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Abstract

Static pile passive aeration composting (SPPAC) method is simple and
economical. It can be applied to treat and stabilize animal wastes and reduce
their adverse impact on the environment such as water, soil and air pollution.
A study was carried out to investigate the effectiveness of SPPAC process for
poultry manure slurry treatment under high initial MC cenditions, using peat
and straw as the bulking agents. Four treatments were examined, two of which
were mixtures of poultry manure slurry and peat with initial MC of 73 and
80%. The other two treatments consisted of poultry manure slurry and chopped
straw with initial MC of 72 and 76%, these two treatments had similar
performances and results. Three replicate piles were monitored simultaneously
for each treatment. The piles were trapezoidal and 3.35m’ in volume. Two
open-ended perforated pipes were laid at the bottom of each pile to provide aer-
ation. A total of 316 thermocouples were installed in the compost piles to

monitor temperature over a period of four months.

Within 5 days thermophilic temperatures over 45°C were attained in the
compost piles confirming that passive aeration was effective and exothermic
composting reactions started rapidly. Temperature distribution results
illustrated that air diffusion and convection were the predominant aeration

mechanisms. Cluster analysis of the temperature results provided a depiction

it



of passive acration, i.e., the ambient air was drawn into the compost through
the lower parts of the piles to fill the void created by the up-moving heated air
in the system. The temperature results also confirmed that the perforated

pipes in the bottom of each pile increased aeration only in their vicinity.

The compost with high moisture was successfully handled using the
SPPAC method, no symptoms of anaerobic conditions were recorded. Mass
balance results showed that nitrogen loss was lower in the compost of higher
MC and lower pH, maximum 37% and 50% from the peat compost and the
straw compost, respectively. Based on the guidelines of the Ontario Ministry
of Environment, the final compost contained high levels of essential plant
nutrients, the percent of total of nitrogen, phosphorus and potassium was
greater than 4%, and the heavy metal levels were low. The peat is a better
bulking agent than the straw. The performance among the three replicate piles
of each treatment was highly stable and reproducible. The composting process
took 30 to 90 days for the process to finish depending on the amount of poultry

manure slurry in the different treatments.

i1l
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Chapter 1

INTRODUCTION

Modern specialized intensive animal production generates large amount of
manure in either solid or liquid form. Because of the high costs for trans-
portation and treatment, the tendency is to dispose of the manure onto the
adjacent agricultural lands close to animal production operations. Very often
surface and ground water contamination, soil compaction, nutrient imbalance,
and phytotoxicity are caused because the amount of manure applied to the
lands is very high and cannot be absorbed by the soil recycling system

(Barrington, 1991).

Studies by NRC (1983) have confirmed that nitrogen, phosphorous,

bacteria, and organic matter are the main constituents in animal manure that
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cause contamination problems. Barnett (1991), Gonzalez et al., (1989), and
Robinson and Draper (1978) have recorded numerous environmental pollution
cases related to animal waste disposal. These include (A) surface water pollu-
tion in the drainage basins of Chaudiere, Yamaska, and Achigan-Assomption
rivers; (B) Brittany ground water pollution; (C) phosphorous pollution in the
Great Lakes; (D) bacteria contamination of well water in Manitoba; (E) human
deaths and poisoning by nitrate contaminated water; (F) 8% of the total fish
kill in the US; (G) animal kill cases; (i) halting of plant growth and delayed
crop ripening caused by nitrite phytotoxicity; and (I} cause of acid rain in some
European countries as a result of ammonia gas released from the "manure

mountains”.

1.1 ANIMAL WASTE COMPOSTING

Awareness of the adverse environmental impacts resulting from animal waste
mismanagement has inspired studies on the development of pollution
attenuating technologies. Of these, composting has received growing attention.
By nature composting is a biological process, during which aerobic microorgan-
isms decompose organic matter to support life activities such as syntheses and
metabolism. As a result, temperature in the system rises to a thermophilic
level, over 45°C, and the waste materials are transformed chemically and
physically. High temperature is also the driving force for inactivating

pathogens, found in most animal wastes. Composting can be carried out in
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reactor, static pile, and windrow systems. End products from composting treat-
ment of animal manure are biologically stable, rich in crop nutrients, easy and
safe to handle, and thus can be applied as soil conditioner or fertilizer (Lau

and Wu, 1987).

Manure slurries often contain over 90% moisture. Aerobic composting of
such materials is impossible because of the difficulties in piling and aerating
of these slurries. Bulking agents are used to adjust the initial moisture content
as well as to create a material that possesses a porous structure, through
which air can cireulate easily. For composting the generally recommended
moisture content is within the range of 50 to 60% (Poincelot, 1974). However,
to reduce the moisture content in manure slurries from about 90% to the above
referred level requires large amount of bulking agents, which results in high
operating costs. On the other hand, less use of bulking agents will lead to
higher moisture content in the initial compost. If not properly controlled, high
moisture content tends to hinder aeration and thereafter induces undesirable
anaerobic conditions during composting which can be identified with low

temperatures, below 35°C, and occurrence of foul odours (Haug,1980).

The two most commonly used composting aeration methods are pile
turning for windrow composting and forced aeration for static pile composting.

Nevertheless, intensive labour and relatively high capital investment are the
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major disadvantages of these two methods. To minimize these drawbacks,
Haug (1980) suggested the application of the static pile natural ventilation
method. Ishii et al. (1991) reported that static pile composting using natural
ventilation was successful with an initial moisture content of 50%. Higher
moisture content may cause composting failure under natural ventilation
conditions. Schuchardt (1987) found that anaerobic conditions developed in a

study on composting piles with 75% moisture content.

In order to improve natural ventilation for the composting process, static
pile passive aeration composting has been examined by some researchers. It
is based on the theory that ambient air is drawn into static piles through the
lower parts of the piles due to air pressure gradient induced by the up-moving
warm air in the pile that is driven by buoyant forces. McGarry and Stainforth
(1978) reported on a passive aeration method, in which air was drawn into the
static piles through some artificial holes made with timber poles in the
material. Although relatively successful, the operation was quite cumbersome.
Mathur et al. (1990) laid perforated pipes at the bottomn of composting piles for
passive aeration purposes. It is a much simpler procedure, however, its
performance has not been evaluated, and further studies are required. Yet
there is no readily available information on SPPAC effectiveness, which could
be obtained through detailed monitoring of the temperature distribution in the

static piles.



1.2 STUDY OBJECTIVE

Application of SPPAC method for manure slurry using minimum amount of
bulking agents, i.e., composting with high initial moisture content conditions,
is an attractive animal waste management alternative because of its oper-
ational simplicity, low cost and low labour input. This composting method is
particularly useful for farms that are equipped with slurry manure handling
systems. Besides, high moisture is also potentially beneficial for reducing
nitrogen loss, which is almost inevitable during manure composting. Neverthe-
less, there is a lack of information on the effectiveness of SPPAC method under
initial high moisture content conditions. Accordingly, a pilot scale study on
poultry manure slurry composting using SPPAC method was initiated and
carried out at the farm of the Centre for Food and Animal Research of Agricul-

ture Canada in Ottawa.

The objectives of this study were: (A) to examine the effectiveness of the
static pile passive aeration composting method for poultry manure slurry under
high initial moisture conditions, 72 to 80%. (B) To evaluate the performance
of peat and straw as the bulking agents for composting. (C) To observe the

process reproducibility among the three replicate compost piles for each of the

treatments.



Chapter 2

LITERATURE REVIEW

Composting, an old technology, has only been scientifically investigated since
the 1950’s. Studies on many respects of composting were conducted with the
leading efforts on composting treatment of municipal wastes. During the
1960’s, composting gave way to landfill technology because of the low landfill
tipping fees and the limited market for compost. By the mid 1970’s operating
landfills were being filled up and new accessible locations became very limited.
Since then composting has become one of the best alternatives for sludge
disposal particularly in the US and west European countries, and many
technologies have been developed in these countries. In this chapter the major
accomplishment in composting work in the past years are reviewed. Special

attention 1s given to animal manure composting studies because it is the topic



of this thesis.

2.1 COMPOSTING SYSTEMS

In 1925 Sir Albert Howard worked out the first modern composting process in
Bangalore, India (Gotaas, 1956), and it was named the Indore Process. This
method included (A) ground trenches of 0.6 to 0.9 m deep, (B) alternate layers
of municipal refuse, human and animal waste, earth, straw, and leaves in the
trenches, and (C) manual over turning of the materials during a period of 120-
180 days. From then on, pile and reactor composting systems have been devel-

oped to meet distinct situations and requirements.

There are two types of pile composting systems, namely windrow and
static pile. Long rows, typically 2 to 4 m wide and 1 to 2 m high, of piled
wastes for composting treatment are called windrows. It is also called turned
windrows because over-turning is applied to windrows for aeration purposes.
Fig.2.1 shows a turned windrow composting operation. Simple operation and
relatively low costs are the advantages of this method. But large land area and
significant labour are required, and odour, dust, and some pathogens are likely
to be liberated into the air during the turning operation (Millner et al., 1980).
Pile turning, which practically depends on temperature, moisture content and
foul odour, is most critical to this system. Lau and Wu (1987) successfully

handled 56,775 m® (15 mega gallons) raw pig and poultry manure per day with



Fig.2.1 Typical turned windrow composting method, Golueke (1977)
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turned windrow system. In the first five days the piles were turned once a day.
From the 6th to 21st day turning was done once every four days. Gonzalez et
al. (1989) used the turned windrow method in treating mixture of pig slurry,
poultry and cattle manure, and clay soil. Twrning was done once every seven
days during a 70-day period. There is no commonly used pile turning schedule

because the windrow composting operation has not been standardized.

About 20 years ago, static pile composting was initiated in the US. In this
method, solid wastes are stacked up in piles of different shapes. Air is supplied
to the material either mechanically or naturally. Fig.2.2 shows a static pile
composting system with forced aeration. Static pile composting method
involves lower labour requirement compared to turned windrow method. It is
also more effective in destroying pathogens according to De Bertoldi et al.
(1982) and Pereira-Neto et al. (1986). But the costs in energy consumption and
aeration equipment are high. Regardless, it is the most widely used composting

technology in the US presently for sewage sludge. .

Composters, reactor composting systems, also called in-vessel systems,
are designed to obtain high level control and efficiency of the process. They do
not require large land area, but costs in equipment, maintenance and energy
consumption are high. Horizontal, vertical, inclined, and multilevel composters

are the four basic categories. Composting materials are unloaded or conveyed



10

woisks Sunsoduios uonelse padioj ayid anels [eoidA], z°Z'8ig

E.a%a YO X\fxxy\%%xx SOOXX X

:m | adid poje1ojiad
mEoEQSUu ,_ k
uonelae Ile e

AT1d DLLYLS t\




11

into these reactors continuously. Air supply is controlled through mechanical
stirring and/or forced aeration. Detailed descriptions of composting reactors

were summarized by Anderson et al. (1984) and Sidwick (1987).

Although levels of complexity of different composting systems vary
significantly, biological nature of composting processes is basically the same in

each of them.

2.2 COMPOSTING PROCESS

Composting, being a biological process, involves substrate biodegradatios due

to the activity of microorganisms under aerobic conditions.

2.2.1 Microorganisms

One of the original composting microorganism isolation studies was done at
Michigan State University (1955). A mixed population of indigenous bacteria,
fungi and actinomycetes was found to be dominant during composting. Along
with the rise of temperature, the governing microbial population changed from
mesophyllic (25°C-45°C) bacteria and fungi to thermophilic (45°C-65°C)
bacteria, fungi and actinomycetes. There was, however, no clear separation
between the two temperature sensitive microorganism groups. Poincelot (1972)
demonstrated that both mesophyllic and thermophilic microorganisms could

be identified from samples throughout the composting process. In addition,
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algae, protozoa, and virus were also detected in compost samples, but in very

small numbers (Haug, 1980).

In municipal refuse windrow composting experiments, Golueke and
McGauhey (1953) found that mixed actinomycetes and fungi, which were
blueish grey to light green and powdery with earthy odour, appeared near the
end of the process in a 10 to 15 cm thick peripheral layer of the windrow piles.
This was explained as being due to (A) complete aerobic condition probably
succeeded only in the outer layers and (B) temperatures over 70°C at interior
locations of the pile exceed the thermal death point of actinomycetes and fungi.
Beaudet et al.(1990), Finstein and Morris (1975), Kane and Mullins (1973), and
Gray (1970) reported that thermophilic bacteria and fungi found in compost
could only grow at temperature below 65°C. Many observations suggest that
a composting process can be retarded when the system temperature exceeds

70°C.

Functions of the different group of microorganisms are of primary
interests in the composting studies from a microbiological point of view.
Finstein and Morris (1975) found that organic matter was initially decomposed
by bacteria, during which period the major part of heat was produced within
the composting mass. Temperature of the mass was increased quickly there-

after. Waksman (1967) pointed out that actinomycetes contribute most sig-
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nificantly to decomposition of cellulosic and, to some extent, lignaceous compo-
nents, which are part of the substrate that are less easily to consume.
Apparently fungi have functions similar to that of actinomycetes. Because
these microorganisms act together during composting, it is very difficult to
separately define their functions (Golueke, 1977). Generally speaking, there is
still much to be learned about the functions of the different microbial groups

and their behaviours during composting.

It was thought that bicaugmentation seeding or inoculating the compost
with microbial strains might help the process. Many studies since 1950
revealed that the effect of inoculation is not significant. Poincelot (1974)
pictured it as "throwing a pebble over a cliff during a rock slide”. Golueke
(1977) stated that inoculation for composting is unnecessary and ineffective
because (A) the types of microbes needed, which are absent from the treated
material, are impossible to be estimated with the microbiological technology of
the day, (B) it is impossible to know the types of microbes that are insufficient
in numbers, and (C) strains that are claimed to be more effective than the
indigenous microbial population are seriously doubted with respect to their

adoptive and competitive ability to thrive in the environment.

2.2.2 Substrate

The energy and nutrients that are required for composting microbial growth
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activity, basically metabolism, come from substrate, which is mainly in organic
form. Different substrates, including some hazardous industrial wastes and
some pesticide residues, have been extensively subjected to composting
treatment (Haug, 1980). Human and animal wastes, municipal refuse, sewage
sludge, agricultural and foed production leftover are all compostable organic

substrate.

Particle size of the substrate is one of the key factors that affects the
speed of a composting process. The smaller the particle size, the larger the
surface area that is available for microbes to grow on. Tests by Baizer (1954)
confirmed that finely ground substrate favoured and accelerated the com-
posting process. Golueke (1977) suggested that the maximum particle size
should be between 0.025 to 0.05 m for municipal refuse, 0.01 m or less for
woody material such as straw, wood shavings, and greater than 0.025 to 0.05
m for paper and garbage. In general, particle size is not so critical for easily

decomposable substrate.

Information on compositions and degradability of composting substrate is
important for process design. Heterogeneity is, nevertheless, a characteristic
of most of the substrates, there is not a common formula. Each type of
substrate needs to be examined individually, which not only causes time-

consuming work for system design, but also imposes tremendous difficulty for
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a general mathematical description of the composting process.

2.2.3 Biodegradation

Composting starts when microbes begin to utilize substrate. Poincelot (1972)
reported that 100% of sugars and starches were utilized during composting.
Gossett and McCarty (1975) obtained 50% lipid and protein mass reduction
and 0% change of lignin. The reported degradability of substrate varies. It is
subject to the different microbial environments as well as the physical and
chemical conditions. Beaudet et al. (1990) inoculated a thermophilic strain into
swine waste to observe its function in composting reactions. The reaction rate
was found to be higher at 45°C than that at 35°C, and 55°C was identified as
the optimum temperature for the treatment. When temperature was over 60°C
the reaction rate became lower. It was concluded that thermophilic microbes
degraded the organic matter in the swine wastes faster than mesophyllic
microbes. Bourque et al. (1987) showed that oxidative conditions encouraged
growth of indigenous microorganisms, which degraded malodorous substance

such as phenol, p-cresol, and volatile fatty acids.

Biodegradation rate during composting is commonly measured by O,
uptake and CO, generation. Results in Fig.2.3 reported by Plat et al. (1984)
shows two peaks of CO, generation rates during composting of a mixture of

wool industry sludge and sawdust. The first peak indicates a biodegradation
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activity climax in the mesophyllic stage, 35°C, whereas the second higher peak
is an indication of a biodegradation activity climax in the thermophilic stage,
60°C. It illustrates that higher composting reaction rates occur in the
thermophilic stage. Theoretically, if composition and degradability of the
composted material are known, the stoichiometric O, demand can be calculated
based on the balanced oxidation reaction equations. However, this situation is
hardly real for the heterogenous materials subjected to composting treatment.
Therefore, although many O, uptake measurements have been recorded (Beau-
det et al., 1990, Lossin, 1971, Regan and Jeris, 1970, Schulze, 1964, and Snell,
1957), no conclusion can be drawn from them because of the different

materials, conditions and equipment involved.

2.2.4 Temperature

Temperature rise in a composting system is caused by the heat generated
during microbial reactions, which are exothermic in nature. A typical
temperature profile during composting is shown in Fig.2.4. It can be seen that
temperature rises from ambient to mesophyllic level, below 45°C, and to
thermophilic level, over 45°C. It remains at the latter level for a period of time,
and then descends to the ambient value. Considering the slope of the tempera-
ture profile as the indication of the speed of the process, Golueke (1977)
depicted the commonly recorded temperature history during composting

process. In the early stages when the process speed is highest due to decompo-
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sition of the easily compostable substrate, there is a linear correlation between
temperature rise and decomposition rate at temperatures lower than 30°C.
Afterward with temperatures going up, the process slows down gradually until
70°C, above which the rate of composting reaction is negligible. Temperatures
higher than 70°C are not desired because they reduce the composting reaction
rates by hindering the microbial growth (Bonazzi et al., 1990 and Hansen et
al., 1989). Haug (1980) stated "different investigators have found optimum
values (temperature) ranging from as low as 45 to above 70°C". i.e., within this

temperature range the composting microbial activities may be in the optimum

state.

Within a composting pile temperature can vary significantly from one
location to another. The typical temperature distribution results shown in
Fig.2.5 were reported by Stentiford et al. (1985). When the suction aeration
method was used, the highest temperatures, over 65°C, occurred in the core of
the pile and near the aeration pipes. When using the blowing aeration method
the highest temperatures were observed in the top parts of the piles. It was
possibly due to the dryness of the material nearest to the blowing pipes that
caused the inhibition of microbial activity resulting in the lowest temperature.
Provias (1984) presented temperature distribution results from turned windrow
compost piles. The highest temperatures, over 65°C, were in the pile core parts,

which was mainly due to the effect of insulation.



— KE ¥

tnsulating
compost cover
~45°C

45 55°C

55- 65'C

~65°C

(a)

Perlorated pipe in duct

KEY
tnsuiating
COMPOost cover
<45°C
45-55C
55-65C
>65°C

(b)

Perforated pipes 1n ducts

Fig.2.5 Typical cross-sectional temperature distribution in a compost pile
using (a) blow and (b} suction aeration, Stentiford et al. (1985)



21

The turned windrow composting method provides good temperature
control. Although temperature drops sharply at the time of turning, it recovers
within 5 to 7 hours (Bonazzi et al., 1990). Temperature in static pile compost-
ing systems is controlled through aeration. Low composting temperatures may
be caused by: (A) insufficient air supply, this may be detected by foul odour
and seepage due to high moisture content and (B) moisture content is too low

to support normal microbial function.

2.3 FACTORS AFFECTING COMPOSTING PROCESS

A composting system is extremely complicated. It involves physical, chemical
and biological reactions in a system where the substances are in gas, liquid
and solid phases, and it is influenced by many factors. Presented in the
following section are studies on the composting factors including aeration mois-
ture content, temperature, carbon and nitrogen as well as carbon to nitrogen

ratio and pH. These are the most important factors controlling the microbial

functions during composting.

2.3.1 Aeration

There are primarily three reasons for composting under aerobic conditions. (A)
Malodours are mainly associated with anaerobic conditions; (B) elimination of
pathogens, parasites and weed seeds from the treated materials are more

effective under aerobic conditions due to the related thermophilic tem-
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peratures, over 45°C; and (C) high biochemical reaction rates and release of
energy in the form of heat are the results of aerobic conditions. The tempera-
ture changes and compost aeration are closely associated to each other during
composting processes. Willson et al. (1980) reported that the lower aeration
rates delayed the temperature rise to 60°C by about 10 days. On the other
hand, higher aeration rates caused faster temperature drops due to the heat
removing effect of aeration. In practice, aerobic conditions are maintained by
aeration of the composting systems. In addition to providing oxygen, aeration
also enables to remove excess moisture, surplus heat and exhaust gas from

bacterial respiration (Haug, 1980).

In windrow systems, aeration is applied through pile turning. Air is
trapped in the voids of the material during the turning operation, and some air
may come in through natural ventilation. Forced aeration with pump, fan, and
perforated pipes supplies air to static pile composting systems by either
blowing or sucking mode. Willson et al., (1980) found that under sucking aer-
ation condition for the Beltsville’s process the temperature became so high that
the microbial activities were most likely inhibited. Higgins (1982) pointed out
three other disadvantages of the sucking aeration method: (A) non-uniform air-
flow distribution, (B) clogging of aeration ducts with condensate water, and (C)
a scrubber pile is needed for odour removal. These problems were solved by

applying the Rutger’s process (Finstein et al., 1983), in which blowing aeration
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method was used.

Besides turning and forced aeration, non-forced {(natural) aeration, as it
is named, refers to natural air movement around and within composting
systems. Non-forced aeration method has not been used widely due to the low
level air supply control. Nevertheless, it is simple and economical. It also has
the potential to reduce nitrogen losses in comparison to forced aeration. Haug
(1980) developed a theoretical model featuring the correlation between natural
ventilation rate and the porosity and particle size of composting materials,
Fig.2.6 depicts the natural ventilation concept. He suggested that natural
ventilation could be the most significant mechanism in supplying air into the
conventional windrow composting systems. Based on the model, for a1to 3 m
high static pile, the estimated O, requirement is 1 to 3 times more than that
required stoichiometrically, and an about 100 time increase in air flow rate
may be obtained in the pile when the material particle size is enlarged by a
factor of 10. Normally with the decrease in moisture as composting proceeds,

the porosity increases, and so do natural ventilation rates.

Mathur et al. (1990) reported on a passive aeration static pile composting
method. By laying perforated pipes at the bottom of static piles, this method
may create a natural aeration mode in composting material. As the hot air in

the material moves upward and releases from the piles, leaving a natural
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pressure drop behind, the ambient air is drawn in the pile through the perfor-

ated pipes to balance the pressure drop. In this way a so-called "passive aer-
ation” mechanism is created. This is a promising method because of its simplic-
ity and low cost, however, there is a need for more detailed study in order to

evaluate its performance and the effectiveness.

Aeration control is essential for composting. Haug (1986) described five
aeration controlling methods: (A) manual methods such as use of throttling
valves, (B) on-off blower sequencing by timer, (C) O, and CO, content feedback
control, (D) temperature feedback control, and (E) air flow rate control. In
practice, foul odour is an indication of insufficient air supply. Golueke (1977)
stated that for municipal refuse a putrefactive odours developed under
anaerobic conditions, the intensity of the odour is proportional to the extent of
anaerobiosis, and it disappears following increased air flow or compost turning.
There is a fundamental difficulty for standardizing aeration desig. because of
the diversity of materials which require different amount of air during

composting.

2.3.2 Moisture Content (MC)

A proper MC during composting process is essential for microbial metaholism.

Theoretically free water, i.e., 100% moisture, is required for metabolism
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because it actually occurs in the water phase. However, for composting
operations a MC lower than 100% is needed in order to pile up the materials
and allow temperatures to rise to the thermophilic level, 45 to 65°C. MC
between 50 and 60% is generally considered being appropriate in composting
practice (Poincelot, 1974). Composting studies at the Michigan State University
(1955) were carried out to test garbage containing MC ranging from 25% to
68% with 0.454 kg laboratory composters for a 140-hour period. It was found
that the optimum MC, which corresponded to the highest O, uptake rate, was
from 52 to 58% at temperature of 40°C. This temperature is relatively low
compared to the commonly reported composting temperatures, which are
around 60°C. Schuchardt (1987) composted pig manure slurry mixed with
straw using turned windrow method and found that 67% MC caused a water
shortage resulting in diminished microbial activity, and another trial showed
that a MC of 75% was too high and anaerobic conditions were observed in the

bottom parts of the windrows.

Golueke (1977) suggested that the maximum allowable MC should be
chosen for composting operations to ensure that microbial metabolism be best
supported, and MC lower than 45% is not recommended. The maximum MC
relies on the compost physical properties such as particle size and shape, water
holding capacity and shrinkage. For a compost material that shrinks signifi-

cantly, the maximum MC should be lower. Seepage from composting piles indi-
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cates that the water proportion is too high, while dusty conditions imply that

the material is too dry.

In general animal manure slurries contain about 90% moisture in general
(Meek et al., 1975). To commence a composting process, this high MC needs to
be reduced in order to pile up the material. Bulking agents such as peat,
straw, wood chips, etc., are commonly used for this purpose. Animal manure
slurry composting under high MC conditions will potentially reduce the costs
on consumption of large amount of bulking agents and decrease nitrogen losses
through ammonia hydrolysis. These advantages, however, have not yet been

fully studied.

2.3.3 Carbon and Nitrogen

During composting microorganisms utilize nitrogen and carbon for protein syn-
thesis and energy for growth and maintenance. As a result, some carbon in
organic substances is transformed into CO, and released from the system,
meanwhile nitrogen and a fraction of carbon are stored in bodies of living
organisms, Based on this, the ratio of carbon to mitrogen, denoted as C/N, is
commonly used to estimate the efficiency of composting process. In general,
C/N ratio higher than 50 delays the start of composting process due to
insufficient nitrogen, while C/N ratio lower than 15 does not delay the process

but causes significant nitrogen losses. Commonly recommended C/N ratio for
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composting ranges between 20 and 35 (Golueke, 1977). C/N ratio can be

adjusted to a certain level with materials that are rich in either nitrogen or
carbon. However, carbon in materials such as wood chips and sawdust, which
are common bulking agents or organic amendments, is not readily available for
microbial degradation because it is in lignaceous form that is hard to break
down (Golueke and Diaz, 1987). Godden and Penninckx (1986) demonstrated
that only 15% of the lignin was degraded in a cattle manure composting

experiment.

Nitrogen losses during composting cause objectionable odour and €conomic
devaluation of the compost. Animal manure generally yields low C/N ratios,
which tend to lead to nitrogen losses during composting. Kirchmann (1985)
concluded that nitrogen losses were mainly in the form of ammonia gas during
composting process. The lower the C/N ratio, the higher the nitrogen loss. If
C/N was above 50, there would be no nitrogen losses. In windrow composting,
nitrogen losses occur primarily at the time when the piles are turned. Hence,
less nitrogen losses may be expected from static pile composting system. Under
high MC conditions, due to hydrolysis more ammonia will be dissolved in the
water phase, and lower nitrogen losses can be expected. Optimizing system

conditions for nitrification can also reduce nitrogen losses (Snell, 1957).

Fig.2.7 shows the evolution of different forms of nitrogen in a composting
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Fig.2.7 Variation of nitrogen of different forms during composting,

Gonzalez et al. (1989}
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experiment by Gonzalez et al (1989). It can be seen that throughout the process
organic nitrogen (N-org) increased, ammonia nitrogen (N-NH,*) diminished,
and nitrite nitrogen (N-NO,) remained at a very low level. Nitrate nitrogen (N-
NO,’) increased significantly, but only after 40 days, when the system tempera-
ture dropped below 35°C. This is because the nitrification bacteria are most

active under mesophyllic aerobic conditions (Finstein et al., 1980).

2.3.4 pH

In general, fungl survive in a wide pH range, 5.5 to 8.0, while bacteria grow
best at pH of 6.0 to 7.5. However, the upper pH limit for fungi was found to be
a function of nutrients. Golueke and McGauhey (1853) studied municipal waste
composting and reported that the pH dropped to about 4.5 to 5.0 in the
beginning stage of the process followed by a rise to about 8.0 to 9.0 in several
days and, afterwards, a gradual plunge to and stabilization near the neutral
state. The early stage pH drop was related to production and dissolution of
CO, and organic acids. Further decomposition of these organic acids,

production of NH," and release of CO, resulted in pH increase.

Considering that the initial pH drop might suppress microbial growth,
Shell and Boyd (1969) and Golueke and McGauhey (1953) used ferric chloride
and lime as a buffer agent for composting of municipal refuse and dewatered

sewage sludge. Unexpectedly, reduced microbial growth and greater nitrogen
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loss were the net results of these efforts. Composting studies at Michigan State
University (1955) showed that (A) pH slightly higher than 5.0 to 6.0 speeded
up the garbage composting process, (B) pH increased gradually to the range of
8 to 9 as the garbage was digested, and (C) high pH and high nitrogen content

resulted in a substantial nitrogen losses.

High pH is believed to be one of the major factors for nitrogen losses
during corﬁposting, since it favours volatilization of ammonia. Garbage
composting studies by Snell (1957) suggested that high initial total nitrogen
was maintained when pH was held below or at about 5.0. Jakobsen (1987)
tested the possibility of reducing ammonia losses by adding calcium chloride
to compost piles. While pH level was kept low, the following reactions
transformed ammonia to ammonium chloride and precipitate calcium carbon-
ate so that ammonia volatilization was reduced,

NH, + CO, + H,0 -« NH,HCO,

9NH,HCO, + CaCl, = 2NH,Cl + CaCO,l + H,CO,

2.4 COMPOST MATURITY AND APPLICATION
Knowledge of compost maturity status is essential for determining the process

completion time. Application of compost product depends on its physical and

chemical properties.
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2.4.1 Compost Maturity

Substrate stabilization is the most important feature of composting practice.
However, complete stabilization of organic matter, i.e., conversion of all the
organic matter into H,0, CO, and inorganic minerals, is neither practical nor
suitable for composting purposes. As a matter of fact, high quality compost is
rich in humus and organic matter. Therefore, the term "maturity” is more
correct than "stabilization" for describing the biological status. In practice the
compost maturity is neither a well defined condition, nor a status that can be
easily determined. Quantitative compost maturity standards are still to be
established. Generally, matured compost should not cause any nuisance during

storage and damage to plants if applied to soil.

Morel et al. (1984) reported a series tests on maturity of municipal refuse
compost. The methods were categorized into three groups. In the first group
are those indicators that measure microbial activity. Respiration is measured
by oxygen uptake and carbon dioxide production. Biochemical parameters such
as Adenosine Tri-Phosphate and enzyme activity are tested at both acceler-
ation and maturity stages during composting. Based on observation of grass
erowth in a mixture of soil with compost, a multiple regression equation is
formulated to correlate total organic carbon and concentration of water soluble
sugars with degradability of compost in soil in order to determine its maturity

state. The second group involves the evaluation of several chemical parameters
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of compost such as C/N and concentration of sugar components. The third
group is based on crop growth tests, e.g., phytotoxicity test. Some of the
maturity parameters reported for these measurements are listed in Table 2.1.
However, these values from this particular study cannot be generalized to

other tests under different conditions.

If composting process is operated properly, Le., aeration, MC, C/N ratio
and pH are well controlled, the temperature descent to the ambient level is an
indication that the compost is matured. Hirai et al. (1983) suggested that
organic-carbon to organic-nitrogen ratio in water extracts of compost samples
is a better compost maturity criterion than the conventional C/N ratio, i.e., the
total carbon to total nitrogen ratio, because microbial metabolism occurs only
in the water phase. It was found that conventional C/N ratio of well matured
compost ranged from 5 to 20 depending on the type of raw materials, while the
organic-carbon/organic-nitrogen ratio falls between 5 to 6 regardless of the type
of material. Zucconi et al. (1981) pointed out that if phytotoxicity exists,
compost is far from being matured, and suggested that the latent toxicity
should be analyzed to evaluate compost maturity. Finstein et al. (1980) recom-
mended that the outset of nitrification is an indication of a nearly matured
compost. Nevertheless, there has not beena standardized parameter or a group
of parameters for compost maturity evaluation. There is very little information

regarding measurements of animal waste compost maturity.



Table 2.1 Maturity tests for municipal refuse compost, Morel et al. (1984)

Method Measurement

Maturity Value

Respirometric oxygen consumption

Degradability multiple regression
analysis, CM"~

Chemical organic matter and
nitrogen

C/N ratio

water soluble
sugars

< 40 mg/kg DM’ /hr

< 2.4

< B0

10-18 in 240 days

25-45 mg glucide/g DM

34

.

dry matter

" CM=3.166-0.011A=0.059C+0.082P
A: days of maturation

C: total organic carbon

P: hot water extractable sugars
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Another important aspect of the compost maturity is related to pathogen
destruction during composting, which is expected to be fulfilled by thermophilic
temperatures. In general, most pathogens, parasites and weed seeds are
deactivated within one hour at temperature between 45 to 60°C (Golueke and
Gotaas, 1952). Finstein et al. (1978), Wiley and Westerberg (1969) and Golueke
and Cotaas (1952) noted that pathogens were totally eliminated when
thermophilic temperatures were kept for several days. USEPA (1981} stan-
dardized pathogen abolishment operations for the static pile composting
method by maintaining temperature at or above 55°C over a three-day period.
Russ and Yanko (1981) reported that repopulation of pathogens occurred in
composting piles while temperature was dropping. This might have been due

to a uncompleted pathogen removal in some parts of the piles.

2.4.2 Compost Application

Generally accepted values of good compost are C/N ratio of 10 to 20; pH of 7
to 8 rich in humus, dark brownish colour; earthy smell; low levels of toxic
components and non-biodegradable material; and elimination of human and
plant pathogens. Nitrogen, phosphorous and potassium concentration of
matured compost is a measure for its value as soil conditioner and/or fertilizer.
Common applications of compost are found in horticulture, gardening,

greenhouse, mushroom production, and land scape.
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Vogtmann et al. (1978) reported that nutrients in compost were more
readily available to plants than those in fresh manure. Besides, part of
nitrogen and phosphorous in compost are in the organic form and can be used
as long-term plant nutrients as they are released gradually into the soil under
the function of humus (Poincelot, 1974). It is particularly good for crops with
the long growing seasons. Lau and Wu (1987) analyzed compost product from
poultry manure, and the results are included in Table 2.2. It contains fairly
high level of nitrogen, potassium and phosphorous and low but detectable
metal concentrations in comparison to the recommended metal content level
in matured compost in Austria. It is also potentially a good soil conditioner or
fertilizer, which was verified by field crop growing tests that showed not only
a significant improvement in both quality and quantity of crop production, and
no pests or diseases were reported, but also reduced soil acidity, increased
humus, total nitrogen and exchangeable potassium, which are beneficial
changes for the soil. Godden et al. (1986) showed that after the application of
manure compost to a loamy acidic soil the pH and the cationic exchange capac-
ity increased immediately, while the microbial and enzyme activities increased

several weeks after application.

2.5 SUMMARY

Many composting methods, such as windrow, static pile and in-vessel, have

been used in treating materials from most of the waste streams. Composting
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Table 2.2 Observed and recommended properties for manure compost, Lau and

Wu (1987)

Parameters Manure Recommended®

Compost® Values
Moisture (%) 53 =+ 13 25 - 53°
pH 8.0=x0.4 7.0 ~85
Total nitrogen (%) 2.5+ 0.3 0.5 - 1.5¢
Total K,O (%) 1.7+ 0.3 0.3 ~1.0°
Total P,0, (%) 34204 0.4 - 0.8
C/N ratio 129+ 12

concentration®

(ppm)
Pb 237+ 12.2 200°
Cd 0.12 + 0.08 1
Cu 40.8 £ 6.5 100"
Zn 206 = 16 300f
N1 20 £06 30f
Cr 2.3 0.9 50"
Hg 0.02 = 0.01 1

® BEach value is a mean + standard deviation, based on 6 measurements.

® Requirements for solid waste compost in Austria.

° Higher moisture content can be tolerated in loose compost.

? The value of these nutrient elements are the minimum figures.

* The value is expressed in ppm on a dry weight basis, based on 9 measure-
ments. Each value is mean + standard deviation.

 The values are recommended rot to be exceeded in solid waste compost in

Austria.
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is a very complicated process. Many factors influence its performance. Aer-
ation, moisture, carbon, nitrogen content and pH are most critical ones. There
are still many aspects in composting process that are not clearly known, for
instance, the effectiveness of passive aeration under high moisture content
conditions. Therefore, more studies are needed. Since compost temperatures
are closely related to aeration conditions, it is most likely that detailed
information on temperature distribution in a composting pile can be used to
determine the aeration conditions, especially for the passive aeration

conditions, under which the air flow rate is difficult to measure.



Chapter 3

MATERIALS AND METHODS

3.1 MATERIALS

In this study the material for composting treatment was poultry manure slurry
from the Greenbelt Farm, Agriculture Canada, Ottawa. Sphagnum peat moss
and chopped barley/oat straw, 2.5 ¢m long, were the selected bulking agents.
Physical and chemical properties of the poultry manure slurry and the bulking
agents, including MC, volatile solids, ash, pH, carbon, nitrogen, phosphorus,

and potassium are listed in Table 3.1.

3.1.1 Water Holding Capacity of Bu'king Agents
Since high moisture composting was one of the objectives of this work, an

estimation of water holding capacity (WHC) of the bulking agents, peat and

39
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straw, was necessary to ensure that MC of the initial compost was below the

saturation level. WHC is defined as:

e = water absorbed at saturation(kg)
raw material used(kg)

(3.1)

In a laboratory test under 1 atmosphere and 20°C conditions, it was found that
WHC is 5.7 and 4.3 for the peat and the chopped straw, respectively. i.e,, 1 kg

raw peat can absorb 5.7 kg water, whereas 1 kg straw can absorb 4.3 kg water.

Since MC of the poultry manure slurry was 90%, the saturation ratio of
poultry manure slurry to peat in the corapost mixture would be:
(0.9x)/(1-x) = 6.7
where x is the proportion of poultry manure slurry in the mixture, and 1-x is
the proportion of peat. Solving for x:
x = 0.86
and
1-x = 0.14
Therefore, the saturation ratio of poultry manure slurry to peat is:
0.86/0.14 =6
Thus, 1 part raw peat can be mixed with 6 parts of poultry mznure slurry
before the mixture is saturated. Since MC of the peat is 52%, the saturation

MC of the mixture is:

MC =(0.86 x 0.9 + 0.14 x 0.52)100 = 84.7%
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Based on this result, 80% MC was chosen as the upper level for the initial
compost prepared from poultry manure slurry and peat. Similarly, the satura-
tion ratio of poultry manure slurry to straw as well as the saturation MC of
this mixture can be determined as that for peat, and the value are 4.9 and
77%, respectively. Eventually, 76% MC was set as the upper limit for the

initial compost from poultry manure slurry and chopped straw.

3.1.2 Compost Treatments

Four compost treatments were investigated in this study. Treatments I and II
composed of poultry manure slurry and peat with initial MC of 73 and 80%,
respectively. While Treatments III and IV composed of poultry manure slurry
plus chopped straw with the initial MC of 76 and 72%, respectively. The
amount of poultry manure slurry and the bulking agents used in one pile of
each treatment are listed in Table 3.2. Also ratios of poultry manure slurry to
the bulking agents, based on both raw and dry matter, are calculated and
listed in the same table. For example, in each of the Treatment I piles 714 kg
poultry manure slurry and 489 kg peat were used, therefore, the raw material
ratio is 1.5, and from the MC data in Table 3.1 the dry matter ratio of poultry
manure slurry to peat for Treatment I is 3.04. The initial conditions of the four
treatments, including MC, volatile solids, ash, pH, carbon, nitrogen, phos-
phorus, potassium, ammonia nitrogen, nitrate nitrogen, and pile bulk density,

are listed in Table 3.3.



43

0y L'e 697 - 66 Al
9 0y §LT - 7601 11
o6 'y - 11€ €opt 11
YO 6T - 637 1af I
(;onew A1p) el oLV [ 51 Mvuls | T Lvad | o1 (SINd) AddNTIS .
O1LV Y V&/SINd ve 01 SINd (ve) SLNAOV ONDITNEG| TANNYIN ANLTN0d | INSWLYEYL

Juauneal) 150dod Yora Ul pasn s[etael me1ayl ¢ olqel.



44

Toraul o1qna/dy
LLE 80¥ €1g 65¢€ Kysue AIng
1onew AIp 9
- 100°0 100°0 10070 usoniu aeniu
Ta11BW AID
. 90°0 80 v1°0 uafoniu eluounue
I9118W AID 9%
[ LT 't 90 wnissend
Tonewn AIp %
60 1 9l 60 snioydsoyd
1onew AIp %
£ £ e 67 uoBonIN
Tonew Alp %
34 1y [44 oY uoqlien
10R11XD JOIEM
6L 6L 7L €9 nd
Io1BW AIp %
91 LI 81 [4} Usv
Tonew AIpP %
¥3 78 18 L8 SpIIOS JINEICA
%
L 9L 08 €L WUNUOY) 2INISION
Al INTJWLVIYRL | I INJFALVIEL II INTJWLVIEL [ INFNLVHYL ALYdd0dd

Juamear; 1sodwos yoes Jo suonipuoa [entu] £°¢ AL



45
3.2 METHODS

Each of the four compost treatments was replicated three times resulting in
a total of 12 composting piles of the same size. Fig.3.1 shows the dimensions
and the trapezoidal configuration of composting piles. The pile volume (V) is

calculated with following equation:

1
v=Zh(A 2+ (Ad,) *] (3.2)

where h is the pile height and A, and A, are bottom and top areas of the piles.
Hence, the composting pile volume is:
V = (1/3) x 1.0 x {7.82 + 0.42 + (7.82 x 0.42)")
=3.35 m®
The bulk density for each treatment is calculated by dividing the total weight
of the material in each pile with the pile volume, and the results as given in
Table 3.3 are 359, 513, 408 and 377 kg/m® for Treatments 1, I1, HI and IV,

respectively.

The compost mixture for each treatment was prepared in a farm-scale
auger mixing truck. The amount of raw materials used were recorded by a
weighing scale mounted on the truck. Thorough mixing of the matenals was
conducted for about 30 minutes. After mixing the material was discharged
from the side chute of the truck into a front-end loader that was used to trans-

port and stack up the material. Before the material was piled up, a basal layer,
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about 0.1 m thick, was prepared at the ground level using peat for Treatments
I and II and non-chopped straw for Treatments Il and IV. Two ABS perforated
pipes 3.6 m long and 0.1 m in diameter were laid on the basal layer in such
style that the perforations faced upward for passive aeration purpose. The
ccmpost piles were located in a open-front roofed barn. A trapezoidal wooden
frame was used to shape and size the compost piles so that every pile would
have the same shape and volume, 3.35 m®. Finally, a cover layer of about 5 cm
thick was applied to each of the piles, peat was used for Treatments I and II

and non-chopped straw for Treatments III and IV.

3.2.1 Temperature Monitoring

As sketched in Fig.3.1, three grids of thermocouple mounted on plastic frames
made of ducting pipes were installed in the bottom, middle and top part of
each pile. Two types, A and B, of thermocouple layout were used. As shown in
Figs.3.2 to 3.4 Type A layout consists of 33 thermocouples. It was used in four
compost piles, one from each of the four treatments, and the 132 (33 x 4)
thermocouples were connected to the Multi-Channel Automatic Data Logging
Systems. Included in Appendix A as Figs 1, 2 and 3, type B layout consists of
23 thermocouples and was used in the other 8 remaining piles. Because of the
limited number of data logger channels, out of the 184 thermocouples (8 x 23
= 184), 77 were connected to the data logging system, and the remaining 107

were monitored with a hand meter. In addition, five thermocouples were used
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for monitoring the ambient temperature in the barn, and they were connected
to the data loggers. Fig.3.5 was sketched to show the overall compost pile

layout and temperature monitoring set up.

Temperature monitoring in this study was carried out over a period of
113 days. Temperature readings were registered by the data loggers once every
hour for the first 24 days, and once every 4 hours through the remaining
process period. Temperature readings recorded by the data loggers were auto-
matically sent to a Compaq Portable-XT computer, and were compiled as
spreadsheet files. Hand meter readings were taken 25 times during the same

period.

3.2.2 Test of Compost Properties

Grab compost samples from the piles were taken twice every week for the first
three weeks, and once every week afterwards. In all 356 compost samples were
taken from the 12 piles. Sample size was approximately 0.2 kg. Whole pile
composite samples were taken in the first three sampling. From the fourth
time on three separate composite samples from bottom, middle, and top parts
of the pile, were taken. All samples were weighed, freeze-dried, grounded to 40
mesh, and analyzed for the following parameters: MC, volatile solids (VS}, ash,
pH of water extract, total carbon (C), total nitrogen (N), total phosphorus (P),

total potassium (K), metals including Cd, Cr, Cu, Mo, Ni, Pb, and Zn, 2 normal
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KCl extractable ammonia nitrogen (NH;-N), 2 normal KCl extractable nitrate

nitrogen (NQ,-N), and ammonia gas (NH,-gas) released from the compost piles.

MC of the samples was determined in two steps: (A) samples were
weighed before and after freeze drying to determine the proportion of freeze
dry moisture, and (B) the moisture left in freeze dried samples was determined
by oven drying at 105°C (APHA et al., 1985). The addition of these two parts
of moisture was reported as the final result for MC. VS, ash, P, and pH were
analyzed according to McKeague (1978). C and N were determined with LECO
Analyzer. According to Sheldrick (1984), NH,-N was analyzed with an ORION
ammonia electrode, and NO,-N with titration method. NH,-gas was monitored
with Drager hand pumps frem day 9 through day 43. K was determined by
FAAS (flame atomic absorption spectrometry) and Cd, Cr, Cu, Mo, Ni, Pb, and
Zn by ICPMS (inductively coupled plasma mass spectrometry). During the
composting process on-site observations of the visible changes of the compost
material and related occurrences were carried out along with monitoring and

sampling. Equipment used in this research is listed in Table 3.4.
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Chapter 4

RESULTS AND DISCUSSIONS

In this chapter, results from each compost treatment are reported and dis-
cussed. Similar compositions of the composts of Treatments III and IV have
resulted in comparable outcome, which was confirmed by ANOVA statistical
test. To avoid unnecessary repetition, mainly the results from Treatment I1I

are included in the following discussions.

4.1 MECHANISM AND EFFECTIVENESS OF PASSIVE AERATION

In this section the information on passive aeration effectiveness is derived from
the temperature monitoring results. The temperature data are reported in
Appendix B. The temperature variations with time during composting process

is designated as temperature profile. In general, the temperature profiles
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recorded from different locations in each pile are different from each other. In
Table 4.1 it can be seen that the variations, between the minimum and
maximum values, are significant in every treatment. For example, in Treat-
ment II temperature rose at a rate of 1.9 to 44 4°C/day, peak values in the
range of 43 to 68°C were reached from day 2 through 13, the peak duration
was 0.1 to 63 days. The temperatures eventually dropped to the ambient level

in 10 to 113 days at the rates of 0.3 to 4.6°C/day.

Composting microbial activities such as respiration, metabolism, and syn-
thesis rely mainly on exothermic biochemical reactions, which are the
fundamental reasons for temperature rise during the process. Essentially,
temperature development can be related to two factors in composting systems:
compost composition (availability of compostable organic matter and water)
and aeration. In order to express temperature as a function of aeration, it is
preferred that the compost composition be set as a constant or as uniform as
possible throughout the system. For this reason, a thorough mixing of the
poultry manure slurry and the bulking agents, peat or straw, was carried out.
In addition, some symmetrical locations within the compost piles were
monitored for temperature to check the material uniformity. If the temperature
profiles at the symmetrical locations were similar, it was an indication of the
compost uniformity. In fact, similar temperature profiles were recorded at the

symmetrical monitoring locations and typical results are displayed in Fig 4.1,
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the correlation coefficient (r) is 0.97 for profiles 2 and 16 and 0.94 for 9 and 14,

both are significant with 99% confidence. In general, temperature profiles at
the symmetrical monitoring locations in each treatment superimposed each
other throughout the entire period of the composting process. This result sug-
gested that the raw material was thoroughly mixed, hence, the compost in each

treatment could be considered uniform.

Therefore, the most probable factor causing the variations among the tem-
perature profiles was the variable aeration conditions at different locations in
each pile. Accordingly, the passive aeration conditions in each treatment can

be examined using the recorded temperature information.

4.1.1 Temperature Profiles and Passive Aeration

4.1.1.1 Treatment I

The temperature distribution results for Treatment I are shown in Fig.4.2, the
numbers attached to the curves indicate the corresponding temperature, and
the two black circles at the bottom of each figure depict the two perforated
pipes. On day 5, higher temperatures up to 65°C occurred at the exterior parts,
while temperatures were lower in the interior parts. By day 10, higher tem-
peratures around 60°C were recorded in the core region of the compost pile.
The pile started cooling down from the peripheral zone, by day 30, the highest

temperature was about 35°C in the core, however, the exterior parts had
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already dropped to the ambient temperature, around 20°C. These results indi-

cated that the amount of air, which was required for effective aerobic
exothermic composting reactions to occur and thus to raise temperature to the
thermophilic level, was first available to the materials close to the pile
surfaces, and then to those in the pile interior parts. Natural air diffusion
through the pile surfaces would be the most probable reason for this type of air

availability.

The distance from the monitoring locations to the pile surfaces affected
the amount of available air at these locations. At any given time, the greater
the distance, the smaller the amount of available air. In addition, the
temperature distribution results also indicated that the amount of air original-
ly entrapped in the compost when setting up the piles was insufficient for
microorganisms to act similarly throughout the entire pile. Otherwise,
thermophilic temperatures would have occurred at about the same time
throughout the whole pile or earlier in the pile central parts rather than in the

peripheral parts because of less heat exchange with the ambient air.

Typical temperature profiles for Treatment I are shown in Figs.4.3 and
4.4. The temperature profiles have a common crest type configuration: sharp
rise, short peak duration with the peak values around 60 to 65°C, and followed

by dropping to the ambient temperature. These results indicate that passive
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aeration was effective for Treatment I. Most likely, the material structure of
this trealment was porous, and air was effectively available to the compost
even in the potentially most compacted area, the bottom centre, represented
by location 12. Air diffusion effect was exhibited by the delayed temperature
peaks for the relatively inner locations. For instance, the peak temperature of
63°C at location 12 was reached within 15 days at a rate of 4°C/day, while at
location 2 it took only 5 days to reach the peak of 62°C at a much faster rate

of 22°C/day.

The air diffusion stand can be further supported by the ambient
influence on the temperature results. The temperature profiles of the corner
location 1 and the ambient display a significant correlation, r=0.75 (based on
72 readings). It should be noticed that the peak temperature at location 1 was
low, 33°C, which indicates that the heat loss to the ambient from the compost
in the pile corners was so strong that temperature could not reach to the
thermophilic level. On the other hand, temperature at the side location 2
attained a peak of 65°C, even though it was comparable to location 1 in terms
of the distance to the pile surface. It must be the corner effect, i.e., 270-degree
exposure to the ambient air, which caused the low temperature at location 1.
It would be necessary to increase the thickness of the insulation layer for
Treatment I piles in order to raise temperature at the corner locations to the

thermophilic level. In the middle and top part of the pile from peripheral
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locations 17 and 28 to central locations 24 and 33 (Fig.4.4), the temperature

profile variation is smaller than that from 2 to 12 in the bottom {Fig.4.3). This
could be attributed to less compaction, rising heat from bottom part, and short

distance to the pile surfaces.

In addition to diffusion, air was also introduced into the compost piles by
the perforated pipes. This information can be examined by comparing the tem-
perature profile of location 5 with that of location 11. These two locations were
both in the pile bottom part and about 0.5m from the pile surfaces, which
made them comparable in terms of air diffusion effect. However, there was a
significant difference between these two locations concerning their aeration
conditions, i.e., location 11 was immediately above one of the two perforated
pipes, whereas location 5 was 0.4 m away from both of the pipes. The higher
peak temperature at location 11, 71°C, compared to the 62°C peak at location
5 was an indication that some extra air was available to location 11 through
the perforated pipe beside air diffusion through pile surfaces. Although tem-
perature over 70°C is not unusual in composting practice, it is generally con-
sidered as being high for compost microorganisms to survive. Therefore, the
locations around the perforated pipes may be over aeratec On the other hand,
the peak temperature of 63°C for location 12, the most compacted location in
the pile, is within the optimum range, which reflects a suitable aeration condi-

tion. It seems that the necessity of the perforated pipes for Treatment I should
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be reconsidered, and it is possible that similar results for Treatment I could be

achieved without the addition ¢f the perforated pipes.

4.1.1.2 Treatment II

Temperature distribution results for Treatment II are shown in Fig.4.5. The
general trend was similar to that of Treatment I {Fig.4.2), from day 5
through day 10 higher temperatures occurred earlier at the peripheral parts
and later in the interior parts, which reflected that air diffusion was the
driving mechanism of aeration. Alzo, thermophilic temperatures had prevailed
throughout the piles in the first 10 days, hence, passive aeration was effective
for Treatment II. By day 70 the peripheral zone were cooled down to the
ambient level, while the interior region was still around 40°C. This is a much
longer period than that for Treatment I. It should be noted that the latter

contained less amount of poultry manure slurry (Table 3.2).

Typical temperature profiles for Treatment II are shown in Figs.4.6 and
4.7. Unlike Treatment I, significant differences exist among these temperature
profiles, especially those from the pile bottom and middle parts. It can be seen
that there was a distinct temperature profile configuration transition from the
peripheral o central locations. The inner the location, from 2 or 17 to 12 or 24,
the slower the temperature rise, the later and the lower the peak, and the

longer the peak duration. For example, at the peripheral location 2 tempera-
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ture rose to a peak value of 56°C in about 6 days at a rate of 6°C/day, and was
maintained for 3 days. In comparison, temperature at central location 12 rose
to a lower peak of 44°C in about 15 days at a rate of 1.6°C/day. It maintained

around the peak level for more than 60 days.

This greater variation in temperature development for Treatment II than
in Treatment I suggest that air circulation had encountered greater resistance
in Treatment II. This was most likely the result of the lower material porosity,
which was the aftermath of higher initial bulk density of Treatment 11, 513
kg/m®, compared to 359 kg/m?® for Treatment I. Longer processing period should
be expected for those relatively interior locations where lower air supply rates
must have occurred. Comparing with the corresponding location in Treatment
I (Fig.4.3), it is apparent that microorganisms in the bottom central parts of
the Treatment II pile, location 12, could not generate sufficient heat to raise
the local temperature over 45°C, which was an indication of a condition of
limited air supply. This lower temperature was compensated by a long

processing time, over 100 days.

However, this situation could have been improved with additional use of
perforated pipes. At location 11, which was immediately above one of the pipes,
had a higher peak temperature of 52°C with a shorter peak duration of about

10 days compared to the 47°C peak and 30-day peak duration for location 5.
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Thus, the perforated pipes were necessary for improving the local aeration
under Treatment II condition. The faster rise of temperature at location 11
must be due to more intense microbial activity that was the result of greater
amount of available air. Aeration conditions similar to that at location 11
should be expected for location 5 if it had the similar accessability to a pipe.
Therefore, there is a possibility of tapering off the aeration variations in Treat-
ment II by increasing the number of the perforated pipes, consequently, the

processing time could be shortened.

The aeration difference between Treatments I and II due to the compost’s
properties are also shown by the temperature results from location 1 for both
treatments. Recall that temperature at location 1 in Treatment I could not
even reach 35°C (Fig.4.3) due the loose material which induced significant heat
loss. While in Treatment II, temperature at the same location had a peak of
61°C. This result suggests that less heat loss cccurred from Treatment Il
compost. From another point of view, the peat insulation layer of Treatment

II, about 0.05 m thick, was sufficient,

4.1.1.3 Treatment III
The temperature distribution results for Treatment III in Fig.4.8 show that
while air diffusion was an important factor, the perforated pipes seemed to

have greater effect on aeration in the early stage of the process. It can be seen
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that on day 2 the higher temperatures, around 60°C, were situated right above

the two pipes as well as the upper peripheral parts, while the lower tempera-
tures were recorded from the central lower parts and the bottom corners. Only
after 5 days, were the thermophilic temperatures achieved throughout the
whole pile. This confirmed effectiveness of passive aeration for Treatment III.

Temperatures over 40°C lasted more than 60 days in the pile core zone.

A distinctive occurrence in Treatment III was that two-peak temperature
profiles were registered at some locations. As shown in Figs.4.9 and 4.10 the
two-peak temperature profiles were recorded explicitly at the peripheral
locations in bottom and middle parts of the pile such as 2, 5, 11, 19 and 23.
The two-peak configuration diminished progressively towards the inner
locations. For example, two-peak profile for location 2 was very obvious,
however, for location 5, 0.5m inward from the pile surface, the two-peak
pattern was almost insignificant, while at location 7 the profile had only one
peak. Similar situation also occurred in the middle part of the pile. In the top
part, however, the temperature profiles did not display the two-peak configur-
ation. In the literature, there is no report of this type of temperature behav-
jour. The two-peak temperature results are quantitatively summarized in
Table 4.2. The first temperature peak of 37 to 74°C occurred within 3 days,
while the second one, 43 to 73°C, in 4 to 9 days, maximum about 9 days

between the two peaks.
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It shows in Fig.4.9 that there was no drastic decrease in the ambient tem-
perature, that could be considered as a reason for the temperature drop from
the first peak. The ambient temperature was between 20 and 27°C during the
two peak period. In addition, the ambient factors including temperature,
humidity and pressure should have similar effect to Treatment I, IT and IiI
since they started at about the same time. Therefore, the occurrence of the
two-peak temperature development in Treatment I1I was not likely due to the
ambient factors. The relatively high temperatures in the early stage of the
process might have inhibited microorganism activity, thus inducing the two-
peak temperature occurrence. However, high temperature occurred in the
periphery of all the compost piles in the three treatments such as location 2
(Figs.4.3, 4.6 and 4.9). But, only in Treatment I1I piles did the two-peak
temperature profile appear. Therefore, inhibition of microbial activity due to
high temperature was unlikely an important factor contributing for the two-

peak temperature development.

Heat loss might be one of the reasons for the temperature drop from the
first peak. Comparing the temperature profiles of locations 5 with that of loca-
tion 11 (Fig.4.9), the temperature drop was faster at the latter location, from
70 to 58°C in 2 days, while it was from 70 to 64°C in 3 days for the former
location. This result suggests that more heat might have been removed from

location 11 by the extra air from the perforated pipe.
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However, heat loss cannot be the only reason for the temperature drop
from the first peak, otherwise, the appearance of a second temperature peak
would not have occurred. There must be other factors other than heat loss that
were responsible for the two-peak temperature development. One possible
reason was that in the compost of poultry manure slurry plus chopped straw
there were two fractions of compostable organic matter: easy to degrade and
hard to degrade. In the early stage of the process, the easy to degrade organic
matter was readily utilized by microorganisms, hence temperature started
rising and reached the first peak quickly. After this portion of organic matter
was utilized, a period of time was needed for the bacteria to readjust and
utilize the hard to degrade organic matter, presumably by inducing enzymes
that would be able to decompose this type of substrate. During this readjust-
ment period, biodegradation activity might have dropped to a low rate, and so
did the resulting heat generation. Therefore, the compost material close to the

pile surfaces could lose heat, and temperature dropped.

Since the initial material was uniform, the two-peak temperature profiles
should have occurred throughout the whole pile. However, the two-peak figure
diminished towards the centre of the piles. Two possible factors would
contribute to this. First, the reduced heat loss at the inner locations, because
of greater distance from centre to surfaces, might have diminished the signifi-

cance of two-peak profile configuration. Secondly, the delay in starting the
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composting process and temperature rise at the interior locations and the time
for temperature to drop from the first peak at the interior locations could have
coincided with the time for temperature to rise to the second peak at the
peripheral locations. In such condition, there would not be sufficient time for
the materials at the interior locations to cool down, therefore, only one peak
was recorded. The rationale for the one-peak temperature profiles observed for
all the monitored locations in the pile top part would be that temperature drop

in those location was curtailed by the upward moving heat.

4.1.2 Statistical Analysis

4.1.2.1 Average Temperature

Average peak temperatures for the bottom, middle and top parts of each
treatment are calculated and given in Table 4.3. Higher peak temperatures
occurred in either the top or the middle part, whereas lower peak temperatures
were in the bottom part exclusively. For example, in Treatment I the highest
average peak temperature, 66°C, occurred in the middle, while at the bottom,
49°C, was the lowest. Because of the lower degree of compost compaction in the
top and middle passive aeration would have been more effective than in the
more compacted bottom. Thus, composting reactions would be more intense
resulting in higher rates of heat generation as well as higher temperature. In
addition, naturally rising warm air from lower parts of the piles should also

be a contributing factor to the higher temperatures in the pile upper parts.



Table 4.3 Average temperature for Treatment [, 1l and 111

average thermophilic
Treatment | pea temperature
temperature duration
(celsius) (day)

Top part 59 7
Middie part 66 12
Bottom part 49 2

average thermophilic
Treatment 11 pea temperature
temperature duration
(celsius) (day)
Top port 64 22
Middle part 58 41
Bottom part 46 3
average thermophilic
Treatment 111 pea temperature
temperature duration
(celsius) (day)
Top part n 31
Middle part 70 38
Bottom part 54 6

80
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Also shown in the table is that thermophilic temperatures, above 45°C, lasted
longest in the middle part, maximum 41 day for Treatment II, this was
possibly because of lower level of heat exchange between the compost and the

ambilent air.

4.1.2.2 Cluster Analysis

Cluster analysis is a method for classification of studied subjects based on their
statistical similarities. These similarities include not only those between each
single subject, but also those between a single and a group of subjects as well
as those between groups. Classified groups of subjects are called clusters. For
example, temperature profiles recorded for each treatment in this composting
study can be examined as the subjects. Yet, each of these temperature profiles
corresponds to a recording location. The purpose of deing cluster analysis is to
differentiate the locations into groups, and associate each one of the groups
with a distinctive aeration regime in each treatment. Temperature profiles
from 33 recording locations, one of which is ambient location, are used for the
analysis for each treatment. The computer software for cluster analysis is

developed by Lin and Butler (1990).

The results, called dendrogram, from the cluster analysis are shown in
Figs. 4.11, 4.12 and 4.13. In the figures the numbers on the left side refer to

the temperature recording locations, among which AB stands for the ambient



82

[ wauneal] ‘sishjeue sny 1 IR UL

A

001

06

08

0L

08

0s

v

oy

0e 0c



83

1] JuauIED1], ‘SisAjeue 191sn|D AR AL

oot

06

08

04

09

0S

ov

Tl or

y
1
-
it



84

[1] UOWIBAIL ‘sisjeue 1SN €Uy g

8y
si
i
6

v
o1
€

b

00!

06

08

0L

09

0S

ov

A

v

ot

o
o

rGrr i \f? E?

o
]
N

0c 0t



85

recording location, The numbers on the tep from O to 100 are the calculated
grouping reference, which is technically termed as "distance" and defined as
a statistical measurement to evaluate the similarities between the studied
subjects. Grouping of these locations can be done by drawing vertical lines at
arbitrarily chosen distance levels such as the two vertical dash lines shown in
the figures. More groups can be obtained by drawing grouping lines at smaller
distance levels to the left. On the other hand, more information is required to
interpret the physical meanings of the groups being generated. The following
discussion will be concentrated on aeration information that is provided by the
clustered groups of the 33 temperature monitoring locations in each compost

pile.

The 33 locations are divided into two groups, A and B, by the first dash
line on the right side (Figs.4.11, 4.12 and 4.13). Group A includes the locations
in the pile middle and top parts as well as the interior locations in the bottom
part. Group B contains the bottom peripheral and the ambient locations.
Location 12 and 16 are typical examples of these two groups. This grouping
result suggests that in each treatment there are two different temperature
development regions, namely A the interior and upper parts and B the bottom
peripheral region. The inclusion of the ambient location (AB) in group B

specifically relates the ambient influence to the pile bottom peripheral region.
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The second dash line from the right divides group A into two subgroups,
A1l and A2. Subgroup Al consists of the temperature profiles from the middle
central region, while subgroup A2 includes those locations surrounding Al
region, locations 24 and 28 are typical examples of these two subgroups. The
physical meanings of these two subgroups is that amnbient air could diffuse into
the A1l locations less easily than to A2 locations, which are closer to the piie
surfaces. Fig.4.13 shows that the Al region is much broader in Treatment I11
than that in Treatments I and II (Figs.4.11 and 4.12). It could be related to the
size of the chopped straw particle being much greater than that of the peat,
hernce air diffusion would be easier in the straw piles. Further examination of
the locations in the two subgroups of Treatment III reveals that subgroup Al
includes typically one-peak profiles locations, whereas those in subgroup A2

are two-peak profiles locations.

Based on the above grouping results the composting piles can be divided
into three temperature regions, namely the middle centre (A1), the bottom
periphery (B), and the transition region (A2) that is between Al and B. These
thice regions, as sketched in Fig.4.14, are the result of the varied aeration
conditions under the effect of air diffusion. This may be associated with the
physical principle of passive aeration in static composting piles, i.e., ambient
air is drawn into the system mostly through the lower parts to fill out the

voids that are left behind by the up-moving heated air in the system. The
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upward movement of air is caused by the convection current induced by the
heat generated in the system during the composting process. Recall the
temperature distribution results for each treatment, it can be seen that the
bottom peripheral region (B) is the low temperature region, the middle central
region (Al) is the high temperature region, and the transition region (A2) is
between Al and B. Therefore, the cluster analysis results statistically support
the viewpoint derived from temperature distribution results, i.e., air diffusion
and convection were affecting aeration significantly during the composting

process.

42 COMPOSTING PROCESS AND COMPOST PRODUCT
A successful composting process and good quality final compost depend on
effective microbial activity supported by air, water (M(C), nutrients such as

nitrogen and phosphorus, micro-nutrients as well as a favourable pH level.

4.2.1 Moisture Content

The reason for choosing high initial MC conditions for this study is linked to
the objective of reducing the bulking agent consumption. However, anaerobic
conditions can be easily induced because of the difficulty in air circulation
caused by high water proportion in the material matrix, especially in the pile
bottom section where the compost is most compacted. Anaerobic symptoms

include low temperature, below 35°C, generation of offensive odours, and low
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hiodegradation rates (Haug, 1980). The temperature results from Treatments
I, II and IIT have shown no evidence of anaerobic conditions in the piles.
Thermophilic temperatures prevailed quickly in the compost piles, and, from
on-site observations, there was no record of offensive odours. Thus, passive
aeration was not obstructed by the high initial moisture content, which was 73,

20 and 76% for Treatments I, IT and III, respectively.

Fig.4.15 shows that in Treatments I and II piles MC decreased most
notably in the first 10 days the total reduction was 9 and 8%, respectively. For
Treatment III a decline of about 37% in MC was recorded in the first 45 days,
afterwards, MC remained at a relatively constant level of about 48%. On site,
rising steam from each compost pile was observed. The decrease of MC from
the compost could be attributed to water evaporation under high temperature.
The lower MC decrease in Treatments I and II than in III was mostly related
to the higher water holding capacity of the peat. Aeration is also considered as
a factor in removing moisture during composting (Haug, 1980). As dry ambient
air passes through the wet compost, it tends to absorb certain amount of
moisture before leaving the system, the more the air passed, the higher the
moisture removed. From this point of view, the straw treatments would have
greater tendency to lose more water in this manner because of the larger
particle size and, thus, larger pores than in the peat treatments. Nevertheless,

this moisture reducing mechanism have only minor effect if air flow is small.
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There were differences in reduction of MC within the compost piles. As
displayed in Fig.4.16, in Treatments I and II MC was reduced most in the pile
top part and least in the bottom, the maximum difference was about 8% in
Treatment 11. This could be due to the lower temperature in the lower parts
and higher temperatures in the upper parts of the piles. It can be seen from
this figure that MC variation from top to bottom was smaller in Treatment I
than in II, which indicates a more uniform aeration in the former than in the
latter. For Treatment IiL, the straw treatment, Fig.4.17 shows that the highest
MC was in the top, and the variation was as high as about 25%. This large MC
divergence suggested that aeration condition was different in the straw piles
from the top to the bottom. In comparison to the straw treatments, the smaller
MC variation in the peat treatments suggests that aeration was more uniform
in the latter. A possible factor related to the wet top situation in the straw
compost was water vapour condensation at the interface, where rising warm
and wetted air from inside the composting piles met with ambient cool dry air.
However, it seems that further study is needed to put this scenario into &

clearer perspective.

Moisture content is important during composting since it is essential for
microorganisms to survive and grow. According to Golueke (1977), if MC is
lower than 50%, microorganisms would not function appropriately. Therefore,

if the MC is low in the compost products, there would be no guarantee that the
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composting process will be completed or the product matured. As a matter of
fact, experience of compost reheating due to rewetting was reported by Haug
(1980). In this regard, compost MC during the process should not drop below
a certain level, for example 50 to 60%, so that the process may not be termin-
ated by the limiting MC factor. Accordingly, the author suggests that final MC
should be considered as a parameter for evaluating the overall performance of

composting operations.

4.2.2 Mass Balance

Compost mass balance was calculated with phosphorus (P) data and material
weight of each treatment. A necessary assumption is that P loss during the
composting process was negligible. It is a valid assumption under the condi-
tions of this study since (A) P compounds are not volatilized during com-
posting, (B) there was no seepage from the composting piles that might have
contributed to P loss in the water phase, and (C) after the compost pile were
set up, there was no further material addition to them. Therefore, all the P
should remain in the final compost. The rationale of mass balance based on P

results is presented as follows.

Knowing initial total compost weight (Wt, kg) and P concentration

(%P,,) for each treatment, the total weight of P (P, k), can be calculated as,

Piotas (kg) = [%Pini] [Wtini] (4.1)
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If the change in P, (kg) is negligible during the composting process as
assumed above, the final total compost weight (Wt kg) can be estimated with

known final P concentration (%P} using equation 4.1,

Pcocal (‘kg)

anl

Wt e, Lkg) = (4.2)

Therefore, the total compost weight loss (Wt,,., kg) can be calculated with

equation 4.3.

WE 055~ WEing~WEeng (4.3)

An example of moisture mass balance for Treatment I is given as follows

P concentrations and other necessary measurements for Treatment [
were:
%P, = 0.9% (dry matter)
%P, = 1.2% (dry matter)
MC,, =73%
MC,, = 67%

Wt,; = 1203 kg (total weight)

Calculate the total phosphorus, P, (kg), with equation 4.1,
Py =09%x (100%-73%) x 1203 = 2.92 kg

Based on the assumption, this P, remained unchanged throughout the
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composting process. Since the final P concentration was 1.2% (dry matter), the
final total compost weight is estimated using equation 4.2,

Wte, = 2.92/1.2% x (100%-67%)) = 737 (kg)
With the analyzed results of MC,; = 73% and MCy, = 67%, moisture mass
balance for Treatment I can be calculated as follows. First, calculate the initial
moisture weight, MC, ;... (kg),

MC; ;.. = 73% x 1203 = 878 (kg)
Secondly, determine the final moisture weight, MC,., (kg),

MCppw = 67% x 737 = 494 (kg)
The moisture mass balance is then calculated with equation 4.3,

MCy,s = MCigie - MCpiop i
that is,

MC,.., = 878 - 494 = 384 kg
The percentage MC loss is,

MC,,_% = (384/878)100% = 44%

Table 4.4 presents the mass balance results for MC, VS, and ash (the
initial and final concentration of these properties can be found in Tables 3.3
and 4.6). MC loss was much higher in Treatment III, 83%, than that in
Treatments I and II, 44 and 52%, respectively. This result might be mainly
related to the high temperature, over 70°C in most parts of Treatment III. VS

loss was also the highest in Treatment II1, 57%, while it was 25% in Treat-
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ment I and 24% in II. Most likely, peat was hardly biodegraded due to its high

biological maturity, while the chopped straw was new biologically unstable,
hence it was partly decomposed. Since VS is largely composed of organic
matter, decomposition of carbon-hydrogen organic compounds is the main
driving forces for VS loss. In Treatments I, II and III ash loss was 16, 11 and
17%, respectively. This could be the result of the conversion of a fraction of ash
(defined as the solids fixed at 550°C) from non-volatile to volatile during the

process. Similar result was reported by Patni and Jui (1987).

The combined loss of MC, VS and ash (the M+V+A column in the table)
can be regarded as the total compost loss. The M/T, V/T and A/T ratios in the
lower part of Table 4.4 show that out of the total compost weight reduction,
MC loss made up of over 80%. The highest MC loss of 83% occurred in
Treatment III, and so did the highest total compost reduction, 7 6%. While the
lowest MC loss of 44% eventuated in Treatment I, so did the lowest total
compost weight decline, 39%. Ash made up only 1% of the total loss because

most components in ash are stable during composting.

4.2.3 Carbon and Nitrogen
For microorganisms in a composting system carbon is the source of energy and
nitrogen is one of the most important nutrient. C/N ratio is often used as a

parameter for evaluating the speed of composting reactions (Schuchardt, 1987).
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A proper starting C/N ratio is indicated by a fast process start. For the specific

conditions of this study the quick temperature rise in each treatment revealed
that the initial C/N ratios, ranging from 13 to 20, were appropriate for the
composting process. Listed in Table 4.4 are carbon and nitrogen loss, which is
mainly due to CO, and NH;-gas emission. As part of VS loss, C comprised over

50%, and N up to 6%.

Nitrogen loss from Treatments I, II and III were 37, 29 and 50%,
respectively. The comparatively lower N loss from the peat treatments could
be associated with the lower pH (6.3 and 7.2) of the compost, whereas the
higher pH (7.9) in Treatment III could be one of the factors for the higher N
loss. Chemically, lower pH is favourable for retaining ionized ammonia
nitrogen in the aqueous state, while higher pH tends to cause release of NH;-N
from the system in the gaseous form. Therefore, the peat used to cover the
piles of Treatments I and II would be capable of absorbing significant amount
of NH,-N because of its low pH of 3.8, thus, reducing N loss from the compost.
Higher temperature also stimulates N loss, which could be the case for
Treatment IIL. C/N ratio is another factor influencing N loss. A rule of thumb
is that the lower the C/N ratio, the higher the N loss. However, among the
three compost treatments the lowest N reduction, 29%, occurred in Treatment
II, which had the lowest C/N ratio, 13. Hence, C/N appears to have little effect

on N loss for this case. A possible reason for this result was that NH;-N was
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mostly in the ionized form under the low pH condition in Treatment II rather
than being released from the pile as ammonia gas. Furthermore, N loss is

reduced when most of the ammonia nitrogen (NH,-N) is nitrified to NO,-N

later in the process.

Nitrogen loss was lower in Treatment I than that in Treatment I,
although pH was lower in the latter, 6.3. The higher MC was most likely the
reason behind this occurrence. This can be supported by the results shown in
Fig.4.18. Both NH,-N and NO,-N were higher in the parts of each treatment
where MC was higher. For example, the ratios of (NH,-N),,.../A(NH,-N), ;, and
(NO,-N),_./(NO,;-N),,;, were computed to be 13 and 15 for Treatment III, in
which the largest MC variation occurred as shown in Fig.4.17. The same ratios
were not higher than 1.8 and 3.3 in Treatments I and II, which were in
agreement with their smaller MC variation (Fig.4.16). This result indicates

that higher MC conditions for animal waste composting would be potentially

beneficial for N conservation.

As expected both NH,-N and NO,;-N concentration increased significantly,
refer to Tables 3.3 and 4.6, In Treatment II NH;-N augmented from 0.5 to
2.8%, and NO,-N 0.001 to 0.32%. These results demonstrates that most of NH,-
N and NO4-N (the inorganic forms of nitrogen) resulted from conversion of

organic N. The calculated ratic of NH;-N plus NO;-N to total N for Treatments
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I, I and Il increased from 5, 16 and 3% to 75, 79 and 13%, respectively. The

higher increase in Treatments I and II indicate that more NHy-N and NO;-N
were conserved in the peat treatments than in the straw treatments, possibly
as a result of NH,-N loss. Fig.4.19 shows that NH;-gas released from Treat-
ment TII was as high as 210 ppm, and it was much higher than that from
Treatments I and II, where the maximum value was 10 and 60 ppm,
respectively. Fig.4.20 shows that NO,-N actually started building-up only after
about 37 days when temperature had dropped below 40°C, similar results were
attained by Finstein et al. (1980). It appears that nitrification microorganisms

are most active in the mesophyllic temperature range.

4.2.4 pH

As Fig.4.21 shows, there was a sharp pH increase, over 8.5, within the first 5
days. According to Golueke and McGauhey (1953), pH increase in the early
stage of composting is mostly due to decomposition of amino acids, production
of NH,/NH,*, and release of CO,. In Treatments I and II pH levelled off around
8.7 for a period of about 35 days followed by a gradual drop to 7.6 and 7.3,
respectively. The pH of Treatment III kept consistently increasing and
reaching the alkaline level of 9.6, Sustainable pH situation is important for
composting microbes to grow. Apparently, the initial pH range of 6.3 to 7.9 in
the treatments were suitable for microbial activity so that the process could

have a fast start.
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4.2.5 Correlation Analysis

Correlation coefTicients between the parameters monitored and measured over
the entire composting period are calculated by linear regression using the data
in Appendix C. The significant correlations with 99% confidence are listed in
Table 4.5, the plus sign refers to positive correlation, and the minus sign nega-

tive correlation. For the following discussion, the results in Tables 3.3 and 4.6

should be referred to.

MC is positively correlated to VS, NH,-N, and total N concentration. This
is because that higher MC essentially resulted from larger amount of poultry
manure slurry in the compost, which in turn provided a higher proportion of
VS and N as well as NH,-N in the compost. The positive correlation between
VS and C indicated that the carbon reduction during composting was mainly
related to the part of VS that was biodegraded. Due to relatively higher
reduction of VS in comparison to ash, the latter showed an increase in its
concentration, which was the reason for the significant negative correlation
between these two components, Similar to ash, during composting, the
phosphorus concentration increased due to the decrease of total dry matter,
therefore, P and ash are positively related to each other. The correlation
between ammonia nitrogen concentration, NHy-N, and pH as well as
temperature is negative. This is an indication that NH,-gas release was mainly

under the condition of high pH and high temperature.
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4.2.6 Compost Product

The characteristics of the end compost products from each of the treatments
are listed in Table 4.6, the initial values are reported Table 3.3. The required
minimum nitrogen-phosphorus-potassium (NPK) nutrient value for finished
compost is 1.05% according to the MOE (1991) guideline. Comparatively high
NPK values were observed in the compost products of this study, minimum
4. 7% in Treatment I and maximum 10.5% in Treatment I11. The fertilizer ratio
in the last line of Table 4.6 is the standard expression of N-P,0,-K,0 results
in terms of the lowest common denominator (Janick et al., 1981). It is 3-3-11in
the compost from Treatments I and II, which is relatively rich in nitrogen #nd
phosphate, and 1-2-2 in the compost from Treatments III and IV, which is
comparatively rich in phosphate and potash. Application of the compost for any

soil improvement or plant production purposes should be based on this ratio.

The difference among the products can be discussed by comparing the two
bulking agents, peat and straw. In many aspects peat performed as a better
bulking agent than straw. These include higher MC, 66 and 73%, lower pH, 7.6
and 7.3, and less N loss. In addition, compost products from the peat treat-
ments have dark-brownish colour, earthy smell and loose structure, which are
physically superior to that from the straw treatments. The efficiency of the
bulking agents, defined as the amount of poultry manure slurry that can be

added per unit weight of dry matter bulking agent favours the peat. Refer to
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Table 3.2, the highest peat efficiency of 9.5 in Treatment IT could still be

increased according to water holding capacity test (Section 3.1.1). While the

straw efficiency of about 4.5 was nearly at the maximum level.

The final pH of Treatment III product was 9.4, which maintains an uncer-
tainty in terms of its effect on microbial activity. It might be too high because
many microorganisms would have difficulties growing under such alkaline
conditions. However, Beaudet et al. (1990) reported that thermophilic aerobic
microbes could grow well even at pH 9.5. Nevertheless, detailed pH changes

during composting has not yet been investigated.

Safety aspect is a common concern about the use of compost products. It
is mostly related to deactivation of pathogens and increase of metal concentra-
tion. In general, pathogens are eliminated very quickly under thermophilic
temperatures (Golueke and Gotaas, 1952). However, there is limited informa-
tion for setting up technical standard for destruction of pathogens during
composting. The only mandatory standard by USEPA (1981) requires raising
temperature to 55°C and maintaining it for 3 days. The temperature results
from each treatment {Section 4.1.1) show that in most parts of the compost
piles, this standard was complied. However, additional perforated pipes are

needed for the bottom central portion of the pile of Treatment il
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Table 4.7 includes the results of Cd, Cr, Cu, Mo, Nj, Pb, and Zn for the

compost products as well as the guidelines for Ontario, Canada (MOE, 1991},
Austria (Lau and Wy, 1987) and Switzerland (Obnst, 1987). It can be seen that
metal levels in the final compost preducts are below the maximum level of
these guidelines. Therefore, the produced compost may be considered as safe

for applications.

The volume of the compost piles was reduced significantly. 26, 35 and

56% reduction was observed for Treatments I, IT and 111, respectively.

4.2.7 Process Duration and Stability

Process duration can be estimated as the period of time during which
temperature stayed above the ambient level. Although this measure tends to
be longer than the true processing time because of the time required for
naturally cooling down the heated compost, it is acceptable for safety reasons.
Temperature drop back to ambient level is an indication of compost maturity.
Fig.4.22 shows the profiles of the average temperature in each treatment.
Between the two peat treatments, I and II, the composting process lasted
longer in 11, about 90 days were taken for temperature to return to ambient
levels. While it was much shorter, about 30 days, for Treatment 1. Reasons for
this variation could be multifold, but essentially, it was the different amount

of poultry manure slurry processed in each treatment. Based on the data in
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Table 3.2 the ratio of poultry manure slurry to peat in Treatment Il was 4.9,
while it was 1.5 in Treatment I. That is to say that 3 times more poultry
manure slurry (4.5/1.5=3) was treated in Treatment II than in 1. Because of
this, Treatment II compost would need longer processing time or higher aer-
ation rate to accomplish the same degree of stabilisation as that in Treatment
I. However, its higher bultk density, 513kg/m®, and lower compost porosity
should have resulted in a lower aeration rate, which was compensated by a
longer process duration, about 3 times longer than that for Treatment I. It may

be assumed that a higher aeration rate for Treatment II would shorten the

process duration.

The average temperature above the ambient level in Treatment IITlasted
about 65 days. Nevertheless, it needs to be addressed that for the straw treat-
ments temperatures in most parts of the piles were higher than 70°C for some
time, which might have caused a process slow-down because of the possibly
restrained activity of microorganisms under such high temperatures. Schultz
(1962) and Golueke (1977) reported similar observations in their studies. Yet

this is still an uncertainty as far as this study is concerned.

Three replicates for each composting treatment were tested in parallel
during the same period and monitored with the same properties. This was

done to confirm the process stability. An examples of the visual similarities
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among the average temperature of the three replicate piles of Treatment II is
shown in Fig.4.23. The average correlation coefficient among the three profiles
is calculated to be 0.977, similar calculation for Treatments I and III results
in 0.999 and 0.978. All of these values are 99% significant confirming the close
similarity among the replicates. Visual similarity can also be seen from other
measured compost properties, for instance, MC, VS and pH as shown in
Figs.4.24, 4,25 and 4.26. These results suggest that the performance of the
SPPAC system is reproducible, and the outcome of this study are reliable and
may be used to predict composting performances under similar operational

conditions.
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Chapter 5

CONCLUSIONS
AND RECOMMENDATIONS

5.1 CONCLUSIONS

Static pile passive aeration composting was successfully used in treating
poultry manure slurry under high moisture content conditions between 72 to
80%. The temperature monitoring results were used to derive information on
the passive aeration method. The SPPAC process started fast, progressed

stably, and ended with high quality compost products.

High temperatures up to 70°C occurred within the first 2 to 5 days in the
peripheral parts of the compost piles and later in the interior parts. This result
was an indication that the passive aeration was effective and air diffusion and

convection through compost pile were important aeration factors. The aeration

120
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effect from the pipes was limited to their vicinity. There were signs of limited
air supply in the bottom centre of the Treatment IT piles, where temperatures
could not rise over 45°C, and it was compensated by a long processing time,

over 100 days.

Distinctive two-peak configuration temperature profiles were recorded in
the compost piles with chopped straw used as the bulking agent. This
occurrence was most likely due to partial decomposition of the chopped straw

during composting.

Cluster analysis classified the recorded temperature proﬁles, 33 from each
pile, into 3 temperature development zones, i.e., the pile core, the region that
surrounds the core and the lower periphery region of the piles. These results
depict the phenomenon that the cooler ambient air diffused into the compost
piles mainly through the lower parts to fill the void created by the convective

movement of heated air in the compost.
The quick start of the composting process in each pile confirmed that the
initial conditions including moisture content, 72 to 80%, C/N ratio, from 13 to

20, and pH, 6.3 to 7.9, were in the appropriate range.

The peat was a better bulking agent than the chopped straw in terms of
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higher water holding capacity, lower nitrogen loss, and superior product
quality with respect to neutral pH, dark-brownish colour, earthy smell and

loose structure.

Initial total compost mass was reduced by 39, 46 and 76% for Treatments
I, II and III, respectively. 99% of the total reduction was due to loss of
moisture and volatile solids. As part of volatile solids reduction, carbon
comprised over 50% and nitrogen was lower than 6%. The volume reduction of

the compost piles was 26, 35 and 56% for Treatments I, IT and III, respectively.

The duration of the composting process was related to the amount of
poultry manure slurry in each treatment. It was 30, 90 and 65 days for

Treatments I, IT and III, respectively.

The final compost product contained high nutrient values, the total of
nitrogen-phosphorus-potassium concentration was between 4.7 and 10.5%. The
product from Treatments I and 11 was relatively rich in nitrogen and phos-
phate, while the product from Treatment III was comparatively rich in
phosphate and potash. The concentration of metals including Cd, Cr, Cu, Mo,

Ni, Pb, and Zn in the final compost products are below the guideline levels.

The reproducibility of the performance of the composting process in each



123

treatment was confirmed by the significant correlations and similarities in
terms of the observed temperatures, moisture content, volatile solids and pH

among the three replicate compost piles.

5.2 RECOMMENDATIONS

Based on the results from this study, optimum working conditions of the static
pile passive aeration composting process still need to be examined in terms of
the perforated pipe layout in accordance with the initial moisture content.
Shorter processing time may be achieved along with an improved aeration set-
up improvement. Lower nitrogen loss may be achieved by using a thicker peat

cover compost piles.

The following studies are recommended for future work on the SPPAC
method. (A) To evaluate the feasibility of using SPPAC method for large scale
operations, different types of wastes and bulking materials under various
initial MC conditions; (B) to determine the correlation between moisture level
and composting reaction rate to estimate the limiting moisture condition; (C)
to compare the operational costs and nitrogen loss among the SPPAC, forced
aeration, and windrow methods; (D) To test SPPAC cperation under cold

weather conditions.
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Appendix A

Thermocouple Layout, Type B
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Appendix B

TEMPERATURE DATA
bottom (bot), middle (mid) and top (top) locations: (1)-(34)

Treatment I

(n (2 3 @ By O ¥ © a0 a1 a2
bot bot bot bot bot bot bot bot bot bot bot

221 15.7 20.7 215 189 18.8 139 187 21.7 208 20.2
20 187 19.1 199 185 187 172 185 199 20.1 19.6
21.7 20.3 204 228 205 20 19 19.8 224 242 216
29.4 43.3 30.8 448 36.8 22.6 38.7 40.3 418 457 242
30.3 645 315 532 488 277 50 525 495 50.7 296
239 505 229 40 62.1 414 619 377 381 70 39.7
22.1 426 20.6 33.6 622 487 614 33 32.8 634 46.8
19.5 37.9 183 297 60.5 522 57.2 289 29 58.3 526
194 343 179 277 564 544 536 28.1 27.2 546 547

o]
]

[Halie s B a >N L B SR VIE RS WV I g o Y

10 187 316 18 259 52.1 553 505 267 255 513 -

11 204 29.7 182 252 48 - 478 259 249 489 -

12 225 287 199 246 446 615 441 254 245 463 -

13 216 27.7 19.7 242 419 59.3 412 248 242 437 616
14 216 259 194 229 40 55.9 39.7 232 229 414 625
15 25 252 22 236 377 52 36.7 235 23.7 388 587
16 226 253 205 239 357 48.7 351 235 238 37.1 544
17 166 238 165 22 34 46.1 337 217 218 351 &0.9
18 17.8 214 159 194 32 437 31.7 193 19.8 328 479
19 212 20.8 181 194 30.2 41.8 306 1%4 20.2 318 46.2
20 224 21 202 201 29 40.3 29.7 202 209 314 455
21 174 214 17.3 20.1 28.6 38.7 298 20 20.7 316 449
22 216 21.2 20 212 283 37 20.8 20.7 216 31.3 44.2
23 222 219 216 222 285 35.8 209 21.7 225 314 432
24 235 225 226 225 288 35 208 222 227 313 41.7
256 222 22 21 218 286 34 29 215 22 30.6 39.7
26 194 216 186 204 279 33 28 20.1 207 296 378
27 193 202 18 192 266 32 264 189 18.6 28,5 363
28 206 194 189 189 252 31 25,8 186 194 273 35
29 217 193 198 189 24.1 299 248 186 194 264 33.7
30 221 193 206 189 23.3 288 241 188 193 257 33.2
31 23.6 19.5 21.8 193 226 27.7 234 19.2 196 25 327
32 255 205 24.1 214 222 26.8 235 20.7 212 249 319
33 265 213 25 222 223 26 23.7 214 22 25 307
34 18.1 205 17.7 193 225 255 235 189 19.1 249 206
35 226 193 19 188 219 248 224 184 189 239 283



36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

LU LR S

22.2
23.5
254
24.1
20.6
252
259
22

20.7
22.8
24

23.5
20.8
23.4
25.2
26.4
23.2
27.6
289
29.5
24.6
23.7
26

24

20.5
22.5
22.1
24.2
25.3
24.5
24.1
25.9
24.1
26

19.9
18.8
16.4

(13)
bot
16.4
19.1
21
46.4

18.4
18

18.2
18.9
19.1
19.4
20.1
20

17.7
17.5
17.7
18

18.3
18.5
18.5
18.7
19.6
20.6
21.5
21.9
21.3
20.7
20.8
19.8
19.3
19.6
18.9
18.7
18.9
19.2
19.4
19.9
19.5
19.9
19.6
18.8
18.3

(14)
bot

21.3
19.4
20.5
41.4

18.4
19.5
21.4
21.6
19.7
22

22.8
20.4
18.4
19.5
20

20.7
19.6
20.2
21.2
22.8
22.1
24.4
25.9
25.5
22.7
21.6
22.8
21.3
20

20.1
18.7
21

22

21.8
214
22.8
218
23.4
19.7
18.4
16.6

(15)
bot

18.8
19.6
23.4
51.1

17.5
17.6
18.4
19.3
19.1
20.1
20.7
20.2
17.7
17.6
17.7
18

18.2
18.3
18.3
18.6
19.8
214
22 4
22.1
21.2
20.3
21

19

18.8
19.2
18.1
18.4
18.8
18.9
19.1
199
19.1
19.9
19.3
18

171

(16)
bot

21.5
20.2
23.8
52.6

21.2
20.5
19.9
19.7
19.8
18.7
19.8
20.1
20

19.5
19.2
18.9
18.8
18.7
18.7
18.7
18.9
191
19.7
20.1
20.6
20.7
20.6
20.5
20.3
20.1
19.9
19.7
19.4
15.5
19.5
19.7
19.9
19.9
20

20

19.9

(17)
mid
20.9
21.5
24.5
48.1

24

23.1
22.3
21.7
21.3
21

20.8
20.8
20.7
20.5
20.2
13.9
19.6
194
19.2
19.2
19.3
19.4
19.7
19.8
20

20.3
20.6
20.5
20.4
20.3
20.1
20

19.9
19.8
19.7
19.9
19.9
20

20.1
20.1
20.1

(18)
mid
19.8
21.3
24.4
48.6

21.6
20.8
20.2
20.1
20.1
20

20.3
20.5
20

19.4
19.1
18.9
18.8
18.7
18.6
18.9
19.3
19.5
20.3
20.7
20.7
20.5
20.6
204
20.1
19.5
19.7
19.4
19.3
19.4
19.5
19.9
19.9
19.8
19.9
19.7
19.6

(19)
mid
22

21.6
24.4
48.2

17.3
17.3
18.1
18.9
18.8
19.6
20

19.3
17.4
17.3
17.3
17.7
17.9
17.9
17.9
18.2
18.9
19.7
204
20.8
20.5
19.8
20.4
19.1
18.8
19

18.1
18.2
18.5
18.8
19

19.6
19

19.5
19.2
18.2
17.4

(20)
mid
20.1
20.5
238
43.4

17.8
18

18.6
19.5
19

201
20.5
19.8
17.8
17.8
17.8
18.2
18.2
18.5
18.4
18.5
19.4
20.4
21.5
22.1
21

20.2
20.8
19.1
18.9
19.3
18.4
18.7
19.1
19.2
19.3
20

19.3
20.2
19.5
18.3
17.5

(21)
mid
21.7
21.7
24.7
492

23

22.2
21.9
21.6
21.7
21.6
21.9
22

21.5
20.8
20.4
20.2
20.2
201
20

201
20.5
20.9
21.8
221
22

218
21.8
21.5
21.1
21

20.8
20.5
204
20.6
20.7
21

21

20.9
21

20.8
20.6

(22)
mid
21.8
21.9
25.1
42.6

27

258
24.7
23.8
23.2
22.17
22.4
22.3
221
21.9
21.5
21

209
20.6
20.4
20.3
20.4
20.6
20.8
20.9
211
214
21.1
214
215
21.4
21.3
21.2
20.7
20.9
20.8
20.9
21

21.1
20.9
21.1
21.1

(23)
mid
21.1
21.6
24.9
49
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

68.8
56.4
49.6
44.7
40.9
38.2
356.9
33.7
31.7
30

28.7
28.2
26.8
24.6
23.7
23.7
242
24.2
24.6
24.8
24.5
234
22

21.1
20.7
20.5
20.4
20.9
214
21.2
20

19.1
18.6
18.5
18.9
19.3
19.3
19.9
20.3
19

18.3
18.1
17.9
18.3

55.1
40.3
34.8
31

284
26.5
25.7
24.8
24.3
22.9
23.3
23.2
21.1
191
19.3
20.2
19.8
20.8
21.7
22.1
21.3
19.9
18.7
18.6
18.9
18.8
19.1
20.6
21.2
18.7
18.4
17.3
17.8
18.4
19

18.9
19.5
19.6
19.4
17.5
17.5
17.6
17.9
18.1

59.3
452
37.2
32.2
29

26.7
25.3
24.5
24.7
24

23.4
23.9
22.5
19.9
19.1
194
20.1
20

20.7
21.1
21.1
20.4
19.1
18.5
18.5
18.5
18.6
19.8
20.9
20.2
18.9
17.8
17.5
17.9
18.7
18.2
19.5
20.2
204
18.3
17.6
17.5
17.7
18

594
45.8
38.6
34

30.6
28.2
26.6
25.7
25.3
24

23.7
24.1
22.7
20.2
194
19.8
20.3
20.2
20.7
21.2
211
13.9
18.3
18.2
18.3
18.6
19.8
21

20

18.5
17.6
17.4
17.7
18.5
18.9
19.2
20

20.1
18.1
17.5
17.4
17.6
17.9

68.9
69

66.2
63.8
61.1
57.8
54.2
50.9
48

46

44.1
42.6
40.4
37.3
35

33.8
33.7
33.4
34.1
34.5
33.8
32.2
29.8
27.8
26.3
25.2
24.4
24.2
245
24.5
23

21.8
20.8
20.2
20.3
20.6
20.6
20.9
213
20.5
19.5
19

18.8
18.9

69.7
66.9
63.8
61.1
57.8
53.9
50.3
47.3
44.8
42.3
40.4
39.1
37.2
34.2
32.2
31.4
31.8
31.6
32.1
32.3
31.7
30.1
28

26.2
249
241
23.4
23.5
23.9
24

22.4
211
20.1
19.7
20.1
20.5
20.4
20.9
21.2
20.1
19.1
18.7
18.6
18.7

62.9
56.9
52

47.5
43.9
40.4
37.7
35.3
33.2
30.8
30.1
29.7
28.1
25.2
24.7
25.2
25.8
26.5
27.3
27.4
26.7
28

23

22

21.5
21.1
21.1
22.4
23.2
21.6
20.3
18.8
18.5
18.8
19.8
19.9
20.5
21.1
20.9
18.6
18.1
17.9
18.2
18.4

59

67.4
67.5
67.2
66.3
65.3
63.7
61.6
59

56.5
53.9
51.6
49.6
47.5
46.1
45.1
44

42.2
41.1
40.6
39.9
38.6
36.7
34.7
32.8
31.2
29.6
28.6
27.3
27.5
26.2
24.8
23.4
22.4
21.8
217
21.5
21.5
21.7
21.4
20.7
20.1
19.6
19.5

69.9
66.6
63

60

57.2
54

51

48.1
45.6
43.2
41.2
39.9
38

35.1
33.6
32.9
33.3
33

33.5
33.3
32.4
30.9
28.8
27.3
26.2
25.2
24.5
24.6
24.8
24.3
22.8
21.5
20.6
20.3
20.6
20.8
20.8
21.2
21.3
19.9
19.2
18.8
18.8
18.9

56.3
66.6
67.7
68

67.6
66.9
65.9
64.5
63

61.3
58.6
55.4
52.5
49.9
48.2
48

48.5
47.8
46.6
44 .8
42.6
40.5
38.5
37.2
36.3
35.7
35

33.4
31.6
30.3
28.5
26.9
25.2
23.9
23.1
22.6
22.3
22.1
22.2
22

21.3
20.7
20.3
20

70.6
69.5
66.7
64.3
62

59.4
56.8
54.3
51.9
49.5
46.9
44.9
43

40.2
38.7
37.9
38.2
37.8
37.7
37.2
35.9
34.3
32.4
30.7
29.5
28.5
27.5
27.1
26.9
264
24.8
23.5
22.3
21.6
21.5
21.6
21.3
21.5
21.7
20.7
19.9
19.5
19.3
19.3
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

ja W
fo
«

OO0 -3 U b

18.3
18.1
18.4
19.2
20.2
21.3
22.3
22

21.5
21.3
20.4
20

20

194
19

19.1
19.3
19.5
19.8
19.5
19.6
19.7
19.2
18.9

(24)
mid
20.6
21.6
25.2
42.8
52.4
62.7
66.9
67.6
67.2
66.8
66.1
64.9
63.2
61

57.8
54.4
51.6

18.2
18.1
18.4
19.2
19.7
20.2
20.9
20.4
19.5
20.2
18.7
18.5
18.7
17.8
18

18.3
18.5
18.8
19.5
18.9
19.5
18

18

17.2

(28)
mid
22

21.6
25.5
47.5
61.6
70.3
68.8
67.4
66.5
65.4
63.8
61.6
59.3
57

54

50.9
48.6

18.1
17.9
17.9
19.2
20.5
21.8
21.9
21.1
204
20.8
19.3
19.1
19.3
18.5
18.3
18.6
18.9
19.1
19.6
19.1
19.5
19.5
18.6
18

(26)
mid
22.2
22

24.6
48.8
69.1
64.3
61.3
57.7
54.6
51.4
48.6
45.6
43.8
41.8
39.8
38.2
36

17.9
17.8
18

18.9
19.7
20.8
21.4
21.2
20.4
20.7
19.5
19.2
19.3
186
18.3
18.5
18.8
19

19.5
191
194
194
18.4
18

27
mid
20.1
211
23.4
48

68.8
68.4
65.9
64

61.5
58.5
95.3
52.2
49.4
46.9
448
43.2
414

18.8
18.7
18.7
19.2
19.9
20.9
21.6
21.9
21.6
21.3
20.8
20.3
20.2
19.8
19.3
19.2
19.4
13.6
20

20

20.1
20.5
20.3
20.1

(28)
top
21.1
21.2
24.6
47.6
61.3
55.1
53
50.1
47.3
44.3
41.9
39.6
37.8
35.8
356.3
35.1
32.9

18.7
18.6
18.7
19.3
20.1
21.3
22

22.1
21.6
21.2
20.7
20.2
20.1
19.6
18.1
19.1
194
19.6
19.9
18.9
20.1
20.4
20

19.7

(29)
top

20.8
20.6
23.9
43.6
57.2
53.2
52.2
49.6
47.7
45.2
42.8
40.5
38.9
36.9
35.7
35.6
33.2

18.5
18.5
18.5
19.8
21.2
22.3
22.8
21.3
20.7
20.9
19.5
19.2
19.4
18.5
18.4
18.7
18.9
19.3
12.9
19.4
19.9
19.8
18.6
17.9

(30)
top
21.4
21.7
25.2
50
65.9
59.9
58.2
o6
53.6
51
48.5
46
44.1
42
40.5
40
38.2

19.3
19.2
19.1
19.3
19.7
20.5
21.1
21.7
21.5
21.6
21.4
21.1
20.9
20.5
20.4
20.2
20.2
20.4
20.6
20.9
21.1
21.5
21.6
21.6

(31)
top
21.2
21
24.6
43.2
55.1
50.2
48.5
452
43
40.3
38.1
36.1
344
32.5
32.8
32.3
29.8

18.9
18.8
18.8
19.5
204
214
21.9
21.6
21.1
21.2
20.5
20.2
20.2
13.7
19.3
19.4
19.7
20

20.3
20.2
20.5
20.7
20.2
19.8

(32)
top
22.1
21.6
26.1
48.2
62.8
58.2
56.5
54.1
51.7
49.3
47.1
45.4
43.7
41.5
40.5
39.1
37

19.8
19.6
19.6
19.6
20

20.6
21.1
217
21.9
21.9
21.7
21.5
21

21.1
20.7
20.7
20.7
20.9
21.2
21.6
21.8
22.2
22.5
22.5

(33)
top
22.2
22.2
26
51
66.6
60.5
58.5
56.3
54.1
51.7
49.4
47.1
45.3
43
41.3
40.6
38.9

19.2
19

19

19.5
20.1
21.1
21.7
21.8
21.5
21.3
209
20.6
20.6
20.2
19.9
20

20.2
20.5
20.8
20.9
21.1
21.4
21.2
21

(34)
top

23.1
20.8
22.3
35.8
45.7
40.7
39.6
36.6
35.1
33.1
31.1
30.2
28.6
27.1
28.2
27.1
23.5
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

49.5
48 .4
48.2
48.3
48

47.4
46

43.4
40.9
38.4
36.7
35.9
35.6
34.9
33.6
32

30.7
28.8
27.1
25.4
24.2
23.3
22.8
22.5
22.3
22.4
22.1
21.3
20.8
20.3
20.2
199
19.7
19.6
19.7
20.1
20.8
21.3
22.1
22.4
22.2
22

21.8
21.6

46.6
45.5
44.9
44.6
43.7
43

42

40

379
35.8
34.3
33.5
33

32.3
31.4
30.7
29.7
27.7
26.1
24.5
23.5
23

22.7
22.3
22.3
22.5
21.8
21

20.5
20.1
20

19.8
19.6
19.6
19.9
20.4
21.2
21.8
22.3
22.3
22.3
22.2
22

21.8

33.3
32.5
32.8
334
33.6
33.8
33.5
32.2
30.4
28.2
26.9
26.1
254
25.1
25.6
25.8
24.8
23.2
21.7
20.9
20.8
21.1
21.1
21.1
21.5
21.6
19.9
19.1
18.8
18.8
18.9
18.9
18.8
18.8
19.7
20.5
20.8
219
21.7
214
214
20.6
20.3
20.4

38.7
36.6
35.7
36

35.6
356.1
34.5
33.5
32

30

28.1
26.7
256.6
24.7
244
246
24.8
23.4
22.2
21.1
20.5
20.5
20.8
20.7
21

21.4
20.7
19.8
19.3
19

19.1
19

18.9
18.9
19.4
20.2
21.2
21.8
22.3
21.9
21.8
21.3
209
20.8

29.5
289
29.2
29.4
29.6
304
30.5
29.5
27.6
25.5
24.4
23.8
23.3
23.2
24.4
25

22.5
21.2
19.3
19.1
19.7
20.4
20.2
21.3
21.8
21.2
18.4
18.1
18

18.4
18.4
18.7
18.7
18.9
20

21.7
22.9
23.3
21.9
21

21.5
19.6
19.2
19.5

30.9
30.6
31

30.9
31.6
32.6
319
30.6
28.6
26.8
25.8
25.1
24.4
244
25.5
25.9
23.3
22.2
20

19.8
20.2
20.8
20.5
21.3
21.7
21.2
18.6
18.2
18.1
18.3
18.5
18.6
18.5
18.8
19.9
215
22.7
23.1
22

21.1
21.4
19.6
19.3
19.6

35.1
34.1
34.3
34.9
34.2
34.5
34.3
33.1
31.2
28.8
27.3
26.5
26

25.8
26.4
26.6
25.4
23.1
21.2
20.2
20.1
20.8
21

21.1
21.9
21.7
19.3
184
18.1
18.2
18.5
18.5
18.3
18.3
19.5
20.7
22

22.6
22

21.3
21.3
20

19.5
19.7

27

26.8
27.3
26.9
28.1
29.2
29.1
27.8
25.8
24.1
234
22.9
22.4
22.6
24.1
24.8
21.2
20.5
18.5
18.9
19.9
20.6
19.9
214
21.9
20.8
17.9
18.2
18.3
18.6
18.6
18.9
19.1
19.4
20.6
22.8
23.8
24.1
22.3
211
21.6
19.6
19.4
19.6

34.3
33.9
34.2
34.4
34.4
34.6
34.4
32.6
30.3
27.8
26.5
26

25.7
25.7
26.6
26.8
24.5
22.6
20.8
20.4
20.5
21.1
21

21.6
22.1
21.7
19.1
18.5
18.3
18.6
18.8
18.8
18.7
18.8
19.9
20.7
217
22.1
22

211
21.6
20

19.5
19.8

35.9
35.2
35.3
35.8
35.4
35.5
35.1
33.6
31.5
29

274
26.9
26.1
26

26.6
26.7
2564
23.2
21.3
20.4
20.3
21

21.1
21.3
21.8
21.8
194
18.4
18.2
18.5
18.8
18.7
18.5
18.6
19.8
21

22.2
22.8
22

21.4
21.5
19.8
19.6
19.8

22.5
23.9
25.4
23.6
25.7
26.8
271
25.4
22.8
21.9
22.2
22.1
22.1
23.2
25.5
26.8
19.9
20.3
19.1
19.9
214
21.9
20.6
22.1
23.1
21.6
18.7
19.4
19.8
20.2
19.9
19.9
20.9
22.8
22.4
245
26.1
258.7
23.3
22.1
23

21.5
20.4
204
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62
63
64
65
66
67
68
69
70
71
72

21.6
21.5
21.4
215
21.7
22

22.2
22.3
227
22.7
22.7

21.6
21.2
21

211
21.3
21.5
21.7
21.7
22

21.9
21.7

Treatment II
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(1)
bot
19.4
22.6
61.9
55
45.4
39.6
35
30.6
27.4
25.4
24.6
24.8
25.5
24.3
26.4
271
25.8
21.6
21.3
22.2
22.6
22.6
23.6
24.6
24.9
23.9
22.7
22.4
22.9

(2)
bot
20.3
22.7
42.2
52.2
54.2
55.1
55.6
541
50.5
48
454
43.4
42.2
40.6
39.6
39.2
38.6
35.7
34.3
33.6
33.7
32.6
32.4
32.6
32.7
324
313
30.6
30.2

19.7
19.3
19.4
19.7
20

20.1
20.2
204
20.5
19.7
19.2

(3)
bot
204
20.6
50.6
33.5
28.8
26
24.3
21.6
20.7
20.2
20.7
21.4
21.5
20.4
22.7
22.8
20.4
17.2
18.9
19.9
19.2
21.1
22.9
23.7
22.7
20.8
20.1
20.8
21.6

204
20

19.9
20.1
20.3
20.6
207
20.9
21.2
21

20.8

(4)
bot.
18.6
23.8
53.5
62.8
60.9
57.9
54.8
50.8
45.9
41.8
38.2
35.8
34.7
33.2
33.3
33.9
33.3
29.9
28.8
28.7
29.5
28.5
29.4
29.9
30.2
29.8
28.7
28.1
28

18.4
18.6
19

19.2
19.5
204
19.7
20.6
20

18.6
17.7

(8)
bot
18.4
20.3
24.2
30.6
36.7
40.9
43.4
44 .4
44 .8
45.5
45.3
45.4
45.8
45.9
458
46
46.4
45.7
45.5
45.2
454
44.9
45
45.3
454
45.7
45.8
45.7
454

18.7
18.8
19.2
19.4
19.7
20.5
19.9
20.7
204
19.2
18.4

(7
bot

22.3
23.8
27.3
32.1
36.1
38.7
40.3
42

42.4
42.6
43.1
43.5
43.3
43.3
43.7
43.1
42.9
42.7
42.8
42.2
42.1
42.3
42

42.2
42.2
42.1
41.9

18.9
18.5
18.8
19.2
19.7
20.3
19.9
20.3
20.6
19.6
19.1

(8)
bot
17.8
21.3
29
39.7
45.3
48.2
49.8
49.9
50.3
51.1
51.3
514
51.6
51.7
51.7
51.7
524
51.3
50.8
50
49.9
49.1
48.6
481
47.9
47.4
46.8
46.1
45.2

18.5
19.3
19.9
19.8
20

21

204
214
20.1
18.6
17.3

(9}
bot
19.5
23.2
58.4
50.1
439
40.2
371
33.6
31.4
29.9
29.6
29.7
30.7
29.3
29.3
30
292
2€.3
26.5
26.7
27.2
27.5
28.3
28.7
28.7
27.8
27.1
271
271

18.8
18.8
19.2
19.5
19.9
20.7
20

20.8
20.7
19.5
18.8

(10)
bot

21.5
24.6
60.8
58.4
53.2
43.3
45.4
41.5
38.8
36.9
35.5
34.4
34.1
33.1
32.9
32.5
31.5
28.8
28.7
28.5
20.3
29.3
29.7
29.9
30.2
29.6
28.7
28.5
28.3

18.9
18.7
191
19.5
19.8
20.6
20.1
20.7
20.9
19.7
19.2

(11)
bot
18
19.5
29.6
39.3
44.5
47.4
491
49.7
50.2
50.9
50.9
50.9
51.2
51.2
50.7
51.2
51.2
50.5
49.6
48.8
48,7
47.8
47.3
46.8
45.7
45.6
45.2
44.5
43.8

19.6
20.8
21.6
2.7
21.2
22.8
22.1
23.3
20.7
19

17.3

(12)
bot

23.1
24.2
27.6
32.2
36.3
38.7
40.5
42.1
42.8
43.3
43.9
44.3
44.2
44.3
44.8
44.1
43.9
43.6
43.6
43.3
43.1
43.1
43.1
43.2
43.1
43.1
42.9
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
o7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

23.8
24.9
27.2
29.1
26.9
25.9
247
24.1
24.3
24.9
24.6
25

25,7
25.5
22.7
22.2
22.1
224
22,6
22.3
22.4
23.1
24.1
25.1
26.2
26.4
25.1
24.3
247
234
23

23.2
22.1
22.2
22.3
22.7
22.8
23.8
22.8
23.2
22.7
21.6
21.4
22.3

30.2
30.5
31.2
32.4
33.1
32.3
31.8
31.1
30.7
30.8
30.7
30.3
30.7
31

29.6
28.4
27.8
27.4
274
26.9
26.7
26.7
27

27.3
28.1
28.1
28.1
27.8
274
26.9
26.5
26.3
25.8
25.4
25.2
25.4
256.3
25.8
25.5
25.4
25.4
24.8
242
24.3

22

23.2
25.3
26.2
20.8
21.3
20.4
21.1
22.7
23.3
22.1
23.7
24.2
22.7
20.1
20.9
20.8
214
21.1
21.1
21.7
22.7
22.9
24.8
25.9
25.8
23.5
22.6
23.1
21.7
21.3
21.3
20.6
21.6
22,2
22,1
21.8
22.8
22.5
23.5
21.3
194
20.7
22.3

28.3
28.8
29.8
309
31.2
30.2
29.7
29.5
29.8
29.9
29.8
29.6
30

29.9
27.9
26.6
25.9
25.7
25.9
25.3
25.3
25.4
25.9
26.5
27.4
27.7
27.3
26.9
26.6
25.8
25.5
25.2
24.7
24.3
24.2
24.3
24.5
25

24.7
24.6
24.7
23.9
23.4
23.8

454
45.3
45.6
45.9
46

45.9
45.7
45

44.3
43.7
43.3
42.6
42.2
42

41.5
40.6
39.8
39.1
38.7
37.7
31.2
36.9
36.4
35.9
35.9
35.5
36.3
35.3
34.9
34.2
33.8
32.8
324
32.1
31.6
31.3
30.8
30.8
30.7
30.4
30.2
29.8
29.3
29.1

41.8
41.4
41.5
41.3
41.7
41.6
41.4
41.4
41.3
41.4
41.6
41.2
41.4
41.5
41.7
41.5
41.4
41.3
41.3
40.7
40.7
40.9
40.6
40.4
40.6
40.3
40.4
40.7
40.6
40.8
40.8
40.2
40.1
39.8
39.5
39.5
39

38.9
38.9
38.7
38.7
38.4
38.3
38.1

44.7
44.3
43.8
44.1
44.1
43.1
42.6
41.6
41
40.7
40.5
40.3
40.2
40.5
39.6
38.7
38.1
37.3
36.9
36.3
35.8
356.3
35.3
34.9
35.1
34.8
34.8
34.7
34.3
33.6
33.3
33

32.4
32

31.6
314
30.9
31.1
30.6
30.3
30.2
29.9
29.4
29.1

27.1
27.8
28.8
29.8
28

27.2
26.2
26.1
26.4
26.8
26.5
27.2
27.3
27.3
25.2
24.8
24.6
24.6
24.7
24.5
24 4
24.2
25.2
25.9
26.7
26.7
259
25.3
25.6
24.1
24

24.3
23.3
23.4
23.4
23.4
23.4
24.1
23.3
23.7
23.7
22.6
22.4
23.1

28.2
286
29.3
30.1
29.9
29.2
28.4
28.2
28.4
29.1
29

29.56
29.6
29.8
27.6
26.9
26.4
26.2
26.4
26.2
25.8
25.6
26.3
26.9
27.7
27.9
274
26.9
27.1
25.7
25.4
25.7
24.7
24.7
247
24.8
24.8
25.3
246
24.8
24.7
23.8
234
24

43.1
42.7
42.4
42.2
42.7
42.2
41.7
41.3
41.2
41.1
41.2
41.1
40.7
41.2
40.4
39.7
39.1
38.6
38.7
38.2
37.9
37.3
36.9
36.9
36.9
36.7
36.6
36.7
36.1
356.3
35.2
34.7
34.2
33.9
33.4
33.1
32.4
32.3
31.8
31.9
31.8
30.8
30.6
30.5

42.7
42.6
42.4
42.4
42.8
42.7
42.7
42.6
42.6
42.6
42.7
42.7
42.7
43.1
42.9
42.9
42.8
42.7
42.8
42.3
42.2
42.1
42.2
41.9
42

41.8
42

42.2
42.1
42

42.3
421
41.8
41.7
41.4
41.3
41

41

40.8
40.7
40.7
40.6
40.4
40.3
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74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

day

22.3
21.8
214
21.6
22.2
22.6
22.7
23.2
22.8
22.8
22.3
20.7
20.4
19.9
20.8
19.7
18.8
19.2
21.8
23.1
23.7
22.6
23.8
19.7
17.7
17.4
18.9
19.4
18.8
18.1
18.8
19.8
17.9
20.1
17.1
16

15.7
17.2
16.8
20.7

(13)
bot
20.5

24.2
24.2
23.8
23.6
23.6
23.8
24.1
24.4
24.2
24

24.1
234
22.9
22.7
22.6
22.3
21.5
21.1
21.8
22.6
23.1
23.1
234
229
21.3
20.4
20.2
20.8
20.3
20.3
20.3
20.1
19.9
20

19.9
18.9
18.2
18.2
184
18.9

(14)
bot
20.7

227
21.2
21.2
21.9
23.2
23.6
24

24.8
23.3
23.6
22.3
20.6
21.2
19.5
21.9
19.6
20.3
21.4
244
26.1
26.6
25.3
274
18.7
18.4
19.5
219
20.7
20.4
21.3
20.1
22.7
20.3
22.4
16.8
16.8
16.8
19.3
17.3
23.6

(15)
bot
19.2

23.8
23.8
23.5
234
23.6
23.8
24.2
24.7
24.5
24.3
24.3
23.3
22.7
22.5
224
22.1
21.2
20.8
21.9
23

23.7
23.3
23.7
22.7
20.6
19.6
19.7
20.6
19.9
19.9
20.1
19.8
194
19.9
19.4
18.1
17.5
17.8
17.8
19.2

(16)
bot

28.8
28.7
28.4
28

27.8
21.6
279
28.1
27.9
27.7
27.7
274
27.2
26.9
26.6
26.2
25.9
254
25.1
25.1
25.4
25.6
25.9
25.8
25.7
25.1
24.4
24.1
23.7
23.6
23.5
23.2
23

22.8
22.8
22.6
22.1
21.7
21.2
20.9

(17)

mid

379
37.9
37.6
37.2
36.8
36.2
36.1
35.8
35

344
34.2
33.6
33.2
32.8
32.3
31.4
30.9
30.4
29.8
29.4
29.2
28.9
29.1
28.7
28.6
28.3
27.8
27.3
26.7
26.4
26.2
25.7
25.3
25.1
24.8
24 .4
24.1
23.7
23

22.6

(18)

29.1
28.8
28.5
28.3
28.1
28.1
27.8
27.9
27.9
279
27.7
27.5
27.2
26.8
26.6
26.4
25.8
25.4
252
25.1
25.4
25.7
25.8
25.9
25.4
24.9
24.2
24

23.8
23.6
23.5
234
23.1
22.8
22.9
22.6
22

21.6
214
21.2

(19)
mid

23.2
22.8
22.5
22.7
23.1
23.3
23

23.4
23.4
23.3
23.1
22.1
21.8
21.5
21.8
21.3
20.6
20.6
22.2
22.8
234
22.8
23.5
21.3
19.6
19.1
19.8
20.3
19.8
19.8
19.6
20.1
19.1
20.2
18.6
17.6
17.2
18

17.9
20.2

(20)

24.1
24

23.7
23.7
239
24.3
24.2
24.8
24.6
24.3
24.2
23.6
22.9
22.7
2217
22.5
21.6
214
22.8
23.6
24.2
23.8
24.1
22.4
204
19.7
20.3
21

204
20.5
20.3
20.8
19.8
20.7
19.3
18.2
17.8
18.7
18.4
20.7

@2n
mid

30.5
30.4
30.1
29.8
29.6
29.6
29.4
29.5
29.3
28.9
28.7
28.6
28.4
28.2
27.6
27.3
27

26.6
26.5
26.7
26.8
26.9
27.3
26.7
26.2
254
25

24.6
24 4
242
24.1
23.9
23.7
23.4
23.3
22.9
22.3
22

21.8
22.1

(22)

mid

40.2
40.2
40

39.8
39.9
38.8
37.1
37.2
36.5
35.7
35.3
34.7
34.3
33.9
33.3
32.9
32.3
31.8
31.2
30.7
30.6
30.5
30.5
30.4
30.2
29.9
29.4
28.9
284
28.1
277
27.3
26.8
26.4
26.2
25.8
25.3
24.9
24.3
23.8

(23)
mid
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W oo =10 Db 2D

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

23.7
51.8
58.4
57.3
54.6
51.6
48.1
449
43.3
41.3
39.8
39.3
38.3
37.3
372
36.7
34.4
33.6
33.4
33.9
33.4
33.7
33.9
33.7
33.1
32.2
31.8
318
31.8
32

32.7
33.3
33.3
32.6
31.9
31.7
32.2
32.3
32.3
32.1
32.1
31.9
30.4
29.5

219
54.1
46.6
40.9
37.5
34.7
31.2
29.3
28.3
27.7
27.4
27.7
26.7
27

27.6
26.2
24

24.8
25.4
25.6
26.1
27.1
27.3
26.8
25.6
24.8
24.8
249
24.3
25.1
26.8
27.5
24.2
24.4
23.2
24.4
25.2
25.6
25.2
26

26.1
25.4
23.3
23.3

24.5
59.1
64.3
61.6
57.4
52.7
47.2
42.8
39.5
36.2
33.3
32.2
31.9
29.3
29.7
29.2
27

24.7
249
26.4
26.1
26.9
27.3
26.8
26.4
25.7
25.8
26.2
25.9
26

27

26.9
27.2
26.6
25.2
25.3
25.9
26.9
27.3
27.7
274
26.9
24.7
23.9

22

57.8
57.2
48.7
43.4
39.2
35.6
33.4
31.6
30.6
29.6
29.7
29

28.1
28.3
27.8
24.1
24.1
24.1
24.7
24.7
25.2
25.8
25.7
251
24.5
24.6
24.9
25.2
25.7
26.7
27.6
26.9
26.1
25.4
25

25.3
25.9
25.7
25.8
25.9
26

23.7
23.2

24.8
43.5
55.1
58.8
60.9
61.8
61.7
61.7
61.7
61.6
61.1
60.3
58.9
57.9
57.2
56.6
542
52.9
51.7
514
50.2
49.8
49.6
49.3
48.6
474
46.2
45.3
44 .8
44.5
44 .4
44.9
44.9
43.7
42.9
42.1
42

42.4
42.7
42.2
419
419
40.3
38.9

24.9
45.3
56.3
59.6
61.5
62.4
62.4
62.1
61.3
60.4
59.5
58.8
57.6
56.2
55.6
54.9
52.6
51.3
50.2
49.9
48.8
48.5
48.4
48.1
474
46.2
45.2
44.3
43.9
43.6
43.7
442
44.2
43.1
42.3
41.6
41.5
419
42.2
41.6
41.3
41.2
39.6
38.3

24.6
59.1
63.6
62.7
61.4
59.9
58

56.3
54.7
52.8
50.8
49.3
47.3
46.1
45.1
442
41.1
39.7
39.2
39.4
38.4
39.1
39.7
39.8
39

37.6
36.7
36.4
36.7
36.9
38.1
39.1
38.2
36.9
35.9
35.4
35.5
36.3
36.8
36.3
36.4
35.8
33.4
31.8

24.5
29.2
41.6
48.8
53.2
55.8
56.9
57.6
58.3
58.4
58.6
58.9
58.9
58.6
58.8
59.1
58.1
57.8
57.7
57.9
57.6
57.8
58.1
58.3
58.4
58.2
579
57.7
57.1
56.5
55.8
55.6
55.3
54.5
53.8
53

52.5
52.2
52.1
51.6
51.4
51.2
50.4
49.4

24.7
39.9
52.3
56.4
58.7
60.1
60.5
60.8
61.3
61.2
60.6
60.2
59.6
58.7
58

b7.4
55.4
54.3
53.5
53.3
51.9
52.9
53.3
53.1
52.6
51.6
50.6
49.8
49.2
48.6
48.2
48.2
48.1
47.1
46.2
45.5
45.2
45.2
45.3
44.8
44.7
445
43.4
42.2

24.4
27

36.6
44.2
49.2
52.6
54.4
55.5
56.6
56.8
57

57.3
574
57.2
57.2
57.4
56.6
56.2
56.1
56.3
55.8
56.1
56.4
56.4
56.6
56.3
56.1
55.9
55.8
55.8
55.7
55.8
56.1
556.9
55.8
55.6
55.7
556.8
55.9
56.9
55.8
55.6
54.8
53.8

24.6
33.2
45.1
50.4
53.8
55.9
57

57.5
o8.4
58.4
58.4
58.7
58.9
59.4
59.1
59.1
57.9
57.3
57.1
56.8
56

56

56.3
55.7
55.3
54.6
53.9
53.4
53

52.3
52.2
51.9
51.6
50.8
50.2
49.6
49.3
49.4
49.6
49

48.9
48.6
47.9
46.9

141



46
47
43
49
50
51
52
53
b4
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

29

28.8
28.9
28.3
28.1
27.8
28.1
28.4
28.9
29

28.7
28.3
27.9
27.1
26.9
26.7
26

25.7
25.6
25.6
25.4
25.7
25.3
25.3
25.4
24.7
24.3
24.6
24.6
24.6
24 .2
24.1
24.2
24.4
24.4
24.7
247
24.4
24.4
23.7
23.3
23.2
22.9
22.8

23.1
23.3
23.6
23.2
23.4
23.5
24.3
25.7
26.3
26.4
25

24.2
24.4
22.9
23

23.1
22.2
22.6
22.7
22.7
227
23.3
22.8
23.4
229
214
21.8
22.1
22.7
22.3
22

22.1
22.9
229
22.9
23.6
23.2
23.1
22.8
21.3
21.2
207
21.3
20.2

23.4
23.8
23.9
23.4
231
22.3
23.3
24.6
25.4
25.7
24.6
24.7
24.1
22.2
22.7
22.6
22

22.1
224
22.5
22.1
22.6
22.2
22.8
23

216
21.3
22.2
22.3
22.4
21.9
21.8
22.3
22.6
22,7
23.2
23.3
23

23.1
22

21.6
21.3
211
20.9

23.2
23.2
23.5
23.3
23.2
23

23.7
24.4
25.4
25.3
24.6
24.1
24.4
22.8
22.7
23

21.9
21.8
221
22.4
22.3
22.9
221
22.6
22.6
21.6
21.2
21.8
22.1
22

21.6
21.6
22

22.3
22.2
22.71
22.5
22.5
22.2
21.3
20.8
20.7
20.8
204

38.1
37.7
37.7
37.2
36.6
36.1
35.8
356.7
36.1
35.8
35.6
35.1
34.4
33.5
32.8
32.5
31.8
31.1
30.8
30.7
30.3
30.4
29.8
29.5
294
28.8
28.1
279
27.8
27.7
27.3
27.1
27

27.2
27.2
27.4
27.4
27.2
27.2
26.7
25.9
25.7
25.3
25.2

37.5
371
37.1
36.4
35.8
35.3
35.2
35

356.3
35.2
34.9
34.4
33.9
32.9
32.4
319
31.2
30.6
30.2
30.1
29.8
29.8
29.3
29.1
29.1
28.4
27.7
27.6
27.5
27.4
27.1
26.7
26.7
26.9
26.9
27.2
27.2
27.1
27.1
26.6
25.8
25.6
25.2
25.1

30.8
30.4
30.3
29.7
29.3
29.4
29.7
30

30.8
31.1
30.4
29.8
29.6
28.7
28.1
27.7
26.8
26.3
26.2
26.4
26.3
26.8
26.2
26.2
26.2
25.3
24.9
24.9
25

24.9
24.5
24.3
24.6
24.9
25.1
254
25.5
25.3
25.3
243
23.6
23.3
23.3
23.1

48.6
47.9
47.7
46.8
464
46.1
45.6
45.1
45.1
44.7
44.6
442
43.5
42.8
42.2
41.3
40.7
39.9
39.4
39

38.4
38.2
37.8
37.3
37.1
36.9
35.8
35.2
34.9
34.7
34.2
33.7
33.6
33.4
33.4
33.4
33.2
32.8
32.7
32.3
317
31.2
30.5
30.1

414
40.9
40.9
40.2
39.9
39.5
39.2
39.2
39.5
39.4
39.2
38.8
38.2
374
36.8
36.1
35.4
34.7
34.3
34.1
33.7
33.7
33.2
32.9
32.8
32.1
31.4
31.2
30.9
30.8
30.4
30

29.9
29.9
30

30.1
299
29.7
29.6
29.1
28.5
28.2
277
27.3

53.1
52.5
52.2
51.4
51.1
50.8
50.2
49.8
49.7
49.3
49.1
48.9
48.2
47.7
47.2
46.1
45.5
44.7
44.1
43.5
42.7
42.3
41.8
41.2
40.8
40.1
39.5
38.9
38.5
38.3
319
374
37.1
36.9
37.1
37.1
36.8
36.4
36.3
36

35.4
35

34.3
33.7

46.3
459
45.8
45

44.7
445
43.8
43.6
43.8
43.0
43.3
43.1
42.4
41.7
41

40.1
39.7
38.9
38.5
38.2
37.6
37.3
37

36.6
36.5
35.9
35.3
35

34.8
34.7
34.4
33.8
33.6
33.4
33.7
33.6
33.2
32.8
32.7
32.3
31.8
31.5
30.9
30.4

142



90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

CD@*JO)Uer-CO[\D)—‘g.-
At

b b e el e et
1 CH O sk 0O B = O

22.1
21.8
225
23.2
23.8
23.6
23.8
23.1
21.4
20.5
20.6
21.3
20.7
20.6
20.7
20.5
20.1
20.5
20.1
18.9
18.4
18.7
18.7
198.7

(24)

mid

24.5
27

35.3
43.1
48.6
52.2
53.8
55

56

56.6
56.8
57.2
57.1
571
57.4
57.6

20.2
204
225
23.4
24.2
22.9
24.3
20.2
18.9
18.6
19.9
20.1
19.6
19.8
194
204
19.1
21.1
17.6
16.8
16.7
18.2
17.9
21.4

(25)
mid

24.6
34.6
46.1
51.3
54.7
56.6
57.3
58.2
58.9
59.2
59.3
59.6
58.5
58.9
59.2
59.7

20.3
20

21.7
23.1
24.1
23.4
24.4
22.1
19.6
18.4
15.3
20.4
19.5
19.8
19.7
19.9
19.2
20.5
18.4
16.8
16.7
17.8
17.4
20.3

(26)
mid

24.2
61

60.3
59.1
57.8
56.6
54.8
53.3
52.3
51.2
50

49.3
47.9
46.9
46.8
46.1

19.6
19.6
21.2
22.1
22.6
22.2
22.9
21

189
18.4
19.2
19.6
19.1
19.1
18.9
19.3
18.4
19.6
18.1
16.9
16.5
17.3
17.4
19.4

(27)
mid

24.8
33.4
46.4
52.4
55.7
57.7
58.3
58.7
59.2
59.3
59.4
59.7
59.6
59.7
60

60.2

24.3
23.7
23.9
24.7
25.3
25.6
25.8
25.6
24

22.8
22.4
22.7
22.3
22.1
22.1
21.8
21.7
21.6
21.7
20.7
19.8
19.6
19.7
20

(28)
top

26.4
67.9
63.1
60.6
58.7
57.2
55.1
53.4
52.1
50.8
48.8
48.9
47.6
47

46.4
45.4

24.2
23.6
23.9
24.7
254
25.6
25.8
25.6
24

22.8
224
22.7
22.3
22.1
221
21.8
21.6
21.6
21.6
20.6
19.7
19.5
19.7
19.9

(29)
top

24.3
66.8
64.7
62.2
60.2
58.8
56.8
55.3
54.1
52.7
51.2
50.8
49.1
48.6
47.2
46.8

22.1 294
21.6 287
227 282
24 282
24.8 28.6
246 288
25.1 289
239 2838
21.7 28.2
20.4 27.1
20.6 26.3
214 259
20.7 256
20.7 253
20.7 25.1
20.6 247
20.1 245
20.7 24.2
20.1 24.2
18.7 23.6
17.8 229
18.1 223
18.3 22

19.6 217

(30) (@D
top top

25  24.7
62.7 63.3
67.3 66.3
67.1 65.1
64.5 634
62.8 624
61.1 60.9
59.7 59.6
587 68.8
574 574
56 559
552 55.3
54.1 54.2
53  52.7
52.7 52.6
51.9 517

26.7
26

26

26.5
27.1
271
27.3
271
25.8
24.7
241
24.3
23.8
23.6
23.5
23.1
22.9
22.8
22.8
21.8
21.1
20.8
20.6
20.7

(32)
top

23.7
63.6
61.3
60.4
59.8
58.4
56.3
54.9
54

53.2
52.1
514
50.1
49.8
49 .4
48.5

33.2
32.3
31.8
31.7
31.8
31.8
31.9
31.5
30.9
29.8
29.1
28.5
28.1
27.8
27.4
26.9
26.6
26.2
26

25.4
24.7
24.1
23.5
231

(33)
top

24.9
60.4
66.4
67.3
66.9
64.4
62.3
60.8
59.8
58.7
57.4
56.6
55.2
54.6
54.1
53.6

29.9
29.2
28.9
29.1
29.6
29.5
29.8
29.4
28.4
27.3
26.7
26.5
25.9
25.7
25.7
24.9
24.8
24.6
24.4
23.5
22.8
22.4
22

21.9

(34)
top

21.2
59.4
56.1
54.7
52.7
51.3
49.2
47.7
46.6
45.6
446
43.6

43.3
419
38.9
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
o6
57
58
59
60
61

56.7
56.3
55.8
55.9
55.7
55.7
55.9
56.2
56.2
56.1
55.9
55.6
55.6
55.8
55.6
56.1
56.4
56

56.1
55.8
55.9
56.2
56.4
56.5
56.7
57.2
56.5
55.7
54.7
53.9
53.6
53

52.6
51.9
51.7
51.1
51

50.4
50.3
49.9
49.5
48.6
48.1
4'7.6

58.5
57.9
57.2
57.2
56.7
56.6
56.3
56.3
55.9
55.3
54.7
54.1
53.9
53.8
53.4
53.5
53.7
52.8
52.4
51.6
51.6
51.6
51.5
51.1
50.8
50.8
49.8
48.8
48.1
47.4
47.1
46.4
45.9
45.3
45

44.4
44.4
43.9
43.7
43.2
42.5
41.5
40.9
40.3

44.1
43.7
43.4
43.6
43.3
43.5
43.4
43.1
42.2
41.3
40.9
41

41.5
41.7
419
42.1
41.8
41

40.3
39.9
39.9
40.2
39.9
39.9
39.6
39.4
37.5
30.7
36.2
35.9
35.9
356.4
35.1
34.5
34.7
35

36.3
35.1
34.3
33.7
33.4
31.8
31.5
31.3

58.1
58.6
57.8
97.5
56.8
56.6
56.3
55.9
55.3
54.4
53.7
52.9
52.4
52

51.7
51.6
51.4
50.3
49.7
48.8
48.4
48.4
48.4
48.1
47.7
47 .4
46.2
44.9
43.9
43.2
43.1
42.6
42.2
41.6
41.1
40.6
40.6
40.3
40.1
39.7
38.9
31.8
37.1
36.4

42.6
41.9
41.8
42.1
41.7
41.9
42.2
41.7
40.6
39.2
38.6
38.4
38

37.8
38.8
39.3
38.3
37.6
36.6
36.2
36.5
37.1
37

37

36.8
36.3
33.9
33.1
32,6
32.7
32.8
32.6
32.3
32.3
32.3
33.3
34.1
34

32.8
32.1
32.2
30.3
29.7
25.8

43.8
42.9
42.7
43.1
42.3
42.7
43.2
42.8
41.8
40.4
39.7
39.4
38.8
38.6
39.2
39.7
39.4
38.7
37.7
37.3
37.5
37.9
37.6
37.17
37.4
37.1
34.8
33.8
33.4
33.3
33.6
33.3
32.9
32.7
32.9
33.8
34.4
34.5
33.6
329
32.7
30.8
30.4
30.2

48.5
48.8
48.6
48.9
48.1
48.1
48.1
47 .4
46.5
45.1
44.2
43.8
43.4
42.9
43.3
43.4
43.3
42.2
41.2
40.7
40.9
41.5
41.6
41.3
41.2
40.8
38.9
37.7
37.1
37

37.2
36.7
36.3
35.9
35.9
36.4
37.1
37

36.3
35.8
35.3
33.8
33.1
32.8

49.3
48.7
48.6
49

47.7
47.9
47.7
47.3
46.3
45.2
44 4
43.9
43.1
42.7
42.5
42.4
42.9
42.3
41.2
40.8
41.1
414
40.9
41.1
40.7
40.4
38.7
37.7
37.1
36.9
372
36.7
36.2
34.9
35.4
36.3
36.9
36.7
36.1
35.8
35

33.2
32.8
32.6

46.1
45.8
45.4
45.6
45.3
454
45.3
44.5
43.4
42.3
41.7
41.4
41.3
41.3
41.7
42.2
41.2
40.4
39.7
39.6
40.4
41

40.8
40.7
40.2
40.1
37.8
36.9
36.4
36.1
36.1
35.8
35.3
34.8
356.2
35.6
36.3
359
35.1
342
34.1
32.2
31.6
31.5

50.8
50.2
49.8
50.1
49.4
49.2
49.1
48.3
47.4
46.1
45.3
44.7
44.2
43.9
44

44.5
44.5
43.3
42.5
41.7
42.2
42.7
42.6
42.3
42

42

39.8
38.7
38.2
37.8
37.8
374
36.8
36.6
36.5
36.8
37.5
37.2
36.6
36.1
35.7
34.1
33.2
33.2

37.2
37.1
37.1
37.2
37.6

38.8
32.4

34.1
34.6

40.7

L}

34.4
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62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

46.7
46

45.3
44.8
43.9
43.5
42.6
42

41.4
40.9
40.1
39.3
39

38.7
38.2
37.7
374
37.3
36.9
36.9
36.8
36.4
36.3
36.1
35.5
35.2
34.6
34.2
33.5
32.8
32.3
32

32.1
32.2
32.2
32

31.3
30.4
29.6
29

28.6
28.2
27.7
27.5

39.6
389
38.3
3179
37.3
37.1
36.4
36.1
35.9
35.5
34.8
34.4
34.3
34.2
33.8
33.4
33.3
33.2
32.9
32.9
32.8
32.4
32.3
32

31.3
31

30.5
30.2
29.4
28.8
28.6
28.6
28.9
29.1
29.1
29

27.9
27

26.3
26.2
25.8
25.4
25.2
249

30.5
30.1
29.9
29.7
29.4
29.6
28.8
28.9
28.8
27.8
27.4
27.7
27.79
27.4
27

26.8
27.1
27.2
26.9
27.1
27.1
26.8
26.6
25.8
25.2
24.9
24.8
24.5
23.7
23.3
24.3
24.9
25.5
25.3
25.7
24.3
22.5
21.7
21.9
22.3
21.8
21.7
21.6
21.7

35.7
35

34.4
34.1
33.6
33.2
32.6
32.2
32

31.6
30.8
30.4
30.3
30.2
299
29.5
29.4
29.3
29.1
29.1
29

28.7
28.7
28.4
27.9
27.5
27.1
26.7
26.2
25.6
25.3
25.5
26.1
26.3
26.5
26.5
25.7
24.7
24

23.9
23.6
23.4
23.3
23.1

28.6
28.4
28.4
28.4
28.1
28.6
27.6
28

27.6
26.2
25.9
26.6
26.7
26.1
25.7
25.7
26.3
26.6
26.4
26.8
26.6
26.6
26.1
247
24.2
23.6
23.9
23.2
22.4
22.2
24

25.2
25.9
26.3
26.1
23.3
20.9
20

20.8
21.5
20.8
20.8
20.6
21.2

29.1
28.8
28.8
28.6
28.5
28.8
28

28.3
28.1
26.8
26.2
26.8
26.8
26.4
26.1
25.9
26.4
26.7
26.6
26.8
26.8
26.7
26.4
25.1
24.4
24

24.1
23.6
226
22.1
23.8
25.1
25.9
25.3
25.9
23.8
21.3
20.1
20.7
21.7
20.8
20.8
20.7
20.9

32

31.4
31.4
31.4
31

31.1
30.4
30.6
30.7
29.5
28.8
29.2
29.2
29.2
28.8
28.4
28.7
28.9
28.9
29.1
29

28.8
28.8
27.6
26.8
26.6
26.2
25.8
24.8
24.1
25.2
26.3
27.1
26.7
27.1
25.8
234
21.9
21.9
23

22.2
22

22.1
21.8

31.9
31.4
31.4
30.9
30.7
30.9
30.4
30.6
30.7
29.4
28.8
29.2
29.2
29.2
28.7
284
28.6
28.7
28.8
29

28.9
28.6
28.6
27.5
26.8
26.6
26.2
25.7
248
24.2
25.3
26.3
271
26.7
27.2
26,7
23.4
21.9
22.1
23

22.1
221
22.1
21.8

30.1
29.9
29.6
29.3
29

294
28.2
29.1
28.6
26.9
27

27.8
27.9
27.3
26.9
27.1
27.8
27.9
27.3
27.9
27.8
274
27.2
25.8
25.3
249
25.3
24.6
23.8
23.7
25.4
26.3
26.9
26.3
27.2
23.9
22.2
214
22.1
22.56
22

22

21.5
22.4

31.9
314
31.4
31.3
30.9
31.2
29.9
30.5
30.4
29.1
28.6
29.1
29.2
29.1
28.6
28.4
28.7
29.1
28.8
29.2
29

29

28.7
27.7
26.9
26.7
26.5
25.9
24.8
244
26.7
26.7
27.2
26.9
275
25.8
23.3
22.2
224
23.1
22.3
22.3
22.2
222

145



106
107
108
109
110
111
112
113

27

26.5
26.5
259
25.1
24 4
24.1
23.6

24.7
24.3
24.3
23.6
227
22.3
22.2
22

Treatment II1
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(1)
bot
23.9
39.2
28.1
24.9
24.8
27.8
389
46.6
41.1
33.8
32
30.2
28.1
27.1
22.7
19.8
22.3
24.8
24.4
26
28
28.3
24.9
22.6
21.9
22.6
21.8
211
22
25.2
25.7
20

(2)

bot

24.2
56.9
40.5
35.7
42.6
54.7
58.2
53.1
49.6
45.9
43.9
41.7
38.6
39.1
35.7
33.2
34.5
354
35.7
34.9
35.3
35.1
32.8
314
30.3
30.2
30.1
29.5
29.2
29.9
29.7
27.6

21

21.6
20.7
19.6
189
19.2
19.3
20.7

(3)
bot
23.8
43.6
27.1
23.5
22.2
20.7
24.2
31.9
39.7
43.1
42
34.7
32.5
31.8
27.1
22.4
23.7
25
23.6
25.8
27.8
27.8
26.7
23.7
22.2
22.9
22.8
22.4
23.9
25.8
27
20.6

22.9
22.7
22.9
22.3
21.5
21.1
21

20.9

(4)

bot

24.2
45.6
32.8
29.9
31.8
44 .6
54.1
49.1
46.1
43.1
39.2
35.7
354
34.1
30.8
25.9
27.7
29.1
27.6
29.1
30.6
31.1
28.3
25.7
24.7
25.3
26.4
27.2
27.7
29.2
29.4
22.3

19.8
21.2
19.2
17.8
17

18.1
179
20.9

(5)
bot
24.3
54.4
69.5
64.9
67
66.1
64.9
63.2
62.3
61.3
60.9
60.5
58
58.3
56.6
54.3
55.2
55
55
53.7
53.2
52.6
50.8
49.8
48.9
48.3
47.6
46.4
45.3
44 .2
43.2
42.6

19.9
21

19.5
17.9
17.2
18

17.9
20.4

(M
bot
242
27.7
60.8
70.9
70.1
69.3
68.4
67.4
66.4
65.7
65.1
64.7
63.5
63.6
63.2
61.9
62.7
62.6
62.4
62
61.8
61.5
60.7
60.2
59.8
59.8
59.6
58.9
58.4
57.8
57
56.4

21.2
21.9
21.1
19.3
18.4
18.9
18.9
20.6

(8)
bot
242
69.1
65.7
61.1
63.1
61.4
60.8
504
56.8
55
54.8
53.8
521
52.8
48.9
47.9
49.7
49.7
50.5
48.5
491
476
45.1
43.6
43.1
42.3
416
40.9
40,7
41
40.2
40.2

21.3
22

20.9
19.2
18.5
19

18.9
20.7

(D)
bot
24.5
34.9
28
26.6
29.2
43.3
48.2
43
40.8
39.1
36.6
33.6
34.4
33
28.5
25.9
27.7
29.1
26.7
29.3
31.3
31.3
29.3
26.2
25.2
25.9
26.4
26.4
27.1
28.8
29.2
22.3

20.9
22.3
19.9
18.7
18.1
19.2
18.9
21.9

(10}
bot
23.7
31.8
25.6
24.2
24.8
27.9
42.7
43.6
39.4
37.2
35.2
32
318
30.8
26.2
24.1
26.2
27.7
25.1
27.6
29.3
29.6
27.8
24.9
24.2
25
25.3
25.2
26.1
27.8
28.3
21.8

214
22.2
21

19.4
18.5
19.1
19.2
21

(11
bot

69.1
64.6
58.6
64.4
64.4
64.4
62.8
60.3
57.3
57.2
56.3
53

54.1
51.6
50.6
52.3
51.4
50.8
50.3
50.2
48.7
45.6
44.7
43.9
43.6
429
41.3
40.2
40.1
38.7
39.7

17.8
22

(12)
bot

27.9
57.2
71.4
70.2
69.6
69

68.4
67.2
66.3
65.7
65.2
63.8
63.7
63.4
62.2
63.1
63.1
62.9
62.3
62.3
61.9
61.2
60.8
60.4
60.4
60.4
60

59.6
59.3
58.6
58.4



33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
20
51
52
53
54
56
56
57
58
o9
60
61
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

21

18.8
20.8
23.5
214
22.3
23.8
25.2
21.3
18.9
20.6
20.7
21.2
21

21.5
22.8
24.9
23.7
26.6
27.9
27.6
24

23.6
24.6
23.1
211
212
21.1
22.7
24.3
23.7
22.7
24,4
23.6
25.6
21

19.1
20.5
23.1
24.2
21

20.9
21.8
24.7

26.7
25.1
25.2
26.8
25.7
26

26.4
26.9

22.9
22.6
22.3
234
22.9
25.1
22.7

23.2
244
25.4
25.4
23.7
23.5
23.5
21.7
21.8
21.4
20.8
21

21.5
21.7
21.1
21.9
21.2
21.9
21.1
19.4
19.6
20.7
21

20.4
20

20.2
21.1

21.8
20.7
21.3
22.9
20.4
21.5
23.9
24.7
22.8
204
21.3
21.6
21.8
21.5
21.9
229
24.1
23.4
26.1
27.1
27.1
23.9
23.2
24.4
22.8
21.3
21.8
21.2
22.5
23.3
22.8
22.3
24.2
23.1
24.3
21.1
19.3
20.7
22.8
23.3
21

21

21.8
24

23.5
229
224
24.1
214
22.5
25.7
25.8
24.2
21.7
21.9
21.9
22.9
22.3
22.6
229
23.7
23.4
25.6
26.6
26.7
24.1
22.8
24.2
22.8
21.3
21.7
21

21.7
22

21.9
21.9
22.8
22.2
23.2
21.3
19.4
20.3
22

22.2
20.8
20.8
21.1
22.6

39.7
38.7
37.6
37.4
37.3
36.8
35.5
34.9
34.2
31.6
29.8
29

28.4
28.2
27.6
26.9
26.2
26.3
26 3
217

271
27.1
26.4
256.7
24.7
24.1
23.9
23.2
22.6
22.4
22.7
22.2
22.3
21.9
21.9
21.9
21.2
204
20.6
20.9
20.9
20.6
204
20.6

54.8
54.1
52.7
52

51.4
49.7
47.7
47

46.2
44.2
43.4
43.7
43.3
42.5
41.1
39.8
38.8
38.5
37.9
37.8
37.1
36.3
35.4
34.6
33.2
31.9
30.8
29.3
28.1
271
26.4
25.2
24.6
23.7
23.3
22.9
223
21.6
21.3
214
214
21.2
209
20.9

38.2
36.8
36.6
37.5
37.2
36

35

34.5
33.2
30.4
294
291
29.4
29.7
28.9
28.4
28

27.17
28.3
29.6
29.2
279
27.6
274
25.3
24.7
24.3
23.6
23.1
23.2
23.3
22.8
23.7
22.8
22.4
22.1
20.5
20.2
21.1

211

209
20.6
20.6
20.9

23.9
22.8
23.5
24.8
22.4
23.8
26.2
26.4
244
21.8
22.7
22.8
23.2
22.6
23.2
23.7
23.7
23.8
26.2
26.9
27.1
24.4
23.4
24.6
22.4
214
22.3
21.2
223
22.7
224
22.2
23.2
22.3
23.4
21.3
19.6
20.8
22.2
22.6
21

21.1
21.7
23.2

23.3
22

22.8
24.4
21.9
22.7
25

25.6
23.2
20.7
21.7
21.9
22.6
22

22.3
23.1
23.6
23.7
26.1
27.2
26.9
24.1
23.1
23.9
22.1
21.4
214
20.9
222
23

22.8
22.2
23.2
22.8
24.2
21.1
18.1
20.6
22.4
22.9
20.8
20.9
21.6
23.3

38.8
37.5
37.3
37.8
37.2
35.4
34.9
34.4
33.2
30.4
29.3
29.1
29.7
30.2
29.6
28.9
28

27.7
28.4
29.3
29.1
27.8
27.1
26.7
25.1
24.8
24.5
23.9
23.4
23.4
23.3
22.9
23.4
22.8
22.7
22.4
20.8
20.5
21.2
21.2
21.2
20.8
20.6
20.9

57.6
56.9
55.9
55.1
54.3
52.3
50.1
48.4
46.9
45

43.8
46.1
47.5
47.6
45.3
43.3
42.6
42.1
41.3
41

40.2
39.4
38.6
37.8
36.8
35.9
34.8
33.8
32.6
31.5
30.2
28.6
27.1
25.6
24.3
23.7
22.8
22.1
21.8
21.7
21.8
21.6
21.2
21.1
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78
79
80

(DM*JG‘JU‘IrP-CADN)b—‘EJ-
‘*:‘
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25.2
25.6
26.1

(13)
bot

62.1
38.6
34.4
38.2
53.6
61.2
56.1
52.7
51.2
47.9
44.9
43.9
42.6
39.4
35.9
37

37.7
37.1
37.1
38.1
37.9
36.2
34.2
32.2
31.9
32.2
32

31.7
32.9
32.7
28.4
284
27.1
27.1
28.6
26.6
27.2

21.4
214
22

(14)
bot
25.9
36.4
26.7
24 2
24
28.8
449
48.3
43.9
41.6
38.3
34.7
34.3
33.1
28.5
26.4
27.8
29

28.7
29.7
30

28

26

24.6
24.8
25.1
25.2
25.7
27.3
27.5
21.8
22.8
216
22

23.3
21.7
227

24.3
24.6
25.3

(15)
bot
28.2
55.4
34.1
30.8
34.2
44.2
56
54.2
50.1
46.7
42.5
37.5
38
37.6
34.4
29.3
30.1
31.9

31.5
34.4
35.2
33.9
30.5
26.8
26.2
26.4
26.9
27.8
29.6
29.9
25.1
24.3
23

22.7
24.1
23

23.4

22.6
23.4
241

(16)
bot
21.6
35.3
28.5
27.4
29
37.3
50.9
46.5
43
40.56
38
33.9
34.5
34
30.6
27.3
27.7
28.4

279
29

29.3
29.1
27.3
25.3
2561
25.3
25.7
26.3
27.6
28

24.2
24.1
23.1
22.9
23.8
22.7
23.1

20.8
20.8
21.2

(17N
mid
23.3
68.8
72.4
70.3
69.6
70.5
69.2
67

65.9
64.6
64.5
63.8
61.8
63.7
61.8
61.1
62.5
62.4

60

59.6
58.3
55.8
54.2
52.6
51.8
51.2
50.1
49.2
49

47.3
45.9
432
42.1
41.6
42.4
42.4
41.4

21
21.1
214

(18)
mid
19.8
72.2
71.8
68.6
68

69.7
68.4
65.2
62.8
61.5
62.4
63.6
60.8
61.7
59.2
57.3
58.3
58

55.7
55.3
54.3
51.2
50.1
49.1
49

478
46.9
46

46.3
441
40.8
37.4
36.2
35.4
36.9
36.7
36

215
22.1
226

(19)
mid
17.6
71.7
65.1
52.6
53.4
63.3
63.8
58

529
52.6
50.7
49.9
47.9
47.6
44.3
39.9
42.2
427

422
42.4
42.2
38.6
36.6
35.9
36.8
36.8
35.7
35.2
36.4
35.2
30.2
28.4
27.1
26.8
28.8
27.5
27.4

23.2
23.1
23.9

(20)
mid
23.7
45.1
73.3
73.6
73.1
72.9
72.2
70.9
70

69.3
69.8
70

69.2
69.5
69.7
68

69.4
69.7

68.7
68.4
68.2
67.4
66.8
65.9
65.9
66.2
65.8
65.6
65.3
64.2
63.6
61.9
61.3
60.3
61

61.1
58.9

23.4
23.7
24.5

(21)
mid
24.1
72

71.1
67.2
64.1
684
68.1
66

62.8
61.9
62.6
63.1
61

61.7
59.8
57.8
59.8
58.6

56.5
55.7
54.6
50.4
48.7
47.4
47.2
46.7
46.5
45.8
46.6
44 .8
42.4
40.4
39.1
38.8
40.1
39.6
38.1

21.4
21.9
22.3

(22)
mid
25.8
40.6
65.9
74.3
73.6
73.4
72.9
72

71.4
70.4
70.2
70.2
69.4
69.4
69.9
68.5
69.4
69.7

68.8
68.6
68.4
67.8
67.5
67

67.2
67.4
67

66.8
66.7
66

65.8
65.1
65.2
64.4
64.4
64.4
62.8

21
21.3
21.6

(23)
mid
16.9
67.6
72.6
70.7
69.5
70.8
69.8
68.3
66.6
64.6
65.1
65.3
62.9
64.7
64.1
63.2
65.4
64.4
63.4
63.1
62.7
61.4
58.5
57.6
57

56.8
56.1
54.8
534
52.9
50.7
49.5
48.3
47.1
46.2
46.6
459
43.8
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
58
60
61
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

day

28.6
29.3
27.1
24.6
24.5
24.3
24.8
24.6
24.6
25

25.1
25.2
26.7
27.6
27.7
25.2
24.4
25.2
23.4
22.7
22.7
21.8
22.2
22.3
21.9
21.9
22,7
21.9
22.5
21.4
20

20.1
21.5
21.5
20.6
20.56
20.7
21.7
21.8
21.9
22.3

(24)

mid

24.6
24.8
22.8
204
21.3
214
22

214
22

22.2
22.8
23

24.8
25.3
25.6
23.5
225
23.1
21.5
20.7
21.4
20.4
21.3
21.8
21.5
21.4
22.1
21.5
224
20.9
18

20.4
214
21.6
20.5
20.6
20.8
22

22.2
22.4
22.9

(25)

mid

25.2
26.4
24.7
21.8
21.9
21.9
22.3
22.2
22.3
22.5
23

23.8
254
26.3
26.6
24.2
22.4
23.2
21.7
214
21.6
20.8
21.1
21

21.1
21.1
214
21.2
22.4
21.4
19.4
20

21.6
21.8
20.8
20.7
21.2
22.4
22.7
22.6
23.1

(26)

24.4
25.2
24

22.2
22.2
22

22.2
21.9
22.1
22.4
225
23

24.2
24.9
25.3
23.5
224
23.2
22

21.6
21.7
21

21.2
21.2
21.1
21.3
21.9
214
21.9
21

20.1
20.2
21.3
21.3
20.4
20.3
20.7
21.6
21.8
21.7
22

(27)
mid

39.9
39.3
38

34.5
32.5
31.7
31.2
30.7
29.7
29.1
28.8
28.8
292
30.2
30.9
30

28.8
27.7
25.8
25.2
247
23.8
23

23.1
23.5
23.2
23.4
22.6
23

23.2
21.3
20.5
21.5
21.9
21.9
21.3
21.2
21.7
22.4
22.7
22.9

(28)
top

35.3
35.2
33.6
29.6
28

27.5
27.7
27.8
27.2
26.8
26.8
271
27.9
29

29.7
28.2
27.1
26.6
24.7
24.2
24

22.9
22.3
22,7
22.9
22.7
23.2
22.3
23

22.8
20.6
20.2
21.6
21.9
21.7
21

21.1
21.8
22.5
22.8
23.1

(29)
top

28.9
29.5
27.2
23.5
23.1
23.1
24.1
24.4
24.3
243
24.5
254
26.8
28.1
28.4
25.7
24.4
256.2
23

22.4
224
21.5
216
22.1
22.1
22.1
23.1
22

23.1
21.9
19.7
20

22.1
22.3
211
20.8
21.2
22.6
23

23.7
24.1

(30
top

56.1
54.8
54

52.2
52.1
52.2
51

49.6
48.4
47.2
46.3
45.4
44.8
44.6
43.8
42.5
41.1
39.3
37.4
35.5
33.8
31.8
29.8
28.8
28.2
26.8
25.8
24.9
24.5
24.6
23.2
22

22.1
22.5
22.9
22.3
22

22.1
22.8
23.2
23.3

(31)
top

37.8
37.6
35.8
31.9
31

30.9
32

32.1
31.1
30.3
29.6
30

30.8
32.1
32.6
30.6
29.6
28.5
26.1
25.8
25.2
24.1
23.7
24

24.1
23.4
23.9
22.8
23.5
23.2
20.8
205
21.8
22.2
21.9
21.3
21.3
22.1
22.7
23

23.5

(32)
top

61

59.8
08.4
55.4
53.1
25.9
58.6
58.1
55.4
53.7
54

53.9
53.3
23.1
92.5
01.8
o1

48

46.1
45.5
45.3
44.8
44.2
43.5
41.9
38.6
33.8
29.5
27.1
26.6
24.9
23.3
23.1
23.4
23.7
23.1
22.6
22.6
23.2
23.6
23.8

(33)
top

43.2
42.8
41.1
37.8
36.9
37.7
39

39.3
38.2
36.9
36

36

36.6
37.5
37.5
35.7
34

33.1
31

30.4
29.9
28.9
28.1
27.8
27.4
26.3
26.1
25

25.1
24.6
22.3
216
22.5
22.8
22.6
21.9
21.8
22.4
22.9
23.2
23.5

(34)
top
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Do -1 N OB

194
40.5
68.4
73.6
73

72.8
72.1
71.2
70.3
69.9
69.7
69.5
68.8
68.9
69.3
68

68.8
69.1
69

68.2
68

67.9
67.3
67

66.4
66.5
66.7
66.5
66.2
66.1
65.5
65

64.1
64.1
63.3
63.4
63.4
61.8
59.9
58.7
57.2
53.8
51.2
54.5

251
62

73.1
72.3
71.8
71.9
71.3
70.2
69.1
69

68.9
68.6
68.5
68.4
67.6
66.3
67.1
66.8
66.1
66

65.5
64.8
64

62.9
62.1
61.7
61.3
60.3
59.6
59

57.8
55.3
54.5
53.5
52.2
52.3
51.6
49.6
48.4
47.3
45.8
42.8
41.4
43

22.7
70.6
61.8
52.8
93

61.5
64

59.7
56.9
56.2
54.5
54.2
53.8
52.9
49.7
48.3
49.6
49.1
47.7
47.5
47.6
47

44.6
42.3
40.4
40.2
40.2
39.9
39.8
40.8
40.1
36

35.5
34.2
33.9
35.3
33.8
33.3
34.4
34.5
324
28.9
28.5
28.4

23.3
66.1
72.7
71.9
71.6
70.7
68.2
67.1
68.1
68.1
67.4
66.5
67.6
66.6
66

64

64.5
64.3
62.4
62.1
61.8
61

60

57.4
54.3
53.4
53.6
93.7
52.9
53

52.5
48.1
44.5
43

42.8
43.8
442
43.9
41.9
42.2
41.1
38

36.2
35.6

25.2
67.6
67.9
67.5
66.2
65.9
64.8
63.5
61.8
60.6
61.1
60

58

59.7
58

56.5
58.4
58.4
57.8
56.4
55.9
03.8
52.1
50.5
48.4
48.4
47.9
46.8
45.5
45.1
41.3
42

40.1
37.2
37

39.4
38.3
36.7
35.8
34.6
33.5
30.5
30.1
30.1

245
63.6
66.9
65.7
64.1
63.7
61.7
59.5
57.6
56.4
58.9
60.1
57.1
56.1
53.4
52.2
55.1
54.5
61.4
52.1
51.1
51.6
47.2
45.8
43.9
44 4
44.5
44

42.6
43.1
39.7
38

37

34.4
35.1
36.9
35.8
35

34.7
34.3
32.1
28.8
28.5
28.5

239
65.9
73.1
73.2
72.4
72.1
70.8
69.7
69.1
67.5
67.4
67.3
66.4
66

66.3
64.4
65.6
65.2
64.7
63.5
62.6
61.9
60.3
59.6
58.2
57.8
54.5
54.2
54.1
53.6
514
50.6
50

49.7
49

50.4
50.2
48

46.3
45.3
43.5
39.9
38.6
40.7

23.3
68.4
70.6
69.8
68.7
68.3
67.1
66

64

61.8
63.1
63.8
61.1
61.2
60.3
58.9
61.1
60.3
58.2
58.2
57.7
a7.1
53.3
53.6
53.1
53.2
49.3
49.3
49

49.2
47.3
44.8
45.4
44.7
44.1
44.5
43.3
41.7
41.7
41.3
38.6
34.7
339
35.6

248
71.3
71.8
70.2
68.6
69.1
68.5
66.8
65.8
65.4
64.6
63.8
63.6
62.3
57.8
57.8
59.4
57.1
55.3
556.2
54

53.8
52.5
50

48.7
49.2
49.4
49.2
49.7
49.5
49.8
43.8
44.8
45.1
44.1
44.2
42.5
41.1
42.1
40.8
39.6
36.4
34.9
35.9

25.2
65.2
73

73.4
72.7
72.4
71.4
70.2
69.1
67.9
67.7
67.1
65

65.4
65

64.2
65

64.6
64.2
62.8
62

61.1
59.9
59.3
58

57.6
57.4
56.1
55.4
55.2
54.4
54.1
53.9
54.5
53.4
53.3
53.2
51.2
49.8
49.3
47.8
44

41.2
42.8

254
70.9
72.7
71.3
70

68.5
66.2
65.3
66

66.1
65.1
64

65.2
63.5
64.4
61.4
61.3
60.7
59

58.3
57.9
56.9
55.9
54

50.8
50.1
51

50.8
49.6
49.9
49.4
44.9
42

40.9
40.5
41.5
41.1
40.2
38.4
38.3
36.7
33.4
32.2
32.5
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45 57.3 454
46 577 46.3
47 549 448
48 524 43.2
49  53.3 427
50 534 422
51 528 418
52 52.8 4138
53 52.1 412
54 512 39.8
655  49.1 38.2
56 473 376
o7 45.2 36

58 444 349
59 447 35.1
60 442 336
61 434 324
63 422 313
64 40 30.1
65 37 204
66 334 284
67 293 26.3
68  26.7 248
69 259 242
70 244 22.8
71 22.8 216
72 22.6 22

73 229 222
74 232 223
75 22.5 21.7
76 222 216
77 221 218
78 228 225
79 231 22.8
80 233 229

Treatment IV
(n (@2
day bot bot
27.8 26.9
434 62
31.5 448
26.5 34.9
239 315

N o GO DO =

294
29.4
29.5
29.3
29.1
29.1
30.5
31.3
31.5
28.8
27.6
27.9
25.6
24.5
24.8
23.6
23.9
23.9
23.2
23.4
24.1
22.8
23.3
22

20.1
20.5
22.1
22.2
21.1
20.9
21.5
22.7
23.1
22.9
23.3

{3)

bot

25.6
35.2
26.5
24.2
21.7

35.1
34.2
32.9
321
31.7
32

31.4
32.3
32.2
31.2
28.9
28.4
27.5
26.1
25.2
24.1
23

22.8
23

23.4
23.7
23.2
22.8
22.9
21.9
20.8
21.2
216
21.9
21

21

21.3
22

22.4
22.4

(4)

bot

27.8
69.5
53.8
38.4
33.1

29.7
28.4
27.8
27.6
27.5
27.3
29.1
29.8
30.2
28.1
27

26.3
23.7
23.2
23.2
221
22.3
22.7
22.6
22.1
22.8
21.6
23

21.6
19.2
19.6
21.5
22.1
20.9
204
21

22.4
22.9
22.8
23.3

(5)
bot
26.7
52.4
72
66.4
58.2

29.7
28.3
274
27.1
27.2
27.5
29

29.9
30.1
27.8
26.5
25.9
23.7
23

22.6
21.6
21.9
22.3
22.2
21.8
22.4
21.4
22.8
21.5
19

19.4
21.4
22.1
20.7
20.3
20.7
22.3
22.6
22.8
23.3

(7

bot

26.1
327
67.5
73.3
71.2

41.6
40

38.2
37.1
35.8
36.3
36.7
37

36.3
34.5
33.2
31.8
30

29.8
29.5
28.8
28.2
27.8
26.8
249
244
22.5
23.3
22.5
20

19.6
21.2
21.8
21.1
20.3
20.6
21.7
22.3
22.5
22.9

(8)

bot

27.4
63.9
61.5
58.7
55.8

36.6
35.1
34

33.4
32.9
33.1
34.6
35.2
34.9
32.2
30.5
30.3
28.5
279
28

272
27.2
26.7
26

24.4
24.3
22.6
23.7
22,1
19.7
19.9
21.7
22.3
21

20.6
21.1
22.5
22.9
22.8
23.3

)]

bot

28.6
7.7
40.8
32.7
28.8

38.3
38.9
37.8
36.2
34.8
34.7
35.9
35.3
356.9
33.6
32.8
31.6
29.1
28.9
30.2
29.8
29.9
294
27.8
27.3
26.7
24.1
23.8
22.2
20.2
20

21.8
222
21

20.7
21.2
225
23

23.2
23.5

(10)
bot
27.2
58
39.7
33.6
32

46.4
46.5
43.3
40.7
39.7
40.3
40

39.9
39.2
37.7
36.6
35.2
33

32.9
33.2
33.5
33.1
32.5
31.2
294
28

24.6
24.1
234
20.8
19.9
21.3
21.8
21.6
20.7
20.8
21.6
224
22.7
23

(11)
bot
25.5
65.9
62.2
60
56.1

32.9
32.5
31.3
30.5
30.4
31.1
31.3
32.1
32.1
30.1
28.1
27.6
26

24.6
24.1
22.8
22

22

22.1
22.4
23.1
22.1
22.5
219
20.1
19.4
21

21.5
20.9
20.3
20.6
21.6
22.4
22.6
23

(12)
bot

25.5
294
59.6
72.8
71.6
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26.1
30.5
45.2
51.1
49.6
43.3
39.6
40

31.9
26.9
28.6
29.8
28.8
29.3
30.6
29.9
28.3
25.9
24.7
249
24.2
23.4
24.6
27.3
27.7
22.1
23.4
21.7
22.9
24.8
22.8
23.2
25

25.8
23.3
21.1
22

22

22.7
22.4
22.6
23

23.5
241

32.2
46.3
62

62.1
54.5
51.9
49.5
48.2
43.8
41.1
41.4
40.9
39

38.9
39.1
38.3
37.2
350.4
33.7
33.4
33.4
33.1
33.2
33.4
32.5
30.4
29.5
28.2
27.8
28.7
27.5
27

27.8
27.9
26.7
24.5
24.4
24.2
24.2
24.1
24.1
24.1
23.9
24.4

22.9
26.6
38.6
44.7
39.5
34.6
32.7
30.7
24.5
22.2
24.8
257
23.2
26.1
27.2
27.5
26

23.6
23.1
23.9
24.2
24

25.5
27

27.9
21.7
23

22.2
23.1
23.9
22.2
22.7
25.2
25.2
23.7
21.7
22.8
23

23.4
22.6
23.2
23.9
24.5
24.4

36.5
47.8
60

66.2
57.7
54.9
52.9
50.3
46.5
42.8
42.6
42.5
41.1
40.7
40.8
40.2
38.4
36.6
34.6
33.9
33.2
32.8
32.1
33.6
31.8
28.3
27.8
26.3
26.5
28.2
26.9
27

27.9
28.4
26.4
23.8
23.8
23.5
24.2
24.1
23.9
239
24.1
24.7

63.4
68.5
68.5
67.5
65.5
63.9
62.6
62.6
60.9
59.5
60

59.5
56.4
57.6
57.2
56.3
55.4
54.4
52.9
52.1
51.5
50.6
50

49.4
47.7
48.1
45.8
45

43.8
43.2
43

41.6
40

40

39.5
37.4
35.6
34.8
34

33.6
32.6
31.8
30.9
30.5

71.3
70.8
69.8
68.9
68.2
67.4
66.4
66.2
66.4
66.3
65.5
65.3
64.8
64.4
64.2
63.6
63.1
62.7
62

61.9
62

61.9
61.8
61.8
61.3
61.3
60.8
60.3
59.8
59.5
59

57.2
56.6
55.9
54,7
52.8
51.5
50.9
50

48.9
47.5
46.7
46

45.2

594
58.4
58.3
57.2
54.2
52.5
51.9
53.1
47.8
49.1
50.6
49.9
48.8
49.2
49.2
47.5
46.6
44.7
43.9
43.5
42.7
41.4
41.4
41.3
39.8
38.2
374
35.7
35.6
35.9
34.7
32.1
32.9
33.7
31.8
29.8
294
29.1
29

29

28.7
28.5
28.2
284

31.7
41.7
55.9
55.6
50.3
46.4
45.4
42.7
38.4
35.2
35.6
35.3
32.8
33.9
34.2
33.8
32.3
30.3
29

29.2
29.3
29.1
29.6
31

31.6
26.1
26.5
25

25.3
26.2
244
24.2
26.7
27

25.5
23

23.6
23.5
23.8
23.4
23.7
23.8
24.1
24.5

38.6
56.4
60.4
55.1
52.1
49 2
47.4
44.9
414
38.9
38.7
38.2
36.6
37

37.3
36.7
35.5
33.9
32.4
32.1
31.9
31.9
31.8
32.6
32.1
29.1
29.1
27.9
27.7
28.7
27.3
27.1
28

28.3
26.8
24.8
24.7
24 .4
24.6
24.4
24.4
24.4
24.3
24.8

59.9
59.5
59.7
58.7
57.6
55.5
54.9
55.9
515
51.7
53.8
53.3
52.4
52.8
52.8
51.5
50.1
48.9
49.3
49.3
48.3
46.9
47.1
46.3
45.1
43.7
43.3
42.3
42.1
42.2
41.5
38.8
39.3
38.5
37.5
35.3
34.8
34.6
34.5
34.6
34.2
33.7
32.9
32.5

70.8
70.3
69.2
68.3
67.5
67

65.8
65.6
66.2
65.1
65.3
65.4
65.2
64.7
64.3
63.9
63.3
62.9
62.1
61.9
62.1
62

62

62.1
61.7
61.7
61.3
61

60.6
60.5
60.1
58.2
57.8
57.3
56.2
54.4
52.9
52.1
o1

o0

48.8
48.1
47.5
46.9
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50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

[o N
()
o]

=t 0O 00 ~1 O N L2 DO

26

26.6
27.1
24 .4
23.5
23.6
22.5
22.2
22.4
214
22.3
22.8
22.6
22.3
23.2
22.8
24

22.2
19.9
21.1
22,7
23

21.7
21.6
22.2
23.8
24

23.8
244
23.6
23.8

(13}
bot
29.3
68.3
47.1
36.4
39.3
54.4
62.5
64
56.3
53.8

25.6
26.4
26.7
25

24.6
24.7
22.8
22.8
23

224
22,56
22.8
22.8
22.6
23.3
22.4
23.3
22.4
20.7
21

22.2
22.3
21.6
21.4
21.6
22.4
22.8
22.8
23.1
22.8
22.9

(14)
bot

23.3
35.8
27.3
254
23.6
27.3
40.7
49.9
46.7
429

27

27.5
28

25.3
244
25

23.2
22.4
23.3
22.3
23.6
23.9
23.5
23.2
24.5
23.5
24.8
22.2
20.5
21.9
23.5
24

22.2
22.3
23

247
25.3
256.1
25.6
24.3
24.7

(15)
bot

28.2
65.8
37.5
29.8
28.7
35.7
48.5
58.9
59.9
54.2

25.8
26.6
26.9
24.9
24.3
24 4
22.7
22.6
22.5
21.8
22

22.4
224
219
22.6
219
23

22.4
20.3
20.7
22

22.2
21.6
21.3
21.5
22.4
22.9
22.7
23

22.8
22.8

(16)
bot
25.5
36.7
26.4
249
22.2
23.8
28.8
42
43.5
38

30.8
31.3
31.8
315
30.7
29.4
28

27.7
27.1
26.6
25.8
25.5
25.5
25

24.7
24.2
24.2
24.3
23.2
22.4
22.5
22.7
22.8
224
22

22

22.3
224
22.5
22.8
22.3

(17
mid
27.5
70.8
72.9
68.9
62

62

68.1
70.2
68.7
64.7

448
44.4
43.5
43

42.1
41.3
40.4
39.8
38.9
37.8
36.6
35.5
34.1
32.8
318
30.6
30.1
29.2
27.6
26.5
26

25.6
25.1
24.3
23.5
23

23

23

23

23.2
22.8

(18)
mid
27.8
71.7
73.3
70.2
63.6
62.3
70.2
70.5
68.9
65.7

29.3
30.5
30.7
28.8
28.4
28.7
26.9
25.8
25.8
25.2
24.9
25

24.6
24.5
25.2
24.7
24.5
23.8
21.6
21.8
22.9
22.8
22.5
22.1
22.2
22.2
22.6
23.6
23.7
23

23.3

(19)
mid
27.8
71

68.8
61.1
49.9
51.6
63.1
64.6
62.2
58

26.5
27.1
274
256.3
24.4
25.1
23

22.5
23.3
22.2
23

23

22.5
23

24

23

24

22.6
21.2
21.8
23.3
23.3
22.1
22.3
22.6
23.8
24.1
24

24.5
23.9
24.1

(20)
mid
26.7
51.3
73.8
73.6
71.9
71.7
72.1
714
70.6
69.5

25.7
26.3
26.4
24.6
24.1
24.2
22.9
22.7
22.6
21.9
22.2
22.4
22.2
22

22.6
21.8
22.6
21.9
20.5
20.5
21.7
21.9
21.2
20.9
21.2
21.8
22

21.9
22.2
21.9
22.1

(21)
mid
26.7
69

73.6
71.9
69.1
68.2
71.2
69.8
66.9
66.7

33.3
33.7
33.6
31.7
31.1
30.6
28.7
28

28.1
274
27.1
26.9
26.3
26

26.2
25.2
25.3
25

22.9
22.8
23.5
23.5
23.3
22.8
22.6
22.5
22.7
23.4
23.6
22.9
231

(22)
mid
26.6
45.1
72.4
73.8
73

72.9
72.3
71.5
70.7
69.6

46.4
459
44.7
444
43.4
42.8
42.1
414
40.6
39.7
38.8
37.8
36.6
35.6
34.6
33.4
32.2
31.1
29.5
279
26.9
26.1
25.3
24.2
23.5
22.9
22.8
22.8
22.8
22.9
22.5

(23)
mid
26.5
58.8
74

72.9
71.2
70.3
71.4
70.6
69

68.4
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
o3
54

52

50

48.2
44.8
41.3
41.4
40.6
39.2
39

38.8
38.1
36.8
36.1
33.3
32.9
32.9
32.8
32.8
33.9
33.8
30.5
29.6
28.3
27.9
28.4
274
25.9
27.7
28.2
27.4
24.9
24.6
24.4
24.5
24.4
24.3
24.2
244
25.2
26

26.6
27

25.6
24.6

39.3
39.5
36.3
31.9
284
29.4
29.6
27.2
29.4
29.5
30.3
28.3
25.8
25.4
25.7
26

25.9
27.1
28.7
29.7
22.9
24.3
22.8
24

24.7
22.9
22.8
26.1
26.1
25

22.5
23.3
23.5
24.1
23.2
23.6
24

24.6
24.6
27

274
27.8
25.7
243

51.8
46.7
43.3
37.7
31.8
32.3
33.1
32.2
32.2
33.4
33.5
31.9
30

27.3
27

274
27.8
28

29.8
30

25.5
25

234
23.8
25.3
24.1
24.3
25.8
26.7
24.7
22.1
22.2
22.1
22.7
22.6
22.6
22.8
23

23.9
25.3
26

26.3
24.1
23

37.1
37.5
33.7
28.3
26.5
28.3
28.8
26

28.3
29.1
29.6
27.6
25.5
24.8
25.3
25.7
25.9
26.7
28

28.6
23

23.9
22.8
23.5
24.3
22.1
23.2
254
25.5
23.8
219
22.5
22.6
23.2
22.5
23

23.6
24.2
24

26.3
26.7
27.2
24.8
23.6

62.7
62.4
63.3
61.3
60.8
62.2
62

60.7
60.5
60.3
59

57.9
56.6
556.3
54.7
54

52.9
52.5
51.6
48.8
49.1
472
45.9
44.9
44.8
44 4
43.2
41.6
41.9
40.4
37.4
36.4
36

35.8
35.3
34.2
33.5
32.7
32.3
33.1
33.9
34

32.4
31.6

62.7
61.5
62.6
60.6
59.8
61.8
62

61.1
60.7
66.5
59.4
58

56.8
55.56
54.7
54

53

52.3
51.8
48.8
48.5
46.2
44.7
43.7
44.1
43.7
42.3
40.8
40.9
39.5
35.9
34.3
33.8
33.7
33.5
32.3
31.7
31.6
31.7
32.1
33.4
33.4
31.6
30.4

556.5
54.1
52.6
49.5
48.9
o0

49.8
47.2
48.3
48.3
47

44 .8
43.1
41.6
41.5
41.8
42.2
41.3
42.3
39.9
36.8
34.6
334
33

34.3
33.3
32.5
32.6
33.2
30.8
26.7
26

25.7
26.4
26.1
256.8
25.9
26

26.6
28.3
29.4
29.6
26.7
25.7

68.3
67.4
68.2
68.6
67.2
68.2
68.5
68.4
67.8
67.9
67.6
67.3
67

66.2
66.1
66.4
66.1
66.1
65.8
64

65.7
64.8
64.4
63.6
63.4
63.3
61.3
60.7
60.5
59.2
56.6
55.4
55.3
54.5
53.6
52.5
51.8
50.9
49.8
49.4
48.8
47.7
47.1
46

67.7
65.8
66.1
64.2
64.9
66.1
65.4
63.6
64.2
64.1
63.3
60.8
59.7
58.5
58.9
58.3
58.1
57.1
51.9
54.5
52.9
51.9
50.4
50.2
50.4
49.4
48.1
46.6
46.9
44.2
40.8
40.2
40.2
40.6
40.4
39.3
38.7
38.6
38.9
39.1
40.1
394
37.8
37

68.7
68.1
68.3
68.7
67.7
68.3
68.6
66.8
68.3
68.2
68

67.7
67.4
66.6
66.4
66.7
66.8
66.9
66.8
65.9
66.3
65.9
65.7
65.4
65.6
65.5
63.4
64.8
64.4
63.9
62.2
61.1
60.8
59.9
58.8
57.7
57

56.3
55.3
55.4
54.8
53.5
54

53.3

68.1
67.3
68

67.8
66.8
68.9
68.7
68

68

68

67.5
66.5
66.3
65.5
65.6
65.7
65.5
65

65.1
63.7
63.3
62.5
61.9
61.7
61.6
61.1
59.7
58.5
57.9
55.4
53.1
62.7
52.2
51.9
50.7
49.3
48.6
48

47.6
47.3
47.6
46

44.9
44.2
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55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

oL
o
vt

oo ~1 MG DN -

255
23.9
22.9
23.3
22.2
22.3
22.4
21.7
22.5
23.3
22.4
22.8
22.2
21.1
20.7
21.8
21.8
21.2
21

21.2
21.8
22.1
22.1
22.4
22.3
22.3

(24)
mid
27

48.2
73

73.8
72.9
72.8
72.2
71.4
70.4
69.5
68.8
68.5
69

69.1
68.1

254
23.5
22.1
23

21.6
23

23

22.5
23.3
24

23

24

22.3
20.7
21.7
23.1
23.4
22

221
224
23.8
24.2
24.4
24.8
23.8
24.2

(25)
mid
28.3
69.8
73.5
72.1
68.7
70.7
69.7
69.1
67.1
65.8
65.6
66.8
67.2
66.5
66.3

23.8
22.2
219
22

21

21.5
21.6
21.9
21.6
223
21.5
22.6
21.7
19.9
20.3
21.9
22

21

20.7
21.3
22.4
22.5
22.2
22.5
22.2
22.4

(26)
mid
28.9
71.9
68.1
55.3
47.2
57.7
62.1
63.5
56.9
85.5
54.7
54.5
53.6
51.2
50.6

24.5
23.3
22.1
22.6
21.8
22.8
23

22.6
229
23.5
23.1
23.9
21.9
20.1
21.5
22.8
23

21.5
21.6
221
23.7
23.9
24.2
24.4
23.3
23.8

(27)
mid
27.5
70.4
72.4
69.9
67
66.8
68.3
68.1
65.7
63.3
62.6
62.4
62.2
60.4
59.8

29.5
27.9
28

27.3
26.6
26

26

26.3
24.9
25.1
24.1
24.9
24.5
22.2
21.5
22.7
23

22.7
22

22

22.6
23.2
23.2
23.3
23.4
23

(28)
top

28.2
70.1
72.1
70.8
67.9
66.1
68.2
66.7
64.5
63.8
61.4
58.6
64.9
63.1
62.2

28.8
27.6
271
26.3
254
24.9
25

25.4
24.2
24.5
23.2
24.2
23.9
21.6
20.8
22.2
22.7
22.3
21.6
21.6
22.4
23

23.1
23.2
23.3
22.8

(29)
top
28.4
70.1
72.6
71.3
68.5
65.9
69.5
67.2
64.2
64.3
63.3
60
63.7
63.1
62.1

25.5
23.5
231
23

22.1
22.7
23.2
23.2
22.4
23.1
22.2
23.8
22.5
20

20.5
22.5
22.9
21.6
21.3
21.8
23.5
23.6
23.4
23.8
23.4
23.5

(30)
top
28.4
64.1
74.1
73.5
72.5
72
71.1
70.1
69.1
67.7
66.6
66.5
67
67.6
66.4

44.5
43.7
43.7
42.8
41.7
40.4
39.4
38.2
35.9
34.5
33.1
32.8
31.5
28.2
26.5
26.7
26.5
25.9
24.6
23.7
23.3
23.8
23.9
23.9
24.1
23.4

(31)
top

28.1
63.7
73.9
73.3
72.1
70.8
71.5
69.7
67.9
67.4
67.2
65.8
65.9
66.5
66.1

35.2
34

33.5
32.1
31.4
30.6
30.3
30.5
27.3
26.8
25.7
274
26.8
23.3
22.6
24

24.3
23.9
22.9
22.5
22.8
23.3
23.5
23.7
23.7
23.3

(32)
top

28.9
69.5
71.2
70.1
67.8
67.9
65.2
64.4
63.8
61.6
60.7
63.4
63.1
61.4
55.9

52.9
52.2
52

51.6
50.7
50.3
49.3
48

47.8
46.7
45.2
44.5
43

41.3
40.4
39.2
36.7
33.3
28.6
26

24.9
24.8
24.9
24.6
24.7
23.9

(33)
top
28.6
65.2
74
73.5
72.5
72.2
70.9
69.9
69
67.7
66.9
67.4
67.9
68.1
65.6

42.9
42.4
42

41.1
40.5
39.8
39.2
38.7
35.9
34.8
34

35.5
34.1
30.1
29.9
30.6
30

28.3
25.9
24.5
24.1
24.3
244
24.5
24.5
24

(34)
top

26.1
64.1
62.7
61.8
58.3
57.5
57.9
55.2
54.6
51.4
2.7
54.4
50

48 2
44.6



16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

69

69.1
69

68.5
68.3
87.9
67.6
67.2
66.4
66.2
66.5
66.6
66.6
66.6
66

65.9
65.4
65.3
65

65.4
65.2
63.1
64.6
64

63.2
61.3
60.2
59.4
58.1
57

56

55.5
54.7
53.9
53.7
53.2
52.2
52.3
51.4
514
49.9
49.3
48.6
47.3

67

66.1
65.2
65.5
64.7
64.1
63.4
61.8
60.8
60.3
59.9
59.1
58.8
58

56.8
54.2
53.3
52

50.8
50.9
49.5
44.7
47.7
47.4
46.5
43.6
42.6
42

41

40.5
40.1
40

39.5
39.1
40

40

40.4
39.5
38.5
39.1
36.3
35.6
35.6
33.8

51

49.6
47.3
48.4
47.7
47

449
42.7
414
41.3
41.1
40.5
40.6
41.1
39.7
35.6
34.8
32.6
32.2
32.8
30.9
27.5
31.2
31.6
30

26.7
26.8
26.6
26.7
26.2
26.6
26.7
26.9
27.1
29.3
29.8
30.5
28.1
26.9
28

24.7
24

249
23.4

61.1
60.5
58.6
59.1
58.9
57.3
55.7
55

53.8
53.4
52.9
52.2
51.3
51.7
51

46.8
454
44

43.4
44.1
43.3
42.3
41

42.2
40.9
37.9
36.2
35.6
39

34.3
33.3
32.8
32.6
32.9
32.9
33.8
33.9
32.5
30.6
30.6
29.1
27.5
26.5
25.1

62.1
61.2
60.2
59.5
59.5
57.9
57.7
56.5
55.3
55.2
54.2
52.2
53.5
51.2
47.8
51.8
51.4
49.6
48.3
48.1
47.1
45.7
44.6
44.6
42.2
39.1
38.9
38.9
39.1
38.6
37.6
36.9
36.5
36.2
36.8
37.5
36.4
34.4
33.9
31.9
30.8
31.7
30.8
30.2

63

62.3
60.9
60.5
60.8
59.7
58

57.6
56.2
56.2
54.8
53.5
53.7
63.1
49.4
51.7
50.4
48.2
47.1
47.1
46.3
45.6
43.5
44.2
414
38.2
38.1
38.1
38.7
38.4
37.1
36.6
36.5
36.8
37

38.2
36.8
34.5
33.5
32

31.6
31.7
30.4
29.7

67.2
66.9
66.8
65.9
65

64.9
64.7
64.4
63.8
63.4
62.8
62.2
63

62

60.5
61.9
61.5
61

60.2
60.4
60

56.3
59.4
59

58.8
56.3
556.2
54.8
52.9
52.2
50.4
49.2
48.3
47.1
46.9
46.4
44.7
43.7
43.1
42.3
41.6
41.5
40.9
32.9

67.7
67.7
66.8
66.4
66.3
65.8
64.5
64.6
63.5
63.3
62.3
62.3
61.9
62.6
60

60.4
59.8
59.5
59.4
59.5
59.6
58.3
57.6
58.3
56.2
54

53.3
53.3
51

50.7
49.2
48.1
47.1
46.5
46.1
46.2
44

42.2
41.7
40.3
40.4
40.2
39.2
38.5

59.9
58.7
56.9
57.4
556.9
55.9
55.1
52.6
52.5
52.6
52

51.3
52.9
51

52.5
474
49.1
48.6
48.1
48.7
46.6
42.1
49

46.8
47.1
44.8
45.1
44 .2
42.8
42.1
42

41.9
40.4
39.3
41.2
39.5
40.6
39.3
38.9
37.9
34.5
35.2
37.2
35.6

67.6
66.9
66.5
65.9
64.8
64.8
64.8
64

63.7
63.3
63

62.6
63.2
62.1
62.3
61.5
61.3
61.1
60.4
60.7
60.2
56.4
60.7
60.1
60.3
58.7
58

57

55.8
54.3
52.5
51.5
50.4
49.2
48.8
47.8
46.8
46.3
45.7
44.6
43.2
43.3
42.9
41.9

48.4
47.1
43

45.8
46.5
45.9
42

39.6
38.3
38.9
39.8
39.8
39.8
41.3
40.8
33.6
33.7
32.4
33.2
35.2
32.8
32.7
34.1
34.3
32.1
29.1
29.4
29.2
29.5
29

28.6
28.8
28.6
29.1
30.9
30.9
31.7
291
21.6
27.2
25.5
24

24.2
22.9

156



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

46.6
45.5
43.9
44.2
43.4
42

40.7
39.3
37.4
34.7
32.6
30.2
28.2
26.2
24.9
24.1
24.3
24.4
24.2
24 .4
23.7

32.9
31.9
29.3
31.2
31.7
30.5
294
28.2
26.6
25.4
25.9
23.3
24.2
23.5
23.1
23.3
23.6
23.7
23.7
23.8
23.3

24.1
24

22.8
23.9
25.2
24

24.7
23.1
21.1
21.7
23.6
23.6
22

22.1
22.5
23.9
242
24.2
24.5
23.9
24

24

23.9
24.2
24.4
24.9
24

23.7
23.5
22.2
21.3
22.2
22.5
22.1
21.4
21.6
22.1
22.8
23

23.1
23.1
22.8

23.5
29.2
29.3
26.7
26.8
25.1
26.7
25.7
22.3
21.9
23.5
23.8
22.8
21.8
21.8
229
23.6
23.5
23.8
23.5
23.4

29

28.8
29.4
26.1
26

24.4
26.5
25.5
21.9
21.6
23.4
23.8
22.7
21.6
21.8
22.9
23.4
23.6
23.9
23.5
234

39.2
38.8
38

37.4
37.2
36.1
36.2
35.6
32.9
31.8
32

30.5
28.1
24.9
23.4
23.4
24

24.1
24

23.8
23.5

38.1
37.9
38.3
35.2
34.9
34.2
35.8
34.5
31

30.7
31.4
30.3
27.7
24.6
23.3
23.6
24.1
24.1
24.2
23.9
23.7

36.2
35.2
30.7
35.3
356.8
33.3
32.5
31.4
29.3
29.2
29.2
27.7
25.3
24.1
23.1
23.9
243
24.3
242
23.8
23.7

41.4
40.8
38.4
40.2
39.6
38.3
37.6
37.4
35.6
34.4
33.5
31.1
28.4
25.3
23.7
23.5
24.1
242
24

23.9
23.5

23.2
23.3
22.9
23.3
24.1
23

23.8
221
19.9
20.7
22.5
23

21.4
21.2
21.7
23.5
23.8
23.9
24.4
23.5
23.7
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Appendix C

COMPOST PARAMETER DATA

Samp: sample ID, (in the ID, the number is the sampling day, and the letter the
sampling location: w-whole pile, b-bottom, m-middle and t-top).

MC:moisture content; VS:volatile solids; C:carbon; N:nitrogen; P:phosphorus; NO,-
N:nitrate nitrogen; NH,-N:ammonia nitrogen; T:temperature.

Treatment I

Samp MC% VS% Ash% pH C% N% P% NO,-N% T NH,-N%
1w 73 87 11 6.2 47 2.8 091 0.002 20 -

5w 71 87 11 86 44 29 - 0.001 56 -

9w 6% 87 12 84 44 31 101 0.001 47 -

12b 70 87 11 85 44 25 - - 32 -
12m 69 87 11 83 45 29 - - 53 -
12t 69 86 13 83 46 28 - - 41 -
15b 69 87 13 84 45 28 1 0.002 31 -

15m 68 87 12 82 45 34 097 0.00147 -

15t 65 - - 82 38 28 081 0.00136 -

18b 69 87 11 85 45 25 - - 26 0.15
18m 68 87 11 81 45 28 - - 40 0.14
18t 67 87 12 83 44 27 - - 31 0.14
22b 69 84 14 86 46 25 - - 25 -
22m 68 86 12 85 43 24 - - 38 -
22t 68 87 11 85 45 26 - - 31 -
29 70 88 11 87 45 25 - - 22 142
29m 68 87 12 87 44 24 - - 29 1.46
29t 67 87 12 86 44 25 - - 25 1.39
37 70 86 12 86 45 3 - 0.002 20 1.33

37Tm 68 87 12 87 45 32 - 0.001 22 -

37t 67 86 12 87 45 32 - 0.002 20 -

47w 67 87 11 85 45 26 - - 19 1.02
80b 67 86 12 78 45 28 125 - 21 1.81
80m 66 87 11 78 45 26 123 - 22 21
80t 67 86 12 7.8 44 26 121 - 22 1.99
lw 71 89 10 6.1 46 27 0.79 0.001 22 -

5w 68 89 11 85 46 28 - 0.001 51 -

9w 68 87 11 83 45 28 0.84 0.00150 -

12b 67 89 10 81 45 24 - - 34 -
12m 68 89 10 81 46 3 - - 48 -
12t 67 86 . 81 43 24 - - 49 -
15b 66 88 10 7.7 46 25 0.69 30 -

15m 67 88 10 8 45 29 092 0.001 43 -



15t
18b
18m
18t
22b
22m
22t
29b
29m
29t
37b
37m
37t
47w
80b
80m
80t
1b
Im
1t
4w
Sw
11b
11m
11t
14b
14m
14t
17b
17m
17t
21b
21m
21t
28b
28m
28t
36b
36m
36t
46w
79b
79m
79t

68
68
67
67
65
67
66
67
65
67
69
66
68
65
65
65
64
71
76
78
72
69
69
67
72
68
68
72
68
68
71
68
70
70
67
67
70
72
67
69
67
67
65
68

88
88
90
87
90
89
87
84
89
83
85
90
86
89
90
89
81
86
84
84
86
85
88
82
82
86
86
84
87
87
33
88
84
81
88
87
83
87
88
84
87
38
86
79

10
12
10
13

10
12
15
11

14
10
13
11

10

14
14
15
14
14
11
17
16
11
12
16
12
12
17
11

18
12
13
17
12
12
16
12
12
14
19

8.2
8.4
8.2
8.4
8.4
8.3
8.4
8.7
8.5
8.6
8.6
8.5
8.6
8.5
7.3
7.5
7.8
6.1
6.9
6.8
8.6
8.6
8.4
8.6
8.6
8.4
8.4
8.5
8.5
8.4
8.5
8.6
8.6
8.7
8.7
8.8
8.8
8.7
838
8.8
8.3
7.5
7.6
8.1

44
46
47
46
47
46
45
46
46
45
45
46
45
44
45
45
40
44
44
45
43
43
46
41
44
45
43
42
45
45
43
45
44
43
44
46
43
46
46
44
43
45
42
41

3

25
24
2.5
2.4
2.5
2.5
24
2.5
2.5
2.8
2.8
3.5
2.5
2.3
2.5
2.2
2.6
3.1
3.7

3.1
2.7
2.9
2.8
2.9
3.3
3.6
2.4
2.6

2.3
3.1

24
2.8
3.3
2.6
2.6
3.2
2.8
2.9
3.3
3.9

0.95

0.002 45

0.002 19
0.001 21
0.001 20

0.001 21
0.001 25
0.001 23
0.001 55
0.001 52

0.001 36
0.001 51
0.001 48

0.078 21

0.177 22

25
36
38
23
29
32
20
25
25
1.18

1.72
22
1.85

0.36
0.37
0.41

1.38
1.33
1.39

1.22
1.7

1.82
1.61

0.37
0.39
0.43

1.41
1.656
1.49
1.37

1.21

1.72
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Treatment II
Samp MC% V8% Ash% pH

1w
5w
Ow
12b
12m
12t
15b
15m
15¢
18b
18m
18t
22b
22m
22t
29b
29m
29t
37b
37m
37t
47b
47m
47t
61b
61m
61t
89b
89m
89t
115b
115m
115¢
1w
5w
9w
12b
12m
12t
15b
15m
15t

30
77
77
77
77
76
76
77
76
75
77
76
78
77
76
77
77
75
78
77
74
77
75
73
76
75
72
72
73
68
75
74
72
80
75
76
76
72
74
77
77
74

81
81
79
80
81
79
77
79
78
81
77
79
79
81
78
79
80
77
80
31
77
76
79
79
79
78
79
77
77
78
79
77
78
81
82
81
80
82
79
80
80
80

16
16
18
19
19
19
21
21
20
19
22
19
18
18
21
21
20
21
17
17
22
21
18
19
21
22
18
22
22
22
20
22
22
18
16
17
20
17
18
20
19
19

7.2
8.7
8.7
8.7
8.6
8.7
8.7
8.7
8.7
8.7
8.7
8.7
8.7
8.7
8.7
8.8
8.8
8.8
8.8
8.8
8.9
8.1
8.7
8.8
7.8
8.6
8.9
7.5
8

8

7.1
7.6
7.3
7.1
8.7
8.7
8.6
8.6
8.6
8.7
8.7
8.7

C%
42
41
42
39
40
40
43
40
39
41
40
39
40
41
41
40
40
41
40
40
40
39
40
40
39
39
38
38
39
38
38
38
39
41
42
40
41
42
41
41
40
41

N%
3.7
3.4
3.7
2.9

3.1

3.8
3.8

3.2
3.1
3.1
3.3
3.4
2.9
3.1
3.5
34
34
3.7
2.9
3.3
3.3

3.9
3.8
3.3
3.3
3.3

4.2
3.9
3.4
3.5
3.4
3.1
3.2
29
3.7
3.6
3.7

P%
1.64

1.85

1.83
1.9
1.89

2.06
2.04
1.99
2.02
1.8

1.89
1.59

1.7

1.71
1.72
1.55

NO,-N%
0.001 20
0.003 52
0.001 49

0.001 36
0.001 56
0.001 50

0.341 21
0.216 21

0.001 25

0.001 53

0.001 39
0.001 58
0.001 57

T

37
57
52

34
54
46
33
52
45
32
50
42
2
47
39
30
43
36
28
37
32
24
28
24
1.18
1.7
21

ol
41
59
60

NH,-N%

0.2
0.2
0.52

2.37
2.01
1.82

1.47
1.34
1.62
1.5

1.85
1.76
1.76
2.24
1.98

1.42
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18b 79 79 21 8.7 42 29 - 36 0.29
18m 77 79 20 87 42 3.2 - 55 0.24
18 74 81 19 87 39 3.1 - 51 0.22
22h 77 81 17 8.7 37 2.9 - 35 -
22m 76 81 18 87 50 3.3 - 93 -
22t 74 82 18 87 41 3.1 - 49 -
29 74 8 20 87 35 2.6 - 34 1.96
29m 77 81 19 88 46 3.5 - - 49 2.01
29t 75 82 18 88 35 14 - - 44 1.88
37b 78 81 17 87 41 3.6 - 0.026 33 1.84

37m 76 80 20 88 41 3.8 0.001 46 -

37t 75 83 17 8.8 42 39 - 0.001 39 -

47 80 81 18 8 41 31 - - 32 1.52
47m 75 &0 18 88 41 3.3 - - 44 1.35
47t 72 82 18 88 40 31 - - 37 1.62
61b 77 80 18 7.7 3% 41 - 0.176 30 1.43

61lm 77 81 18 8 40 3.8 - 0.083 38 158

61t 71 81 18 88 39 4 - 0.061 33 1.72

89b 77 79 20 76 39 35 196 - 25 2.12
8m 73 77 21 77 39 34 199 - 29 203
8%t 65 76 22 7.7 39 32 186 - 26  2.01
115b 75 81 19 7 38 4.8 194 068120 201
115m 75 8 20 73 39 41 18 020621 238

115¢ 70 79 21 75 39 42 189 022119 171

iw 79 80 19 74 43 29 154 - 22 -
dw 77 80 17 85 41 27 - - 48 -
8w 176 79 20 87 41 29 165 - 51 -
11b 76 78 19 86 41 3 - - 39 -
1lm 76 79 19 886 42 3 - - 95 -
11t 75 78 - 86 40 3 - - 60 -
14b 77 77 20 86 42 31 169 - 38 -
14m 77 78 18 86 42 29 167 - 54 -
14t 75 78 18 86 41 3 1.71 - 56 -
17b 77 79 20 88 42 3 - - 36 0.59
17"m 76 80 20 88 41 33 - - 52 049
17t T4 79 19 88 42 33 - - 52 048
21b 77 80 18 88 40 3 - - 35 -
2lm 75 79 19 88 41 31 - - 50 -
21t 73 78 22 88 40 31 - - 50 -
28b 77 79 20 88 41 3 - - 34 214
28m 75 80 20 88 41 3 - - 48 188
28t 73 78 19 88 40 3 - - 46 171
36b 78 79 20 87 42 31 - - 3 17
36m 75 76 - 88 41 31 - - 46 -



36t 71 13
46b 77 18
46m 75 79
46t 71 79
60b 77 81
60m 76 79
60t 70 79
8% 76 16
88m 72 72
88t 67 75
114b 76 79
114m 72 80
114t 69 80
Treatment II1
Samp MC% V8% Ash%
1w 76 80
3w 74 32
Tw T2 30
10b 64 78
10m 71 81
10t 72 81
i3b 61 75
13m 70 76
13t 72 80
16b 58 77
16m 64 77
i6t 78 78
20b 58 76
20m 70 76
20t 71 76
27b 52 73
27m 52 75
27 70 77
35b 52 71
35m 47 4
35t 66 71
45h 50 72
45m 42 73
45¢ 61 71
59b 45 72
59m 40 72
59t 68 70
78 53 70

21
20
20
17
20
21
20
24
23
20
19
20

18
16
i8
20
17
17

21
12
22
21
21
23
24
21
25
24
22
29
26
28
26
26
29
26
26
29
28

8.9
8.1
8.8
8.8

8.9
8.8
7.3
7.8
7.8
6.7
7.4
7.4

pH
7.9
8.5
8.7
8.7
8.4
8.6
8.8

8.7
8.9
8.9
8.8

8.8
8.8
9.2
8.9
8.9
9.5
9.2

9.6
9.6
8.8
9.6
9.6
8.9
9.7

42
40
40
41
41
42
40
38
40
38
38
40
40

C%
40
41
40
40
41
41
38
39
41
40
39
39
39
40
39
38
38
39
38
38
37
37
37
36
36
37
36
36

3.2

3.1
3.2
3.3
3.2
3.6
3.2

3.9
3.3
3.3

N%
1.8
1.6
1.9
1.8
1.6
1.5
1.9
1.7
1.8
2.1
1.9
1.9
2.2

1.6
2.2
2.2
1.9
2.8
5.4
3.3
2.4
2.2
2.8
2.3
2.3

3.1

1.83 -
203 -
1.86 -

P% NO,N%
1.32 0.002 24
- 0.003 57
1.29 0.007 62

- 0.002 30
- 0.001 46
0.024 43

2.33 0.034 22

42
31
43
38
30
38
33
25
28
26
19
21
19

49
64
64
43
63
62
36
60
59
38
60
58
34
54
51
0.01
0.01
0.19
27
38
35
24
30
27
0.02

1.44
1.58
1.53
1.52
2.25
1.64
2.01
1.97
1.85
2.23
4.54
1.64

NH,-N%

0.01
0.02
0.1

0.02
0.11
0.26
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78m
78t
1w
3w
Tw
10b
10m
10t
13b
13m
13t
16b
16m
16t
20b
20m
20t
27b
27m
27Tt
35b
35m
35t
45b
45m
45t
59b
59m
59t
78b
78m
78t
1w
3w
Tw
10b
10m
10t
13b
13m
13t
16b
16m
16t

41
62
76
73
70
66
70
67
62
69
71
62
68
72
60
62
71
56
49
66
50
47
66
51
45
51
57
41
56
45
46
51
75
73
72
66
73
76
64
66
72
59
64
71

70
66
83
83
81
78
81
79
76
79
82
76
78
80
75
77
77
72
74
73
72
74
76
73
72
73
70
69
68
69
69
70
83
83
82
80
81
81
79
79
80
78
80
80

28
33
17
15
17
22
18
20
23
20
18
24
20
19
25
23
22
26
24
26
28
26

26
28
27
30
31
29
30
31
29
16
15
16
18
17
18
21
21
20
21
19
19

9.6
8.7
7.9
8.5
8.8

8.7
8.6

8.7
8.6

8.8
8.7
8.1
&9
8.9
8.2
8.9

9.6
9.1
8.7
9.3
9.6
8.9
9.7
9.3

9.7
2.5
8.8
7.9
8.7
8.7

8.6
8.5
8.9

8.7
8.9
8.9
8.8

36
35
41
41
39
40
42
41
38
41
40
40
40
41
39
40
40
38
39
37
37
39
38
37
37
38
36
36
36
36
35
37
41
42
43
40
41
40
40
40
40
40
41
41

3.2
3.8
2.3
1.9
1.7
1.7
1.4
1.5

1.6
2.1
1.9
1.6
2.3
2.1
1.7
2.4
2.6
2.3
2.8

2.7
2.3
2.9
2.6
2.5
2.7
2.8
2.9
3.1
3.3
1.8
1.4
1.6
1.7
1.6
1.7
1.6
1.6
1.4

1.7

0.103 23
0.49

0.001 24
0.002 61
0.002 64

0.012 52
0.031 51

0.011 22
0.125 23
0.28

0.17
23

55
68
66
50
67
65
45
65
63
45
64
63
39
59
57
35
0.04
0.1
30
43
41
26
34
33
0.02
0.07
23
24
60
64
52
68
68
50
68
67
44
66
66
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0.02
0.14

0.07
0.39
0.01

0.01
0.03
0.18
0.01
0.16
0.25

0.2



20b 60 75
20m 57 76
20t 74 79
27b 50 73
27Tm 47 76
27t 75 78
35b 50 71
35m 43 71
35t 62 74
45bh 43 73
45m 36 74
45t 54 74
59b 48 73
59m 34 72
59t 53 72
78b 50 72
78m 39 70
78t 42 69
Treatment IV
Samp MC% VS% Ash%
1w 72 83
2w T1 84
6w 68 82
9b 62 80
9m 66 83
9t 69 82
12b 52 78
12m 67 82
12t 67 81
15h 48 71
15m 62 83
15t 64 82
19b 40 77
19m 56 80
19t 64 74
26b 39 79
26m 39 76
26t 55 79
34b 36 -
34m 38 77
34t 50 76
44b 36 76
44m 33 75

23
22
19
26
23
21
26
26
24
27
26
26
26
27
28
28
30
30

16
14
17
17
16
17

18
16

17
18
21
18

21
21
22
23

23
23

9.2
9.1
8.9
9.2
9.1
8.8
9.5
9.2
9.1
9.6
9.8
8.8
9.8
9.5

9.7
9.9
9.5

pH

8.4
8.7
8.9
8.6
8.4
8.8
8.8
8.8
8.8
8.9
8.7
9.2
8.7
8.8
9.3
8.9

9.7
9.3
9.1
9.7
9.3

40
40
40
39
40
41
38
38
39
37
38
38
32
38
37
37
37
37

CY
43
43
41
41
41
42
38
40
40
38
42
41
41
41
38
41
39
40
36
40
40
39
38

2.4

1.8
2.3
2.5
2.1
2.2

2.5
2.3
2.4
2.8
2.1
2.1
3.1
2.7
2.4
2.7

N%
2.2
1.8
1.5
1.7
1.5
1.8
1.5
14
1.5
1.8
1.6
1.5
1.8
1.8
1.5
1.9
2.3
2.2
1.8

2.6
2.1
2.5

NO,-N%
0.015 27
0.004 59
0.014 56
0.01

0.005 67
0.005 65

0.005 29
0.017 42

44
66
66
39
61
62
36
54
58
31
46
48
26
35
34
22
23
23

T

57

50
64
62
42
62
60
42
62
60
37
57
56
33
50
hl
0.01
0.07

0.02
0.07
0.08
0.005
0.01
0.19
0.01
0.03
0.14
0.01
0.04
0.23
0.03
0.06
0.27

NH,-N%

0.02
0.05

0.04
0.29

0.004
0.18
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444t
58b
58m
58t
86b
86m
86t
1w

6w
9b
9m
9t
12b
12m
12t
15b
156m
15t
19b
19m
19t
26b
26m
26t
34b
34m
34t
44b
44m
44t
58b
58m
58t
86b
86m
86t

2w
6w
9b
9m
ot
12b

45
37
34
46
26
31
38
72
71
67
58
66
68
57
61
66
54
60
66
50
54
69
44
47
61
34
37
58
39
42

38
29
41
35
32
43
73
71
63
62
68
68
56

78
76
75
73
17
77
73
83
83
79
77
81
78
76
77
79
79
78
78
72
78
74
76
77
75
71
68
73
72
71
68
70
71
68
71
68
68
85
80
71
81
84
65
79

23
25
26
23
23
217
20
16
18
20
17
19
22
22
19
21
22
21

21
24
24
23
25
29

27
28
29
32
30
29
31
28
32
31
15
16
27
17
14

21

9.7
9.7
9.7
9.6
9.8
9.6
7.9
8.6
8.6
8.9
8.3
8.5

8.9
8.8
9.2
8.7
8.4

8.9
8.8
9.4
9.1
8.9
9.7
9.2
9.1
9.8
9.4
9.1
9.8
9.5
9.2
9.8
3.8
9.4
7.7
85
8.7
8.9
8.6
8.3
8.7

39
38
38
38
39
39
38
48
41
40
40
40
40
37
40
38
40
38
40
38
40
39
39
39
38
38
38
38
42
35
36
34
41
37
36
38

44
43
35
35
42
36
40

2.5
2.1

2.6
2.3
2.3
2.7
2.4
1.6
1.4
14
1.3
1.6
1.4
1.6
14
1.4
1.7
1.9
1.9
1.9
1.8
1.6
2.1

1.7
2.1
2.2
2.9

1.9
1.8
3.2
2.5

2.2
2.4
2.2
1.7
1.5
1.6
1.5
1.5
1.6

1.41
1.46
1.65
0.94

0.93

1.24
1.09
1.4

0.017 44

0.012 20
0.008 21
0.244 19

0.004 27
0.002 56
0.004 63
0.002 59
0.002 68
0.002 67

0.01
26
35
35
0.05
0.04
0.24

0.01
0.04
0.17
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12m
12t
15b
15m
15¢
19b
19m
19t
26b
26m
26t
34b
34m
34t
44b
44m
44t
58b
58m
58t
86b
86m
86t

62
67
53
58
69
49
52
72
40
39
70
36
34
62
34
29
43
30
26
41
34
31
31

76
80
81
82
34
78
30
81
79
79
80
77
76
75
78
77
78
75
74
73
76
79
75

20
19
17
15
21
18
18
21
20
20
23
24
25
22
23
22
25
23
26
24
21
22

8.9
R.7
8.8
8.5
9.1
8.7
8.9
9.1
8.9
8.8
9.3
21
9.1
9.7
9.4
8.9
9.7
9.4
9.1
9.7
9.8
9.2

39
41
41
42
43
41
41
41
41
40
40
40
41
36
39
38
38
39
40
38
40
39
38

1.2
1.2
1.5
1.4
1.4
2.4
1.6
1.5
1.9
2.2
1.8
14
2.4
2.4
1.6
2.5
3.3
2.4

2.7
1.8
2.1
2.6

1.05
1.08

0.003 30
0.012 44
0.01

0.008 20
0.01
0.005 19

66
66
52
63
63
49
64
64
43
59
59
36
51
51
0.01
0.03
42
26
36
33
0.03
21
0.49

0.01
0.16

0.04
0.4
0.005
0.02
0.11

0.08
0.03
0.12
0.22

0.05
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