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ABSTRACT
Sustainability of agriculture with the ever-increasing trend in population calls for
urgent steps to make lands available for agricultural production. On these lands
maintenance of soil fertility through the use of environmentally friendly diverse
organic materials is imminent. Neem leaves and animal manure, particularly
poultry and cow dung manure abound all year round and the potentials of these

organic material are explored in the research study.

The study sought to investigate the performance of a soil amendment, the materials
of which are various inclusion rates of neem leaves, poultry manure and cow dung
applied to a Haplic Acrisol (Benya series), from a coastal savanna ecological zone
in Ghana. Field and pot experiments were carried out at the Technology Village of

the University of Cape Coast, from September 2002 to October 2003.

A proposition that an active ingredient in the neem leaves ( azadirachtin A)
might have a vital role to play in the amendment was investigated using Gas
Chromatography to study its breakdown in the soil. Also, that the neem leaves in
combination with animal manure could boost up the nutrient content of the soil as
well as influencing the population dynamics of nematodes within the soil were
studied. Above all, the efficiency of the soil amendment in achieving the afore-
mentioned properties was tested by monitoring the performance of a test crop

(carrot) under controlled conditions using pots.

I\
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Degradation of azadirachtin A in the soil followed the first order reaction kinetics.
Degradation was fastest in the amendment which had 100 g neem leaves/kg soil.
The inclusions of 5 g and 10 g poultry manure and 10 g cow dung to the neem
leaves hastened the degradation of azadirachtin A. The interaction between poultry

manure and the neem leaves enhanced the release of nutrients in the soil.

The peak of release of most of the soil nutrients occurred two weeks after
incorporation of the neem leaves and poultry manure. The amount of CO; — C
evolved relatively corresponded with the quantity of neem leaves and poultry

manure added to the soil. The release of NH4+ — N, available P, exchangeable K,

Ca and Mg was a mirror image of CO; — C evolved and the quantities also
corresponded with the quantity of neem leaves and poultry manure incorporated
into the soil. The amount of NOj;™ -N released, however, was an exception to the
above observed trend; the lower inclusion rates of the neem leaves and poultry
manure released more nitrate than the higher levels at a point in time. This
exception was assigned to the nitrification inhibitory role played by the neem

leaves in the amended soil.

The 50 g neem leaves + 5 g poultry manure/kg soil proved to be the most effective
in the control of root-knot nematodes on carrot roots.  Generally, with the
apparent increase in soil nutrients and the reduced root-knot nematodes of carrot

the yield of the crop improved significantly.
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Neem leaves and poultry manure may be used in place of synthetic compounds to
provide soil nutrients and control plant parasitic nematodes, and thus, improve the
growth and yield of carrots. Neem leaves may also be used to slow down the
release of nitrates. in the soil and thus reduce the ultimate pollution caused by

nitrate leaching.
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CHAPTER ONE

1.0 INTRODUCTION

Man depends on agriculture in one way or the other for survival. In addition, many
other sectors of the economy, for example, trade, services and the manufacturing
sectors depend to a large extent on agriculture. It is mainly through agricultural
| development that the growing rural population can maintain itself and at the same
time contribute to the growth of the national economy. However, efforts by man to
boost agricultural production are always hampered by problems such as declining

soil fertility, pest and disease infestation.

The decline in soil fertility is a major problem in agricultural production and
concerns have been raised about the sustainability of agriculture to feed a world
population expected to exceed 7.5 billion by the year 2020, under the present
decreasing soil fertility as a result of limited availability of additional land for crop

production (Gruhn et al., 2000).

Inorganic and organic sources of fertilizer are normally used by farmers to
improve low soil nutrient problems. Farmers, however, find it easier to regulate
precisely the amounts of various nutrients added to the soil by using inorganic
fertilizers. These are also easier and less time - and labour-intensive to use than
organic sources and the yield gains tend to be more immediate than for organics,

which take time to decompose and release nutrients (Muir, 2002).
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Problems are, however, encountered in the use of inorganic fertilizers.

Muif (2002) has identified a series of interconnected changes occurring as farmers
rely more and more on inorganic inputs and less and less on organics; these
include, decrease in humus, lowered water holding capacity and more runoff of
water, decreased aeration - as the soil loses the structure aided by organic material,
decrease in the efficiency of free-living nitrogen fixers in the soil and increase in
soil acidity. In addition, the high prices of inorganic fertilizer and transportation
costs due to poor infrastructure have prevented most African farmers from the use

of these synthetic products (Gruhn ef al., 2000).

As an altemativé to the use of synthetic fertilizers to off-set the above problems,
more attention needs to be given to the use of organic fertilizers which are more
environmentally friendly. Organic manures are the primary sources of crop
nutrients in many African farming systems (Drechsel and Reck, 1997). The
incorporation of organic manures in soil improves the quality of the soil and
provides needed nutrients for crop development. When properly handled and
applied to the land, organic manure improves the structure of the soil (Kettering,
1992). Good soil fertility and high soil organic matter levels stimulate the growth
of beneficial soil organisms, suppress disease-causing soil organisms and help to
reduce the severity of pest damage to crops (Kettering, 1992; Dunn, 1994; Donald,
1999).  The use of organic manure, therefore, would also help to reduce the usage

of synthetic pesticide which leave unwanted residues in food, water and the
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environment, affect non-target species and lead to the build-up of pesticide

resistance in the target species (FAO, 1989).

The seeds and leaves of neem, a multipurpose plant, have been used as soil manure
to provide nutrients to crops (Pandey ez al., 1991; Khan and Saxena, 1997; Tilander
and Bonzi, 1997). The use of neem cake manure, for example, has been
credited with a 19 and 37% increase in yields of paddy rice and cotton
respectively, and has proved superior to castor, mahua or cow dung as a fertilizer
for sugarcane (CERES, 1980). In addition the neem has proven to better control
soil pests, especially soil nematodes than many soil organic manures (Khan and
Saxena, 1997, Akhtar, 1999; Chakrabarti, 2000). The neem seed cake and the
powder used as soil amendment have also been found to inhibit nitrification, and
thus controlling excessive nitrate release in the soil (Neem Foundation, 1997,

Lalljee ef al., 1999; Deepanjan ef al., 2000; Shah and Faheem, 2000).

The availability of neem leaves all year round, and poultry manure which has
proved to be a good nutrient provider and a nematicide (Reddy ef al., 1993; Abdel
Magid et al., 1995; Mondini ef al., 1996, Nyakatawa and Reddy, 2000), gives hope
to the farmer to solve the dual problem of low levels of soil nutrients and
nematode damage, and also control nitrate release in the soil, when the two organic

materials are combined in a soil amendment.

Digitized by Sam Jonah Library




i.

ii.

iii.

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Though much research has been done using neem (seeds and leaves) in a soil
amendment and in the control of plant diseases, a few grey areas still need to be
looked at. The release pattern of nutrients from neem leaves and poultry manure as
soil amendment has not been studied and needs attention. There is also lack of
information on how the active ingredient (azadirachtin) of the neem degrades

) in the soil

The general objective of this research therefore was to investigate the dynamics of
soil nutrients, the breakdown of azadirachtin A and parasitic nematode populations

of a soil amendment consisting of neem leaves and animal manure.

The specific objectives of the research were to study:

a) the impact of a soil amendment with neem leaves, poultry manure and
cow dung on soil nematodes.

b) the degradation of azadirachtin A in the above amended soil using a Gas
Chromatography (GC).

the impact of neem leaves and poultry manure soil amendments on soil

nutrient dynamics and

the impact of the amendments on nutrient changes in the soil, root-knots of

carrot and the growth of carrot.

The above objectives were based on the hypotheses that neem leaves added alone

or in combination with organic manure will not have any significant effect on:
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 the population dynamics of plant and non plant-parasitic nematodes,

the breakdown of azadirachtin A, the active ingredient in neem leaves, in the
soil,

the content of soil nutrients before and after the amendment,

the mineralization of organic carbon and nitrogen in the soil, and

the characteristics ( growth, yield and root-knot infestation) of carrots.
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CHAPTER TWO

2.0 LITERATURE REVIEW

The review covers the impact of organic manures on the soil environment with
emphasis on soil nutrients and soil micro-organisms especially nematodes. Neem as

a manure and the breakdown of its active ingredient, azadirachtin A, in the soil is

also reviewed.

2.1. Organic manure and crop production
The application of organic materials into soil improves the physico-chemical

properties of the soils and control pests which finally positively affect the

performance of crops. Soil alnendment with neem products does not only control

pests but also provides nutrients to crops and thereby improv es their growth and

yield (Pandey er al., 1991; Reddy et al., 1993; Khan and Saxena, 1997, Neem

Foundation, 1997).

Field experiments were carried out uﬁder centre-pivot irrigation in central Saudi
Arabia during the winter to examine. the yield and q‘ual'ny responses of wheat cv.
Yecora Rojo to application of 0, 4.1, 8.25, 16.5 and 33.0 t chickcﬁ manure )lxa
Grain yield, grain quality and straw yield were increased with increasing rate of

chicken manure. The greatest economic return was given by 825 t /ha

application of higher rates ~were not profitable (Abdel Magid et al., 1995).
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A study compared the efficacy of livestock manure, crop Tésidue and fertilizer
amendments to a desurfaced soil, cropped with spring wheat. The manures and
crop materials were incorporated into the soil at 20 t /ha dry-weight equivalent. The
over all best amendments were pig manure, poultry manure and Medicago.sat;iva
hay. Nitrate-N concentration in the 0 to 60 cm soil depth explained 71% of the
variation in restorative ability of the amendments, while extractable P concentration
in the 0 to 15 cm depth explained 16% of this variation. Yields from desurfaced
plots amended with pig or poultry m.anure were not significantly different from
plots with no top soil removal (Larney and Janzen, 1996).

The ellects of different application rates of organic and inorg:anic fertilizers on soil
physical properties and maize production in a severely degraded soil in ﬁigeria
were studied . Poultry manure application si—gniﬁcantly improved average maiie
height and averelxge maize grain yield. The soil organic matter content was highty

correlated with yield (r=0.86) (Obi and Ebo, 1995).

Four organic manures and NPK were assessed under field conditions for their
co:ﬁparative effects on tomato growth and yield. Fruit yields were best with swine
or poultry manurc applied at 10 t/ha.  Very high manure applicatio.n (30 t/ha)
depressed growth and yield irrespective of the manure source (Oikeh and Asiegbu,
1993). Like all other crops, organic manure improved the performance of .carlrots,

however, a lumpy soil or one that contains fresh manure led to forked, hairy or

deformed roots (McCol!um, 1975, Williams et al., 1991).
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2.2. Nutrient composition of some manure materials

The nutrient contents of  organic manures are far below the inorganic fertilizers
(e.g. Urea = 46%N) as could be observed from some examples in Tables 2.1 .and
2.2. The application of larger quantities of the organic manure will be needed per
hectare as compared to inorganic fertilizers. initially, however, the continuous
application of organic manure to the soil will reduce the quantity needed for
subsequent applications (WSARE, 199.5)"App1ication of arganic manure will also
improve the soil physically and biclogically which the inorganic fertilizers éannot
do.

The use of two or more sources of organic manure as soil amendment would be

beneficial to ensure a more balanced nutrient source because of the differences in

the nutrient content.
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Table 2.1. Total N, P and K in some organic materials

‘Organic source N P K
()

Poultry manure 1.50-3.00  0.50-1.50  0.60%

Pig, horse, cow manure 0.30 - 0.60 0.20* O_.SO*
Green manure | 1.50-5.00 0.20-0.50 2.00-5.00
Compost 0.50-2.00 0.20 - O.ASO 0.50-2.00
Seaweed meal ' 2.60 -3.00 e 2.00 - 5.00
Sewage sludge 1.00 - 5.00 040-250  ------
Fish waste | 4.00-1000 500-10.00 = ---—--
Blood (slaughter house) 10.00-12.00  -——-  —eee-
Human urine/Night soil 1.00-150 = -—-m- —————

Sources: Caplan (1992); Nick and Bradley (1994); Hue (1995)

*Kettering (1992)
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Table 2.2. Nutrient contents of neem seed cake and leaves

Nutrient (Total) (%)  'Ncem sced cake " ?Neem lcaves
Nitrogen I 356 210
Phosphorus O~.83 0.10
Potassium | 1.67 130
Calcium 0.77 1.80
Magnesium ; 0.75 0.47

Sources: 1 Neem Foundation (1597)

2 Tilander and Bonzi (1997)

2.3. Organic amendments and soil fertility

Addition of organic material in any form help_s to maintain the organic matter and
the fertility level of the soil. The type of organic material added, however,
influences considerably the rate of decomposition as well as the consequent

chemical changes brought into the soil (Sarmah and Bordoloi, 1994).

2.3.1. Carbon dynamics

Carbon dioxide — C (CO, — C) released in amended soil is relatively proportional
to the rate of the organic material applied (Abdel Magid er «/., 1993). The CO,-C

is concomitantly released with nutrient elements and may. be monitored as an

indication of mineralization rate.

10
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The CO; - C released in an aerobic incubation experiment with soils of different
organic matter contents has been found to be highest during the first week of
incubation and is proportional to the quantity of organic matter added (Sarmah and
Bordoloi, 1994). The initial high rate of CO; - C evolution has been assigned to
the initial higher biological activities ( Pocknee and Sumner, ‘1 997). Flushes of C
mineralization is said to be the result of rapid decomposition of dead miérobial
biomass (West ef al., 1989). The rate of CO, .- C release decreases with time as a
result of the progfcssivc depletion of lal;ile C (Robertson and Morgan, 1995).. The
total mass of organic C decreases with time of incubation because of the

conversion to CO, - C (Tiquia and Tam, 2000).

2.3.2 Nitrogen dynamics

As in the case of carbon, the release of mineral nitrogen was found to be higher for
soil amended with higher organic matter (Sarmah and Bordoloi, 1994; Mbagwu ef
al., 1994).  The greatest mineral N released from decompaosing legume occurred 2
to 5 weeks after s.oil incorporation (Sarrantonio and Scott, 1988). Similarly, 59% of
total N was released within 2 weeks whenl legumes were used as soil amendment

(Rubaduka et al., 1991).

In other studies, Thonnissen ¢f al. (2000) found the peak of N release to occur
between 2 and 6 weeks in two study areas and between 5 and 8 weeks in another

arca when legume green manure was used as soil amendment.
11
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Addition of legume hedgerow prunings to soil significantly increased the total N,
NO; - N and NH;* - N (Okeleye and Adetunji, 1999). Hong et al.. (2000) also

found an increase in the total N when soils were amended with cattle and hog

manures.

As the initial total N concentration of amended soils increases, the N mineralization
also increases (van Kessel ef /., 2000). During composting of poultry manure it
was found that the conversion of orga‘nic N to NH,' - N (ammonification) was
greater under anaerobic stabilization, and the net rate of conversion of NH," - N to

NO;™ - N (nitrification) was greater under aerobic stabilization (Mahimairaja ef al,,

1994).

Nitrogen content of organic manure declined by nearly 50% during the first 34 days
of decomposition in soil; this large loss of" N was thought to be associated with
NOs" - N leaching (Schomberg and Steiner, 1999). Losses of N in a composting
process of chicken litter were attributed mainly to NH3 (ammonia) volatilization
(Tiquia and Tam, 2000). Mahimairaja ef al., (1994) in a similar experiment also
found the volatilization of NH; denitrification — which is a microbial reduction of
nitrate and nitrite with the liberation of nitrous oxide (N,O) and molecular nitrogen

(N2), to account for the loss of N in a composting process.

Nitrification inhibitors have been found to redice N2O or NO, emissions and NO;

- N loss from soils. Nitrogen loss from soils amended with urea coated with neem
12
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(powdered Azadirachta indica seeds) and nimin (commercial derivative of neem)
were significantly lower than the sole urea application (Deepanjan el al., 2000).

Neem cake was mixed at the rates of 10, 20 and 30 kg/ha with an Oxisol to ’which
(NH.):SO4 was added at 700 kg/ha. The neem cake at all levels depressed
nitrification significantly compared to the control (Lalliee et al., 1999).  Similar
nitrification inhibition properties of neem (Azadirachia indica) cakes, bakain
(Melia  azedarach) and arend (Ricinus communis) have been reported

(Gnanavelrajah and Kumaragamage, 1999, Shah and Faheem, 2000).

2.3.3. UoN ratit

Mineralization and immobilization of N are governed by C:N ratios of the
decomposing organic matter. Traditionally, it has been suggested that a C:N ratio
greater than 30:1 will immobilize N, a rati_o less than 20:1 will mineralize N, and a
ratio between 20:1 and 30:1 will produce no net changes in N availability (Tisdale
ef al., 1993). At . a C:N ratio of 12:1, popr_.ilations of decay bacteria are considered
stable (Sullivan, 1999). A number of studies using various crop residues s'uggest
that decomposition dynamics may be too complex to solely rely on the C:N ratio
rule of thumb (Chandler er a/., 1980; Hatiori and Mukai, 1986; Henry, tgT).
Release or demand for N depends not only on the C:N ratio but also on the types of

organic compounds in the residue and how long the breakdown of these

compounds has been occurring.

13

Digitized by Sam Jonah Library




_ i

© University of Cape Coast https:/ir.ucc.edu.gh/xmlui

2.3.4. Phosphorus dynamics

Mineralized P was found to be higher in soils treated with organic matter. The
highest levels were recorded for farmyard manure treatments (Sarmah and
Bordoloi, 1994).  Mbagwu ef al., (1994) found soils treated with increasing rates
of organic matter to have a corresponding increasing contents of P.  Similar
increases in P with the additions of organic matter have been reported in other

studies ( More, 1994; Okeleye and Adetunji, 1999; Pool ef al., 2000; Hong ef al.,

2000).

It is hypothesized that the application of leucaena, manure ‘miombo’ litter resulted
in immabilization of P. Leucaena which is rich in N but low in P might result in P

immobilization (Nyathi and Campbell, 1995).

Many factors influence the total quantity of P mineralized in soil. The total organic
P is highly correlated with soil organic C, thus, P mineralization increases wilﬁ
increasing organic C (Tisdale ef a/., 1993).  As the ratio of soil organic C/P
increases, P immobilization increases. The C/P ratio of decomposing residues
regulates P immobilization or mineralization, as C/N ratio also regulates N

mineralization/tmmobilization (Tisdale ef al., 1993).

According to Berg and McClaugherty (1989), P-and N which are both important for

microbial growth, behave similarly during decomposition.
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=.3.3. Lxchangeable Cations (K, Ca, Mg and Na)

Soil organic amendment with animal or plant sources has brought significant
increases in soil nu.trients, with K, Ca, Mg and Na being no exception. For
cx;-m‘.plc', increas.ing rates of dehydrated swine waste added to two soil types in
Nigeria progressively increased the exchahgeable Ca, Mg and K contents of the
soils to between 21 to 32 % (Mbagwu ef al., 1994). Patiram (1994) also found these

nutrient levels in soil to increase to more than 25 % afier amending a sandy loam

soil with organic matter.

Soil amended with 0, 10, 25, 50 and 75 tonnes/ha of manure compost increased the
total K, Ca, Mg and Na to levels of 8, 17 and 10 % respectively in soil according to
the rate of compost application (Wong ef af., 1999).  The incorporation of legume
hedgerow prunings of pigeon pea (Cajamis cajan) and Lencaena in a degraded soil
in Ogun State in Nigeria over a period of 60 weeks increased the contents of the
wotal K, Ca and Mg of the soil to over 15 % (Okeleye and Adetunji, 1999).
Increases in total K, Ca ar;d Mg of 21, 32 and 17 % respectively were reéordcd
when a soil was amended with 10t/ha poultry manure (Pool er af., 2000). Hong ef
al.(2000) also noted significant increases between 13 and 27 % in exchangeable K,

Ca and Mg in a soil amended with animal waste.
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2.3.6. Soil reaction and Al toxicity

Conflicting accounts of the effect of organic matter on soil pH exist. Organic
matter additions to soil have been reported to both increase and decrease soil pH.
The application of 10t/ha poultry manure into a Mexican soil increase.d the soil pH
from 4.5 to 5.3 (Pool ef al., 2000). Increases of about 25 % in soil pH were also
recorded by Hong ef @l (2000) afler incorporating cattle and hog manures into
soil. Legume hedgerow prunings add;:d toa degraded soil increased the soil pH
from 6 to 7 for the first 30 weeks after incorporation, and thereafter remained fairly
constant for the next 12 weeks (Okeleye and Adetunji, 1999). Increase in pH from
5.2 to 5.8 followed by pH stabilization was also obscrved by Mahimairaja et al.,
(1994) during composting of poultry manure with different amendments. Manure
additions to an acidic soil increased the pH significantly by 20 % (Patiram, 1994).
Other examples of pH increases of between 20 and 25 % alfter incorporation of

manure into soil are reported by Ashgar and Kanehiro (1980) and Bessho and Bell

-

(1992).

Decreases in soil pH of between 10 and 28 % were recorded when farm wastes aﬁd
organic manureé were incorporated into a sodic Vertisol in India (More, 1994).
The application of chicken manure to soil has been found to also decrease the pH
from 7.4 to 5.5 (Kara and Erel, 1999). More examples of pH decreases with manure

additions into soils are known ( Bevacqua and Mellano, 1994).
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It was observed that individual treatments of lime and organic residue (especially
chicken manure) decreased the exchangeable Al in the soil, diminishing therefore
both the soil acidity and Al saturation percentage. The latter parameter decreased
from 72 to 4.2%. The combination of lime and chicken manure led to a decrease of

exchangeable Al to undetectable levels (Rojas et a/., 2001).

Since addition of organic residues to soils often results in an initial increase in soil
pH, a decrease in the concentration of exchangeable Al would be expected to occur.
Indeed, several workers have measured an increase in soil pH with a concomitant
decrease in exchangeable Al and Al saturétion, during the decomposition of organic
residues in soils (Hoyt and Turner, 1975; Bessho and Bell, 1992; Noble ez al.,
1996, Wong et al., 1998a, b). Adsorption of Al onto decomposing organic
residues would also tend to reduce exchangeable Al levels (Hoyt and Turner,
1975). Research using unamended soils suggests that increases in OM caused by
additions of organic residues to soils tends to decrease exchangeable Al through

complexation by the newly added or formed OM (Haynes and Mokolobate, 2001).

2.3.7. Cation Exchange Capacity (CEC) :

Cation Exchange Capacity (CIEC)  represents the sites in the soil that can hold
positively charged nutrients like calcium (Ca®"), magnesium (Mg®") and potassium
(K'). If CEC is increased, the soil can hold more nutrients and release them for
plant growth. To increase CLEC, organic matter has to be increased (Griflin, 2002).
Humus is an important product of organic matter decomposition. As well as

producing a certain quantity of nutrients that are taken up by higher plants, humus

17
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is important for a number of other reasons. The surface area of colloidal humus
particles (micelles) is high. This contributes to its high cation exchange capacity
(CEC), water holding capacity (WHC) and is important in aggregate formation and
stability (Brady, 1990). The CEC of micelles may be 2-30 times higher than for
mineral colloids, and this may account for as much as 20-90% of the adsorption of
cations by mineral soils (Graves ef al., 2001). Organic matter accounts.for as
much as one third of cation exchange capacity of surface soils and is responsible,
perhaps more than any other single ‘f'actor, for the stability of soil aggregates

(Brady, 1990).

2.4. Reaction kinetics

The dynamics of mineralization of nutrients of organic manures in soil have been
described with the first-order reaction Kkinetics (Chae and Tabatabai,A 1986;
Chescheir ez al., 1986) or set of orders of reaction (Gale and Gilmour, 1986).
Biomass loss data for soybean and indigofera were found to follow the first-order
reaction kinetics (Thonnisen ef al., 2000) described for litter decomposition by
Wieder and Lang (1982).  The first-order reaction equation was used to calculate
the mineralization rate constant of dehydrated swine waste in soil amendment
(Mbagwu el al., 1994) as was proposed by Gilmour ef al., (1977). Carbon
mineralization has been found to initially follow the first-order reaction kinetics,
while decomposition over long periods of time followed the zero-order/lincar

reaction kinetics (Seyfried and Rao, 1988). Similarly van Kessel e/ al. (2000) fdund

CO2-C evolution from soil amended with manure to intially follow the first-order

18
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reaction kinetics, and in some cases the first-order phase was followed by a linear
response of the CO,-C evolution.  Abdel Magid ef al. ( 1993) found the rate of
CO; release from decomposing organic material to follow the zero-order reaction
kinetics. Cumulative N mineralization has been found to follow a linear course of
production (Murwira and Kirchmann, 1991). Nordmeyer and Richter '(1985)
detected N mineralization in sandy soils to ibliow the zero order reaction Kinetics.
Cumulative amounts and the rate of loss of NH; during aerobic and anaerobic
mcubation of poultry manure with di‘ﬁbrent soil amendment levels obeyed the

linear/zero-order reaction kinetics (Mahimairaja ef a/., 1994).

2.5, Soil physical properties and moisture retention

Organic matter loosens the soil, which increases the amount of pore space. This has
several important effects  The density of the soil reduces (it becomes less
compacted) and the soil structure improves. This means that the sand, silt and Clay
particles in the soil stick together, forming aggregates or crumbs. Because there is
more pore space, the soil is able to hold more water and more air (Griftin, 2002).
Manure additions in large amounts tend to lower the surface bulk density of
mineral soils because of the addition of low bulk density material and the
consequent promotion of soil aggregation (Jones, 2002).  The addition of organic
material improves soil structure or "workability” immensely and vastly improves

the water-holding capacities of sandy soils, a distinct advantage in arid climates

(Williams, 2002).

19
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Humus, the least decomposable material from organic matter, increases the water-
holding capacity of soil, improves soil aeration and increases infiltration of water

into the soil (versus run off of water), becausc of its porosity (Muir, 2002).

Increases in soil moisture content of upon organic matter application are well
known. Mbagwu ef al. (1994) found increased moisture retention capacities of
about 18 % in soils amended with dehydrated swine waste. A degraded Ultisol in
southern Nigeria had its moisture retention status improved by.".O % when  10t/ha
poultry manurc was added to the soil (Obi and Ebo, 1995). The water hdlding
capacity of a soil was improved by 13 % withkthe addition of poultry manure (El
Nadi or al., I‘)C)SA)_ Other organic wastes have been found to improve soil

physical properties including the moisture status (Hafez, 1974; Khaleel ef al., 1981,

Swecten and Mathers, 1985; Mbagwu, 1989).

2.6. Organic amendments and soil microorganisms

The addition of organic manure has been reported to both ix_lcrease and decrease
microbial populations in the soil. Chicken manure was found to harbour a hcévy
population of pathogenic nematodes and harmful fungal flora, thereby acting as a

major source of infestation (Grewal ef al., 1989).

Two types of organic amendments were used at the rate of 4 t/ha: decomposed

chicken manure and compost made of sugarcane bagasse, sawdust and ashes at
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2:1:1 to control foot rot in sweet pepper caused by Phytophthora capsici. Disease

incidence was reduced to 30% and 65% (67% and 26% in control) by chicken

manure and compost, respectively, when they were incorporaled into the plant bed

(Corrales ef al., 1990).

Two field experiments were conducted in the San Joaquin Valley, California, USA,
during 1991-92 to determine the effects of commercial chicken compost,
ammonium phosphate fertilizer and s-olarization, alone or combined, on several
soilborne pathogens and the growth and yield of lettuce. Pythium ultimum was

controlled by solarization alone and in combination with chicken compost

(Gamliel and Stapleton, 1993).

The incidence of Sclerotinia soft rot of lettuce and survival rate of sclerotia of S.
sclerotiornm were reduced by the addition of organic amendments to field plots at

the Frankston Research Station, Seaford, Victoria, Australia. Of the 6 materials

fested, stable manure, fowl manure and lucerne hay were the best, and all except

brown coal significantly reduced the disease compared with the control (Asirifi ez

al., 1994). g

During  1989-92 the biological control of- root-rot of mandarins caused by
Phytophthora nicotianae var. parasitica and Phytophthora colocasiae was studied.

Irichoderma harzianum, 1. viride and Gliocladium virens were widely distributed
21

Digitized by Sam Jonah Library




TR
© University of Cape Coast https://ir.ucc.edu.gh/xmlui

in Citrus orchards in Kodagu, Karnataka, India. Seventeen isolates were highly
antagonistic to both Phytophthora spp. in vitro. For large-scale fungal
multiplication, local waste (coffee-cherry husk, fruit skin and ber‘ry mucilage,
poultry manure and mushroom-grown waste) was a suitable substrate with 20-30
million Colony Forming Units per gram (c.f.u/g). Pot trials ‘amended with coffee-

cherry husk and poultry manure in a 1:2 ratio decreased feeder root-rot and

increased seedling growth (Sawant e/ al., 1995).

Wheat straw or poultry pinus-sawdust litter added to Pinus pinaster forest acid soil
in Spain increased soil microbial populations, with the poultry litter addition being
more marked than the straw addition, the increase in numbers followed the order, -

bacteria > fungi > actinomycetes (Acea and Carballas, 1996).

2.7. Amendment with animal manure and nematode control

Soil incorporation of neem controls nematodes as has been mentioned in section
‘2.4’ Other soil amendments like poultry litter also suppress nematodes
development. A significant reduction in numbers of galls, egg masses and

nematode populations was recorded when poultry manure and mustard cake were

applied at 1 or 2 t/ha to control Meloidogyne incognita on Vigna radiata in India

(Borah and Phukan, 1992).

Organic amendments of pressmud (25 t/ha), farmyard manure (20 t/ha), poultry
manure (20 t/ha), coconut fibre (25 t/ha) and sugarcane bagasse (25 t/ha) applied to

sugarcane in the field in India controlled plant parasitic pematodes to various

22
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degrees (Jonathan ef af., 1991). The application of silkworm facces, compaost or
cattle manure to soil heavily infested with Mefoidogyne javanica and planted with
Viena radiata gave 41, 59 and 83% reduction  in nematode numbers respectively

(Toida er af., 1991).

The effects of chicken litter on Meloidogyne arenaria in tomato plants cv Rutgers
scedlings were determined in greenhouse. After 10 days of inoculation of the
nematodes, the total number of nematodes in the roots decreased with increasing

rates of chicken litter. After 46 days, egg numbers also decreased with increasing

litter rates (Kaplan and Noe, 1993).

The eflicacy of nematicides, phorate or carboturan at 1 kg a.i/ha, and organic soil
amendments, oil seed cakes of mustard, Azadirachia indica or Ricinus
comminiy and poultry manure on nematode population and growth characteristics

of Curcuma longa L. was assessed. All the trecatments reduced the nematade

population and amount of damage to the crop (Haidar er al., 1998).

-

Though organic amendment has registered reduction in nematode population, field

studies in Warsaw, Poland , resulted in increased densities of native population of

Steinernema feltiae (Bednarck and Gaugler, 19973,

Studies of the eftects of poultry manure, cattle manure, horse manure, truit canning

factory waste and burnt township refuse on some plant parasitic nematades
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affecting tomatoes were carried out at tbadan, Nigeria. Root gall rating at the end of
the trial was significantly reduced by all the organic manures. Population of all
nematodes fell immediately after application of soil amendment but increased

gradually thercatter (Babatola, 1989).

Five organic manures: cattle manure, poultry manure, horse manute, burnt
township refuse and citrus wastes were applied at rates 10-20 t/ha to soil of known
nematodes (Meloidogyne incognita, Pra;ylenclru_s' brachyurus, Helicatylenchus spp
and 10 Xaphinema spp) infestation. Burnt township refuse, poultry and cattle
manures significantly increased leaf yicld of Celosicc argentea and reduced

-

ncmatade infestation (Babatola and Oyedunmade, 1992).

Three applications of half, normal and supernormal dases of nitragen, S0, 100 ant-i
200 kgfha rcspcc-ti\-'cly in 8 organic amendments (groundnut, cotton seed and
soybean oil cakes, poultry manure, sheep manure, cowdung, raw sewage sludge
and cassava peelings) were tested for their eflect on the development of
Pratyvlenchus brachyurus and on the growth and yield of okra in a greenhouse at
30-33 °C. Al the amendments brought about significant decrease in nematode
developmental rate and corresponding increase in plant growth and yield (Khan,
19043, McSoarley and Frederick (1999) studied the papufation densities of
nematodes in field soil without plants for ten months following the applicat_im; of
organic amendments to pots in a greenhoﬁsc. Treatments consisted of homogenous

crop residues of maize (Zea mays), texas panicums (Panictn texcanan), velvet bean
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( Mucuna pruriensy and control without any amendment Plant-parasitic nematodes
declined in all the treatments due to the sbsence of a food source. However, the
populations of bacterivore and fungivore nematades increased, and were higher

than the initial nematodal populations.

2.8, Neem extracts on nematode control

Chopped leaves of neem S0 g/ke infested soil evaluated on papaya under
greenhouse conditions significantly reduced raat galling {Reddy ¢r af., 1993).

Soil amendment with neem cake controlled nematade populations of sugarcane and
green gram in separate experiments in India (Jonathan et al, 1991; Pandey ef of.,
[901).  The application and incorporation of neem cake in soil management of
root-knot nematode (Melaoidogyne javanica) significantly reduced root galling on
tomato (Khan and Saxena, 1997).  The populations of plan{ parasitic nematodes,
Meloidogyne incognita, Rotylenciudus reniformis, Tylenchaorhynehus brassicas and
[Telicatylenchns indicns on mung bean (me.;'eohrx anrens) and chickpea were

significantly reduced with the application of neem cake (Tiyagt and Alam, 1995).

Neem cake at § gfkg of nursery soil mixture and 1 kgfplant in the main field
proved effective as treatment against Meloidogyne  incognita in papaya
{Ramakrishnan and Rajendran, 1998). The impact of neem oil cake at 2

tonnes/ha/year on the control of root-knot nematade discase of mulberry was

studied on 10 farmers’ ficlds in India; the disease severity was reduced by 66.7 —

RS
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73.0% and leaf yieid was increased by 18.8% over the control plots (Sharma ef af.,

1998).

Seed coaling of okra with neem based products (Achook, ncem cake and powdered
leal extracts) and Melia azedarach powdered leaf, each at 100% (w/w), 50%
(w/w) or 25% (w/w), were tested against Meloidogyne incognita in’ microplots.
Neem cake at 100%, Achook at 50% and neem powdered leaf at 100% were

effective against the nematodes (Deka and Rahman, 1998).

2.8.1. Active ingredients of neem

In nature, plant chemical defense against pests does not depend on a single
compound, but instead on mixtures of compounds. Neem protects itself from
multitudes of pests with multitudes of pesticidal ingredients belonging to a class
called triterpenes or limonoids (BOSTID, 1992). New limonoids are still being
discovered in neem but azadirachtin, salannin, meliantriol and nimbin.are the best

known, with azadirachtin proving to be the tree’s main agent for battling pests

(BOSTID, 1992).
The concentration of azadirachtin varies in different parts of the neem plant.
Greater amount of the compound is found in the neem seed with very smaller

amounts in the leaves, bark, root and stem of the plant (Table 2.3).
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Table 2.3. Concentration of azadirachtin A in samples of seed kernel, bark, root,
eaves  and  stem parts obtained from Kanthayapalayam, south India

e B e

Azadirachtin conce,

Plant parts Moisture content (mg/100g wt with
(Yo wiw) moisture)
Seed kernel 25 24.85
Bark 17 0.42
Leaves 33 0.59
Root 15 ] 0.24'
Stem 20 ot >

Source: Sundara‘m (1996)

Azadirachtin and azadirachtin-containing ;1eem seed extracts act as antifeedants,
growth regulators and sterilants in insects (Schmutterer, 1988). The antifeedant
effect of azadirachtin at a concentration of 0.4% on Nadostoma pubicaolle, a pest of
pear, decrcased the feeding of the beetle (Durairaj e/ al., 1991). Application éf
various azadirachtin doses (0.5 to 10 pg/flarva) in methanol to the last instar
spinning  stage larvae of rice moth (Corcyra cephalonica) inhibited the
development of the pest (Sharma, 1992). Azadirachtin (0.3%) had strong ovicidal
cffect on cggs of Helicoverpa armigera, the potency was as strong as the synthetic

pesticide, endosulfan (Patel and Patel, 1997).

Koul er al. (1996) studied the effect of neem allelochemicals, azadirachtin,

salannin, nimbin and nimbinene on nutritional physiclogy of larval Spadoptera
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litura. Nutritional analyses revealed strong antifeedant and growth regulatory
cllects of azadirachtin which were independent of each other. While salannin and
nimbinene induced concentration dependent feeding deterrence only nimbin was
inactive at the 10 ppm level. Salannin and nimbin did not interfere with the trypéin
activity of the gut. These results and those from nutritional studies suggest that
salannin and nimbinene have no toxicity mediated effects on Spodopfera Iimré

tarvae, and antifeedant activity is a result of the effects on deterrent and . other

chemoreceptors.

The eflticacy of pure neem constituents on the larvae of Spodopfera litmra and
nymphs of Afyzus persicae was carried out by Isman ef al., (1996) (Table 2.4).

From Table 2.4, in S. Jitura, the dietary ECs; value for salannin and nimbin are 75
and 120 times respectively hicher than that for azadirachtin. For the 2" instar
Muyzus persicae, the LCsy values for salannin and aimbin are 295 and 385 times
respectively higher than that for azadirachtin, At least in these two species,
azadirachtin is almost several times more effective than the other major limonoids
from neem. Isman ¢f al., (1996) found tha-t larvae of S. /itura can rapidly habituate
(i.e. become desensitized) to the antifeedant effects of azadirachtin upon repeated
or continuous exposure. In contrast, when expc;sed to neem producing the same
concentration of azadirachtin, habituation does not take place and the caterpillars
remain continuously sensitive to the antifcedant action, suggesting that the other

limonoids have important consequences for the practical use of neem for insect

control p
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Table 2.4. Efficacy of pure neem constituents on larvae of Spadoptera litura and

nymphs of Myzus persicae

S, litura M. persicae
Compound larval growth dietary ~ mortality LCs (m
ECs (ppm) (day 10) insolution) (da}; 6)

Xiédﬁéﬁﬁfin | 0.21 13
3-Tigloyl-azadirachtol 0.29 -
Salannin | 13,7 383
Deacetyl-salannin 25 -
Nimbin Tl >500
Deacetyl-nimbin #2125 >500

The importance of other limonoids in pest confrol is also revealed in an experiment
carricd out by Stark and Walter (1995). They performed series of toxicity studies
with Acyrthosiphon pisum and the neem extract formulations Margosan-O .(MO),
MO devoid of neem oil, Azatin, RH-9999, Azatin with 5% neem oil, RH-9999
with 5% neem oil and neem oil (5%). It was found that the addition of ncem oil
from MO increased the cfficacy of ncem insecticides that did not contain the oil,

while removal of neem oil from MO reduced its cfficacy by 62%. Six limonoids
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(nimbandiol, deacetylnimbin, G6-acetylnimbandiol, deacetylsalannin, nimbon, anc}
salannin) and lwo.unidcmiﬁcd chemicals believed to be limonoids, were identified
in neem oil. It can be concluded that neem' oil with these limonoids play a role in

increasing the efticacy of neem insecticides.

According to BOSTID (1992) compounds in ncem especially, azadirachtin, do ncﬁ
kill insects - at least not immediately. Instead they both repel and disrupt their
growth and reproduction. Research over the past 20 years has shown that
asadirachtin is onc of the most potent growth regulators and feeding deterrents ever
assayed. It will repel or reduce the feeding of many species of pest insects as well
as some nematodes. In fact, it is so potent that a mere trace of its presence prevents
some insects from even touching plants.1 Azadirachtin is structurally similar to
insect hormones called "ecdvsones," which control the process of metamorbhosis
as the insects pass from larva to pupa to adult. 1t affects the corpus cardiacum, an
organ similar to the human pituitary, which controls the secretion of hormones.
Metamorphosis requires the careful synchrony of many hermones and other
physiological changes to be successful, and azadirachtin seems to be an "ecdysone
blocker." It blocks the insect's production and release of these \"lii'ﬂ hormones,
Insects then will not molt. This of course breaks their life cycle.

2.8.2. Degradation of azadirachtin in the environment

With the exception of aradirachtin, ne information has been found on the

degradation of the other limonoids of neem.  Schmutterer (1988) stated that under
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ropical field conditions, the residual action of neem averages about five days.
Results from a study of necem seed extracts applied to beets to control cotton leaf
worm, Spodoptera lintoralis, indicate that lcavgs taken from neem-sprayed plants
retained full antifeedant and growth-regulating activities against the leaf worm for
three days, and partial activities for five days afler application (Meisner ¢/ o/,

1983).

Azadirachtin degrades in the presence of uliraviolet light (including sunlight), with
half-life {(pure compound on glass surface or in solution) of approximately 24 hours
(Barnby ef al., 1989). However, degradation of azadirachtin in ncem ofl under solar

simulating conditions may be considerably delayed (Isman er al., 1991).

Azadirachtin hvdrolysed readily at 35 °C. and its désappearance followed siniple
pseudo-first-order kinelics, the rate constants ranged from 2.48 x 10° to 67.7 x 107
‘/h and were faster in basic than in acidic media (Szeto and Wan, >l996).
Formulated azadirachtin A degradation in gellan gum-based minimal medium and
vermiculite system followed peudo-first-order kinetics with half-lives of 44.4 aqd

13.2 to 46.2 days respectively (Wan et al., 1997).
The mitial concentrations of AZ-A found on fir and vak foliage in Canada when
Margosan-O formulation was applied at 7, 15 and 40 g ai/ha were 4.3, 12.8 and

28.8 pg /g (fresh weight) respectively in fir needles, and 10.5, 31.4 and 96.2 pg /g

(fresh weight) respectively in oak foliage. In spite of the vast differences in
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geometry and initial concentrations, the DTsy values for all the samples were
nearly the same and ranged from 17 to 22 hours, and the rate constants ranged from
0.0311 to 0.0414, the values were not markedly different (Sundaram, 1996).

Sundaram (1996) studied the degradation of AZ-A in nursery soil (autoclaved and
non autoclaved); the DTsy values (in days) for the autoclaved and non autoclaved
soils under the experimental conditions used were 37.65 and.25_77 respectively.
The lower DTsy value obtained for the non autoclaved soil indicated the rc;le of
microbes in the degradation of AZ-A. -AUIOCIE-iVng destroyed the soil microbes
responsible partialiy for the degradation of AZ-A. In a similar experiment in the
United States, Stark and Walter (1995) studied the effects of temperature (15 and
25 “'C) and microbial activity on the persistence of AZ-A and B in soil. The DTsg
for AZ-A was 43.9 and 19.8 days for non autoclaved soil kept at 15 and 25 hi
respectively, and that for AZ-B was 59.2 and 20.8 days for non autoclaved soil kept
at 15 and 25 °C, respectively. Microbial activity was also responsible for faster
degradation because DTsos for autoclaved soil were much longer than for non
autoclaved soil. The DTses for AZ-A in autoclaved soil were 91.2 (15 “C) and 3 1 5

days (25°C). DTses for AZ-B in autoclaved soil were 115.5 (15 °C) and 42.3 days

(25 “0).
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2.9. Conclusions

Though much research has been done on neem as soil amendment in the area of

soil nutrition and protection, the literature is silent on:

[ the release pattern(s) of nutrients when neem leaves and poultry manure have
been used in a soil amendment and

2. the degradation in soil of the active ingredient (azadirachtin) in neem.

(oS
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CHAPTER THREE
3.0 MATERIALS AND METHODS

This seetion presents materials and methods that were common for the three
experiments conducted in this study. Detailed descriptions of the experiments are

presented in subsequent chapters.

3.1, Experimental site

The experiment was conducted at the Technology Village of the University of Cape
Coast (5.07°N, 1.14 °W ). The area has a bimodal pattern of rainfall distribution,
with an annual rainfall ranging between 900 and 1000 mm. The main rainy season
is from April to July with a peak in June, and a minor rainy season from September
to November with a peak in October. Mean annual minimum temperature is about
23.3 “C and the maximum about 30 °C (Meteorological Station, Cape Coast,

1989). The site is used for conducting field research on vegcetables and other crops.

3.2, Preparations of treatment materials

3.2.1. Neem leaves, poultry manure and cow dung

Neem leaves were harvested around the experimental site, air dried for one week
(check Table 5.2 for moisture content) and ground to pass through 2 mm miesh,
Three months old poultry manure packed in fiber bags and fresh cow dung were
collected from the University of Cape Coast Research Farm, air dried for three

weeks and also sieved through a 2 mm mesh.
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The soils at the experimental site were developed over Sekondian rocks, which are
mainly sandstone, shales and conglomerates. The soils, which are at 30 — 35 m
above sca level and occur on sloping (o gently undulating” land, consist of the
Edina, Atabadzi, Benya and Udu association. The soils arc highly weathered,
teached of their bases and are therefore acidic. They are dominated by Jow activity
clays (Asamoa, 1973). Samples were taken from the Benya Serics, classified as a
Haplic Acrisol (FAO/UNESCO, 1988) ‘at a depth of 0 — 15 ¢cm and bulked. The

soil was sieved through a 2 mm mesh immediately afier sampling,

Table 3.1. Some physical and chemical properties of soil at the experimental site

Property " Valuc
TpH 4.6
Organic carbon (%) 0.85
Total N (%) 0.06
Total K (%) 0.06
Total P (‘Vo) 0.04
NO;-N (mg N/ke) 1817
NHy" - N (mg N/kg) 5.79
Available P (mg/kg) 7.12
LCEC (cmol/kg) 242
Exch. Acidity (emol/kg) 0.20
Sand (%) 0.3.30
Silt (%) Sandy Loam  20.50
Clay (%) 16.20 -
SR
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3.3. Summary of the treatment combinations

Table 3.2. Treatment combinations

CHAPTER 4 CHIAPTER 5 CHAPTER 6
Treatment (per kg soil)  Treatment (per kg soil) Treatment [per kg'soil) ’

Control (No amendment)  Control (No amendment)  Control (No amendment)

10g C S g PM 5 o PM

59 PM 10 g NL 10 g NL

10 o PM 10 g NL + 5 g PM 10gNL+5gPM
S0 g NL 20 g NL + 5 ¢ PM. 30 g NL + 5 g PM
100 g NL _ 30 g NL + 5 g PM 50 g NL + 5 g PM
S0gNL+10gC 40 g NL + 5 g PM

00 g NL +10gC 50 g NL + 5 g PM

S50 g NL+5gPM
S0 g NL+ 10 g PM
100 g NL -+ 5 g PM

100 g NL + 10 g PM

€ =Cow dung
PM = Poultry manure
NI. = Neem leaves

The details about how each treatment was prepared can be found in the respective

chapters.
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CHAPTER 4

4.0 The influence of soil amendment on the breakdown of
azadirachtin A and population dynamics of nematodes

4.1. Introduction

Synthetic pesticides have been used to control soil pests leading to positive gains in
agricultural production (Johnston ef a/., 1995; Sharma and Sharma, 1995; Sultan et
al., 1995), however, this has negative implication on the environment as mentioned
in Chapter 1.

Generally in developing  countries, people suflfer from §:hurl lerm exposure
(including that resulting from suicide), and chronic effect of long term exposure to
synthetic pesticides (W H O, 1990; Fening, 1999). These negative effects of
synthetic pesticides on the environment have led to finding alternative means of
pest control (Powers e/ al., 1993, Johnson ¢/ al/., 1995; Kerry and Bourne, 1996:
Sarathchandra ef a/., 1996).  Aside the application of any kind of pesticide to
control pests, good soil fertility and high soil organic matter levels help to reduce

the severity of pest damage to crops (Netlum, 1985 Dunn, 1994: Donald, 1999).

The products of the neem tree, Azadirachia indica when used as soil amendment
have been found to enrich and control parasitic soil nematodes ( Chapter 1). The
neem leaves, for example, which are found all year round have been used. as soil
amendment to effectively control root-knot nematodes of papaya and to improve

the growth characteristics of the plant at a rate of 50 g neem leaves/ kg soil under

glasshouse conditions (Reddy er al., 1993).
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The neem’s chemical broadside is a mixture of 3 or 4 related compounds or
limonoids, and it backs these up with 20 or more others that are minor but
nonetheless active; and of these limonoids, azadirachtin has proved to be the main
agent for battling pests (BOSTID, 1992). Azadirachtin A and B account for about
99% of the array of azadirachtins in the neem plant with the azadirachtin A being

the most dominant compound (Isman ef al., 1996).

The present study was to investigate t};e effect of soil amended with neem leaves,
poultry manure and cow dung manure on the populations of plant and non plant-
parasitic nematodes. Poultry manure and cow dung have been reported to have
nematicidal properties (Babatola, 1989; Babatola and Oyedunmade, 1992; Al,

1995; Nahar et al., 1996).

In the quest for controlling soil pests, the study of the behaviour of azadirachtin A
as it breaks down in the soil is imperative. Studies of the degradation of
azadirachtin A in the soil using High Performance Liquid Chromatography (HPLC)
have been carried out under controlled laboratory conditions (Stark and Walter,
1995) and in the greenhouse (Sundaram, 1996), using different neem formﬁlations
as the source of the active ingredient. In addition to the nematodal .study,
therefore, the breakdown of azadirachtin A in the amended soil was also assessed,

using  Gas Chromatography (GC).
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4.2, Materials and methods

.20 Treatments and experimental design
Treatments consisted of soil + neem leaves , soil + cow dung , soil + poultry
manure and combinations of these in different proportions as listed below (Table

4.1). Soil sample weight of 10 kg was uscd as basc for the preparation of cach

treatment.

Table 4.1. Table showing treatments uscd in Chapter 4

Treatment (per ke soiD
No amendment ( Conttol)

10gC

5gPM

10 g PM

50 g NL
100 g NL
S50gNL+10gC
100gNL+10¢gC
50gNL +5¢gPM
50 g NL + 10 g PM
100 g NL + 5 g PM

100 g NL + 10 g PM

C= Cow dung
PM= Poultry Manure
NL= Neem Leaf

39

Digitized by Sam Jonah Library




© University of Cape Coast https://ir.ucc.edu.gh/xmlui

4.2. Materials and methods

4.2 Treatments and experimental design

Treatments consisted of soil + neem leaves , soil + cow dung , soil + poultry
manure and combinations of these in different proportions as listed below (Table

4.1). Soil sample weight of 10 kg was used as basc for the preparation of cach

treatment.

Table 4.1. Table showing treatments uscd in Chapter 4

Treatment (per ke soil)
Na amendment { Conttol)

i16gC

5gPM

10 g PM

50 g NL

100 g NL
S0gNL+10gC
100gNL+10gC
50gNL +5 g PM
50g NL + 10 g PM
100 g NL + 5 g PM

100 g NL + 10 g PM

C= Cow dung
PM= Poultry Manure
NL=Neem Leaf
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The treatments mixture were transferred into polythene bags of 4.8 cm diameter
and 15 cm long leaving one centimeter of space at the top. Perforations were made
at the base of the bags.  There were three replications. A replicate represented a
batch of 10 bags, each weighing 300 g of the treatment.  Batches of replicates

were placed in the soil on the 16"

of September, 2002 using the Completely
Randomized Design (CRD). The polythene bags were placed in the soil to a depth
of 14 cm. There was enough rainfall to keep the treatments moist throughout the

experiment.

Sampling was immediately done for nematode and azadirachtin A extract@on.
Subscquent sampling followed 14, 28, 42, 56, 70 and 84 days alter placement of
bags in the field. The polythene bags were collected one at a time as representative
samples for replicates during sampling. The contents of the polythene bags were

well shaken to ensure thorough mixing,

4.2.2. Lxtraction, Counting and Identification of nematodes

This part of the experiment was conducted at the Department of Nematology -

CSIR, Fumesua, Kumasi.

A modified Baermann’s method (Dropkin, 1989) for nematodes extraction -was
used. Nematodes in 100g soil samples were determined by migration through a
double-ply tissue sheet into water for 24 hours. A subsequent direct counting of

nematodes in the extracts was made using a stereomicroscope and x40
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magnification (Opperman e/ al., 1993). External morphological features were used

to identify the nematodes (Mai er al., 1968; Willmott ¢t al, 1977).

4.2.3.  Iixtraction of Azadirachtin and Gas Chromatography (GC) analysis of
extracts

This part of the experiment was conducted at the Chemistry Department of the
Kwame Nkrumah University of Science and Technology, Kumasi Ghana.

Amended soil samples were air dried F&)r 48 hours. Fifty grams (50 g) of each soil
sample was weighed and defatted with ether, and azadirachtin extracted with 200
ml methanol for 6hours using a soxhlet apparatus. Extracts were filtered with
Whatman No. 1 filter paper and reduced to just dryness using a rotary evaporator at
20 °C. Reconstitution of extracts was made with 10 ml of:GC grade methanol,
followed by the quantification of azadirachtin A with the GC.

A Perkin Elmer Gas Chromatograph model 1022 Plus, equipped with Flame lonic
Detector (FID) was operated at an oven, injection and detector temperatures of 180,
255 and 26 °C respectively. The column, 0-17, was used for the separation of the
azadirachtin. A flow rate of 15 m] per minute was operated for the. carrier gas
(nitrogen), with sample injection volume of S ul. Pure analytical grade of
azadirachtink A was used as  the standard to identify and quantify the unknown
azadirachtin A in the samples. The azadirachtin concentration in the neem leaves

before soil amendment was also determined through the same processes of

extraction and analysis.
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A 2 Measurement of soil moisture and pH

Fen grams of samples placed in 100 ml beakers were oven dried overnight a. 105
"C. After this period the samples were cooled in a desicator and reweighed. The
moisture content of the samples were then calculated through the difference of the
two readings (Rowell, 1994).

Samples of 10 ¢ were weighed into 50 ml centrifuge tubes, 25 ml of distilled
water was added to each sample. Tubes were capped and shaken by hand for 15

nnutes. and the pH measured with a pH meter (Rowell, 1994).

4.2.5. Data Analysis
The hall lives (time required for 50% loss) of azadirachtin in the samples were

calculated using the following equation (Stark and Walter, 1995):

0.6931

o=
k

where 1. = half lite

k = rate constant/slope obtained from the plot of natural log azadirachtin A
concentration against incubation period.

The nematode numbers, half lives, pH and moisture content of samples were
compared statistically using the MSTATC statistical software package (Russell,
1990). Minitab version 11.21 was used for the Fitted Line Plots of Figures 4.2 and

t.3 The ANOVA tables for all the statistical calculations are found in Appendix

13
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4.3. Results and discussion

430 Fffecr of fl;e soil amendments on nematode populations

4.3.1.1. Plant Parasitic Nematodes

Plant parasitic nematode numbers for the soil treatments under the sampling dates
are presented in Table 4.2, The total numbers of  plant-parasitic nematodes
decreased with time in all the treatments. The individual parasitic nematodes
(Meloidogyne,  Scutellonema, — Prarylenchus,  Paratricodorus, - Tricodorus,
ffelicotylenchus, Criconemelfa and Rotylenchus) also followed similar decreasing
pattern (Appendices Al — A8). The amended soils had significantly lower numbers
of the nematodes than the unamended soil throughout the study period. Similar
trends showing nematode numbers reducing after application of organic sail
amendments have been reported by otherr workers (- Muller and Gooch, 1982,
Rodriguez-Kabana, 1986; Babatola, 1989, Stirling, 1991, McSorley and Fredéric‘.;,

1999).

Among the amendments, neem and its combinations registered zero nematode

nun

umbers immediately after the application of the organic matter. Some nematodes,
however, were detected during the second sampling two weeks later (Sept. 30). A
greater proportion of the nematodes might have been destroyed by the neem

compounds as nematode numbers at that time were significantly lower than the
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Table 4.2, Effect of soil amendment on total plant parasitic nematode populations.

____ Nematodes per 100 g of soil

Amendment (bulkgaf—_§hp-m Sep. Oct. Qct. Nov. Nov.  Dec. Mean -
soil) 16 30 14 28 11 23 9

No amendment 219a 226a 159a B88a 85a 63a 63a 129a
10gC 132b  102b  99b 53 41b 33 28b  70b
SePM 107 ¢ 88 ¢ 68 ¢ 44 ¢ 40b 29b I6c  5S6¢
10 g PM 90 d 68 d 62d 25d 3lc 24c¢ 9d 44 d
S50 g NI. Oe 27 f 28 1 20e 0fg 11d 4 f 14 ef
100 ¢ NL Oe 20g 2l g 4h  2i 4efg Og 7 ¢gh
S0gNL+10gC Oe  30f 36e 2le 1lef 4efe 8d 16e
IDDgNL+10gC De 22g 12 h 8¢g 12e Sef lg 9 gh
S0gNL+5¢gPM Oe 30 f 24fg 13 f Ii 8 de 4f 11 fg
SOgNL 1 10 g PM Oe  35e¢  22g 14f  18d 4defg Ge l4ef
100 g NL + 5 ¢ PM | Oe 19g 228 . 1] fa 9 O¢g lg 9 gh

100 g NL + 10 g PM Oe 3h  14h  th  4h 2fg oOg Sgh

Moans Jallonved by the same le
¢ Cow dung

PN Poultry Menre

NL= Neem Leaf

trer in each colunm do not differ significantly (P < 0.05)

ANOVA Tables - Appendices BI-BS (pp 158 160)
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poultry manure and cow dung amendments and the control. Nematode numbers for
the rest  of the sampling dates, especially the last sampling day anc! the mcan
numbers of nematodes in the soil amended with neem were fewer than the other
treatments.  Virtually no recovery ol nematodes was reco‘rcied for the neem
amended soils throughout the study for Helicolylenchus, Cricanemellal and
Rotylenchus (Appendices A6 — AS8). The inclusion of neem seemed to have
adversely al‘l’ected- these nematodes, however, these nematodes were very low iIn
numbers even in the unamended soii as compared to the others especially

Meloidogyne which is known to be abundant in the tropics (Dropkin, 1989).

Poultry manure at 10 g / kg soil had significantly lower nematode numbers than
the 10 g cow dung and 5 g poultry manure (Table 4 2). The higher rate of the
poultry manure was significantly more effective in the nematode control than the
lower level and the cow dung. Both the poultry manure and the cow dung have
been found to be effective in controlling parasitic nematodes, with the effectiveness
increasing with increasing levels of manure and also the kind of manure applied
(Toida ef al,, 1991; Babatola and Oyedunmade, 1992, Kaplan and Noe, 1993;

Riegel et al., 1996).

The suppressive effects of organic amendments on plant-parasitic nematodes have
been attributed to the enhancement of  soil microbial populations by the
amendments and the accompanied chemical by-products, which may have

antagonistic effect on the parasites (Rodriguez-Kabana, 1986;-Dunn, 1994).
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At the dosage levels applied, the neem leaves and its combinations proved to be
better than the sole poultry manure and the cow dung in controlling the plant-
parasitic nematodes. The neem leaves apparently possess higher nematicidal
potency than the poultry manure and the cow dung, No signiﬁcant. differences
were noticed among the treatments containing neem amendments. The high
quantities of the neem leaves might have overshadowed an;/ clear changes that

might have been brought by the mixture of the poultry manure and the cow dung.

Plant-parasitic nénatodes were found to decline in all the treatments, this was
attributed to the absence of a food source for the parasites, as also observed by
McSoerley and Frederick (1999). However, the populations of bacterivore and
fungivore, non-parasitic nematodes increased, and were higher than the initial

nematodal populations, as could be observed in the next section.

Though plant parasitic nematode populations tend to decline under fallow
conditions, amending the fallow soils with organic matter especially neem leaves

might prove better in drastically controlling the parasites.
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1.3.1.2. Non plant-parasitic nemalodes
Table 4.3 shows the population of non-parasitic nematodes for the different dates of
sampling under the various soil treatments.
The application of the amendments reduced the numbers of the non plant-parasitic
nematodes initially (zero day of incubation), as was the case for the parasitic plant
nematodes at the same day of incubation (Table 4.2). The neem leaves
amendments were the most suppressive. However, the nematode numbers in the
amended soils rose to levels signiﬁcan.ﬂy higher than the unamended soil which
was the opposite for the plant parasitic nematodes (Table 4.2 and Appendices Al -
A8). Tor the subsequent sampling dates the numbers of the non plant-parasitic
nematodes continued to decline in the unamended soil whilst a rise in nematodes
numbers was the case for the amended soils (Table 4.3). Number of nematodes 70
days after incubation and also the mean number of nematodes of the amended soils
were significantly higher than the unamended soil. The higher dose of the neem
leaves (100 g/kg soil) and their combinations recorded the highest nematodes
populations. McSorley and Frederick (1999) in a similar research also found the
application of different organic materials to the soil to increase the populations
of non plant-parasitic nematodes as bacterivores, fungivores and omnivores.

The probable increase in numbers of nematodes antagonistic to the i)‘lant—parasitic
nematodes might have contributed to the suppressive action of the amendments
against the plant-parasitic nematodes (Akhtar and Malik, 2000).

Probable slight changes of conditions in treatments and experimental error might

have accounted for the inconsistencies in nematode numbers measured.
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Table 4.3. Etfect of soil amendment on non-parasitic nematode populations.

. Nematodes per 100g of soil

Amendment (per kg Sep.  Sep. Qct. Qct. Nov. Nov. Dec. T Mear.
of soil) 16 30 14 28 i 25 9

No amendment 113 a 72 h 88 h 78 k 60 k 551 261 70]
10gC 101b 220g 80h  208; 251 3707 250) 1801
5gPM % bc 7904 320g 3525 150; 3447 300: 336h
10 g PM 93¢  1020bc  340g 744e 2001 1120e 195k 530g
50 g NL 2d 990 ¢ 670f 472g 356h 960g 830h 611f
100 ¢ NL 4d 1104 b 1300d 2152b 1636b 1480d 2436b 1444b
SOgNL +10gC 2d  656¢ 2300b 3641 852y 556h 1028y 8224
INDgNL+10gC 3d 800 d 2496a 2076c 1408¢ 2448b 2744a 171l a
50 g NI +35 g PM 6d 9260 c 1035e 435h 880f 1104e 1548 e 853d
SOgNL+10gPM 2d 1238a  320g 600f 900e  1024f 1090f 739e
100 g NL+5¢gPM  0d 444 1712¢ 2788a 2372a 3010a 1724c 1721 a
100 g NL+10gPM  0d 760 d 1075e 169 d 1338 4d 312¢c 1668 d 12064 ¢

Moy follorwed by the same letter in each column do ot differ sigrificantly (P < 0.03)

(" Cow dung
PM = Poultry Manure
NL - Neem Leaf

ANOVA Tables - Appendices B79-B86 (pp 184 — 186)
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4.3.2. Liffect of the soil amendments on the breakdown of azadirachtin A

4.3.2.1. CGas Chromatography (GC) Chromatograph of azadirachtin A

Figure 4.1A shows the graphical presentation of the retention time of the standard
analytical azadirachtin A which occurred at 7.9 minutes. The unamended soil and
soil amended with only the animal manure showed no peak in the chromatograph
(Figure 4.1B). The peaks observed in the chromatograph of the neem amended soil
chromatograph ( Figure 4.1C) therefore are the results of the compounds in thf;
ncem leaves. The other peaks alongside azadirachtin A (Figure 4.1C) which might

be some of the limonoids of neem were, however, not identified.
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Figure 4.1. GC Chromatographs of pure azadirachtin A (A), unamended
soil/soil amended with animal manure only (B) and soil amended with

neem leaves (C).
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4.3.2.2. Concentration of azadirachtin in neem leaves and recovery from soil
The concentration of azadirachtin A in the neem leaves was 3.31 ug/g (15.43%

moisture).  Sundaram (1996) reported the concentration of azadirachtin A in neem

leaves from India to be 5.90 pg/e  which was higher than the cqncentration
obtained in the present study. The difference may be attributed to the different
ecosystems of the neem sources, such as soil, climate and r‘ainfall, and also the
collection, processing and storage condil.ions of the neem leaves (Sundaram, fOQG).
The different analytical procedures of the cu.rrent study (Gas Chromatography
procedure) and that of Sundaram (High Performance Liquid Chromatography
procedure) might have also contributed to the difference in concentration of

azadirachtin A in the leaves picked by the two procedures.

Based on the concentration (3.31 pg/g ) of azadirachtin A in the neem leaves, the
percentage recovery of the compound in the various treatments was calculated

(Table 4.4). The percentage recovery ranged between 60 and 95% with no specific

pattern observed among the treatments.
The percentage recovery of azadirachtin A in soils obtained by Stark and Walter

(1995) was 80.4 + 12.12% and was considered to be acceptable for analysis. The

present recovery compared favourably with that of Stark and Walter (1995).
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Table 4.4. Percentage recovery of azadirachtin A extracted from soil immediately after
amendment

Treatment Expected recovery Amount recovered Percentage recoverv
ng Azalg sail ng Aza/g soil
50 ¢ NL 0.1504 0.0898 60
S0gNL+5gPM ® 0.1423 95
S0gNL+10gC G 0.1275 ' 85
50 g NL + 10 g PM « ' 0.1287 86
100 g NL 0.3008 0.2299 76
100 g NL + 5gPM % Oi.2446 81
100gNL+10gC B 0.2618 87
100 g NL+ 10 g PM “ 0.2393 80

NI, = Neem leaves
LM~ Pouldtry Manure
¢ Cowdung

4.3.2.3. Degradation of azadirachtin A in soil

The breakdown of azadirachtin A followed the first order kinetics (Stark and
Walter, 1995, Wan ef al., 1997). Figures 4.2 and 4.3 represent the first order
degradation curves of azadirachtin A in the various soil amendments. The days of
incubation had strong relationship with the concentration of azadirachtin A in the
soil amendments as could be observed from the R* values which ranged between
0.7551 to 0.9038. Soil amendments receiving 100 g neem leaves had steeper

slopes than those receiving 50g neem leaves.
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Figure 4.2. Azadiractin degradation in one kilogram of soil amended with (a) 50 g
neem leaves, (b) 50 g neem leaves + 5 g poultry manure, (c) 50 g neem leaves + 10 g
cow dung, and (d) 50 g neem leaves + 10 g poultry manure.

ANOVA Tables for the Fitted line Plots — Appendices B90-B93 (pp 187 — 188)
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Figure 4.3. Azadirachtin degradation in one kilogram of soil amended with (a) 100 g
neem leaves, (b) 100 g neem leaves + 5 g poultry manure, (c) 100 g neem leaves + 10g
cow dung, and (d) 100 g neem leaves + 10 g poultry manure

ANQOVA Tables for the Fitted line Plots — Appendices B94-B97 (pp 189 — 190)
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The corresponding-half lives are presented in Table 4.5. The half life is inversely

proportional to the rate constant and therefore the steeper the slope of the curve or
the more negative the slope the smaller the half life and vice versa. Treatments
with higher neem amendment levels of 100 g/kg soil (Figures 4.3) showed steeper
slopes with shorter half lives of azadirachtin A ranging between 12.19 and 22.29
days (Table 4.5) as compared to the lower amendment levels of 50 g neem
leaves/kg soil with half lives between 28.63 and 42.26 days. Within these two
groups of neem amendments the acldilién of the poultry manure and the cow dung

gave significantly shorter half lives of the azadirachtin -than the sole neem

amendments.

The Kkind of antmal manure and the quantity used did not bring any significant
difterences in the half lives of azadirahtin A in the soil among the neem leaf ﬁnd the
animal amendments (Table 4.5). However, the half lives followed in this order, 100
g NL -+ 10 g PM (12.19d) <100 g NL + 10 g C (14.32d) <100 g NL + 5 g PM

(17.79d) and 50 g NL + 10 g PM (28.63d) < 50 g NL + 10 g C (31.79d) < 50 g NL

S

g PM (33.48d), indicating poultry manure must have enhanced faster
breakdown of azadirachtin A in the soil than cow dung at the same soil amendment
level. The different rates of the organic amendments in the (;urrent study might be
the major factor in the differences of the half lives of azadirachtin A. The
breakdown of organic compounds in soils is l;nown to be affected by the quantity

ol the organic matter in the soil (Morril ef a/., 1982). Organic matter is food for

many soil microbes ( fungi, actinomycetes and bacteria) and promotes
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Table 4.5. Half lives of azadirachtin A in soil amended with neem leaves and
animai manure

Amendment Half life of azadirachtin A
(per kg of sail) (days}
50gNL " 4226 a
SOgNL+S-gPM 33.48 b
50gNL+10gC 31.79b
50gNL + 10 g PM 28.63 be
100 g NL 22.29 cd
100 g NL +5 g PM | 17.79 de
100 gNL+10gC 1432 ¢
100 g NL + 10 g PM 12.19¢

Half lives with the same lelters are not significantly dif) erent from ecach
other(P<0.03).

Ni.. Neem leaf
PM  Poultry manure

¢ Cow dung

ANOVA Table - Appendix B87 (pp 186)

their proliferation in the soil (Acea and Carballas, 1996) in proportion to the
amount added. The breakdown of azadirachtin A in the soil is enhanced by soil
microbes (Stark and Walter, 1995, Sundaram, 1996) and would. be affected

ditferently under the different soil amendment conditions as has been observed in

the current study.

Moisture as a factor promoting the breakdown of organic compounds in the soil

(Morril er a./, 1982) might have contributed to the pattern of the breakdown of
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azadirachtin A breakdown in the soil as the higher levels of soil amendments (100
g NL ) significantly showed higher moisture content than the lower level (50 g NL)

(Table 4.6).

The contribution of pH in the breakdown of azadirachtin A could not be
considered as a factor in this study as the pH values of the amendments were not

significantly different from each other (Table 4.6).

Samples were exposed to the same varying environmental field température
conditions, and thus eliminating differences ‘in the azadirachtin A breakdown
resulting from teinperature differences (Stark and Walter, 1995; Szeto and Wan,
1996).

The breakdown of azadirachtin A in soil amended with neem leaves could be
affected by the quantity of the neem leaves applied and the additions of animal
manure. The potency of azadirachtin A to control pests in the soil is likely to be
reduced at a faster rate under higher rates of applied neem leaves, and re-infestation
ol pests therefore is also likely be higher when larger amount of the material is

applied to the soil.

57

Digitized by Sam Jonah I._ibrary




I ——————————————————————————— - —— —r ettt ettt e

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Table 4.6. Moisture content and pH of amended soils

Amendment pH Moisture content
(per kg of sail) (%)
S0 g NL 6.3a 11.67 b
50gNL+5¢gPM 6.6 a 10.45b
50gNL+10gC 6.4a 11.16b
S0gNL+ 10 g PM 6.6 a 12.10 b
100 g NL 6.5a 15.11a
100 gNL +5 g PM 6.4a 16.90 a
100gNL+10gC 6.3a 16.01 a
100 ¢ NL + 10 g PM 6.6a 16.00 a

Mosisture contents with the same Jetters are pof Significemnily different from cach
other (P<0.03).

NI Neem leaf
PN Ponltry manure

¢ Cow dung

ANOVA Tables - Appendices B8S-B89 (hp 187)
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4.4. Summary and conclusions

Soil amendment with neem leaves, poultry manure and cow ‘dung significantly

»

reduced plant-parasitic numbers and increased non plant-parasitic nematode

populations.

The 50 g neem leaves/kg soil and the 100 g neem leaves/ kg soil and their
combinations with the poultry manure and the cow dung were not significantly
different in the control of plant-parasitic nematodes. The neem and the néem based
amendments were more eflective than the sole poultry manure and the cow dung
amendments in the suppression of the plam—-parasilic nematodes.

The breakdown of azadirachtin A in the soil varied with the “different inclusion
rates of the neem leaves and the animal manure. The higher level of the neem
leaves (100 g} soil amendment and its combinations recorded shorter half lives of
azadirachtin A than the lower level of neem leaves (50 g) and its combinations.
The use of Gas Chromatography (GC) for quantification of azadirachtin A in the
soil and in the neem leaves has been made possible in the current study. The GC
therefore  can bev used as an alternative to the High Pressure Liquid

Chromatography (HPL.C).

From the above it would be more economical to use the lower level 50 g neem

lcaves in a soil amendment to control soil parasitic nematodes than the higher level

100 o neem leaves. The ellects are signilicantly not ditferent from each other in
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performance. In addition, the active ingredient of neem, azadirachtin A would stay

longer inthe S0 g neem leaves soil amendment.
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CHAPTER FIVE

5.0 Studies into the influence of soil amended with neem leaves
and poultry manure on nutrient dynamics.

S Introduction

Aside the application of neem (o control pests as revealed in the previous chapter,
neem products also enrich the soil (Khan and Saxena, 1997; Akhtar, 1999;
Chakrabarti, 2000).  This is imperative, for the farmer needs not only 10 control
soil pests but also to improve t‘ﬁe nutrient status of his soil for optimum crop yield

using organic substances

Appropriate methods of farming using organic substances which are less expensive
and do not disturb nature, would have key roles to play in ensuring food security,
miproving human health and conserving (he environment. The dual activity of
neem as fertilizer and pest repellent has made it a favoured traditional organic

source for soil amendment in India (Neem Foundation, 1997).

The neem tree is commonly found in the tropical regions with the leaves evergreen
throughout the year.  The use of  the neem lcaves which is readily available
combined with poultry manure, an eflective nutrient provider {Abdel Magid ef af |
P95, Ricgel ef al., 1996, Nyakatawa and Reddy, 2000) as soil amendment would
help farmers to solve the dual problem of low soil fertility and soil pest control

especially nematodes.
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The present study seeks to compare the nutrient content of a soil amended with
heem leaves and poultry manure before and after the amendment, and to

particularly observe the patterns in the mineralization of carbon and nitrogen.

5.2, Materials and Methods

3.2.1. Treatments and experimental de.ﬁgn

The experiment  was set up on ™ 17" of Februarv 2003. The treatment
combmations (Table 5.1) used in the experiment, the quantity of soil used and the

deseription under this section were the same as in Chapter 4.

Table 5.1. Table showing treatments used in Chapter

Treatment (per ke soil)
No amendment (Control)

5gPM
10 ¢ NL
[0gNL+5 g PM
20g NL+5 g PM
30 ¢ NL + 5 g PM
40 g NL +5 g PM

S0 g NL+5gPM

PM = Poultry mamure
NI. = Neem Jeaves

Digitized by Sam Jonah Library




© .University of Cape Coast https://ir.ucc.edu.gh/xmlui

2.2.2. Nutrient analyses

32200 Organie carbon

Oraanic carbon in the samples was determined by the dichromate oxidation
methed ( HTA, 1985). Ten millilitres of a normal solution of K,Cr.Q7 was added
to 0.5 g of treatment sample in a 500 ml conical flask. This was followed by the
addition of 20 ml concentrated H.SO, . Afier 30 minutes 200 ml of distilled water
was added to the contents of the Mlask. An amount of 0.2 g ol NaF followed by 1.0
mi of diphenylamine indicator were then added. The organic carbon of the sample

was determined by titration with freshly prepared 0.5 M ferrous sulphate solution

after carrying out a blank titration.

3.2.2.2. Carhon dioxide

Carbon dioxide was determined by the modified method of Rowell (1994).
Carbon dioxide produced by respiration from 50 g soil sample placed ina 250 ml
conical flask was trapped by absorption into 10 rp] 0.3 M NaOH solution for 6
hours. The NaOH was placed in a vial suspended in the flask from a rubber bung

which was used to seal the flask. After the 6™ hour the CO; trapped was

determined by titration with 0.1 M HCl after adding 10 ml of 1 A BaCls.
3.2.2.3. Total nitrogen

Total nitrogen in the soil, neem leaves and poultry manure was determined by the

Kjcidahl oxidation method. This involved digestion of 0.2 g sample at 360 °C for
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2 hours with a digestion mixture ( selenium powder, lithium sulphate, hydrogen
peroxide and concentrated sulphuric acid ) followed by steam distillation and

titration with 1/140 A HCI (Anderson and Ingram, 1989).

3.2.2.4. Total phosphorus

Aliquot from the digest above was used for the determination of total phosphorus
volonmetrically (Anderson and Ingram, 1989). One millilitre of sample was
pipetted into a test tube with the additi.on of 4.0 ml ascorbic acid solution and 3.0
ml molyhdate reagent. The content of the test tube was mixed well and allowed to
stand for about | hr for col;):r development. The absorbance was determined with a

spectiophotometer at 880 nm. The total phosphorus in the sample was determined

from a graph of absorbance against standard concentrations of phosphorus.

5.2.2.5. Inorganic NH,;'- N and NO; - N

Inorganic NHy'- N and NQO; "~ N in the soil were determined aller extraction of 40
g sample with 2 M KCI on a mechanical shaker for 1 hour. It was followed by
steam distillation with MgQ and Devarda’s Alloy for NH, -N and NO,-N
tespectively with boric acid solution as an indicator in the receiving  {lasks.

Distillates were titrated with 0.01 Af HCI (Rowell, 1994).
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3.2.2.6. Available phosphorus

For the analysis of available phosphorus , 1 g soil sample was mixed and shaken
with 7 ml Bray No. 1 solution (15ml of 1 M NH4F and 25 ml ot 0.5 A7 HCI in 460
ml distilled water) in centrifuge tubes for 1 minute and filtered through Whatman

No. 1 filter paper. Aliquots of 2ml of sample extracts were used to determine the

phosphorus through the ascorbic acid method (11TA, 1985).

3.2.2.7. Iixchangeable bases

Exchangeable calcium, magnesium and potassium were extracted by mixing 5 g
of soil sample with 20 ml 1 M ammonium acetate solution overnight in 100 ml
velumetric lask, The susp-cn.'\'icm was transferred to a funnel fitted with Whatman
No | filter paper and filtered into a 100 ml volumetric flask The sample in the
funnel was leached with 4 successive 20 ml volumes of the acetate solution (1ITA,
1985). Aliquots of the extract were used for the subsequent determination of the
cuchangeable bases.  The concentration ;)F exchangeable potassium  was
determined using a Flame photometer (1ITA, 1985). Calc-ium + magnesium werc
determined by the EDTA Titrimetry method. A 15 ml of bufler solution (NH,LCI +
NH4OH ) was added to 25 ml aliquot from the sample above in 250 ml conical
flask Distlled water was added to the flask to the 150 ml mark. Ten drops each of
KCN, NH>OH.HCI, K4Fe(CN)¢ and triethanolaming were added to the content.
Ten drops of Eriochrome Black T indicator were added to the flask content and the

solution titrated with 0.005 A/ EDTA to a blue end point for the determination of

bath cations (Page ef /., 1982). Calcium alone was determined through the same
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process as calcium + magnesium, however, enough 10% NaOH solution was added
i place of the bufler solution to raise the pH to 12, and 5 drops of Calcon indicator

was used instead of the Eriochrome Black T indicator (Page et al., 1982).

Magnesium was estimated from the difference of the two titrations.

2.2.2.8. lixchangeable acidity

Fxchangeable acidity was extracted by adding 3 successive 30 ml 1 M KCI to S g
sample in a 45 ml centrifuge tube, the content of the tube was shaken for 1 hour on
a shaker and centrifuged at 2000 rpm for 15 minutes at each addition of the KCL
After each addition, the clear supernatant was decanted into a 100m! volumetric
flask. The volume was made up to the mark with 1 A7 KCL. An amount of 25 ml of
the KCi extract was titrated with 0.05 A7 NaOIl in the presence of a

phenolphthalein indicator to determine the exchangeable acidity (IITA, 1985).

3.2.2.9. pH
Measurement of pH was made by making a suspension of 10 g sample in a 50 ml
centrifuge tube with 25 ml distilled water. The content of the tube was shaken for

tS minutes. Electrodes of a pH meter were inserted in the suspension and the pH

recorded after 30 seconds (Rowell, 1994).

66

Digitized by Sam Jonah Library




3.2.2.10. GenUniversityiof-CapeQoast  https://ir.ucc.edu.gh/xmlui

Moisture content (gravimetric water content) was determined by weighing 10 g
sample into a pre-weighed 100 ml beaker and heating in an oven for 24 hours al
10S °C The sample was reweighed after heating. The percentage moisture was
calculated from the difference of the two weighing (Rowell, 1994).

Soil sample before drying (g) - Soil sample after drying ()
Moisture content of sample = — ——

Soil sample after drying (g)

3.2.3. Data analysis

The cumulative amounts of the net CO, — C released and the net mineral N
oroduced from the neem leaves and the poultry manure were plotted against time of
incubation; a linear model/zero order reaction equation ( equation 1) described the
rebationships better than the first order reaction equation ( equation 2)

m=a+ kt (1)

m=a(l-exp™) (2)

where m = amount of nutrient at time “ t* , while ‘a’ and ‘k’ are constants.

The net rates and the net amounts of mineralization of organic carbon and nitrogen
and the final nutrient contents of treatments at the end of the incubation period
were subjected to the analysis of variance (ANOVA) and the Duncan’s Multiple
Range Test using the MSTAT-C statistical software (Russell, 1990).

Al relevant ANOVA  Tables are found in Appendix  B.

67

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

3.3. Results and Discussion

YA A Chemical composition of neem leaves and poultry manure, and the initial
CoN ratio of treatments

The total N, P, Ca, and Mg contents were higher in the poultry manLlre th;m in the
neem leaves, while that of K and Organic carbon were higher in the neem leaves
(Table 5.2). The quantity of P and Mg in the poultry manure were about 9 and 3
times respectively higher than in the neem leaves. The chemical composition is
comparable to reported data in Tables 2.1 and 2.2.

The treatments with higher inclusions had wider initial C:N ratios (Table 5.3).
Mineralization and immobilization  are affected by the C:N ratio of the
decomposing organic matter. A C:N ratio greater than 30:1 will immobilize N, a
ratio less than 20:1 will mineralize N, and a ratio between 20:1 and 30:1 will
produce no net changes in N availability (Tisdale et al., 1993). Based on these

assumptions the C:N ratios of the treatments were expected to initially favour

mincralization.
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Table S. 2. Chemical composition of neem leaves and poultry manure

N P K C Mg oc C:N Moisture

(=

(%) Content (%)

Poultry 3.55 129 095 116 096 3697 1041 18.77
manure

Neem 2.50 0.14 1.19 1.13 0.31 49 .46 19.78 16.05
leaves

Table 5. 3. The imitial C:N ratio of treatment materials

Treatment Organic Carbon @/T_Tc_)t‘él“N—(%)—" N C:N
Control (unamended soil) 0385 N 0.05 17.00
5 g PM/kg soil 1.02 0.07 14.57
10 g NL/kg soil ' .20 0.08 15.88
10 g NL + 5 g PM /kg soil 1.59 0.10 15.90
20 g NL + 5 g PM /kg soil 2.05 0.12 17.08
30 g NL + 5 g PM /kg soil 2.45 0.13 18.87
40 g NL + 5 g PM /kg soil 3.33 0.18 19.61
50 g NL + 5 g PM /kg soil 3.68 0.19 19.25
69
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53.3.2. Carbon dynamics

With the exception of the unamended soil (control) which had a peak of CO, - C
production at the second week of incubation, the rest of the amended soil recorded
their peaks on the first day of incubation (Figure 5.1). The CO, — C production
continued to decline after the peaks. The period of continuous reduction of CO; -
C, up to the attainment of almost constant production of the gas varied widely
among the treatments. The unamended soil and the lower levels of the neem and
the poultry manure inclusions (5 g poultry manure/kg soil, 10 g neem leaves’kg
soil, 10 g neem leave.s + 5 g poultry manure/kg soil and 20 g neem leaves + 5 g
poultry manure/kg soil) had this period up to the 4" week of incubation.

The higher levels of the amendments (30 g neem leaves + 5 g poultry manure/kg,
40 g neem leaves + 5 g poultry manure/kg and 50 g neem leaves + 5 g poultry
manure/kg), however, had an extension of the period of CO; — C decline to the 6™
week of incubation.

A slight second peak of CO; — C production was recorded for the highest level of
amendment at the 8" week of incubation. Soil moisture content of treatments rose
to a maximum on the 8" week of incubation (Figure 5.13) and this might have
accounted for the slight second flush of CO; —~ C production observed for the
highest treatment level of the amendments. The changes in the soil moisture
conditions might have boosted microbial biomass activities leading to the
production of the second flush of the CO, — C production (Franzluebbers et al.,

1994; Robertson and Morgan (1995). The organic carbon content of the other
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observed.

The observed peaks/flushes of the CO, — C probably indicate active biological
reactions taking place in the soil media after the additions of the organic matter.
Such an observation was also recognised by West et al. (1989) and Pocknee and
Sumner (1997) using a different organic amendment source of soil incorporation.

With the loss of degradable organic carbon as CO, — C, the organic carbon content

of treatments relatively declined (Figure 5.2).

The differences in the flushes of CO, — C production or the differences in the
decline of the CO, - C production may be assigned to the differences in the organic
carbon contents of the amendments (Table 5.3). The amount of CO, — C production

relatively corresponded with the quantity of organic carbon in the treatment.

The net cumulative CO, — C produced by the various amendments is presented in
Figure 5.3. The rate of production of CO; — C (Table 5.4) was calculated from the
net cumulative graph by fitting the linear equation, m = a + bt (zero order reaction
equation). The rate of release of nutrients in soils in previous studies followed
the zero-order reaction kinetics (Nordmeyer and Richter, 1985; Seyfried and Rao,
1988; Murwira and Kirchmann, 1991; Abdel Magid ef a/,, 1993; Mahimairaja ef

al, 1994 ).
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cumulative CO, — C, rate of production of the CO, - C (Table 5.4 ) and also higher
net percent of mineralized organic carbon at the 12" week of incubation (Table
5.4). However, the 5 g PM with low organic carbon of 1.02 % (Table 5.3) had
higher net cumulative CO, — C, rate of CO; — C production and higher net per cent
organic carbon mineralization than the 10 g NL. This might have resulted from the

high levels of microbes, both amonifiers and nitrifiers in the poultry manure (

Bacharach, 1957).

The mineralization of organic carbon ranged between 33.33% for the 10 g NL
and 70% for the 50 g NL + 5 g PM. The higher the rate of the CO; — C released the
higher the net percent of the organic carbon mineralized and vice versa. The
combination of 10 g NL and 5 g PM resulted in higher rate of CO, — C production
and higher net percent organic carbon mineralization than the individual materials
(Table 5.4). The higher microbial content of the poultry manure might have
increased the biological activities in the 10 g neem leaves + 5 g poultry manure/kg
soil, and thus resulting in the higher rate of CO; — C production and higher net
percent organic carbon mineralization than the sole 10 g NL and 5 ¢ PM. The

addition of the poultry manure to other treatments might have played a similar role.

Organic carbon mineralization is a mirror image of the release patterns of other
nutrients in the soil. The larger the C evolved as CO; — C the higher the likelihood

of release of the other soil nutrients (Abdel Magid ef al., 1993; Atalla et al., 1995).

12
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3.3.3. Nitrogen dynamics
Nitrogen changes in the treatments are presented in Figures 5.4, 5.5 and 5.6 for
NH4" - N, NO; - N and total nitrogen respectively. Two conspicuous peaks/flushes
of NH;" - N production were observed, the highest peak of production occurred at
the second week and the lowest peak at week eight. At these peaks the higher

amendment levels also produced higher amounts of the NH," - N (Figure 5.1).

2.50

—&-—— Control (No
amendment)

e

2.00 -- @ - - 5gPM/kg soil

—a— 10gNUKg

soil

—o—10gNL +
5oPMikg soil

----20gNL+
5gPM/kg soil

—o— 30gNL +
5gPM/kg soil

CO, evolution(mg/g soil/day)

5gPM/Kg 80l

—&— S50gNL +
5gPM/kg so

Weeks of incubation

Figure 5.1. Changes in CO, evolution in unamended soil and soil amended

with neem leaves and poultry manure as affected by incubation period (bars
are standard errors)
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Figure 5.2. Organic carbon changes in unamended soil and soil amended
with neem leaves and poultry manure as affected by incubation period (bars
are standard errors)
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t : 2_34 f “ﬁ”‘“ SOQNL +
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Weeks of incubation

Figure 5.3. Net cumulative CO»-C mineralized from neem leaves and
poultry manure

Letters show differences in cumufative figures at the 12th week of
incubation(P < 0.05)

ANOVA Table — Appendix B98 (pp 190)
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Table S.4. Net percentage nitro

https://ir.ucc.edu.gh/xmlui

gen and carbon mineralized (at week 12) and rate of

mineralization
N o CO,-C
%_ _ Rate - mgN/kg | % W Rate — mg/g
: Mmineralized | | soil/week > | mineralized ' | soil/week® _

5 g PM/kg soil 50.00 b 59.54 f 5882d  (0.10e

10 g NL/kg soil 33.33 d 3853 g 3333 e 0.09 e

|

10 g NL + 5 g PM /kg soil 40.00 ¢ 104.18 ¢ 62.16 ¢ 0.16 de

20 g NL + 5 g PM /kg soil 5714 a 14462 a 63.33 be 0.21d

30 g NL + 5 g PM /kg soil 50.00b 109.70d 64.38 b 033¢

40 g NL + 5 g PM /kg soil 56.00 a 11421 ¢ 68.66 a 045b

50 g NL + 5 g PM /kg soil 56.25 a 13348 b 7000 a 0.61 a

Means with the same letter within columns are not significantly different from each other

(P <0.05).

PM= Poultry Manure
NL= Neem Leaf

1. Values were calculated based on the difference between the initial net total % of N/C
and the total % N/C at the 12" week of incubation

2. Values were calculated from the net cumulative mineralization graphs (CO» - C and

N) by fitting the linear equation

m=a + bt

ANOVA Tables — Appendices B134-B137 (pp 202 — 203)
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Generally, the NHs" - N production drastically declined by the 4™ week of

: : nd
incubation. The 2% small flush of NH,* - N production at the 8" week might result

from ammonification of organic nitrogen and jmmobilization of NOs - N.

Moisture content of treatments were highest at the 8" week (Figure 5.13) and thus

created an anaerobic condition which favoured the ammonification and the

immobilization processes (Mahimairaja er al,, 1994). The NH; - N production
thereafter fell even below the initial recorded values, probably due to higher rate of
nitrification and slower rate of ammonification .

The 5 g poultry manure amendment released higher amount of NH,;" - N than the
10 g neem leaves/kg (Figure 5.4) though the two amendment materials have similar
total N and C:N ratio in the soil (Table 5.3). This variation may be expected as the
poultry manure contains easily decomposable compounds ( Abdel Magid ef al.,
1993) and high levels of microbes to speed up mineralization ( Bacharach, 1957).
The 10 g neem leaves + 5 g poultry manure/kg soil had higher release of NH4" - N
than the 10 g neem leaves/kg soil, indicating an enhancement of the release of
NH;" - N by the addition of the poultry manure to the neem leaves.

The addition of poultry manure to neem leaves in any soil amendment would be
important to enhance the release of NHs™ - N, and thus improve the available N
status in the soil for the growth and development of crop.

th

The peak of NOs - N production occurred around the 47 week of incubation

(Figure 5.5), two weeks after the 1% peak of NH," - N production. Soil amendment
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with poultry magumivlersitynd GiermBRaRtcd NEPFLTAEE-SAH- BTN at the

-

7nd : - )
2" week of incubation. Such trends of NH." - N production peaks giving way to

NOs™ - N production peaks are bound to happen in an incubation process as NHy" -
N production from  organic compound (ammonification) is a prerequisite in

nitrogen mineralization for the production of NO, - N (nitrification).

The NOs™ - N production reduced to a very low level after the peak of production

for the various treatments between the 6™ and 10" weeks of incubation, which
corresponded with the period of the 2™ peak of NH,™ - N production (Figure 5.4).
Moisture content of treatments was highest at this period of incubation and thus
probably created an anaerobic condition which might have favoured the conversion
of NOj - N to NHy - N, leading to decreased levels of NOj - N between the 6
and the 10" weeks. The NOs - N production levels increased again but did not

reach the original level because the moisture contents of the samples were still

high.

The higher levels of the neem leaves and the poultry manure were supposed to
release higher amounts of NOs - N in relation to the CO; — C ( Figure 5.1) and
NH," - N (Figure 5.4), but this was not so. However, the lower levels of
amendments (10 g NL + 5 g PM /kg soil, 20 g NL + 5 g PM /kg soil and 30 g NL
+ 5 g PM /kg soil ) rather released higher NO3™ - N than the higher levels of the
neem leaves and the poultry manure (40 g NL +5 g PM /kg soiland SO g NL+5¢g

PM /kg soil) until the g™ week of incubation (Figure 5.5). It was after this period
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that the higher level
e Univor ey 6P Eisaven st g Wttpsuicas Naumhxhduyioultry

manure tended to release higher amounts of NO; - N. The higher treatment

f th :
levels of the neem leaveg apparently inhibited the nitrification process which

resulted in reduced NO; - N production

Table 5.5 shows the C:N ratios of treatments measured at the various incubation

periods. The higher amendment levels with higher organic carbon levels had wider
C:N ratios, however, the differences were in most cases not significant within the

incubation periods. The C:N ratios in all the treatments decreased with time of

incubation as organic carbon was mineralised. The C:N ratios at the end of the
incubation were around 12:1 where populations of decay bacteria were considered
stable (Sullivan, 1999). The C:N ratios throughout the experiment favoured
mineralization . The release or demand for N depends not only on the C:N ratio
but also on the types of organic compounds in the residue (Chandler e al., 1980;
Hatiori and Mukai, 1986; Henry, 1991).

The net cumulative N (NH, - N and NO;3™ - N) mineralized from the neem leaves
and the poultry manure in the amendments are indicated in Figure 5.6. The 50 g
NL + 5 gPM and the 20 g NL + 5 g PM produced the highest net cumulative N
with the 10 g NL and the 5 g PM releasing the lowest amount of the nutrient. The
net rates of production of N, calculated from the net cumulative graph of N as done
for the carbon above, and the net per cent of N mineralized at the end of the

incubation period are shown in Table 5.4.
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The fastest rate of N m; :
© Umversupy ﬂ'é@ﬂmmsthe highsstinmoaiedufghdxmbstent N

reralized was fi
mit rom the 20gNL + 58PM  combination, which was greater than

the higher levels of the other combinations, Barbarika et al. (1985) reported N

mineralization to be negatively affected when the C:N ratios were increased from
2.4 to 16. There was no conspicuous effect of the C:N ratio on N mineralization in
the present study. This may be due to the insignificant differences in the C:N ratios
in Table 5.5 among the neem leaves amendments measured during most of the
incubation periods (Table).

Neem products such as the seed powder and the seed cake have been reported to be
- nitrification inhibitors because of azadirachtin, the active ingredient of the neem
plant (Neem Foundation, 1997; Lalljee ef al., 1999; Deepanjan et al., 2000; Shah
and Faheem, 2000). The higher levels of neem leaf with corresponding high
amounts of azadirachtin might have played a similar nitrification inhibitory role in
the present study up to the 8" week of incubation (Figure 5.5). This eventually
might have had an impact on the calculated net cumulative and rate of N
mineralization. The inhibitory potency of the azadirachtin seemed to have reduced
after the 8" week as a result of degradation or the NOj - N release potential of the
lower rates of the neem leaves might have decreased because of the initial faster
release of NOs - N (Figure 5.5).

The suppression of NO3” - N release in the soil with the use of neem leaves in a soil
amendment would be important in controlling the gradual release of NOy” - N for
crop growth, and the prevention of excessive NO3™ - N from leaching and causing

pollution (Gnanavelrajah and Kumaragamage, 1999).
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The total nitrogen i -
gen m the varioug freatments at the end of the study was lower than

the initial concentrations (Figure 5.7). The decrease in the nitrogen level may be

attributed to volatilisation of NH, ,hitrous oxide (NO.z) and molecular nitrogen (N2)

(Nodar ef al., 1990; Mahimairaja ef al., 1994) Generally, the total nitrogen and
+ . -
NH4 - N contents were significantly higher in higher amendment levels (Appendix

A9). The NOs™ - N production did not follow this pattern because of the probable

inhibition of nitrification.

For the efficient use of N from the neem leaves and the poultry manure soil
amendments, the crop’s N requirement should be timed closely to the nitrogen

release patterns (NH,"- N and NOy” - N) of the amendments.
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Z
=
2 — o 30pNL + 5gPMkg
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Figure 5.4. Changes in NH, ™ Nitrogen relessad in unamended soll and soil amended
with neem leaves and poultry manure as affected by incubation period (bars are
standard errors)

82

Digitized by Sam Jonah Library




250

:

o
o
1

NOy-Nitrogen (mgN/kg soil)

© University of Cape Coast

Weeks of incubation

- - SgPMkg ol

https://ir.ucc.edu.gh/xmlui

—4— 10gNL/kg soll

—e—10g0. +
SgPM/kg soil

- 20gNL +
8gPMKg sol

o S0gNL +
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Figure 5.5. Changss in NOy-Nitrogen in unamendsd soit and sait amended
with neem leaves and poultry mantre as affected by incubation period (bars

are standard errors)
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P
—¢— 5gPMikg soil

10ghL +
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—o— 20gNL +
5gPM/kg soil

—i— 30gNL *
5gPM/kg soll

—6— 40gNL +
5gPM/kg soil

== B0gNL +
5gPM/kg soil

Figure 5.6. Net cumulative N mineralized from neem leaves and

Letters show differences in cumulative figures at the 12th week of

incubation(P < 0.05)

poultry manure

ANOVA Table — Appendix B2 (pp 190)
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Figure 5.7. Changes In total N in unamended soll and soll amended with neem leaves
and poultry manure as affected by incubation period (bars are standard errors)

85

Digitized by Sam Jonah Library




Table 5.5. Changes of C:N ratio of uname@%wélréng %qihgagr@ggsvyith ﬂ&gg:}ﬁpr@cqggtngmﬁmpnure over the incubation

period .
Treatment B Period of incubation (week)
0 12 4 6 8 10 12
No amendment (Control) | 17.00abc | 14.10 ab 12,90 ab 12.40 be 12.10 ab 11.90 ab 1 11.50 ab
5 g PM/kg soil 14.57 ¢ 1167b 11.10b 11.00 ¢ 10.90 b 10.70b | 10.60b
10g NL/kg soil 15.88 be 13.60 ab 13.03 ab 12.85 abc 12.49 ab 12.45 ab | 12.33 ab
10 g NL + 5 g PM /kg soil | 15.90 be 13.90 ab 13.00 ab 12.58 abc 12.50 ab 12.40 ab 12.33 ab
| 20 g NL + 5 g PM /kg soil | 17.08 abc 1480a 13.33 ab 12.70 abc 11.90 ab 11.95 ab 12.85 ab
30 g NL +5 g PM /kg soil | 18.85 ab 1590 a 1480 a 13.90 ab 13.00 ab ! 12.80 ab 12.88 ab
40 g NL + 5 g PM /kg soil | 19.61 a 16.70 a 1550a 14.90 a 14.60 a E 14.50 a 13.68 a
50g NL +5gPM /kgsoil | 19.25a 1550 a 1560a ' 14.80 ab 14.01 a ! 13.80 ab 13.60 a #
| |

Means with the same letter within columns are not significantly different from each other (P <0.05).

PM= Poultry Manure
NL== Neem Leaf

ANOVA Tables — Appendices B100-B106 (pp 191 — 193)
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5.3.4. Available phosphorys dynamics

Figure 5.8 shows the pattern of available phosphorus produced from the treatments.
Nitrogen and phosphorus have been found to behave similarly during organic
matter decomposition (Berg and McClaugherty, 1989), however, the pattern of

available phosphorus released did not have the same pattern as NHy - N and NOsy

- N (Figures 54 and 5.5 respectively).  The peaks of available phosphorus

production occurred at the 2™ week of incubation, and the concentration of the
phosphorus remained constant almost at that level for all the treatments for the rest
of study period. The peaks on the other hand conformed with the peak of

production of NOj™ - N for the sole poultry manure treatment.

The total phosphorus concentration in the neem leaves was far lower than that in
the poultry manure (Table 5.2). The pattern of available phosphorus observed in
Figure 5.8 was probably influenced by the addition of the poultry manure. This
could be deduced from the differences between the phosphorus levels inthe 10 g
neem leaves/kg soil and 10 g neem leaves + 5 g poultry manure /kg soil treatments.
The addition of poultry manure to the neem leaves at this level caused conspicuous

rise in the available phosphorus level .

The poultry manure might have enhanced the release of phosphorus from the neem

leaves, as poultry manure is known to have a variety of aerobic and anaerobic
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¥oh (ﬁp‘"‘gamc compounds { Bacharach, 1957). Neem

leaves alone used s 20il amendn
soil amendment did not bring any significant increase in the

available phosphory ; .
pHOSP § levels Just as with the control at the end of the incubation

period (Appendix A9).

In the applicati :
pplication of neem leaves as soil amendment in crop production it is

therefore advisable to include poultty manure to boost the level of available

phosphorus in the soil,

70 T e et et et e o L
—a&— Control '
60 -
m  5gPM/kg sall
% 50 B
= soil
é 40 ==0—10gNL +
s 5gPM/kg soll
5 30 A~ 20gNL +
.§_ ‘ SaPM/kg soll
? ;
‘ —0— 30gNL +
& 20 sggmm
10 S5gPM/kg acil
T A | |—=— SogNL +
D 4 : : D R >l AN | 5gPM/kg soil
0 2 4 6 8 10 12
Weeks of incubsation

Figure 5.8 Changes in available phosphorus in unamended soil and soll
amended with neem leaves and poultry manure as affected by incubation
perlod (bars are standard arrars}
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The production trends of K, ¢y and Mg are presented in Figures 5.9, 5.10 and 5.11

respectively. Exchangeable K concentrations were higher for the amended soil

than the control/unamended soil (Figure 5.9). The exchangeable K of the

unamended soil remained at almost the same concentration throughout the study.
For the lower levels of amendments (5 g poultry manure/kg soil, 10 g neem
leaves’kg soil and 10 g neem leaves + 5 g poultry manure/kg soil), the
concentration of exchangeable K fell gradually from the initial higher values to
lower levels with time. However, the higher amendment levels (20 g neem leaves +
5 g poultry manure/kg, 30 g neem leaves + 5 g poultry manure/kg soil, 40 g neem
leaves + 5 g poultry manure/kg and 50 g neem leaves + 5 g poultry manure/kg soil)
had a rise in exchangeable K concentration with peaks occurring in the 2™ week of
incubation. The peaks became more pronounced with the rise in the amendment
level. The exchangeable K concentration decreased after the attainment of the
peaks to levels lower than the initial concentrations. The rise and fall of K levels
after soil amendment with manure have been recorded by Datta (1996) and
Kalburtji e/ al, (1997). Potassium does not associate with the structural
components of plants and it is therefore easily released during plant decomposition

and also easily lost in soil through leaching (Gosz ef al., 1973; Marshner, 1995),

and thus probably accounted for the observed trends in Figure 5.9.
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SStons, higher levels of the amendments corresponded

ith high :
with higher exchangeable Ca production (Figure 5.10). The highest production of

Ca for the treatments alsg occurred in the 2™

nutrient’s concentration declined.

Weeks of incubation

week of incubation after which the

g Control (NO
amendment)

.- m - - 5gPM/kg soil

—a— 10gNL/kg soil

—oe—10gNL +
5gPM/kg soil

--on- - 20gNL +
5gPM/kg soil

—a— 30gNL +
5gPM/kg soil

-~ 40gNL +
5gPM/kg soif

—=— S0gNL +
5gPM/kg soil

Figure 5.9. Changes in exhangeable potassium in unamended soil and soil amended
with neem leaves and poultry manure as affected by incubation period (bars are

standard errors)
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—a—10ghL + SgPMikg
soil

— - 20gNL + SgPM/kg
soil

Calcium (cmol/kg soil)

o 30gNL + 5gPM/kg
soil

4. AOgNL + 5gPM/kg
soil

= SOgNL + 5gPM/kg
l solt |

Weeks of incubation

Figure 5. 10'. Changes in exchangeable calcium in unamended soil and soil
amended with neem leaves and poultry manure as affected by incubation
period (bars are standard errors)

Two peaks of exchangeable Mg production were observed (Figure 5.11). The peaks
were more pronounced for the higher amendment levels. The highest peak of
exchangeable Mg production occurred at the 8" week of incubation. The
conditions pertaining at this week, described for NH;" - N production, might have

favoured maximum release for the Mg.
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Figure 5.11. Changes in exchangeable magnesium in unamended soil and
soil amended with neem leaves and poultry manure as affected by incubation
period (bars are standard errors)

5.3.6. . Basic cation ratios (BCR) of amended soil

The neem leaves and the poultry manure in the amended soil significantly increased
the Ca, Mg, and K levels in the soil (Appendix A9). The Ca, Mg, and K levels in
the treatments at the end of the study are also shown in Table 5.6. The range the
Ca'K ratio became closer as the amendment levels of the neem leaves increased.

The K level in the neem leaves was found to be higher than the Ca and Mg (Table
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) RSS6T e neem leaves to the soil therefore brought higher levels

of K to the soil relative 1o the Ca and Mg Such BCR are not uncommon.
Meéasurements from Wisconsin (Schulte and Kelling, 1985), for example showed

a range of Ca:Mg ratios in soils to be from 8.1:1t0 1.0: 1. The range was believed

to support crop production well.

Bear and co-workers in New Jersey (Bear ef al., 1945; Bear and Toth, 1948;
Hunter, 1949; Hunter et al., 1943; Price ef al., 1947) suggested a ratio balance of
13 parts of Ca to 2 of Mg to 1 of K to be ideal for crop production. However,
McLean ef al. (1983) and Rehm and Sorensen (1985) did not find the applicability

of the ratio to crop production. They suggested sufficient, but not excessive levels

of each basic cation for better crop yield rather than the ratio.
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Cape Coast
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) of treatments at the 12" week of incubation

A T _T_Ql_Tl_Oli{_lig soil | Ratio

No amendment (Control) ;a04 ?)Ago Tg‘IS | ?8 ", h;l% ‘1.
$ g PM/kg soil 1.01 0.63 0.20 51:32:1
10 g NL/kg soil 1.29 0.93 0.23 56 :40 1
10g NL+3 g PM/kgsoil | 144 0.82 030 48 1271
20 g NL + 5g PM /kg soil | 1.68 1.50 0.40 42 :38: 1
30g NL +5 g PM /kg soil |2.09 2.06 0.51 g : 4.0 : 1
40 g NL + 5 ¢ PM /kg soil | 2.65 2.30 0.64 41:36:1
50 g NL + 5 g PM /kg soil | 2.80 2.39 | 0.68 il c 3.5 ;1

e e . S

B |

3.3.7. Soil pH

The pH changes in the various amendments are presenied in Figure 5.12. The
treatment levels of 30 g neem leaves + 5 g poultry manure/kg, 40 g neem leaves +
5 g poultry manure/kg and 50 g neem leaves + 5 g poultry manure/kg had a
significant rise in pH above the unamended soil at the end of the incubation period
(Appendix A9), with peaks occurring at the 2" week of incubation. The pH fell
thereafter with signs of stabilization from the 4™ week onwards. The peaks
corresponded with the peaks of NH," - N production and the peaks of production
of the exchangeable cations. The high amounts of the basic cations and the NH," -
N production at this period might have contributed to the rise in pH. The
incorporation of organic matter with a subsequent rise in pH has been reported

(Atallah e¢f al., 1995, Datta, 1996; Hong e/ al., 2000; Pool et al., 2000). No peaks
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sHy ?@\Ber?eve?s of amendment and the control, their pHs

remained almost unchanged throughout the incubation period. However, & fall in
pH even below the initial pH of the unamended soil was observed for the 5g
poultry manure/kg soil, 10g neem leaves + 5g poultry manure/kg soil and 20g neem
leaves + 5g poultry manure/kg soil at a point in time during the study. The fall in

pH corresponded with the peak of NOy - N production (Figure 5.5) due to the

+ 2 . | .
release of H' ions during the nitrification pracess.

The pattern of pH rise and fall may be attributed to the ammonification and
nitrification of organic nitrogen in the treatments (Pocknee and Sumner, 1997). The
release of cations at the lower levels of amendment might have been masked by the

higher rate of nitrification which lowered the pH, with the reverse being the case

for the higher levels of amendment.
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Weeks of incubation

Figure 5.12. Changes in pH of soil amended with neem leaves and
poultry manure as affected by incubation period (bars are standard
errors)

5.3.8. Moisture contents of amended soil

The study started in February and ended in May 2003, a period with a rising level
of rainfall in the study area. There was frequent rainfall at this time and no water
was applied to treatments on the field. ~ The moisture content increased with the
increasing levels of amendment. All the amendments had higher moisture content
above the control/unamended soil (Figure 5.13). The incorporation of the neem

leaves and the poultry manure significantly increased the water holding status of
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1994; Kalburtji ef al,, 1997; Wong et a1 1999)
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Figure 5.13. Influence of incorporated neem leaves and poultry manure

on moisture content of soil (bars are standard errors)
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Soil nutrient levels ine : :
nereased with Increasing levels of the neem leaves and the

oultry manur i i
pouitry e added in a soil amendment. The highest levels of most of these soil

nutrients occurred 2 . ;
weeks after ncorporation of neem leaves and poultry manure.

ineralizati : .
M ation of organic carbon increased with the rise in levels of the neem

leaves in the amendment. Mineralization of nitrogen, however, did not follow this

pattern and was attributed to the nitrification inhibitory role played by azadirachtin

in the neem leaves. The poultry manure was found to boost and enhance the

release of nutrients in the soil, whilst the combined effect significantly increased

the water holding capacity.

As an alternative to the use of synthetic fertilizers, neem leaves may be used in a
soil amendment to improve the nutrient status of soil for crop production.

The nitrification inhibitory role played by neem leaves in any soil amendment
would most likely control the excessive release of nitrates in soil and thus prevent

leaching and environmental pollution of underground waters.

The addition of poultry manure to the neem leaves in the amendment would
enhance the release of the nutrients from the neem leaves, and also boost the
nutrient levels in the soil especially phosphorus, which was found to be low in the

neem leaves.
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APTER SIX

6.0 To i s :
it i::S;g:e validity of the soil amendment by investigating
pact on gmwth~ characteristics of a test crop (carrot)

using pot experiment

6.1. Introduction

The use of neem leaves and poultry manure in a soil amendment has been observed
in Chapters 4 and 5 to favour ably suppress growth of nematodes and provide some

plant nutrients. The adoption of such organic sources in place of synthetic

pesticides and fertilizers would help check the degradation of the environment by

these synthetic substances.

Though inorganic chemicals are known to be hazardous to the environment, they
have brought positive gains in agriculture ( Hemeng, 1980; Johnston ef al., 1994;
Johnston ef al., 1995; Sharma and Sharma, 1995; Sultan ef al, 1995 ). Man is
therefore faced with the critical dilemma of consistently obtaining high crop yields

without polluting soil, air, and water, and without declining soil fertility.

Plant-parasitic nematodes, important pests in agriculture which cause loss of yield
and quality of most food and fiber crops, have been controlled without the use of
inorganic chemicals on certain crops but by the use of organic amendments (Khan
et al., 1974; Alam er al., 1979, Mian and Rodriguez-Kabana, 1982; Sarathchandra
et al., 1996). The organic amendments in addition to the pest control also increase

the fertility status of the soil.
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Carrots are the most s e
Sensitive crop to root-knot nematodes, and yield reduction of
45% in commerci :
1al fields has beep recorded in the United States (Widmer ef al.,

2001). Other yield loses on this crop as a result of nematodes are also known

(Greco ef al., 1993; Guyton e af . 1989, Schiliro ef al., 1995). Inorganic pesticides

have proved effective in the control of these nematodes on carrots (Johnston et al.,
1994; Johnston er al., 1995), however, the associated problems attached to the use
of these chemicals call for an alternative, that is, natural products which will not

only control nematodes but also add nutrients to the soil to enhance the yield of

carrot.

The objective of this current study therefore was to evaluate the impact of neem
leaves and poultry manure in a soil amendment on soil nutrients, root-knot on
carrot and growth of carrot.  Some treatments (check section 6.2.1) of the

previous study (Chapter 5) were also used for the current study.
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The experimen M ;
! tal site, Properties  of the soil used for the experiment and

preparation of treatment materig|g are the same as in Chapter 3.

6.2.1. Treatments and experimeniql design

Table 6.1. Treatments applied to pots

_—

Treatment (per ke sail,
No amendment ( Control)

S5gPM
10 g NL
10g NL+5¢gPM
30gNL+5 g PM

50g NL+5gPM

PM = Pouitry manure

NL = Neem Jeaves
Treatments were placed in plastic buckets, with a carrying capacity of 7 kg of soil.
Each treatment was replicated three times. The treatments were placed under
partial shade, that is, on the veranda of the laboratory at the Technology Village of
the University of Cape Coast. The completely randomized design (CRD) was

used.
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The carrol was sown on the 2o

(. .
of April, 2003, two weeks after incubation of
treatments.

Thinni
M8 10 15 plants per pot was done one and half weeks after
germination.,

6.2.3. Sampling of soil and carroy Jor analyses

The carrots were harvested three months after sowing. The carrot roots were

carefully scooped out of the sojl to avoid destruction of the rootlets. The soil
attached to the root was gently washed off to expose the root-knots. The number of

root-knots per plant was counted and the root-knot Index was calculated following

the method of Taylor and Sasser (1978).

The roots and leaves of the carrot were oven dried at 40°C for S days, ground, and
the total nitrogen, phosphorus and potassium determined (Check Chapter 5, section
5.2.2 for methods).

Soil from the pots were spread on paper sheet, samples were then taken through the
quarter method. Care was taken to remove all plant materials. Samples were
immediately used for analysis. The total nitrogen, ammonium-N, nitrate-N, total
phosphorus, total potassium, available phosphorus and the exchangeable potassium
of soil of the treatments were determined (Check Chapter 5, section 5.2.2 for

methods).
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%Rl F308; OF carrot of the individual treatments were

s(ermi ‘I 3 drvine 5
determined by oven drying 1 8 sample in crucibles at 105 °C over night, cooled in

a desiccator, weighed and placed in a muffle furnace at 500 °C over night. The

samples were again cooled in a desiccator and samples reweighed (Stewart ef al.,

1974). The per cent ash was calculated expressed on oven dry weight.

The data were subjected to analysis of variance (ANOVA) and the Duncan’s

Multiple Range Test for the separation of means using the MSTAT- C statistical

software (Russell, 1990 ).  The line of best fit in Microsoft Excel Spread Sheet

and Minitab version 1121 were employed to find the relationships (R”) between

the soil nutrient content and that in the carrot. All relevant ANOVA Tables are

found in Appendix B.
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6.3. Results and Discussion

6.3.1. Nutrient status of the sojj o harvest of carrot

All the amended soi g '
ed soil sampleg recorded significantly higher nutrient levels than the

namended soil
u soil (Table 6.2). In most cases the nutrient levels also significantly

corresponded with the inclusion rates of the neem leaves and poultry manure in the

amendment. The pattern of the nutrient changes in the treatments was almost the

same as in the previous study, since some of the same treatment combinations

were used in this study. However, the nitrification inhibitory role supposed to be

played by the neem leaves was not portrayed in this study, as the increasing levels
of the neem leaves in the amendment had no reducing effect of the NO; — N
measured.  This might be due to the time of analysis (about 14 weeks after
incubation of treatments) of the treatments in the present study, which was far
bevond the observable effect of nitrification inhibition noted before the 8 week of

incubation of treatments in the preceding study.

There were slight increments in pH ( 0.18 — 0.65) with increase in the inclusion
rates, however, the increments were not significantly different (Table 6.2). This
was also noted in the previous study.  Soil amendment with organic materials are

known to increase soil pH (Okeleye and Adetunji, 1999; Pool er al., 2000)

The combination of 10 g NL/kg soil, 30 g NL/kg soil and 50 g NL/kg soil with a

constant amount of poultry manure (5 g PM/kg soil) brought significant increases
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The sole 10 g NL/ :
& NL/kg soil and the sole s g PM/kg soil treatments also increased the
nutrient status of the soil, however, their combinations gave higher levels (Chapter

. Poul )
5) ultry manure when used as soif amendment has had positive influence on

soil fertility ( Otkeh and Asiegbu, 1993; Abdel Magid ef al., 1995; Obi and Ebo,

1995; Larney and Janzen, 1996)).  The neem leaf is not only pesticidal but also a

good soil nutrient provider when incorporated into the soil. Increases in soil
fertility status have been recorded with the use of neem leaves and other plant
materials as soil conditioners in Burkina Faso with the neem leaves giving better
results (Tilander and Bonzi, 1997). The neem leaves have been used by Indian
farmers over the years to enrich the soil (Neem Foundation, 1997). The quantity
of organic material used for soil amendment has been found to impact a

proportional rise in the nutrient levels of the soil (e.g. Mbagwu et al., 1994, Wong

et al., 1999) as has been observed in the current study.

6.3.2. Nutrient contents of carrot at harvest.

The total N, P, K and the % Ash content in both the carrot leaves and roots
increased with increasing rates of the neem leaves and poultry manure in the
amendment (Table 6.3). The differences in nutrient levels in both the carrot leaves

and roots were significant among the treatments.
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| Treatment Fxch K

; utrient | N K P NHs-N NO; -N  Avail. P | (cmol/kg pH

| %— Mg/kg soil soil)

' No amendment (Control) | 0.05d 0.07a [0.03¢ 2.70 ¢ 1200f 1200 f ‘ 014e [495b

| 5 g PM/kg soil 0.08¢ 007a 006ab |640b 1350e  2890d 0.16d |513b

i | | | .f :'

| 10 g NL/kg soil 008c 1008a '0.05b 7.15% 1700d {1530e |[0.18¢ 520D
10 g NL +5gPM/kgsoil | 0.08¢ |0.08a |0.05b 6.15b 23.50¢ [4250c |020b |5.20b
30gNL+5gPM/kgsoil [0.11b [008a |006ab |7.80a 4500b [44.10b |021b |530ab
50 gNL +5 g PM/kgsoil |0.14a |[0.09a [0.07a 7.65a 6112a |5960a [031a |560a

Means within columns with the same letters are not significantly different (P < 0.03).

NL = Neem leaves

PM = Poultry manure

ANOVA Tables — Appendices B107-B114 (pp 193 — 195)

106

Digitized by Sam Jonah Library




Table 6.3. Nutrieat and ash contents in carrot leaves and roots at harvest
© University of Cape Coast

https://ir.ucc.edu.gh/xmlui

| Treatment

|
1
|
|

~

Carrot Leaves

Carrot Roots

Cetiiie N K p Ash__|N K p Ash
E PR e e
‘ |
No amendment (Control)  .1.52¢ 1.18 ¢ 0.19¢ 12.08d |044e 0.72 e 0.15e 4.15¢
| ‘:
% ! !
- 5 g PM/kg soil 166c | 1.15c {031bc 1229d :049e |[0.71e |026b [4.40d
‘ s .'
\ 10 g NL/kg soil 183¢c |130bc [024de (13.77c '0.57d [074d [022d |49c
10gNL+5gPM/kgsoil |210bc |138b [027cd [1457b '073c [085¢c :(024¢  S.15¢
30gNL+5gPMkgsoil |270ab |159a |033b |17.06a (092b |094b [027b . 598b |
| i |
! ,
i ? |
S0gNL+5gPMkgsoil [292a |l68a |040a |[1746a [098a |10la |029a . 639a |

NL = Neem leaves
PM = Poultry manure

Means within columns with the same letters are not significantly different (P < 0.05).

ANOVA Tables — Appendices B115-B122 (pp 196 — 198)

107

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

r . . - - v
There was a general strong positive relationship €P0.05) between the nutrient

content in the soil and in the carrot. Figures 6.1 — 6.3 show this relationship (R2 )—

as the per cent nutrient in the soil increased with the increasing amendment levels
(x-axis), the nutrient content in the carrot leaves/roots (y — axis) also relatively
increased. Such observations of the quantity of nutrients in the soil having a
positive linear impact on the amount in the plant have also been reported by
Manson et al., (2002). The accumulation of the nutrients was higher in the leaves
than in the roots (Figures 6.1 — 6.3). Most nutrients are found in higher quantities
in the leaves than in the other parts of the plant (Buwalda and Smith, 1987,
Sanginga er al., 1994; Li et al., 1998; Harrison ef al,, 2000). The leaves are the
production centres of food (photosynthesis) for the plant and obviously their

nutrient concentrations are expected to be higher than in all the other parts of the

plant.
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350 ——u
i ———— — |
. A 9 es

g 300 | R?=0.9608 o leay

g 2.50 * P=0001 e

'-g 200 1 m root

& z

2 150 - R?=09116 BT -
0.50 ﬁ ' | = Linear
0.00 - T T l Aol

0.05 0.07 0.09 0.11 0.13 0.15

%N in soil

Figure 6.1. Relationship between %N in soil and %N in carrot
leaves and roots

ANOVA Tables for the Fitted line Plots — Appendices B128-B129 (pp 200)

1.80 -

1604 R*=06479 - -
£ 1.40 1 P =0.053 p
£ 120 1. ¥ | | = root
% 1.00 w
< 0.5 MM ~—— Linear
So0e0{ ~ R?=06764 | (leaves)
X 040 | P = 0.044
= | | — Linear

0.20 7 ) (root)

0.00 - et ; ; :

007 0075 008 008 009 0.095
%K in soil

Figure 6.2. Relationship between %K in soil and %K in carrot
leaves and roots

ANOVA Tables for the Fitted line Plots — Appendices B130-B131 (pp 201)
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0.40 - T ' e e |
8 oas | R?=0.9000 . s leaves
o j P= 0.004
£ 0.30 1 )/
“;’, 0.25 i m root
E 0.20 B R?= 0.9288
E 015 P =0.002 — Linear
B (leaves)
N 0.107

o0 b i

0.04 0.05 0.06 0.07 0.08

%P in soil

Figure 6.3. Relationship between %P in soil and %P in carrot
leaves and roots

ANOVA Tables for the Fitted line Plots — Appendices B132-B133(pp 201)

Soil amendments with organic materials increase the level of nutrients in soils and
correspondingly also increase the level of the nutrients in the plants growing on
them (Hafner et al., 1993; Schulthess ef al., 1997, Genda et al., 2000; Singh and
Bhati, 2003). The general nutrient levels of the carrot plant improved with the soil

amendments as indicated by the higher ash contents in the carrot grown on the

amended soil than on the unamended soil (Table 6.3).
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Ry the control of root-knot hemalodes of carrot

he soil amendments  d;

1 ¢ dments did oy only provide soil nutrients with corresponding

increases in the ¢
" arrot plant but also had an impact on root-knot nematodes of the

lant. Table 6.4 :
pla represents the root-knot index of carrot recorded under the soil

treatments. The root-knot index reduced as the rate of neem leaves increased in
the amendment. The carrot on the unamended soil and the soil amended with 10 g
NL/kg soil gave the highest root-knot indices of 430 and 4.50 respectively, and
were not significantly different from each other. The sole poultry manure treatment
had a count of 2.30, and proved to be better in the control of the root-knot
nematodes than the unamended soil, 10 g NL/kg soil and 10 g NL + 5 g PM/kg
soil. Plates 1, 2, 3, 4, 5 and 6 give a picture of the effectiveness of the soil
treatments on carrot root-knot nematodes. The effectiveness of poultry manure in
controlling parasitic nematodes in other crops has been reported ( Kaplan and Noe,
1993; Riegel et al., 1996). The present study has also revealed the suppressive
effect of the poultry manure on parasitic carrot nematodes. The ability of organic
amendments especially poultry manure in the suppression of nematodes has been

assigned to chemical by-products from the decomposing materials in the soil which

are toxic to the nematodes (Dunn, 1994).
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7; Treatment | Root-knot index
No a'meﬁ&m T 4302
5 g PM/kg soil 230 ¢
16 g NL/kg soil 4.50a
10gNL+5gPM/kgsoil 3.10b
30 g NL + 5 g PM/kg soil 1.50 d
50 g NL + 5 g PM/kg soil 0.00 e
- PSP |
Meaiis swith saine letters are ot sigrificantly different (P < 6.05).

NL = Neem leaves
PM = Poultry manure

ANOYVA Tables — Appendices B123 (pp 198)

Neem products are noted for their effectiveness in controlling nematodes. The
neem leaves have proved effective in previous studies on other crops ( Wani, 1992;
Reddy ef a/., 1993; Deka and Rahman, 1998; Nanjegowda ef al., 1998). The 10 g
NL/kg soil was not effective in controlling the nematodes, probably due to the low
concentration of azadirachtin. The addition of the poultry manure to the 10gNL/kg

soil was more effective in suppressing the nematodes. The subsequent drastic
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Sing levels of the neem leaves combined
with the constant

amount of .
oL poultry manure in the soil treatment, may be assigned
to the neem’s nematicidal effect
. The 50 gNL+ § i
g PM/kg soil was the most

ive soi :
effective soil - amendment in the cusren study in controlling root

-knot nematodes
of carrot.

6.3.4. Yield characteristics of carror

The mean root weight and shoot weight per plant varied among soil treatments
(Table 6.5). The amended soils had heavier significant mean root weight and shoot

weight per plant than the unamended soil. Higher levels of amendment gave

corresponding higher mean root weight and shoot weight per plant.  The mean
root length per plant for the amended soils were significantly longer than the
unamended soil. The mean root circumference per plant grown on the amended
soils were also significantly larger than those grown on the unamended soil
Higher levels of amendments resulted in longer root length and larger root

circumference of the carrot.
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;
Plate 1. Carrot with root-knots from Plate 2. Carrot with root-knots from soil
unamended soil amended with 5 g PM/kg soil

X 0.5 X0.5

BEE S BT 114 i)lnaﬂte;‘i(:arrot with root-knots from soil
Plate(ii .dCal_‘:}c: tl‘gn;hNIm,/ko;l;g(i)lts AN amended with 10 g NL + 5 g PM/kg soil
amended w1

b

X0.5
X0.5

4
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Plate S. Carrot with few root-knots
from soil amended with 30 g NI + 5 g
PM/kg soil

X05

Plate 6. Carrot with no root-knots
from soil amended with
6 50 g NL + 5 g PM/kg soil

X 0.5
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the Carrot 'mproved relatively with the rising levels

of the amendments, ang these tended to follow the changes in nutrient | el of the
’ s utrie ev
il treatmen i
soil t ts and in the carrot Plant ( Tables 6.2 ang 6.3). The control of
nematode with the goj] amendments might have also played a role in the

improvement of the yield characteristics, however, the soil fertility impact of the

amended soil seems to be stronger.

Table 6.5. Effect of soil amended with

=k neem leaves d It
_yield characteristics of carrot - et (P on
Treatment Mean root | Mean Mean root | Mean shoot
lengthy/plant Circumference | weight/plant weight/plant
(cm) of root /plant | (g) (g)
(cm)
” Characteristics —
No amendment (Control) 7.48 d 1 660d 8.90 f 4.00f
5 g PM/kg soil 9.20 ¢ 9.00 ¢ 2280 e 6.05 e
10 g NL/kg soil 8.96 ¢ 980b 28.70d 9.90d
[0 g NL + 5 g PM/kg soil 988b 10.15b 29.80 ¢ [1.30¢
30 g NL + 5 g PM/kg soil 10.10 b 10.80 2 32.50 b 13.30b
50 g NL + 5 g PM/kg soil 1094 a JEP5a 3420 a 1520 a

Means with same fetters are not SfQTWCQ”’[)’ different (P < 0.05).
NL = Neem leaves
PM = Poultry manure

ANOVA Tables - Appendices B124-B127 (pp 199 — 200)
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6.4. Summary and conclusions

Soil amended with neem legve
i cem leaves ang poultry manure increased ths nifient statas of

the soil and corres i .
pondingly also improved the nutrient content of carrot growing

in them.

The amendments had nematicidal effect on root-knot nematodes of carrot.

Increasing the rate of the neem leaves in the amendment correspondingly reduced

the root-knot nematodes of carrot. The poultry manure also showed high

nematicidal effect on root-knot nematodes of carrot.

The yield of carrot improved significantly with the use of a soil amendment.

Neem leaves and poultry manure could be used in place of synthetic pesticides and
fertilizers to improve the fertility status of the soil and the growth and yield of
plants, as well as the ultimate reduction in environmental pollution as a result of

the use of synthetic compounds.
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HAPTER 7

7'0. Summ .
ary, conclusions and recommendations

7.1 Summary

Field and pot experiments were carried out at the Technology Village of the

University of Cape Coast. The site was of a coastal savanna environment, with

soils belonging to the Haplic Acrisols,

It was found out that contrary to hypothesis ‘1’, soil amended with neem leaves
and the animal manure significantly reduced plant-parasitic nematodes. Populations
of plant-parasitic nematodes, Meloidogyne, Scutellonema, Pratylenchus,
Paratricodorus and Tricodorus in the soils amended with neem and the neem
based materials were significantly lower than the control and the soils amended
with sole poultry manure and cow dung treatments. The plant-parasitic nematodes,
Helicotylenchus, Criconemella and Rotylenchus which were few in number in the
control and the soils amended with sole poultry manure and cow dung were
virtually absent in the neem and the neem based soils. The two inclusion rates of
neem leaves, 50 g and 100 g/kg soil and their combinations with the poultry
manure and the cow dung were not significantly different in the control of plant-
parasitic nematodes. The neem and the neem based amendments were more

effective than the sole poultry manure and the cow dung amendments in the control

of the plant-parasitic nematodes. On the contrary, the populations of the non plant-
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S 1ncreased w; Sent:
with the application of the amendments. Higher

neem and neem based ey
ments  promoted th i i
¢ proliferation of the non plant-

parasitic nematodes,

The amendment significantly influenced the breakdown of azadirachtin A in the

soil, rejecting hypothesis 2’.  The half lives of azadirachtin A decreased with

increasing rate of the neem leaves in the amendment. The addition of animal

manure enhanced the breakdown of azadirachtin A in the soil. The Gas

Chromatography (GC) was successfully used for the breakdown studies of the

azadirachtin A in the soil.

Contrary to hypothesis ‘3°, the nutrient levels in the soil were significantly
increased by the neem leaves and the poultry manure application to soil.  Soil
chemical nutrients (organic carbon, total nitrogen, NH4s™-N, NO;™-N, available
phosphorus, exchangeable K, Ca and Mg ) increased with increasing levels of the
neem leaves and the poultry manure in the soil. The combination of poultry
manure and the neem leaves in the amendment enhanced the release of nutrients in
the soil. The peak of mineralisation of most of the soil nutrients seemed to have

occurred 2 weeks after incorporating neem leaves and poultry manure into the soil.

Mineralization of organic carbon increased with the rise in levels of the neem

leaves in the amended soil, and thus contradicting hypothesis ‘4’. Mineralization
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Owever, did ng
? t follow the sa he
carbon. The higher ¢ me pattern as t

i\lL‘.S Or ne
cem le
Aves rather seemed to inhibit nitrification.

effect on root-kno .
3 t hematodes of carrot.  With the check of nematodes and the

improved fertility levels of the soil, the growth of carrot was therefore, improved

by the neem — poultry manure amendment, in contrast to hypothesis ‘5’

7.2, Conclusions

The study has produced some results of practical significance which can contribute

to soil fertility maintenance and nematode control. The following conclusions may

therefore be drawn:

Neem leaves used as manure may provide valuable source of soil nutrients. The
combination of poultry manure and neem leaves in a soil amendment may boost
and enhance the release of nutrients and thus improve soil fertility. The peak of
release of nutrients from such a soil amendment occurred after the 2" week of

incubation, and this may serve as a guide to plant crops in order to benefit from any

such amendment.

The inhibitory effect of azadirachtin in the neem leaves on nitrification may lead to

slow release of NOs- N in the soil to satisfy the N requirement of crops. The
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3 may slow down nitrate leaching and its

associated environmental pollution of underground wat
waters

m leaves combi i
HixE ombined with poultry manure may effectively control plant-parasitic

nematodes and  prevent root-knot formation on carrot

The active ingredient of neem, azadirachtin A, may stay shorter in the soil with

higher application rate of neem leaves and the addition of animal manure.

The High Pressure Liquid Chromatography (HPLC) has been accepted so far as
the only analytical method for the quantification of azadirachtin A, however, the

current study has shown the possibility of using Gas Chromatography (GC) in

analytical studies of azadirachtin A.

7.3. Recommendations
1. The breakdown of azadirachtin in the soil using seeds of neem instead of

the leaves should be carried out for comparison.

2. The study of the breakdown of the other neem limonoids should also be

carried out since they all support the pesticidal action of azadirachtin.
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The impact of the soil amendment adopted in this study may be assessed on

other vegetables.

Multi-locational studies are also recommended to assess the effect of

different agro-ecological conditions on the selected parameters.
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Appendix Al.

Amendment (per kg of
_soil)

No amendment (Control)
i0gC

5¢gPM

10 g PM

50 g NL

100 g NL
S0gNL+10gC
100gNL+10gC
50gNL +5 g PM
S0gNL + 10 g PM
100 g NL + 5 g PM
100 g NL + 16 gPM

Sep.

16

98 a
500
40 ¢
32d
Oe
Oe
e
Ue
Oe
Oe
Oe
Oe

230

APPENDIX A

—

120 a
36 be
40 b
29¢
15 de
15 de
i8 de
16 de
20d
15 de
14 de
9 de

Oct.  Oct.
L4 28
83a 33a
48b  24b
20¢ 16
22d  1le
17ef  13de
14fgh Og
20de lle
0l 15ced
Sh  6f
11gh 8f
156
i2fgh Og

https://ir.ucc.edu.gh/xmlui

Effi i
ect of soil amendment on populations on Meloidogyne Spp.

Nematodes per 100 g of soil

Nov. Nov. Dec. Mean
11 25 9

40a 20a 28 a 62 a
iZ¢ 16b 8b 28 b
24b 12be The  24b
19b 13be 4cde 19c
3ef 10c 1ef 8 de
of 2d 0f 4 de
8cde 3d Sbed 9d
9¢cde  Od 0f 6de
of 4d 3def 6de
10cd 3d 3def 7Tde
5def 0d 0f 6 de
Jef 0d Gf 3¢

Means wilh 1he same letters within columns are not significantly different (P<0.05)

C= Cow dung
PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables — Appendices B9-B16 (pp 160~ 163)
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dix A2. Effect i
Appen of soil amendment on Populations on Scutellonema spp

e —e— Nema e
Al?}\endment (per kg of Sep. S .emzzt)?ies png:00 gN cfvsoﬂ .
_soil) N 30 14 28 11 250‘1. Ig)ec. Mean

No amendment (Control) 533 54, 34a 18
a  20a

10gC 2o 366 216 12 17 1 lj : 3(.) )
e — p b To Sb 21b
- 8¢ 8b bc 17¢
10 g PM 27d  16d 18 5 Tc 2¢c 2 de 11d
50 g NL Oe  3ef 6ede 4cd  4de lc 1de  3ef
100 g NL Oe 2F 4def 1de 2fg Oc Oe 1fg
SOgNL+10gC De be B¢ 6c  3ef 0c 2de  4de
10gNL+10gC De 2f  bcde lde Mg Pc De 2 efg
50gNL +5 g PM Oe 3ef Ted 3ede 1fg 2c 1de 2 efg
50g NL + 10 g PM Oe 0f  4def 6c 5d e 3d 3 ef
100 g NL +5 g PM Oe O0f 3ef Oe 2fg Oc Oe 1fg
100 g NL + 10gPM ODe if Oe Og Oc Oe Og

Means with the same Jetters within columns are no! significantly different (P< 0.05)
C= Cow dung

PM= Poultry Manure

NL= Neem Leaf

ANOVA Tables - Appendices B17-B24 (pp 163 - 164)
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ndix A3. Effect of soi
appendi of soil amendment on Populations on Pratylenchus spp

Nematodes per {0¢ g of soil

“Amendment (per kg of Sep. Se
soil) 16 309. ?:t Qct.  Nav.  Nov. Dec.  Mean

B M35 ¢

No amendment (Control) 162 13, 132 82 4
a

g ik ” . . 2a 2a 8a
- 3 o . 2b 1b 1b 4b

- cd 2b 2a D¢ 2¢c
10 g PM 2b  4cd  2de 3 1be 1b 1b 2¢
50 g NL Oc 4cd  Of 2bc 2p Oc Oc lc
100 g NL Oc 3ecd lef  led Oc Oc Oc lc
SOgNL+10gC Oc 24 2de 2¢ 0 b 0dc 1o
I00gNL+10gC Dec 24 3cd 04 1be D¢ D¢ lc
S0gNL +5gPM Oc Se 2de.  lcd 90 1b Oc lc
50gNL + 10 g PM Oc 4cd 3cd 0Od Ibe Oc Oc lc
100 g NL +5 g PM O¢” 3icd lef led 2b Oc Oc lc
100 g NL + 10 gPM e 24 lef 0d Oc Oc Oc lc

Means with the same letters within columns are not significantly different (P< 0.05)
C= Cow dung

PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables - Appendices B25-B32 (pp 166 ~168)
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Populations on Paratricodorus spp.
e i oo __Nematodes mas 17 i
A;.r{cndmem (per kg of Sep. K"-S-Eﬁ.-’ﬁ%{ig‘qqgg soil . .
soil) W 2 a5 nov. I;ISOV. Dgec. Mean

No amendment (Control) 20 5 l4a 15 1»
a

108C . . P %9a 8a 8a 12 a

c T Sb 8a 6b 9b
5gPM 0b10b 84 jp 4 3¢ 1¢ 7b
10 g PM 13b  11ab 126 ag  qc 56 1c 7b
50 g NL Oc 2¢ 2¢f  le Oc 0d lc¢ 1lc
100 g NL Oc Oc Ifg  0Oe 0Oc ld 0O0c Oc
50gNL+10gC Oc e 3¢ 1 0 o4 ©Oc e
100gNL+10gC D¢ 2z 1fa  De De 0d 1c¢ lc
50gNL+5gPM Oc lg 3e le Oc 0d 0Oc¢c 1c
50gNL + 10 g PM Oc I'e 2ef Qe lc 0d Oc lc
100 g NL+ 5 g PM Oc 2¢ 0g le Oc 0d Oc Oc
100 g NL + 10 gPM Oc Oc 1IEg 18 Oc 0d 0Oc¢ OGc¢

Means with the same letters within columns are not significantly different (P< 0.05)

C= Cow dung

PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables — Appendices B33-B40 (pp 168—171)
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POpulations on Tricodorus spp.

o et 8 = T\S’Z;\atodeé per 100 g of ; soil
oil) 16 5 1 :.t (2)§t T{I;)v Nov. Dec. Mean
. — 25 9

Noamendment (Control) 142 162 8, 113 9 s,  4a 108
10gC b 8b 1 3 4 04 34 6
5gPM ¢ 6c 6c 4 2ed  2be 1B 4b
10 g PM 10be  Sed 6 1de 3bc 26 1b 4b
50 g NL 0d 3def 3d 0 1de  0d 1b lc
100 g NL 0d 0g lef  2cd Oe led  Ob lc
SOgNL+10gC 0d 2efg 3¢ 1de Oe 0d 1b lc
100gNL+10gC 0d 0g 2de  0e 1de  3b 0b l¢
50gNL+5gPM 0d 1fg 3d 2cd  Oe led 0b lc
50 g NL + 10 g PM 0d dcde  lef Qe 1de 0d 0b lc
100 g NL + 5 g PM 0d Og 2de  2cd Qe 0d 0b lc
100 g NL + 10 gPM 0d Og Of ©0e 1de 2bc  Ob ¢

Means with the same letters within columny are not sigrificantly different (P< 0.05)

C= Cow dung
PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables — Appendices B41-B48 (pp 171 - 173)
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Appendix A6. Effect of soil amendment on .
N | Populations on Helicotylenchus spp.

- Nem - i s S
~Amendment (per kg of ~ome0des per 100 g of sof

en.  Qun i D1 501
_iQi.l)—' 16p 3cp, Qct. Q. Nov. Nov. Dec. Mean
T S 28 11 25 9

No amendment (Control) 10 g 3a 50 5
- a

108C 7o 24 e »oom -

2a Ob Ob 0Ob 2b
58 PM Sb 1be 0 gy b  0b Db 1 be
10gPM 6b  I1bc 26 (b Ob O0b  Ob 1be
50 g NL Oc Oc Oc  0b Ob  Ob 0b Oc
100 g NL Oc Oc Oc Ob 0b Ob 0b Oc
S0gNL+10gC Oe Oc 0c Ob Ob 0b 0b De
100gNL+10gC Dec D¢ Oc Ob 0b Db Db D¢
50gNL +5 g PM Oc Oc Oc 0b Ob 0b 0b Oc
50g NL + 10 g PM Oc Oc Oc 0Ob Ob 0Ob 0b Oc
100g NL +5¢gPM Oc Oc Oc 0b Ob 0b 0b Oc
100 g NL + 10 gPM Oc Oc Oc 0b Ob Ob 0b 0c

Means with the same letters within columns are not significantly different (P< 0.03)
C= Cow dung
PM:= Poultry Manure

NL= Neem Leaf

ANOVA Tables — Appendices B49-B56 (pp 174 - 176)
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ations on Criconemella spp.

dix A7. E 3
Appendix | %anﬂﬁéﬁﬂlmﬁmpﬁ 8,??,-3{, .

J— . N e
Amendment (per kg of ———<Tmalodes per 100 g of soil

Sep.
_EQi_lL_ 16 P Qat. Qct. Nov. Nov. Dec. Mean
T 30 14 a3 11

.28 9
I:(()} ;nzendment (Control) :; Z Z z 1: Ib g ” e -
5P . % 2a 0 ib la 1b
< Oc 0 2a la 1b
10gPM Oc lc  0b 1b 0 1b 0b  Oc¢
50 g NL Oc 0d 0b 0c 0 0c 0b  0Oc
100 g NL Oc 0d 0b Oc 0 Oc 0b Oc
50gNL+10gC Oc lc  0Ob Oc 0 Oc 0b  Oc
100gNL+10gC D¢ 0d Db O¢ 0 D¢ 0b D¢
SOgNL+5gPM DG 0d Ob Oc 0 Oc 0b Oc
S0gNL+10gPM Oc 0d Ob Oc 0 Oc 0b Oc
100 g NL +5 g PM Oc 0d 1la Oc 0 Oc 0b Oc
100 g NL + 10 gPM De 0d Ob 0¢ 0 0¢ 0b ¢
Means with the same lettery :ﬂ.r:.":’;.i};-bz'félﬁézé;ej@@;;ﬁ@?m et (P <4, 9:5;" -
C= Cow dung

PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables - Appendices B57-B63 (pp 176 - 178)

155
Digitized by Sam Jonah Library



APPe“dix A8. Ef&ﬁn‘?@éﬁtwmmgﬁs

Otpul https://ir.ucc.edu.gh/xmlui

ations on Rotylenchus spp.

“Amendment (per kg of "“"ig'ép‘_'“‘N"g'-‘-‘S?‘é‘g@??ger_ 100 g of soil -
s0il) . 16 30 121' ggt ' 1?10"’- Nav. Dec. Mean
i . 28 9

No amendment(Control) 54 %
10gC 2b Oc (:) ’ ° ° ° e
o 35 B 0 0 0 0 0b

0 0 D 0 Db
10g PM Oc b 0 o o 0 0 Ob
50 g NL Oc 0Oc 0 0 0 0 0 0b
100 g NL Oc 0c 0O 0 0 0 0 Ob
SOgNL+10gC D¢ 0c 0 0 9 0 0 0b
100gNL+10gC Dec da.. O 0 0 0 D 0b
50gNL+ 35 gPM Oc Og @ 0 0 0 0 0b
50 g NL + 10 g PM Oc 0c O 0 0 0 0 0Ob
100 g NL + 5 g PM Oc 0Oc O 0 0 0 0 0b
100 ¢ NL + 10 gPM D¢ 0c O 0 0 0 0 0b

Means with the same letters within columns are net R} zcafzf.’}'dj;fé’.;}f;'é (.:"_’“570:05;‘“%“““#

C= Cow dung
PM= Poultry Manure
NL= Neem Leaf

ANOVA Tables — Appendices B64-B66 (pp 179)
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Appendix A9. Nutrient content, pH and moisture content of amended soil at the 12

week of incubation

Exch. K Exch. Ca Exch.Mg

(cmol/kg o senst
Organic CO,-~C NH'yj~N NO3-~N TotalN Avail P 50il) Moisture
Carbon (ma/g (mgN/kg soil) (%)  (mg/kg PH Content
Treatment (%) soil/day) soil) (%)
Control (No 046 ¢ 0.042f 337g 1313h 004e 6.75 f 0.18 e 1.04f 090de 500b 1211°f
amendment)
5 gPM/kg 053 e 0.057 f 4.86f 2423g 0.05de 39.73e 0.20de 1.01f 063f 490b | 13.85 e
10 gNL/kg soil 074 d 0.095e 513 e 3251f 0.06cde 7.58f 0.23de 129 e

0.93d 520b 15.40d

10gNL+5gPM/kg 074 d 0.128d 560d 3438e 0.07cd 4558d 0.30cd 144 ¢ 0.82e 530b 16.84 ¢
soil

20gNL+5gPM/kg 090 ¢ 0.141d 692c¢ 71.09a 007cd 4884c 040c 1.68d 1.50 ¢ 5.30b 18.80 b
soil

30gNL+5gPM/kg 1.03 b 0232c¢ 7.03¢ 40.68d 0.08bc 4941bc 0.51b 209 ¢ 2.06 b 5.90 a 18.90 b
soil

40gNL + 5gPM/kg 1.30a 0.279b 7.87b 50.04c 0.10ab

51.15b 0.64 a 2.65 ab 2.30 a 6.20 a 19.30 b
soil

50gNL+5gPM/kg 1.36a 0.351a 898a 6750b 0.11a

59.26 a 0.68 a 2.80a 2.39a 6.30 a 21.80 a
soil

Figures with the same letter within columns are hot significanitly (P <0.05) different from each other.
ANOVA Tables — Appendices B67-B78 (pp 180~ 183)
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ANOVA TABLES

appendix B 1. ANOVA for Taple 45 Sep. 16

r.ucc.edu.gh/xmlui

K
S
value Source Freedom S:I\ilaof Mean F
_____________________________________ el Square Value Prob
1 Replication 7 88 ;; ____________________________________
5 Factor A 11 179726'3:}0 44.083 4.2197  0.0281
-3 Error 2 - B0 16338.727  1563.9681  0.0000
______________ 229.833 10.447
Total 35 180044.000 TTTTTTTooTTTTTTOo
coefficient of EREERTEN: 7 gas T T e S i
Appendix B2. ANOVA for Table 4.2 - Sep. 30
K Degrees of Sum of Mean F
Value Scuxce Freedom Squares Square Value Prob
ik Replication 2 337.500 168.750 43.9349 0.0011
2 Factor A 14 121448.000 11040.727 2874.5089 0.0000
-3 Error 22 84.500 3.841
Total 35 121870.000
Coefficient of Variation: 3.406%
Appendix B3. ANOVA for Table 4.2 - Oct. 14
______________________________________________________ »
K Degrees of  Sum of Mean
Value Source Freedom Squares SuaEe Va.lu? _____ ,Eili?li_
__‘_*__________—T ———————————————————— 154.083 20.9464 0.0010
1 Replication 2 308,167
2 L 11 63492.750 5772.068  784.6684  0.0000
-3 Error 22 161.833 ___?_._:_3_?? _______________________
T el 35 63962.750
Coefficient of Variation: 5.74%
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Sum of o

K Degrees of

lue Source Fre M - T
value e *dom  Squares ean F
- . I e TR squa:e Value
1 Replication 2 185 1em T
2 Factor A 0 o 72.583  14.9470
Error 2.000 1887
-3 22 106,833 .727  388.7363
R R 4.856
| Tewal 35 21017.000 TTTTTTrmmmremeeoooes
CoeffiCient of Variation: 3.7g; ———————————————————————————————————————————
Appendix B 5. ANOVA for Table 4.2 - Nov. 11
K Degrees of  Sum of _";4;;:"""—“; _____________
Value SRR Freedom Squares Square Value
J Replicatees 2 92.056 46,028 38,0522 0,001
2 Factor A sl 19328.306 1y, 139 1452.6493
-3 Error 22 26.611 1.219
Total 35 19446.972
Coefficient of Variation: 4.99%
Appendix B 6. ANOVA for Table 4.2 — Nov. 25
K Degrees of Sum of Mean F
Value Source Freedom Squares Square Value
1 Replication 2 121.500 60.730 9.35125
2 . 11 11468.750 1042.614 163.2562
. Error 22 140.500 6..38?““““_ _____________
Total 35 P VY v A
Coefficient of Variation: 16.22%
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Vaiue Source Degizes i Sd;“;% --------------------------
________________________ edom Squa:e= Sl:;ian L
: fomes o Smem o are Value Prok
1 Replication - I s
I
107 130 25.00 "
-3 Error 22 12'000 979.273 1305 ol o i
_________________________ 6.500 5. ey .6970 0.0000
________ S_éi______&__ 35 10826.000 R e R
coefficient of Variation: 7_45; ————————————————————————————————————————————

Appendix B8.  ANOVA for Table 4.2 — Mean

K Degrees of SumO‘f T o o R = =i
Mean F
e Soure a
Yii\j __________ ? _______ ?f:‘fﬁ‘j‘i‘_ Squares Square Value Prob
; J;:n:ii;ﬁ;mn 2 150. 000 75,000 13.9831  0.0001
5 11 45990.000 4180.909 779.4915 0.0000
~ Error 22 118.000 5.364
Total 35 46258.000
Coefficient of Variation: 7.24%
Appendix B9. ANOVA for Appendix Al — Sep. 16
K Degrees of  Sum of Mean F
Value Source Freedom Squares Square Value Prob
d; Replication 2 66.667 33.333 4.3307 0.0259
2 Factor A 31 32084.000 2916.727 378.544%  0.0000
-3 Error 22 169.333 7.697
Total 35 32320.000
Coefficient of Variation: 15.13%
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e -
a—— .
-----

K Degrees OF

value Source Freedom Sum of Wisirs

________________________________ SqUareS Square F
1 Replication > ;gé““‘-~~~ ,,,,,, i Value Froh

~ ~ .6 mmmmmmmmm il Ed S ua =3 e R W em A e
= S 11 30104 752, 225.333 43.7412  0.0021
-3 BrEox 22 11333 2736.795  531.2602  0.0000

_________________________________ - 883 5.152

PEEARL BB s o i s o S P
______________________ ?5 30668.750

coefficient of Variation: 7.gsg T Tmmmmmmmmmm oo

Appendix B 11. ANOVA for Appendix Al - Oct 14
K Degrees of Sum o; ------------

Mean F
S - -

\_f?.ilje_ _____ ?Eff? _______ }_:.i?fcf?m . Square Value Prob
i iepilfatlon 2 308.167 154.083 19. 0619 0.0001
= Factor A 11 16358.750 1487.159 183.9784  0.0000

-3 Brrox 22 177.833 8.083
Total 35 16844.750
Coefficient of Variation: 1Z.1i4%

Appendix B 12.  ANOVA for Appendix Al — Oct.28
K Degrees of Sum of Mean F

Value Source Freedom Squares Square Value Prob
1 Replication 2 112 667 564333 24.1429 0.0042
2 Factor A s1al 3197.000 290,838 124.5584 0.0000
-3 Error 22 51.333 2v333

Total 35 3361.000
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appendix B 13- ANOVA for Appengix A1 _

Nov. 11
- Degrees of e e 8 s e e e
K Sum of
Mean
g - j(i‘jfcf _______ ?Eeedom Squares Square \Fialue Prob
T Replication 2 ;B—;;:’ ____________________________________
=15 10,333 0.8024

: EaCtir . - 1484.750 407.705 31,6571  0.0000

o oEe = 283.333 12.879
Total 35 4788.756 ..............................................

(—;oefficient of Variation: 32.38% sk S St

Appendix B 14. ANOVA for Appendix A1 - Nov. 25

K Degrees of Sum of Mean F
value Source Freedom Squares Square Value Prob
1 Replication 2 301,167 150,583 14.4771 0.0001
2 Factor A 41 2528.000 229.818 22.0947 0.0000
-3 Error 22 228.833 10.402
Total 35 3058.000

= e o o e S W e e T e e
- = an a8 an e e e e Sw M En e e W WA S e W e e em

Coefficient of Variation: 38.07%

Appendix B 15.  ANOVA for Appendix Al —Dec. 9

N N . e =y’ J— -
K Degrees of  Sum of Mean ) e —_
Value Source Freasdom Sguares WRUEES RN : ____________
____________________________________________________ L1508
- 2 15,167 7,583 2.0639 0 1508

1 Replication 11- 2000.750 181.886 49.5031 :

i gaCtir & 53 80.833 3.674 R
= rro b R
Rt 35 2096.750

s S T e S TR RS W e e @
-
— o w5 £2 v om S TR

- e - =
A i
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‘ De ' T
K grees of Sum of e e
m of ==
e Source Free
B e reedon Squares 2:i2re F .
B % o e e Value Pro
1 Replication 2 R s i
05.167
2 Factor A 11 93 / 52,583 7.0 044
95.000 : 7.0182 0.0
-3 -"_Ejf?f ________ g2 164,833 859}-23; 113.9939  0.0000
Total 25 gsés:aod' B i 1 e .
coefficient of Variation: 18§ T

Appendix B17. ANOVA for Appendix A2 - Sept. 16

K Degrees of Sum of Me;;l ‘_“—_—--—;—-_—-—-————_——
Value Source Freedom Squares Square Value Prob
1 Replication 2 48.167 24.083 55,0063 0.0161
2 Factor A A8t 13838.000 1258.000 261.,5055 0.0000
-3 Error 22 105.833 4.811
Total 35 13992.000

Coefficient of Variation: 16.45%

Appendix B 18. ANOVA for Appendix A2 — Sept. 30

. - - - - - - - . - . e an o s - - - - —_— - - W e F
K Degrees of Sum of Mean
Value Source Freedom Sguares Square Value Prech
______________________________ 100,167 50,083 11.7425 0.0003
é ?:iii:a;lon 1% 9918.750 901.705 211.4121 0.0000
4 Emwo - LRI, A —
_____ ;;;;1———__ 35 10112 750

———— -, -

Coefficient of Variation: 16. 36%

163

Digitized by Sam Jonah Library



Appendix B 19. %mx&-sﬁﬂi{, SFpapéiCaast Ochttgs:/ir.ucc.edu.gh/xmlui

K Degrees of  supm of” e e e e e

yalue Souxce Freedon Squares bg:iz: '\,{F]__
R B s S5 i N < alue Prob
1 Replication 5 e e
-3 B 35.083 5
; e o 3288.000 EHE0 W g
-3 R 22 93.833 4.265 ' '
Total 35 3452.000 T e e el i
coefficient of Variation: 18.77% e S WS Sk

Appendix B 20. ANOVA for Appendix A2 — Oct. 28

e e e e e e e e i o et o

K Degrees of Sum of Mean F
value Source Freedom Squares Square Yalue Prob
1 Replication 2 28.667 14,333 4,4206 ~ 0,.0243
Factor A 11 1082.750 99.341 30.6378 0.0000
-3 Error 22 71.333 3.242
Total 35 1192.750
coefficient of Variation: 31.32%
Appendix B 21.  ANOVA for Appendix A2 — Nov. 11
- — e e e G W SIS S e b s e L SSSSSEESE S "™ X8t Toeotaly Mean F
K Degrees of  Sum of -
Value Source Freedom Squares bggere & \i E::E\je_‘ ______ wes
e O N U 7 28.583 21,8092  0,0000
il Replication 2 57,16 123.727 94.4046  0.0000
2 Factor A 17, 1361.000 l-311
-3 Fruok 22 28.833 il e FR—
T e 35 1447.000
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dix B 22. )Y, g

en or A .
App ppendlx Az - NOV, 25
------- De ---*---‘—“-‘ah""""‘*-qu-..._,___.
K grees of Sum
yalue Source Freedom Squac;-iu Mean F
_____________________________________ " Square Value Prob
] Replication B VARG R S A
Factor A 11 765'750 7.583 3.1577  0.0623
-3 Error 23 52.833 69.886 29.1009 0.0000
------------------------------- L <. , 2.402
TOEfE——;--— 35 836.750 _A-~J..‘—_.~;.J--_——“-..‘..- B R
coefficient of Variation: 37.68% T TTTTTTmommmmmseseeseos
Appendix B23. AN OVA for Appendix A2 — Dec. 9
K Degrees of Sum of Mean F
Value Source Freedom Squares Square Value Prob
1 Replication 2 20,667 10,333 8,3171 0,.0020
2 Factor A il 635.000 57,7027 46.4634 0.0000
-3 Error 22 274333 1.242
Total 35 683.000
Coefficient of Variation: 35.20%
Appendix B 24. ANOVA for Appendix A2 — Mean
___________ R T N e— Mean ¥
K Degrees of  Sum of . Prob
Value Source Freedom . ___?cj‘iii?__-_,__i?ﬁ\f __________
-------------------------------- " 20,083 9.6400  0.0010
1 Replication o et 4.432 136.5273  0.0000
11 3126.750 284. :
2 Factor A 833 2.083
-3 Error 22 28 '

e TR e

e e =
e o A A TR
EEpap—r T

it T S ———— S e

165

Digitized by Sam Jonah Library



appendix B 25, ANOVA f,

© University of‘%@@bé& Sktppg/ir.ucc.edu.gh/xmlui

X Degrees of  gum of e m e
value Souxce Freedom Sq\:;ies Mean F
e Square Value Prob
1 Replication 2 T e
2 Factor A 11 686-\ 0.750 1.3200 0.2875
_3 Error . 130 62.432  109.8800 0.0
12.500 : v
______________________________________ 0.568
TOtal 35 700‘750 ————————————————————————————————
coefficient of Variation: 39.338 T TTTTTTmmmmmmmeeeee
Appendix B26.  ANOVA for Appendix A3 — Sept. 30
K Degrees of Sum of Mean F
Vvalue Sou*i Ef 1 Freedom Squares Square Value Prob
1 Replication 2 100,167 50.083 27.6611 0.0000
2 Factor A 11 279.000 25.364 14.0084 0.0000
-3 Error 22 39.833 1.811
Total 35 419.000
Coefficient of Variation: 29.90%
Appendix B27. ANOVA for Appendix A3 —Oct. 14
_______________________________________________ 2
K Degrees of Sum of Mean
Value Source Freedom Squaxes - sl < \_{ ?E‘f _____ EE?L-_)_
————————————————————————————————————— 583 27.5401  0.0000
1 Replication 2 58_1’53 52.250 36.8540 0.0000
2 Factor A 11 420. 3 1.038
-3 Error 22 22'83 ____________________________________
Total 35 50?_??? ___________________________________
Coefficient of Variation: 31.35%
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Sum of @000 ... __TTTTTTTTTTTTTTTT
source Freedo Mean F
yalue ™ g
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