The third
chapter reports on a greenhouse pot study designed to quantify dry matter yield, N uptake
and N recovery by maize in two previously limed soils that were amended with broiler

chicken manure N and urea-N alone or combined.
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CHAPTER 1

EFFECTS OF LIME AND CHICKEN MANURE ON SOIL pH, MICROBIAL
ACTIVITY AND N MINERALIZATION IN TWO ACID SOUTH AFRICAN
ULTISOLS

ABSTRACT

Alterations in soil environmental conditions (e.g. pH, bioavailable Al, base cation supply)
associated with use of agricultural lime are particularly important for both crop growth
and soil microorganisms. In cropping systems where N mineralized from organic matter
is expected to contribute a major proportion of soil N available to plants, it is essential to
understand how environmental conditions will alter the rate and extent of N
mineralization. A 56 day laboratory study was conducted to determine the effects of
liming to raise soil pH on microbial activity and N mineralization in South African
Ultisols amended with broiler chicken manure. The soils with widely varying acid
saturation percentage (4.0 — 25%) and base saturation (75 — 96%) were sampled from the
Eastern Cape Province. The soils were amended using a factorial combination of 4 rates
of lime and 3 rates of manure. The lime rates were (1) a full-lime rate to raise the soil
PHwater) t0 6.0, (2) 66% of the full-lime rate, (3) 33% of the full-lime rate; (4) a control
without lime. The broiler chicken manure rates were (1) 10 Mg ha™', (2) 5 Mg ha™ and
(3) a control without manure. The soil pH increased with lime application and ranged
from 4.5 to 5.7 and from 5.0 to 5.9 for the Magusheni and Nikwe soils, respectively.
Effects of liming on microbial activity and N mineralization varied between the soils. In

the low acid saturated (Nikwe) soil, total CO; evolution and N mineralization increased
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as the rate of chicken manure application increased. However, liming and the
accompanying increase in soil pH (5.0 to 5.9) had no apparent effect on total CO,
evolution and N mineralization rates. The rates of total CO, evolution ranged from 191.3
pg C g in the 10 Mg ha™ manure only treatment to 194.2 pg C g™ in the full-lime rate +
10 Mg ha™ manure treatment. Similarly, net N mineralization rates ranged from 30 mg N
kg in the 10 Mg ha™! manure only treatment to 32 mg N kg™ in the full-lime rate + 10
Mg ha™! manure treatment. A similar response in CO; evolution and N mineralization
was observed in other lime and manure treatments. The lack of a liming effect on
microbial activity and N mineralization in the Nikwe soil can be attributed to the
relatively high initial soil base status (95.7 %), high % Ca®* saturation (47 %) and the low
percent acid saturation (4.3 %). The results indicated that microbial activity and N
mineralization seems to be limited by C and N supply and not by soil acidity in the

Nikwe soil.

In the high acid saturated (Magusheni) soil, total CO, evolution increased as both lime
and chicken manure application rates increased. However, among all chicken manure
rates, the total amount of CO; evolved was lower in the unlimed than in the lime
amended treatments. The rates of total CO, evolution ranged from 201.0 pg C g™ in the
10 Mg ha™ manure only treatment to 282.0 ug C g™ in the full-lime rate + 10 Mg ha™
manure treatment. Net N mineralization rates ranged from 29 mg N kg™ in the 10 Mg ha™
! manure only treatment to 13 mg N kg™ in the full-lime rate + 10 Mg ha™” manure
treatment. The stimulating effect of lime on soil microbial activity was due to either
increased availability of C or a more favourable environment to the soil microorganisms
or both. The decrease in the accumulation of inorganic N in limed treatments as soil
respiration rates increase, suggest a rapid immobilization of mineralized N by an active
microbial population. The higher percent soil acid saturation (25%) in the Magusheni
soil may have slowed down microbial activity in unlimed treatments. Therefore, liming
is essential to supply Ca®" and correct the acidity in the Magusheni soil. However, an
addition of a large amount of lime, especially when combined with broiler chicken

manure, is expected to stimulate greater microbial activity and may cause an initial N
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immobilization. Under field conditions, the long-term effect of liming in the Magusheni

soil is expected to be a net increase in N availability.

INTRODUCTION

The time needed to complete the processes of decomposition and mineralization of crop
residues or manure ranges from days to years, depending mainly on two broad factors:

(1) the quality of the added residues as food source for soil organisms, and (2) the
environmental conditions in the soil (Brady and Weil, 1999). Factors that determine the
quality of the residues as a food source for microbes include the physical condition of the
residues, their carbon:nitrogen (C:N) ratio and their content of lignins and polyphenols.
The environmental conditions in the soil conducive to rapid decomposition and
mineralization include water availability, aeration, temperature regime, and soil pH (Fu et
al., 1987; Brady and Weil, 1999). The effects of pH adjustment by adding lime on C and

N mineralization in soils amended with organic waste are the focus of this chapter.

Research on N mineralization has focused on N transformations occurring in soils. Some
of the early studies by Harmsen and van Schreven (1955), Alexander (1961), Scarsbrook
(1965) report that soil acidity limits the mineralization of soil N, implying that low pH
soils release less mineral N than high pH soils. Moreover, liming not only increased N
mineralization, it also prolonged it. Similarly, in a 28-day incubation study Nyborg and
Hoyt (1978) found that liming acid surface soils (pH 4.0-5.6) doubled N mineralization.
More recently, Persson et al., (1989) observed that liming (with CaCOs) increased net N
mineralization in the Fexboda humus (C:N = 31) and tended to increase net N
mineralization in the Jadraas humus (C:N = 44). Similar results were obtained by
Lyngstad (1992) when a powdered liming material (CaO) was applied to 12 soils to attain

pH levels to about 7.

Other investigators have reported that enhanced N mineralization caused by liming is

short-lived and decreases with time. Clay et al., (1993) reported that liming acidified
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soils increased soil pH, which in turn enhanced N mineralization during the first 14 days
of incubation. However, the increase in N mineralization was only temporary. After the
initial 14-day period, the limed and unlimed treatments had similar amounts of NO;
leaching through the soil columns. Nyborg and Hoyt (1978) also reported a temporary
stimulation in N mineralization following the application of lime to low pH soils. Ina
16-week incubation study, Haynes and Swift (1988) found that net N mineralization was
increased by additions of both lime and phosphate during the first 4 — 8 weeks of
incubation, but after 8 weeks, the mineralization-immobilization turnover was in balance
(equilibrium) and there was no more net accumulation of mineral N. Black (1968)
suggested that the effect of liming on N mineralization in acid soils was due to increased
susceptibility of a portion of the organic N to mineralization, and that this effect
diminished or disappeared over time. Clay et al. (1993) also suggested that the enhanced
mineralization of N, which only occurred during the early part of incubation, could be
due to a lime-induced increase in soil pH, which in turn could have increased the amount
of soluble organic matter in the soil solution. This explanation was supported by
evidence from a previous study by Clay et al. (1988) in which an increase in soil pH from
4.1 to 6.0 by applying Ca(OH), increased the water soluble organic matter content from
36 to 51 mg C liter .

Other research reports indicate that liming has little or no influence on the rate of N
mineralization in soils (Thompson et al., 1954; Weier and Gilliam, 1986), whilst some
claim that soil acidity by itself does not affect the rate of N mineralization (Nyborg and
Hoyt, 1978; Clay et al., 1990). Thompson et al. (1954) determined the N mineralization
during laboratory incubation of 50 soils varying in pH values from 5.2 - 8.1. They found
that N mineralized per unit of organic N did not increase with increase in soil pH.
Dancer et al. (1973) also investigated the long-term effect of lime on N mineralization
using soil samples collected from previously limed field plots which varied in soil pH
from 4.7-6.6. After a 35 day incubation period they concluded that soil pH had no
appreciable effect on N mineralization. Similarly, Tabatabai and Al-Khafaji (1980) and
Simard and N’dayegamiye (1993) noted that soil acidity does not necessarily restrict the
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mineralization of organic N. Simard et al. (1994) observed no lime effect on organic C,
total N concentration or microbial C and N mineralization. Weier and Gilliam (1986)
observed that none of the six acidic Atlantic Coastal Plain Histosols they studied showed
a significant net N mineralization increase between the very acid initial pH value (3.4 to
4.5) and the pH value (pH 4.8 — 5.2) recommended for crop production on Histosols.
Similarly, studies by Lyngstad (1992) and Clay et al. (1993) challenged the generally

accepted view that N mineralization is restricted by soil acidity.

Numerous studies have reported that mineralized N varies among soils. For instance, Fu
et al. (1987) reported that when expressed as a percentage of N mineralized in untreated
soils at pH 4, pH 6, and pH 8, the amounts of N mineralized in corn residue amended
soils were 8.2 %, 44.7 % and 63.6 % for the Luther, Lester and Nicollet soils,
respectively. Similarly, Nyborg and Hoyt (1978) noted that the amount of organic N
mineralized during 120 days of incubation varied markedly among 40 soils. Net
mineralization ranged from -1 to 136 mg kg™’ in unlimed soil samples while in limed
samples N mineralization ranged from 3 to 212 mg kg™'. Using 12 acid surface soils
ranging in texture from sandy loam to silty clay, Lyngstad (1992) also reported that the
amounts of organic N mineralized during a 4-week incubation period of soil samples
taken once a year from a 6 year pot experiment varied greatly among soils. Net
mineralization ranged from 24 - 41 and 94 - 114 mg kg™ in unlimed soils while in limed
soils N mineralization was between 37 — 57 and 111 - 176 mg kg™. The author also
noted that the duration of lime effects on mineralization was not related to any soil
chemical or physical characteristics. When six organic soils were selected to give a range
of organic matter (OM) contents from 28 to 850 mg kg, there was no apparent
relationship between OM, OM/N ratio and N mineralized (Weier and Gilliam, 1986).
However, Serna and Pomares (1993) concluded that N mineralized and total N of organic

amendments were closely correlated.

A limited amount of research has been conducted on the effect of pH on N mineralization
in plant residue and animal manure amended soils. Fu et al. (1987) in a laboratory study,
compared N mineralization in three soils amended with various crop residues, with the

soil pH adjusted to pH 4, pH 6 and pH 8 with dilute sulphuric acid (H4SO4) or potassium
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hydroxide (KOH). The mineralization of N in these crop residue amended soils was
significantly correlated with soil pH and the amount of N mineralized was high at pH 8,
intermediate at pH 6 and low at pH 4. However, it has been shown that decomposition
rates vary considerably from one type of organic amendment to another (Ajwa and
Tabatabai, 1994) and among soils. For example, Chae and Tabatabai (1986) compared
the percentage of organic N mineralized from chicken manure added to five soils (with
pH values ranging from 5.1 to 7.6) and found that mineralization varied widely between
soils. For soils with a pH > 6.0 the percentage of organic N mineralized from the added
chicken manure ranged from 54 % to 67 % while those soils with a pH < 6.0 the
percentage of organic N mineralized was about 21%. Therefore, more research on the
effects of pH on soil microbial activity and N mineralization in various soil-organic waste
systems particularly in the Eastern Cape Province (South Africa) is needed, for better

prediction of crop N requirements.

Nitrogen in solid animal manure is mainly in the organic form and microbial
decomposition is essential for transforming organic N to inorganic N. Without this
transformation the available plant nutrient supply would soon be used up and the soil
would become infertile (Troeh and Thompson, 1993). In aerobic decomposition,
microorganisms feed upon the organic matter and in the process use N, P, C, and other
required nutrients. Much of the C serves as an energy source for the organisms and is
respired as carbon dioxide (CO,). It has been estimated that under aerobic conditions
about 20 — 40 % of the subtrate C is assimilated by microorganisms and the rest is
released as CO, (Wagner and Wolf, 1999). Therefore, CO, evolution is a good indicator
for measuring microbial activity and substrate decomposition in soils. According to
Cortassa et al. (2001) microbial CO; production is a function of not only the density of
microorganisms but also of their metabolic status, which in turn, depends on soil physico-

chemical conditions such as O,, soil water availability, temperature, and soil pH.

Excessive acidity in soil can slow down the general bacterial and biological life in the
soil (Francis 1982; FSSA 1989). The decrease in microbial activity may slow down the

rate of organic matter decomposition and hence the cycling and overall availability of
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nutrients (e.g. N, P, S) in the soil-plant system (Condron et al., 1993). Studies by several
researchers (Adams and Cornforth, 1973; Lohm et al., 1984; Haynes and Swift, 1988)
indicated that the addition of lime to acid soils increased CO; evolution. Persson et al.
(1989) also observed that liming stimulated CO, evolution, but noted that the increase
was mainly due to an initial flush in CO, evolution followed by a decline, rather than a
general increase over an extended time period (55 days). These authors also noted that
liming resulted in an increase of approximately 3 pH units, from pH 4.5 — 7.5 (Fexboda
series) or pH 3.8 — 6.9 (Jadraas series). Similarly, Condron et al. (1993) reported that
liming increased soil microbial activity over the control soil, as shown by the increase in
CO; evolved, although the difference in CO, evolution rate between the control and
limed soils decreased with time over the 17-week incubation period. The pH values of
the control, litter only, lime only and lime + litter amended soils were 4.46, 4.86, 6.56,
and 6.63, respectively, indicating that liming increased soil pH and created a conducive

soil environment for the survival and growth of microorganisms.

A substantial part of the Eastern Cape Province of South Africa has good agricultural
potential, much of which is situated in former Transkei and Ciskei where small-scale
farmers hold most of the land under various forms of communal tenure (Mkile, 2001).
Mixed crop-livestock farming is commonly practiced and is mostly for subsistence
purposes. Over the last 100 years the per hectare yield of cereal crops has declined and
food security has become a problem. For example, Bembridge (1984) estimated that
during the period 1918 to 1927 the average maize yields in OR Tambo district was 636
kg ha™, and between 1974 to 1980, the average yield declined by approximately 60% to
252 kg ha™. A survey study in two villages in Central Eastern Cape, suggested that the
contribution of local economic activities, including agriculture, trade, and locally
supplied services towards the average household income was much less in comparison
that derived mainly from external sources such as remittances, claims against the state,
salaries and wages (Van Averbeke et al., 1998). Hence, in many areas of the Eastern
Cape, including Bizana, increase agricultural production is considered necessary to

ensure better household food security.
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The few studies carried to assess the fertility status of soils from fields of small-scale
farmers in the Eastern Cape have shown that these soils have inherently low soil fertility
and also have an acid soil pH (Laker, 1976; Mkile, 2001; Mandiringana, et al., 2001).
Mkile, 2001 reported that garden and field soils collected from three districts of the
former Transkei were highly acidic with mean soil pH values of 4.7 and 4.3, respectively.
Data obtained from liming experiments that formed part of the Bizana LandCare project,
also indicate that naturally acidic soils occur in the Bizana area, Eastern Cape Province.
For example, Fyfield et al., (2000 and 2002) collected topsoil and subsoil samples across
two field research plots ranging in size from 0.2 ha (Nikwe site) to 1.3 ha (Magusheni
site), respectively, for physical and chemical analysis. Chemical analysis revealed that
virgin topsoil collected from the Magusheni research site had a pHcy) of 4.38,
exchangeable Ca, Mg and K were 119.0, 147.3 and 54.7 mg kg™, respectively,
exchangeable (Al + H) acidity was 1.70 cmol. kg™ plus 45.4% acid saturation. In
comparison, the Nikwe research site soil had a pHcr) of 4.56, exchangeable Ca, Mg and
K were 675.7, 292.5 and 238.8 mg kg™, respectively, exchangeable (Al + H) acidity of
1.15 cmol, kg™ plus 15.9% acid saturation. Such acidic reaction renders nutrients from
the soil and added amendments such as manures less available to crops (Van Averbeke et
al., 2005, personal communication). For this reason, liming to correct soil pH and
increase available Ca has been recommended as the first step towards addressing the
general problem of poor soil fertility in the Eastern Cape soils (Mandiringana, et al.,
2001).

Studies in the rural areas of the Eastern Cape have demonstrated that small-scale farmers
incorporate livestock manure into the soil to help maintain soil fertility (Mkile, 2001).
Other farmers combine livestock manure with small quantities of mineral fertilizer in an
effort to improve the efficiency of both types of input. While manure of large animals
has been studied extensively for its use as a fertilizer for crops (Herron and Erhart, 1965;
Pomares-Garcia and Pratt, 1978; Sawyer and Hoeft, 1990; Rubiez et al., 1992), much
fewer studies have evaluated chicken manure. It is widely known that the types and
amounts of nutrients in manure vary considerably from one type of animal to another

(e.g. broiler chicken manure compared to cattle manure). The factors that contribute to
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this variation include (a) composition of the rations fed to livestock; (b) method of waste
collection and storage; (c) amount of feed, bedding and/or water added; (d) method and
time of land application, including use of additives which preserve nutrient value.
Therefore, one has to be cautious in interpreting general statements about the value and
use of manure. Laboratory incubation studies indicate that the organic N is more easily
mineralized in poultry manure than hog and cattle manures (Hadas et al., 1983; Chae and
Tabatabai, 1986; Chadwick et al., 2000).

Efficient management of poultry manure as a N source requires knowledge of the rate of
net N mineralization as well as the timing within the growing season of N release from
the organic fraction of the manure. Growers who supplement chicken manure (or other
manures) with chemical fertilizer N must know when the N mineralized in the manure
will be available in order to maximize the efficiency of fertilizer use (Sims, 1986).
Currently, quantitative data on N mineralization potential of acidic soils in the Bizana and
other areas of the Eastern Cape as well as the basic N transformations in poultry manure-
amended soils are lacking. Changes in the availability of N, and the characteristics of
mineralization or immobilization after organic fertilizers have been applied to strongly
acidic soils, need to be studied as a basis for developing suitable management strategies
for these soils. Dick et al. (2001) stated that an important ecological process that is
mediated by microorganisms is the decomposition and mineralization of nutrients, which
are central functions in vegetatively or biologically based low-input cropping systems.
Knowledge about the mineralization potential of the soil, including the acid humic soils
of the Eastern Cape, will be helpful in optimizing the timing and magnitude of N
applications (Agenbag and Vlassak, 2000). Additionally, due to the wide variation in N
mineralization response by different soils, mineralization studies conducted on one type

of soil cannot be assumed to apply directly to all soils (Weier and Gilliam, 1986).

The specific questions addressed in the incubation study were as follows:

(1) What is the effect of broiler chicken manure and lime rates (CaCOs) on pH of these

soils and is there a relationship to soil microbial activity.
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(2) How will the effects of broiler chicken manure and lime rates (CaCO;) on soil pH

and soil microbial activity affect N mineralization.

In response to the scientific questions posed above, a short term soil incubation
laboratory experiment was conducted with the objective of determining the effects of
calcitic lime and broiler chicken manure application on soil pH, microbial activity and N
mineralization in two acid South African Ultisols. This study was designed to test the
following hypothesis: Liming low-pH soils increases microbial activity and stimulates the

mineralization of manure N.

MATERIALS AND METHODS

The experimental materials (soils, chicken manure, and agricultural lime samples) used in
the present study were collected from the Eastern Cape Province of South Africa,
packaged with due attention to import control regulations and shipped to Colorado State

University (Fort Collins, Colorado USA).
Soils

Soils used in this experiment were collected from the surface layer (0-15 cm) at two
experimental sites of the Agricultural Research Council — Institute of Soil, Climate and
Water (ARC — ISCW) in the Bizana Magisterial District (Eastern Cape Province, South
Africa). Each soil sample was obtained from an uncultivated area adjacent to an
established lime/fertilizer/chicken manure field research plot. The two soils were
classified as a Magwa Connemara series, and a Sweetwater Newton series, according to
the South African Soil Classification System (Soil Classification Working Group, 1991).
The approximate equivalent name according to USDA Soil Taxonomy classification (Soil
Survey Staff, 1992) is Humic Hapludult for both soils. The Magwa and Sweetwater soil
series will hereafter be referred to as Magusheni and Nikwe soils, respectively. The
Magusheni soil has a humic A horizon extending to a depth of 300 mm and has a yellow-

brown apedal B horizon. The Nikwe soil has a humic A horizon extending to a depth of
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500 mm and has a neo-cutanic B horizon (Booyens, 2001). In the analyses reported in
Table 1.1, pH values was determined on 10-g samples using a 1:1 (w/v), soil:water ratio.
Mineral N (NH;-N and NO;-N) was extracted with 2 M KCl solution (1:5 soil dry weight
basis) and determined by steam distillation (Keeney and Nelson, 1982). Total C and N
were determined by a dry combustion procedure using a LECO CHN 1000 Auto-
Analyzer. The exchangeable Ca, Mg, and K were extracted with 1 M ammonium acetate
at pH 7.0 and determined by atomic absorption spectrometry. The 1 M KCl extraction
was used for exchangeable acidity (Al + H) and exchangeable Al (Non-affiliated Soil
Analysis Working Group, 1990). Exchangeable acidity (Al + H) in the extract was
determined by titration to a phenolphthalein endpoint with NaOH and exchangeable Al
by atomic absorption. Acid saturation was calculated as: exchangeable Al + H (cmol; kg
') x 100 / exchangeable Ca + Mg + K + Al + H (cmol,, kg'). Base saturation was
calculated as exchangeable Ca + Mg + K (cmol, kg™) x 100 / exchangeable Ca + Mg + K
+ Al + H (cmol kg ™) (FSSA 1989). The % saturation with any cation was calculated in a
similar fashion. For example, from Table 1.1, % Ca saturation = (1.71 cmol, kg™ Ca/5.70
cmol; kg™ ECEC) x 100 = 30 % in the Magusheni soil. Effective cation exchange
capacity (ECEC) was estimated through the summation of exchangeable bases (Ca, Mg,
and K) and exchangeable acidity (Al + H). Particle size distribution was determined by
the hydrometer method (Gee and Bauder, 1986). Soil water content at field capacity was
determined by the moisture retention plate method (Topp et al., 1993).

Broiler chicken manure

The chicken manure used in this study is known as GROMOR! in the Bizana area and is
widely used by farmers in the region as an organic fertilizer. GROMOR chicken manure
which is a product of National Plant Food CC in South Africa, is marketed and registered
as an organic fertilizer (Reg. No. B124) under Act 36 of 1947 (NPF, 2000). Broiler
chickens are grown on bedding material (sunflower husks, wood shavings or wheat
straw) placed on the floor of environmentally controlled houses. At the end of a six week
period, the houses are cleared and the litter sent to NPF for processing (NPF, 2000).

After the chicken manure was brought to the laboratory, it was spread on a polyethylene
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plastic sheets and air dried at room temperature for 1 week prior to shipment. Table 1.2
shows the composition of the manure used in this study. In these analyses, chicken
manure pH was determined with a manure:water ratio of 1: 2.5 (w/v). Total C, total N
and inorganic N (NH4-N and NO;-N) were analyzed by the same procedures as the soil
samples. Moisture was determined from loss in weight after drying at 65 "C for 48 h.
The moisture content of the chicken manure was taken into account when different rates

were applied to each soil.

Lime requirement determination

The specific objectives of liming the soils were to neutralize soil acidity and raise soil pH
to 6.0. The lime requirement was determined by using the SMP buffer method
(Shoemaker et al., 1961). With this method, the pH of a soil-buffer system was
determined after equilibrating 10 mL (p-nitrophenol-triethanolamine-chromate-acetate)
with 5 g of soil for 30 min and the lime requirement values were taken from a table
prepared by Shoemaker et al., 1961. Approximately 18.7 and 24.4 Mg calcitic lime ha™
were the recommended application rates to raise the soil pH to 6.0 for the Nikwe and
Magusheni soils, respectively. Calcitic limestone was then applied at rates designed to
represent 0, 33%, 66% and 100% of the recommended rate to raise soil pH to
approximately 6.0. The agricultural limestone used in this study was analytical reagent
grade calcium carbonate, known as Kulu-CAG'. Kulu-CAG is a product of Idwala (the
Zulu word for rock or stone) Industrial Holdings in South Africa. Kulu-CAG is mined
from a white calcitic limestone deposit in the Port Shepstone area of KwaZulu-Natal
(adjacent to the Umzimkhulu River). The mining operation entails quarrying, crushing,
further milling, screening and upgrading of the limestone through flotation and fine
milling/micronising (Mkhize, 2005. personal communication). Particle size analysis was
conducted by dry sieving 20g lime samples Sieve openings were (8-mesh) and (60-

mesh).

! Trade names and company names are included for the benefit of the reader and do not constitute
endorsement or preferential treatment of the product.
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Treatments and experimental design

For each soil, a 4 x 3 complete factorial experiment with three replicates was used in a
completely randomized design. Details regarding the treatments imposed on each soil are
given in Table 1.4. The manure application rates used in the present study were similar
to chicken manure application rates applied on field research trials conducted in the
Bizana area by Fyfield et al. (2000 and 2002).

Incubation procedure

About 100 g (oven dry basis) of air dried sieved soil (2 mm) was placed into plastic
sample cups (10-cm tall x 10 cm diameter). Lime was applied at rates of 0, 4.1, 8.2 and
12.2 g CaCO; kg™, which is equivalent to field applications of 0, 8.1, 16.3 and 24.4 Mg
lime ha™ (assuming 1 ha weighs 2x10° kg of soil in the 15 cm surface layer) for the
Magusheni soil. The lime application rates for Nikwe soil were 0, 3.1, 6.2 and 9.4 g
CaCO; kg™, which is equivalent to field applications of 0, 6.2, 12.5 and 18.7 Mg lime ha’
!, For each soil, the lime rates are equivalent to 0, 33, 66 and 100 % full-lime rate
application to raise soil pH to 6.0, respectively. As noted by Persson et al. (1989), the
amount of CO, measured in the limed treatments can be partitioned into microbial CO;
evolution and the chemical reaction between the carbonate added and the acids produced
during the process of organic matter decomposition. Separate cups which were treated
with the same amount of CaCQO; as in the ordinary samples were prepared in order to
estimate the contribution of abiotic CO; evolution to the observed total CO, evolution.
The extent of this of abiotic CO, evolution was measured by estimating the difference in
CO;-C before and after the experimental period in the latter samples. On both soils,
chicken manure was added at rates of 0, 2.5 and 5 g (oven dry basis) manure kg'1 soil,

which corresponds to 0, 5 and 10 Mg ha™! containing 0.12 kg H,O kg’l. The2.5and 5 ¢
manure kg rates contained about 85 and 170 mg N kg™, respectively. The equivalent
amounts of C added were 850 and 1700 mg, respectively. An unamended treatment
(control) of each soil was also included. All treatments were mixed thoroughly before

moistening. Soil water potential was adjusted to 75% field capacity (-0.1 bar) with
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addition of deionized water at the beginning of the incubation study. Field capacity
corresponds to gravimetric water contents of 46 and 39% for the Magusheni and Nikwe
soils. The plastic cups were placed in 1L glass jars (containing 15 mL deionized water to
maintain humidity), sealed airtight and incubated in the dark for 8 weeks in a controlled
environment chamber at 25 + 1 °C. The weight of the cups was monitored weekly to
ensure constant water content during the incubation period. Each treatment was
replicated 3 times. Carbon dioxide evolved (an index of microbial activity), was
determined at 0, 2, 4, 7, 14, 21, 28, 35, 42, 49 and 56 days after initiation of incubation.
Direct analysis of headspace CO, concentrations in gaseous samples was performed
using infrared gas analysis (IRGA) method. After each sampling, the incubation jars
were aerated (10 min). The incubation was continued for 56 days and at the completion
of the incubation period, the soils were mixed thoroughly and air-dried before chemical
analysis. Soil pH and mineral N (NH4-N and NO3-N) were measured as described

previously.
Calculations

Mineralization rates in the incubated soils were determined as described by Kaboneka et
al. (1997). Net N mineralization was calculated as the difference between soil inorganic

N (NH;"-N + NO3™-N) in amended and unamended soils.

a) Net Nm = Nm amended soil — Nm unamended soil
Where Ny, = N mineralization (mg N kg™ soil)

b) The percent N mineralization was calculated as follows:

% N mineralization = [(X-Y) / Z] x 100
where: X = mg of N mineralized from amended soil, Y= mg of N mineralized from

unamended soil, and Z=mg of N added in chicken manure amendments.
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Statistical analysis

Table 1.5 shows sources of variation and their degrees of freedom. All statistical
analyses were performed using Statistical Analysis Software General Linear Model (SAS
GLM) procedure (SAS Institute, 2005). Treatment means were compared using the least
significant difference (LSD) at the 5% level of significance Steel et al. 1997).
Correlation was determined by Pearson’s correlation coefficient. Values presented in

tables and figures are arithmetic means.

RESULTS AND DISCUSSION

Analysis of variance (ANOVA) was conducted to test the effect of lime and broiler
chicken manure treatments on soil pH, total CO,, total inorganic N, net inorganic