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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 RapJic 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. 
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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 leaveslkg soil. 

The inclusions of 5 g and 109 poultry manure and 109 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 C02 - C 

evolved relatively corresponded with the quantity of neem leaves and poultry 

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

Ca and Mg was a mirror image of CO2 - C evolved and the quantities also 

corresponded with the quantity of neem leaves and poultry manure incorporated 

into the soil. The amount of N03- -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 manurelkg 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 aI., 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 oraanics ::> , 

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

Muir (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 et aI., 2000). 

AI; an alternative 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 Mrican 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 

2 
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environment, affect non-target species and lead to the build-up of pesticide 

resistance in the target species (F AO, 1989). 

The seeds and leaves of neem, a multipurpose plant, have been used as soil manure 

to provide nutrients to crops (pandey et aI., 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 et aI., 1999; Deepanjan et 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 et al., 1993; Abdel 

Magid et aI., 1995; Mondini et aI., 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. 
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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: 

1. 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). 

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

nutrient dynamics and 

Ill. 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: 

4 
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1. the population dynamics of plant and non plant-parasitic nematodes, 

2. the breakdown of azadirachtin A, the active ingredient in neem leaves, in the 

soil, 

3. the content of soil nutrients before and after the amendment, 

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

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

5 

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

Digitized by Sam Jonah Library



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 alilendment with neem products does not only control 

pests but also provides nutrients to crops and thereby improves their growth and 

yield (Pandey ef aI., 1991; Reddy et aI., 1993; Khan and Saxena, 1997; Neem 

·Foundation, 1997). 

Field experiments were carried out under centre-pivot irrigation in central Saudi 

-
Arabia during the winter to examine . the yield and quality responses of wheat cv. 

Yecora Rojo to application of 0, 4. \, 8.25, \6.5 and 33 .0 t chicken manure Iha. 

Grain yield, grain quality and straw yield were increased with increasing rale of 

chicken manure. The greatest economic return was given by 8.25 t Iha; 

application of higher rates were not profitable (Abelel Magid el aI., \(95) . 
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A study compared the efficacy of livestock manure, crop residue 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 sativa 

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 manure were not significantly different from 

plots with no top soil removal (Lamey and Janzen, 1996). 

The elTects of dim~rent application rates of organic and inorganic fertilizers on ' soil 

physical properties and maize production in a severely degraded soil in Nigeria 

were studied . Poultry manure application significantly improved average maize 

height and average maize grain yield. The soil organic matter content was highly 

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

Four organIc manures and NPK were assessed under field conditions for their 

comparative effects on tomato growth and yield. Fruit yields were best with swine 

or poultry manure applied at 10 tfha . Very high manure application (30 t/ha) 

depressed growth and yield irrespective of the manure sourc~ (Oikeh and Asiegbu, 

1993). Like all other crops, organic manure improved the performance of carrots, 

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

deformed roots (McCollum, 1975; Williams et al., 1991). 

7 
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2.2. Nutrient composition of some mannre materials 

The nutrient contents of organic rnanures arc far belovlI' 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, 1995). Application of organic manure will also 

improve the soil physically and biologically \vhich the inorganic fertilizers cannot 

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. 

8 
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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* 0.50* 

Green manure ] .50 - 5.00 0.20 - 0.50 2.00 - 5.00 

Compost 0.50- 2.00 0.20- 0.50 0.50 - 2.00 

Seaweed meal 2.00 - 3.00 2.00 - 3.00 

Sewage sludge 1.00 - 5.00 0.40 - 2.50 

Fish waste 4.00 - 10.00 5.00 - ]0.00 

Blood (slaughter house) 10.00 - 12.00 

Human urinelNight soil 1.00 - 1.50 

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) (%) I Nccm seed cake 2Neem leaves 

Nitrogen 3.56 2.10 

Phosphorus 0.83 0.10 

Potassium 1.67 1.30 

Calcium 0.77 1.80 

Magnesium 0.75 0.47 

-----_._--------- ._---- -------------
Sources: 1 Neem Foundation (1997) 

2 Tilander and Bonzi (1997) 

2.3. Organic amendments and soil fertility 

Addition of organic material in any form helps to maintain the organic matter and 

the fertility level of the soil. The type of organic material added, however, 

intluences considerably the rate of decomposition as well as the consequent 

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

2.3. I. Carho17 dynamics 

Carbon dioxide - C (C02 - C) released in amended soil is relatively proportional 

to the rate of the organic material applied (Abdel Magid ef aI., (993). The CO2 - C 

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

indication of mineralization rate. 

10 
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The C02 - 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 C02 - C evolution has been assigned to 

the initial higher biological activities ( Pocknee and Sumner, 1997). Flushes of C 

minerali7.ation is said to be the result of rapid decomposition of dead microbial 

biomass (West el 01.,1989). The rate of C02 - C release decreases with time as a 

result of the progressive depletion oflabile C (Robertson and Morgan, ] 995).. The 

total mass of organic C decreases with time of incubation because of the 

conversion to C02 - C (Tiquia and Tam, 2000). 

2.3.2 Nitrogen dynamics 

As in the case of carbon, the release of mineral nitrogen was f~)Und to be higher for 

soil amended with higher organic matter (Sarmah and Bordoloi, 1994; Mbagwu e/ 

01., 1994). The greatest mineral N released fr9m decomposing legume occurred 2 

to 5 weeks after soil incorporation (Sarrantonio and Scott, 1988). Similarly, 59% of 

total N was released within 2 weeks when legumes were used as soil amendment 

(Rubaduka et 01., ] 99]). 

In other studies, Thonnissen e/ of. (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 

area when legume green manure was L1sed as soil amendment. 
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Addition of legume hedgerow prunings to soil significantly increased the total N, 

N03- - Nand NH/ - N (Okeleye and Adetunji, 1999). Hon~ 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 al., 2000), During composting of poultry manure it 

was found that the conversion of organic N to NH,t - N (ammonification) was 

gre<lter under anaerobic stabilization, and the net rate of conversion of NH/ - N to 

NOJ' - N (nitrification) was greater under aerobic stabilizatio~ (Mahimairaja et al., 

1994), 

Nitrogen content.of organic manure declined by nearly 50~/o during the first 34 days 

or decomposition in soil; this large loss of N was thought to be associated with 

N03' - 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 

fOllnd the volatilization of NH3 denitrification - which is a microbial reduction of 

nitrate and nitrite with the liberation of nitrous oxide (N10) and molecular nitrogen 

(N 2), 10 account (or the loss ofN in a composting process. 

Nitrification inhibitors have been found to redlice N20 or N02 emissions and NO,!

- N loss from soils. Nitrogen loss from soils amended with urea coated with neem 
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(powdered A::adirachta indica seeds) and nimin (commercial derivative of neem) 

were significantly lower than the sole urea application (DeepanJan et aI., 2000). 

Neem cake was mixed at the rates of 10, 20 and 30 kg/ha with an Oxisol to which 

(NH.,hS04 was added at 700 kg/ha . The neem cake at all levels depressed 

nitrification significantly compared to the control (LaIljee et aI., 1999). Similar 

nitritication inhibition properties of neem (Azadirachta indica) cakes, bakain 

(tde/ia azedarach) and arend (Ricinus commullis) have been reported 

(Gnanavclrajah and Kumaragamage, 1999; Shah and Faheem, 2000) . 

.2. J. 3. C:N ratio 

Mincrillization and immobilization of N are governed by C:N nitios of the 

decomposing organic matter. Traditionally, it has been suggested that a CN 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 

el (II., 1993). At . a CN ratio of 12: 1, populations of decay bacteria are considered 

stable (Sullivan, 1999). A number of studies using variOLlS crop residues suggest 

that decomposition dynamics may be too complex to solely rely on the C:N ratio 

rule of thumb (Chandler ef aI., 1980; Hatiori and Mukai , 1986; Henry, 1991). 

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 hreakdO\vn of these 

compounds has been occurring. 
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2.3. -I. Phmphorus 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). I'vtbagwu et aI., (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 or organic matter have been reported in other 

studies ( More, 1994; Okeleye and Adetunji, 1999; Pool el aI., 2000; Hong el aI. , 
, 

2000) . 

It is hypothesized that the application of leucae}1a, manure 'miombo' litter resulted 

in immobilization of P. Lellcaena which is rich in N but low in P might result in P 

immobilization (Nyathi and Campbell, 1995). 

!'v1any ['Ictors influence the total quantity of P mineralized in soil. The total orgamc 

P is highly correlated with soil orgamc C, thus, P mineralization increases with 

increasing orgamc C (Tisdale e/ aI., 1993). As the ratio of soil orgamc C/P 

tncreases, P immobilization Il1creases. The C/P ratio or decomposing residues 

regulates P immobilization or mineralization, as C/N ratio also regulates . N 

mineralization/immobilization (Tisdale el aI., 1993). 

i\ccording to Berg and McClaugherty (1989), p. and N which are both important for 

microbial growth,. behave similarly during decomposition . 
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::.3. 5. !~\chal/ge(/b1e Caliul1S (K, Ca, Mg and Na) 

Soil organic amendment with llnimal or plant sources has brought significant 

\I1creases In soil nutrients, with K, Ca, Mg and Na being no exception. for 

example, increasing rutes of dehydrated swine waste added to two soil types in 

Nigeria progressively increased the excha;\geable Ca, Mg and K contents of the 

so il s to between 21 to 32 % (Mbagwu el aI. , 1994). Patiram (1994) also found these 

nutrient levels in soil to increasc to morc than 25 % al1cr amending a sandy loam 

soil with organic matter. 

Soi l amended with 0, 10,25, 50 and 75 tonnesfha of manure compost 'increased the 

lotal K, Ca, !\1g and Na to levels of 8, 17 and 10% respectively in soil according to 

the rate of compost application (Wong el al., 1999). The incorporation oflegume 

hedgerow prunings of pigeon pea (Cqjalllls cajon) and I.ellcaell11 in a degraded soil 

in Ogun State in Nigeria over a period of 60 weeks increased the contents of the 

IOlal K, ea and Mg of the soil to over 15 '% (Okeleye and Adetunji, 1999). 

Increases in total K, ea and Mg of 21 , 32 and 17 % respectively were recorded 

wliell a soil was amended \vith 10tiha poultry manure (Pool e( (11., 2000). Hong et 

01.(2000) also noted significant increases bet\l/een 13 and 27 ~/o in exchangeable K, 

C<I <lIld l\1g in a soil amended with animal waste, 
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2.3.6. 5;oil 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 10tiha poultry manure into a Mexican soil increased the soil pH 

fi·om 4.5 to 5.3 (Pool et aI., 2000). Increases of about 25 % in soil pH were also 

recorded by Hong el ClI. (2000) after incorporating cattle and hog manures into 

soil. Legume hedgerow prunings added to a 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 observed by Mahimairaja el ClI., 

(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 % after inc?rporation of 

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

( 1(92). 

Decreases in soil pH of between 10 and 28 % were recorded when farm wastes and 

organic manures were incorporated into a sodie 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 Ere\, 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 AI in the soil, diminishing therefore 

bOlh the soil acidity and AI saturation percentage. The latter parameter decreased 

!I-om 72 to 4.2%. The combination of lime and chicken manure led to a decrease of 

exchangeable AI to undetectable levels (Rojas el al., 200 1). 

Since addition of organic residues to soils often results in an initial increase in soil 

pH, a decrease in the concentration of exchangeable AI woule! be expected to occur. 

Indeed, several workers have measured an increase in soil pH with a concomitant 

decrease in exchangeable AI and AI saturation_ during the decomposition of organic 

residues in soils (Hoyt and Turner, 1975; Bessho and Bell, 1992; Noble et aI., 

1996; Wong et aI., 1998a, b). Adsorption of AI onto decomposing organic 

residues would also tend to reduce exchangeable AI 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 AI through 

complexation by the newly added or formed OM (Haynes and Mokolobate, 200 1). 

2.3.7. Cation ~xchange Capacity (CEL,) 

Catioll E:'(challge Capacity (CEC) represents the sites in the soil that can hold 

positively charged nutrients like calcium (Ca2+), magnesium (Mg2+) and ootassium 

(K ' ). If CEC is increased, the soil can hold more nutrients and release thcm for 

plalll blOWlh. To illcrease (,I~C, orgallic malter hel:; In be incrcascd (Grillin, 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 
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is important for a number of other reasons . The surface area of coiloidal humus 

pilrticles (micelles) is high. This contributes to its high cation exchange cap~city 

(CEC), water holding capacity (WHC) and is important in ilggregate formation and 

stilbility (Bfildy, 1990). The CEC of micelles mily be 2-30 times higher than for 

mineral colloids, .and this may account lor, as much as 20-90% of the adsorption or 

cations by mineral soils (Graves et £11., 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 factor, for the stability of soil aggregates 

(Brildy,1990). 

2.4. Reaction kinetics 

. 
The dynamics of mineralization of nutrients of organic manures in soil have been 

described with the first-order reaction kinetics (Chae and Tabatabai, 1986; 

Chescheir et al., 1986) or set of orders of reaction (Gale ilnd Gilmour, 1986). 

Biomilss loss data for soybean and indigofera were found to follow the first-order 

reaction kinetics (Thonnisen et al., 2000) described for litter decomposition by 

Wieder ilnd Lang (1982). The first-order reaction equation was used to calculate 

the mineralization rate constant of dehydrated swine waste in soil amendment 

(l\1bagwu et aI., 1994) as was proposed by Gilmour et aI., (1977). Carbon 

mineralization hilS been found to initiillly follow the first-order reilqtion kinetics, 

while decomposition over long periods or time tollowed the zero-order/linear 

reaction kinetics (Seyfried and Rao, 1988). Similarly van Kessel ef al. (2000) found 

CO 2-C evolution from soil amended with manure to initially follow the first-order 
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reaction kinetics, and in some cases the lirst-order phase was followed by a linear 

re:::ponse of the CO2-C evolution. Abdel Magid el 01. ( 1993) found the rate of 

CO2 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 follow the zero order reaction kinetics. 

Cumulative amounts and the rate of loss of Nth during aerobic and anaerobic 

incubation of poultry manure with different soil amendment levels obeyed the 

linearlzero-order reaction kinetics (Mahimairaja el aI., 1994). 

2.5. Soil physical properties and moisture retention 

Organic matter loosens the soil, which increases the amount of pore space. This has 

several importc1l11 eirects. The density of the soil reduces (it becomes less 

compilcted) ilnd the soil structure improves. This meilns thilt the sand, silt ilnd 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). 

i\lanure 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 

('(ln~eqllenl promot ion of soil aggregat ion (Jones, 2002). The addition of organic 

matcrial improves soil structure or "workability" immensely and vastly improves 

fill' water-holding cilpacities or silndy soils, a distinet advantage in arid climates 

(Williams, 2002). 
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Humus, the least decomposable material from organic matter, incrcases the water

holding capacity of soil, improves soil aeration and increases infiltration of water 

into the soil (versus run off of water), because of its porosity (Muir, 1001). 

Increases 111 soil moisture content of upon orgal11c matter application are well 

known. .Mbagwu et af. (1994) found increased moisture retention capacities of 

aboul 18 ~ .. 'O in soils amended with dehydrated swine \vaste. A degraded Ultisol in 

southern Nigeria had its moisture retention status improved by 10 % \vhen 10tiha 

poultry manure \vas added to the soil (Obi and Ebo, 1(95). The water holding 

capacity of a soil was improved by 13 ~'o with the addition of poultry manure (E1 

Nadi cl a/., 1 (95). Other organic \"asles have been found to improve soil 

physical properties including the moisture status (Hafez, 1974; Khaleel el aI., 1981; 

Sv-.;cclcn and Mathers, 1985; Mbagv-.u, 1(89). 

2.6. Organic amendments and soil microorganisms 

The addition of organic manure has been reported to both increase and decrease 

microbial popUlations in the soil. Chicken manure was found to harbour a hea,,·y 

population of pathogenic nematodes and harnl.!Ul fungal nora, thereby acting as a 

major source of infestation (Grewal (;'1 aI., 1 (89). 

Two types of organic amendments were used at the ratc of 4 tlha: decomposed 

chicken manure and compost made of sugarcane bagasse, sa\vdusl and ashes at 
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2: I : I to control foot rot in sweet pepper caused by Phylophlhora capsici. Disease 

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

lllallUre and compost, respectively, when they were illcorporated into the plant bed 

(Corrales el aI., 1990). 

Two field experiments were conducted in the San Joaquin Valley, California, USA, 

during 1991-92 to determine the elTects of commercial chicken compost, 

ammonium phosphate fertilizer and solarization, alone or combined, on several 

soilborne pathogens and the growth and yield of lettuce. ~yfhi/lm ulfimllm 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. 

sr.:/emfiol'lllJl were reduced by the addition of organic amendments to field plots at 

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

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

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

aI. , 1994). 

Ouring 1989-92 the biological control of- root-rot of mandarins caused by 

Phyrophr/Jura l7ico{ial7ae var. parasitica and Phyfophlhora colocasiae was studied. 

'fi'ichoderma harzianum, 1: viride and Gliodadium virells were widely distributed 
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111 Citrus orchards in Kodagu, Karnataka, India. Seventeen isolates were highly 

antagonistic to both Phyfophfhora spp. in vitro. For large-scale fungal 

ll1ultiplication, local waste (coffee-cherry husk, fruit skin and berry 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 el af., 1995) . 

Wheat straw or poultry pinus-sawdust litter added to Pin liS pillaster 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. Ame!ldment 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 wheri poultry manure and mustard cake were 

applied at 1 or 2 tlha to control MeJoidogyne illcogllilCt on Viglla radiala in India 

(Borah and Phukan, 1992). 

Organic amendments of pressmud (25 t/ha), farmyard manure (20 tlha), poultry 

manure (20 t/ha), coconut fibre (25 (/ha) and sugarcane bagasse (25 t/ha) applied to 

sugarcane in the field in India controlled plant parasitic nematodes to various 
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degrees (Jonathan el aI., 1991). The application of silkv.·orm faeces, compost or 

cattle manure to soil heavily infested with MdoidogYl7e javal1ica and planted with 

/ 'ign(f raliiala gave 41, 59 and 83% reduction in nematode numbers respectively 

Cl'oida el ((I. , 1991). 

The effects of chicken litter on Metoidogym.' ClJ"t.'lIaria in tomato plants cv Rutgers 

seedlings were determined in greenhouse. Aller 10 days of' inoculation of the 

nematodes, the total number of nematodes in the roots decreased \""ith increasing 

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

litter rates (Kaplan and Noe, 1993). 

The dlicacy of nematicides, phoratc or carbofuran at 1 kg a.i.lha, and organic soil 

amendments, oil seed cakes of mustard, Awdirachla indica or Ricillus 

CUllIllIiillis and poultry manure on nematode population and grm."th characteristics 

of ('lfrClIllla tOllga L. was assessed. All the treatments reduced the nematode 

population and amount at" damage to the crop (Haidar t'l aI., 1998). 

Though organic amendment has registered reduction in nematode population, field 

studies in Warsa\ .... , Poland , resulted in increased densities of native population of 

Sleinernema fe/liae (Bednarek and Gauglc;', 19(7). 

Studies or the cilccls of poultry manure, callic manure, horse manure, fruit canning 

tactory waste and burnt township refuse on some plant parasitic nematodes 
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afreeting tomatoes were carried out at Ibadan, Nigeria . Root gall rating at the end of 

the trial v,:as significantly reduced by all the organic manures. Population of all 

nematodes fell immediately after application "of soil amendment but incre3!>Cd 

gradually thereafter (Babatola, 1(89). 

Five orgalllc manures: cattle manure, poultry manure, horse manure., hurnt 

to\vnship rctllsc and cilrus "",a SIcS were applied al rates 10-20 tlha to soil of known 

nematodes (A.fe/oidogrne incognita, PraIJ'/ellc/lIts brac"y/(/'lI-\~ lle/icotyfelldws spp 

((lid 10 }(il'hilli:'l11(1 spp) infestat ion. Burnt tmvnship refuse, poullry and cattle 

manures signiticantly increased leaf yield of Celosia al'gl'lllea and reduced 

nC1llat(~de intestation (Babatola and Oyedunmade, 1(92), 

Three applications of half, normal and supernormal doses of nitrogen, SO, 100 and 

200 f..:g/ha respectively in 8 organic ameildments (groundnut, cotton seed and 

soybean oil cakes, poultry manure, sheep manure, cowdung, rav,,' !>Cwage sludge 

and cassava peelings) vo/ere lcst<.."<i tor their etlecl on the development of 

j 1ra/ylenc/lIfs hrachylll'lls and on the growth and yield of okra in a greenhou!:c al 

30-33 "e. All the amendments brought about signil1cmlt decrease in nematode 

developmental rate and corresponding increa!>C in plant gro\lith and yield (Khan, 

I \)()4) . McSorley and Frederick (\999) studied the pqpulation densities of 

nematodes in field soil without plants for ten months fo\lmving the application of 

organic amendments to pots in a greenhouse. Treatments consisted of homogenous 

crop residues of maize (Z('(t III{~VS), texas panicum (F'llllictllll leWI/IIIIII), vc\vet bean 
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( A..fllclllla p1'llriells) and control without any amendment Plant-parasitic ncmr.todc!; 

J.::dined in atl the treatments due to the absence of a lood source. H~wever, the 

populations of bacterivore and fungivore nematodes increased, and were higher 

than the initial nematodal populations. 

2.8. Neem extracts on nemntode control 

Chopped leaves of nt.'Cm 50 g/kg infested soil evaluated on papaya under 

greenhouse conditions significantly reduced root galling (Reddy t:I aI., \9(3). 

S,)il amendment with neem cake controlled nematode populations of sugarcane and 

green gram in separate experiments in India (Jonathan et aI., 1001; Pandey et aI., 

199 I). The application and incorporation of nccm cake in soil management of 

root-knot nematode (A·1doidogrllc javallica) signiticantly reduced root galling on 

tomato (Khan and Saxena.. 1(97). The populations of plant parasitic nematodes, 

AIeioido&'''}'I1e incogllita, Rotylellc/llIll1s rellijormis, Tylellc/wrhYlldws hrw.sic(lt.' and 

[[,/icotyICllc/llfS indiclls on mung bean (PIUlse(JIII.~· all/'ell.~) and chickpea \verc 

signiticantly reduced with the application of nccm cake (Tiyagi and Alam, \ 9(5). 

"ieem cake at 5 g/kg of nursery soil mixture and \ kg/plant in the main tield 

proved effective as treatment again~t ,\.fdoic/ogynt· illcoglliw 111 papaya 

(Rilll1ilkrishniln and Rajcndran, 1<)<)8). Thc impact of ncem oil cake at 2 

tonneslhalyear on the control of root-knot nematode di~easc of mulberry v,,·as 

~tudied on 10 farmers' fields in India; the disease severity was reduced by 66.7 -
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73.0% and leaf yield was increased by 18 .8% over the control plots (Sharma et aI., 

1 'Y)8). 

Seed coating of okra with neem based products (Achook, nccm cake and powdered 

leaf extracts) (lnd Melia a:::edarach powdered leaf, each at 100% (w/w), 50% 

(w/w ) or 25% (w/w), were tested against Ivfe/oidogYlle illcogllita in microplots. 

Necm cake at 100%, Achook at 50% and neem powdered' leaf at 100% were 

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

2.8. f . Active ingrediellls of lie em 

In nature, plant chemical defense against pests does not depend on a single 

compound, but instead on mixtures of compounds. Neem protects itself from 

mult itudes of pests with multitudes of pesticidal ingredient s belonging to a class 

tidied tritcrpencs 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 vanes In difTerent parIs of the neem plant. 

Greater amount of the compollnd is found in the neem seed with very smaller 

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

A'Lad\ra(:htil\ (:QI\(:. 

P{ani parts Moisture content (mgflOOg wt with 

eYII w/w) moistlll'e) 

Seed kernel 25 24.85 

Bark 17 0.42 

Leaves '35 0.59 

Root 15 0.24 

Stem 20 0.15 

.-

Source: Sundaram (1996) 

Azadirachtin and azadirachtin-containing nee 111 seed extracts act as antifeeclants, 

growth regulators and sterilants in insects (Schmutterer, 1988). The antifeedant 

effect of azadirachtin at a concentration of 0.4% on NodoslolllCt pllhicolle, a pest of 

pear, decreased the feeding of the beetle (Durairaj et al., 1991). Application of 

various azadirachtin doses (0.5 to 1 0 ~lg!1arva) in methanol to the last instar 

spinning stage larvae of rice moth (Corcyra cephalollica) inhibited the 

development of the pest (Sharma, 1992). Azadirachtin (0.3%) had strong ovicidal 

<.,rrl'l:1 (>11 e~g~ of' 1f"licm'e/pa (/I'IIIiR('f'lI, the potency was as strong as the synthetic 

pesticide, endosulfan (Patel and Patel, 1(97). 

Koul el o/. (1 C)<)() studied the enect of neem allelochell1icals, azadirachtin, 

sala1lllin, nimbin and nimbinene on nutritional physiology or larval ,<"'podoplt'ra 
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Iilllro. Nutritional analyses revealed strong antifeeclant and gf0wth regulatory 

ellcct~ of" ilzadirachtill which were independent of each other. While salanllin and 

nimbi Ilene induced concentration dependent feeding deterrence only nimbin was 

inactive at the 10 ppm level. Salannin alld nimbin did 110t interfere with the trypsin 

activity of the gut. These results and those from nutritional studies suggcst that 

salannin and nimbinene have no toxicity mediated effects on Spodop/era ii/lira 

larvae, and antifeedant activity is a result' of the effccts on dctcrrcnt and · othcr 

chemoreceptors. 

The etlicacy of pure neem constituents on the larvae of Spodoplem lilllra and 

nymphs ofAIYZlIs persicae was carried out by Isman et aI., (1996) (Table 2.4). 

From Table 2.4, in ,)'. ii/lira, the dietary EC50 value for salannin and nimbin arc 75 

and 120 times respectively hiuher than t hat for azadirachtil1. For the 2nd instar 

A'~l"::ffS persicoe. the LC5() values for salannin and nimbin arc 2<)5 and )85. times 

respectivcly higher than that for azadirachtin. At least in these two species, 

azadirachtin is almost several times more effectivc than the othcr major limonoids 

lI'om nccm. Ismail e/ aI., (I <)%) found that larvae of S. {iltfra can rapidly habituate 

(i .e. become desensitized) to the antifeedant cffects of azadirachtin lIpon repeated 

or continuous cxposure. In contrast, when exposed to neem producing the same 

concentration of azadirachtin, habituation does not take place and the cate.rpi11ars 

1"l'll1ain continuously scnsitive to thc antifccciant action, suggesting that the other 

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

control 
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Table 2.4. Etftcacy of pure neem constituents (111 larvae of Sf1odof1lera Iilllra and 

nymphs of !v~}'ZIlS persicae 

S. fifllm M. nersicae 

Compound hll"Val gl"owth dietal), mortality LC50 (m 

ECso(ppm) (day 10) insolution) (day 6) 

Azildirachtin 0.21 1.3 

3-Tigloyl-azadirachtol 0.29 

Salannin 15 .7 383 

Deacetyl-salannin >25 

Nimbin >25 >500 

Deacet yl-nimbi n >25 >500 

The importance of other limonoids in pest confrol is also revealed in an experiment 

carried out by Stark and Walter (1995). They performed series of toxicity studies 

with Acyr,hosipholl piSlI11I and the neem extract formulations Margosan-O (MO), 

\10 devoid of neem oil, Azatin, RII-9999, Azatin with 5% neem oil, RH-9999 

with S%) neem oil and neem oil (5%). It was found that the addition of neel11 oil 

Ii (Illi ~10 illc:rt'ascd the efficacy of neem insecticides that did not contain the oil, 

while removal of neem oil from MO reduced its cmcacy by 62%. Six limonoids 
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(nimbandiol, deacetylnimbin, 6-acetylnimbandi()l, deace\ylsalannin, nimbclIl., and 

~alannin) and Iwo uilidenliried chemicals believed 10 be limonoids, were identified 

in neem oil. It can be concluded that neem oil with these limonoids playa role in 

increasing Ihe etlicacy ofneem insecticides. 

According 10 130STID (I <)<)2) compounds in necm espccially, azadirachlin, do n0t 

kill insccts - at least not immediately. Instead they b0th repel and disrupt their 

growth and reproduction . Research over the past 20 years has 'shown that 

;lIaciiracillin is 0ne of the mosl potent p,rowth rep,ulators and feeding deterrents ever 

assayed. It will repel or reduce the feeding of many species of pest insects as well 

as sonle I1cmat0des . In fact, it is S0 potent that a mere trace of its presence prevents 

some insects from even touching plants. Azadirachtin is structurally similar to 

insecl hormoncs called "ecdysones," which control the process of metamorphosis 

as the insects pass from larva to pupa to adult. It affects the corpus cardiacul11, an 

organ similar to the human pituitary, which controls the secretion of hormones. 

Metamorphosis requires the careful synchrony of many hormones 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 vital hormones . 

Insects then will not molt. This of course breaks their lite cycle~ 

. 
2. g 2. Degradation oj azadirachtin ill the ellvirofllllt'11f 

With the cxcepiion of aJadirachtin, no information has been found on the 

degradation of the other limonoids of neem. Schmuttercr (1 <)88) stated that .1Indcr 
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tropical field conditions, the residual action of neem averages about five day:-, 

Re<;lIlt s n'om a study of neem seed extracts applied to beets to control cotton leaf 

worm, ,)'pOdOplera littorali.\', indicate that leaves taken from neem-sprayed plants 

retained full antifeedant and growth-regltlating activities against the leaf worm for 

three days, and partial activities for five days after applicati(lll (Meisner t'f aI., 

1( 83). 

Azadirachtin degrades in the presence of ultraviolet light (including ::-unlighl), with 

haW-life (pure compound on gla~s surface or in solution) of approximately 24 hours 

(13arnby el aI., 1989). However, degradation (If <lZ.ldirachlin in neem oil under solar 

simulat ing conditions may be considerably delayed (lsman el al., 1991). 

Azadirachtin hydrolysed readily at 35°C. and its disappearance follo\ved simple 

j1~t: ud(l-{\ !'st-ordel' kindics: the nile constants ranged from 2,48 x 10"3 to 67.7 x 10" . -

.llh and were faster in basic than in acidic media (Szeto and Warl.1996). 

f ormulat ed ;vadirachtin A degradation in gellan gum-ba::-ed minimal medium and 

vermiculite system followed peudo-first-ordcr kinetic::- with half-Iivc~ of 44.4 and 

1:> .2 to 46.2 days respectively (Wan el al., 1997). 

Till: initial COllcl:lltratiolls of AZ-A f~IUl1d ~.111 iiI' <llld ~la\.. r~l\i;lg~'. in ('''"<1da wh~'11 

Margosan-O formulation \Val' applied at 7, 15 and 40 g aill;a were 4.3, 12.8 and 

28 .8 pg Ig (fresh weight) respectively in fir necdles, and \ n. S. ~ \.4 and %.2 pg Ig 

(n'csh weight) respectively in oak foliage. ' In spite of the vast differences in 
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geometry and initial concentrations, the DT 50 values · [or all the samples were 

nearly the same and ranged from 17 to 22 hours, and the rate constants ranged from 

0.03 I I to 0.0414, the values were not markedly different (Sundaram, 1996). 

Sundaram (I (96) studied the degradation of AZ-A in nursery soil (autoclaved and 

11011 autoclaved); the DT 50 values (in days) for the autoclaved and non autoclaved 

soils under the experimental conditions used were 37.65 and 25.77 respectively. 

The lower DTso value obtained for the non autoclaved soil indicated the role of 

microbes in the degradation of AZ-A. Autoclaving destroyed the soil microbes 

responsible partially for the degradation of AZ-A. In a similar experiment in the 

United States, Stark and Walter (1 (95) studied the effects of temperature (15 and 

25°C) and microbial activity on the persistence of AZ-A and B in soil. The DT50 

1'01' /\Z-A was 43.9 and 19.8 days for non autoclaved soil kept at 15 and 25 °c 

respectively, and that for AZ-8 was 59.2 and 20.8 days for non autoclaved soil kept 

(It IS <lnd 25 0e, respectively. Microbial activity was also responsible for faster 

degradation because DT 50S for autoclaved soil were much longer than for non 

(luto<.;\(lved soil. The DT50s for AZ-A in autoclaved soil were 91.2 (15°C) and 31.5 

days (250 C). DT50S for AZ-B in autoclaved soil were 115.5 (15 0c) and 42.3 days 

(25°C). 
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2.9. Conclusions 

Though m·uch research has been done on neem as soil amendment in the area of 

soil nutrition and protection, the literature is silent on : 

I. the releasc pattcrn(s) of nutrients when necm leaves and poultry manure have 

heen lIsed in a soil amendment and 

t he degradation in soil of the active ingredient (azadiracht!n) in neem. 
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CHAPTER THREE 

3.0 MATERIALS AND M.ETHODS 

This scction prcscnts materials and mcthods tlwt were coml11on for the three 

t>' I)l' rilllcnts 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 ON, 1.14 oW) The area has a bimodal pattern of rainfall distribution, 

with an annual rainfall ranging between 900 and 1000 111m. The main rainy season 

is fr0m 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 t he maximum about 30°C (Meteorological Station, Cape Coast, 

I (89) The site is used for conducting field research on vegetables and other crops. 

3.2. Pn'pa nit ions of treatment materials 

3.2. 1. Neem leaves, pO/lllly man/lre and cow chlJlg 

Neem leaves were harvested around the experimental site, air dried for one week 

(check Table 5.2 for moisture content) and ground Lo pass through 2 mm mesh. 

Tlm'l' l11nnths old poultry l11allllre packed in fiher hags and fresh cow dung were 

coliected from the University of Cape Coast. Research Farm, air dried for three 

\\leeks al1d also sieved through a 2 mm mesh. 
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.r2.2. Soil 

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 sea level and occur on sloping to gently undulating' land, consist oLthe 

Edina, Atabadzi, Benya and Udu association. The soils arc highly weathered, 

k(lchl:u Df their bases and are therefore acidic. They are dominated by low activity 

clays (Asamoa. 1973). Samples were taken from the Benya Series, classified as a 

Ilaplic Acrisol (F AO/UNESCO, 1988) at a depth of 0 - 15 cm and bulked. The 

soil was sieved through a 2 I11Ill mesh immediately ailer sampling. 

Ta hIt' 3.1 . Some physical and c.hemical properties of soil at the experimental site 

Property Value 

pH 

Organic carbon (0/.,) 0.85 

Total N (%) 0.06 

Total K ('Yo) 0.06 

Total P (%) 0.04 

18.17 

5.79 

Available P (Illg!kg) 7.12 

ECCC (clIloIJkg) 2.42 

hch. Acidity (cllloVkg) 0.20 

Sand ('}'u) 

Silt (IX,) Sandy Loam 20.50 

Clay ('Yo) 16.20 

-' --- -. -_._--._. __ . . __ .. __ ._ ._-------
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3.3. Summa,"), or the treatment combinations 

Tahle 3.2. Treatment combinations 

- ------
CHAPTER 4 CHAPTER 5 CHAPTER 6 
T rearm en! (per kg soj!L _ _ ~.tm~!2!.ll:~er ....:~g so.i.:.LJ2 __ T-=-.:..::re=:a.:.:l!.:.:JJ.:..:e!.:.:}!....l(J:.p.:..:e.~r ...::x:;;;g!...:·s:..::o.:.,:ijL2_ 
(, ,) Iltrul (No <1mcncimcnt) Control (No <1lllcncilllent) Control (No amendment) 

IOgC SgPM SgPM 

5gPM 10 g NL 

I () g PM 10 g NL + 5 g PM 10 g NL + 5 g PM 

so g NL 20 g NL + 5 g PM. 30 g NL+ 5 gPM 

100 g NL 30 g NL + 5 g PM 50 g NL + 5 g PM 

so g Nt +10 g C 40 g NL+ 5 g PM 

I 00 (I N L t· IOn C :=- :::> 50 g NL + 5 g PM 

so g NL -I- 5 g PM 

50 g NL + 10 g PM 

100 g NL -I- 5 g PM 

100 g NL + 109 PM 

-- - . __ .. --- --- --_ ._-_. __ ._-_ ... _------ .-~-------

C ~ Cow dung 

PM = Poultry manure 

NL = Neelll leaves 

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

chapters. 
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CHAPTER 4 

4.0 The influence of soil amendm.ent on the breakdown of 
az.adirachtin A and population dynamics of nematodes 

4.1. Introduction 

Synthetic pesticides have been used to control soil pests leading to positive gains in 

ilgricultural production (Johnston el a/., 1995; Sharma and Sharma, 1995; Sultan et 

a/., 1995), however, this has negative implication on the environment as mentioned 

in Chapter I . 

Generally in deVeloping countries, people suITer rrom short term c~posllre 

(i!1Cludillg that resulting from suicide), and chronic effect of long term exposure to 

synthetic pesticides (W H 0, 1990; Fening~ 1999). These negative etTects of 

synthetic pesticides on the environment have led to finding alternative means of 

pest control (Powers ef aI., 1993; Johnson et a/., 1995; Kerry and Bourne, 1996: 

Sarathchandra ef aI., 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 pes1 damage to crops (Nellum, 1985; Dunn, 1994; Donald, 1999). 

The products of the neem tree, Azadirachfa indica when used as soil amendment 

h~ve been found to enrich and eon1rol parasitic soil nematodes ( Chapter 1). The 

neem leaves, for example, which are found all year round have been used as soil 

amendment to eOectively control root-knot nematodes or papaya and to improve 

the growth characteristics of the plant at a rate or 50 g neem leaves/ kg soill1nder 

gl(lsshollse conditions (Reddy el a/., 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 mmor but 

nonetheless active; and of these limonoicls, azaclirachtin has proved to he 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 et al., 199~). 

The present study was to investigate the effect of soil amended with neem leaves, 

poult I)' 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 

!lemat iciclal properties (Babatola, 1989; Bahalola and Oyedunmade, 1992; Ali, 

1995: Naharetal., 1996). 

In the quest for controlling soil pests, the study of the behaviDur of azadirachtin A 

as it breaks down in the soil is imperative. Studies of the degradation of 

azaclirachtin A in the soil using High Performance Liquid Chromatography (HPLC) 

have been carried out under controlled l~boratory conditions (Stark and Walter, 

1995) and in the greenhouse (Sundaram, ) 996), using different neem formulations 

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, 

uSlI1g Gas Chromatography (GC). 
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-'.2. Materials and methods 

..t.~ . I. li"ealll1ell(s alld experimental desigll 

Treatments consisted of soil + neem leaves, soil + cow dung, sOli + poultry 

Illanure and combinations of these in diflercnt proportions as listed below (Table 

4. 1). Soil sample weight of 10 kg was lIsed as base for the preparation of each 

treatment. 

Table 4.1. Table showing treatments used in Chapter 4 

Trcatmcnt (ocr kg soil) 
No amendment (Comr<:l'.) 

lOge 

5gPM 

10 gPM 

50 g NL 

100 g NL 

50 g NL + 10 g C 

100 g NL + 109 C 

50 g NL+ 5 g PM 

50 g NL + 10 g PM 

100 g NL + 5 g PM 

IOOgNL+ 10gPM 

C= Cow dung 
PM= Poultry Manure 
NL= Neem Leaf 
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~.2. Materials and methods 

-I.':. I. li"eatmel/ts and experimelltal desigll 

Treatments consisted of soil + neem leaves, soil + cow dung, sOIl + poultry 

manure and combinations of these in dillerent proportions as listed below (Table 

4. 1). Soil sample weight of 10 kg was used as base for the preparation of each 

treatment. 

Table 4.1. Table showing treatments used in Chapter 4 

Treatment (ocr ku soill 
No a!l'.endment ( Comb.)'.) 

10 g C 

5gPM 

iOgPM 

50 g NL 

100 g NL 

50 g NL + 10 g C 

100 g NL + lag C 

50 g NL+ 5 g PM 

50gNL+IOgPM 

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 Clll 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 

balch of 10 bags, each weighing 300 g of the treatment. Batches of replicates 

were placed in the soil on the 16th 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 extraction. 

Subsequent sampling followed 14, 28, 42, 56, 70 and 84 days after placement of 

bags in the field. The polythene bags were collected one at a time as representative 

s<llllpies for replicates during sampling. The contents of the polythene bags were 

well shaken to ensure thorough mixing. 

-1.2.2. Frtl'm;tiull, CUUlltillg and Identificatiun of Ilematodes 

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 ) OOg 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 stereo microscope and x40 
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magnification (Opperman et al., 1993). External morphological features were used 

10 identiFy the nematodes (l\!Iai el 01.,1968; Willmott e/ aI., 19'77). 

-1.2.3. E'(lractiol1 oj Azadirachtill and Gas Chromatography (GC) analysis (l 

('xfrous 

This part of the experiment was conducted at the Chemistry Department of the 

K IVallle Nkrulllah University of Science and Technology, Kumasi Ghana. 

Amended soil samples were air dried for 48 hours. Fifty grams (50 g) of each soil 

sampfe was weighed and defatted with ether, and azadirachtin extracted with 200 

ml methanol for 6hours using a soxhlet apparatus. Extracts were filtered with 

\Vhat man No. I filter paper and reduced to just dryness using a rotary evaporator at 

:W "r. Reconstitution of extracts was made with 10 ml of GC grade methanol , 

l'ullU\\lcd by t he quantification of azadirachtin A with the Gc. 

A Perkin Elmer Gas Chromatograph model 1022 Plus, equipped with Flame Jonic 

Detector (Fro) was operated at an oven, injection and detector temperatures of I 80, 

255 and 26°C respectively. The column, 0-17, was used for the separation of the 

a7.adirachtin A flow rate of IS ml per minute was operated for the carrier gas 

(nitrogen), with sample injection volume of 5 fll. Pure analytical grade of 

:17.1dir:lchtin;\ WilS Ilsed ns the stnndnrd to identify and QlJ(lI1tify the unknown 

azadirachtin A in the samples. The azadirachtin concentration in the neem leaves 

bc10re soil amendment was also determined through the same processes of 

extraction and analysis. 
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-I -' . -I. /1.fmSII,.elllellt olsoil 1710iS/llre and pH 

Tell gl<lms or samples placed ill 100 III I 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 ditference of the 

two readings (Rowell, 1994). 

Samples of 109 were weighed into 50 ml centrifilge tubes, 25 ml of distilled 

waler was added to each sample. Tubes were capped and shaken by hand for 15 

r:lirllI1 (,~ (lilri the pH measured with a pH meter (Rowell, 1994). 

-1.::.5. /)ata Allalysis 

Tire hall' lives (time required for 50% loss) of azadirachtin in the samples were 

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

t,., = 

Illwrc I . ~ halflifc 

0.6931 

k 

k = rate constant/slope obtained from the plot of natural log azadirachtin A 

COlleent ration against incubation period. 

The nematode numbers, half lives, pH and moisture content of samples were 

co mpared statistically uSlIlg the MST ATe statistical sofiware package (Russell, 

1990) . Minitab version 11.21 was used for the Fitted Line Plots of Figures 4.2 and 

I; The A NOV t\ tables lor all the statistical c(llculalions are found in Appendix 

IJ 
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4.3. Results llnd discussion 

-1.3. I. Fffect of the soil amendments onnei1JalOde poplllations 

4.3.1.1. Plant Parasitic Nematodes 

Plnllt \lHrasitic nematode numbers for the soil treatments under the sampling dates 

are presented in Table 4.2. The total numbers of plant-parasitic nematodes 

deCieased with time in all the treatments. The individual parasitic nematodes 

(Ale Ii lic/ogY' Ie, ,)'cllte IIOJ lema, PratylellChlls, Paralricoc/ontS, ·7i·icoc/orlls, 

l/e/icofy/e11chlls, Cricollemef/a and /?o(y/eJlchlfs) also tollow~d similar decreasing 

pattern (Appendices Al - A8). The amended soils had significantly lo.ver numbers 

of the nematodes than the unamended soil throughout the study period. Similar 

trends showing nematode numbers reducing after application of organic soil 

amendments have been reported by other workers ( Muller and Gooch, ' 1982; 

Rodriguez-Kabana, 1986: Babatola, 198'): Stirling, 1,)<) I: McSorley and Frederick, 

1999 ) 

Among the amendments, neem and its combinations registered zero nematode 

\1umbc:'s immediately aHer the application of the organic matter. Some nematodes, 

however, were detected during the second sampling two weeks later (Sept. 30). A 

g:-catcr proportion of the nematodes might have been destroyed by the' neem 

compounds as nematode numbers at that. time were significant.ly lower than the 
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Tahle 4.2 . Elfect of soil amendment on total planl parasil ic nemalode poplIlal ions. 

----_#_-"-- --_._---_ . 
. ___ _ Nelllato~~~_p~r.l9Q_g of soil "- .. _-- "- .. - .- - - --- --- ... _ -._--

r-\\\v.:-ndmc\\( (per kg, of Scpo Scpo OcL Oct. No'! . No'! . Dec. Mean ' 
soil) 16 30 14 28 11 25 9 

No amendment 219 a 226 a 159 a 88 a 85 a 63 a 63 a 129 a 

IOgC 132b 102 b 99 b 53 b 41b 33 b 23 b 70 b 

.:; g PM J 07 c 88 c 68 c 44 c 40b 29b J6 c 56 c 
10 " PM '=' 90 d 6R d 62 d 25 d 11 c 24 c 9d 44 d 
SO g NI. Oe 27 f 2X I" 20 e I () tg 1\ d 41" 14 el" 
100 g NL Oe 20 g 21 g 4h 2 i 4 efg Og 7 gh 
SOgNL+IOgC Oe 30 f 36 e 21 e 11 ef 4 efg 8d 16 e 
lOO g NL + JOg C Oe 22 g 12 h 8g 12 e 5 ef 1 g 9gh 
50 g NL + 5 g PM Oe 30 f 24 fg 13 f I i 8 de 4 f 11 fg 
50 g NL I 10 g PM Oe 35 e 22 g 14 r 18 d 4 elg 6e 14 ef 
100gNL+5gPM Oe 19 g 22 g 11 fg 9g Og 1 g 9 gh 
lOOoNL+ 100PM u u Oe 13 h 14 h \ h 4h 2 fg Og 5 gh 

Ai('(fI!\]f!!7;-:'j\i"0J"7~~il;e-:~alile leifel' ill eacllco!lIii/i, do Ilo/d(ffer sigll(!icallfly (p ~ 0.05) 
(' . Cmv dUflg 
I '!I! I '1iI"/')' /l i/allll/"(' 
NL= Neem Leaf 

AN(}IA Fahles ·· Appendices HI-H8 (pp /58 /(0) 
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poultry manure and cow dung amendments and the control. Nematode numbers for 

the rest or the sampling dates, especially the last sampling day and the mean 

numbers of nematodes in the soil amended with neelll were fewer than the other 

treat ments. Virtually no recovery or nematodes was recorded for the neelll 

amended soils throughout the study for He/icoly/eflchus, Cricollemeffa and 

/?oly/ene/Ills (Appendices A6 - A8). The inclusion of neem seemed to have 

adversely alfected these nematodes, however, these nematodes were very low in 

numbers even in the unamended soil as compared to the others especially 

Me/oidogyne which is known to be abundant in the tropics (Dropkin, 1989). 

Poultry manure at 109 / kg soil had significantly lower nematode numbers than 

the 109 GOw dung and 5 g poultry manure (Table 42). 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 nnc! the cow dung hnve 

been found to be etTective in controlling parasitic nematodes, with the effectiveness 

increasing with increasing levels of manure and also the kind of manure applied 

(Toida ef a/., 1991; Babalola and Oyedunlllade, 1992; Kaplan and Noe, 1993; 

Riegel et aI., 1996). 

The :,uppressive etTects of' organic amendments on plant-parasitic nematodes have 

been attributed to the enhancement 0[' soil microbial populations by the 

amendments and the accompanied chemical by-products, which may have 

antagonistic effect on the parasites (Rodriguez-Kabana, 1986;-DuJ1J1, 1994). 
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At Ihe 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 

pOlcnc.y Ihan 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 any clear changes that 

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

Plant-parasitic nematodes 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 

McSorley and Frederick (1999). However, the populations of bacterivore and 

fungivore, non-parasitic nematodes increased, and were higher than the initial 

nem?\ ocial populations. as could be observed in the next section. 

Though plant parasitic nematode populations tend to ?ecline 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 j>lallt-j>arasitic nematodes 

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 

amcnded soils rose to levels significantly higher than the unamended soil which 

was the opposite for the plant parasitic nematodes (Table 4.2 and Appendices A I -

:\8) . for the subsequent sampling dates the numbers of tbe 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 or the amended soils 

were signif1cantly 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 

or non plant-parasitic nematodes as bacterivores, fungivores and omnivores. 

The probable increase in numbers of nematodes antagonistic to the plant-parasitic 

Ilematodes 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. Effect of soil amendment on non-parasitic nematode populations. 

-._'--"-"--~'-- .. ~~-....... ~ ...... ~ .•. -- --,- ,._ ... ~ ~ .-~ . ~ ... ~ .. - .... - - .. ,. _ ...... .. ~ .. , -
..., • • .0. ... _- . .. .... _ _ • _ " -=~_'---""_ 1'J.e~~!.od~~p~~ __ 1 OQg of soil 
Amendment (per kg Sep. Sep. Oct . Oct. Nav. Nav. Dec. Meat'. 
of soil) .16 30 14 28 11 25 9 

No amendment 113 a 72h 88 h 78 k 60 k 55 j 261 70j 

10 g C 10\ b 220 g 80 h 208j 251 370 i 250 j 180 i 

5gPM 96 be 790d 320g 352 i 15Dj 344i 300 i 336h 

109 PM 93 c 1020 be 340 g 744 e 200 i 1I20 e 195 k 530 g 

50 g NL 2d 990 e 670 f 472 g 356 h 960 g 830 h 611 f 

100 g NL 4d 1104 b 1300 d 2152 b 1636 b 1480 d 2436 b 1444 b 

,;0gNl ,'! 10 g C 2d 656 e 2300 b 364 i 852 g 556 h 1028 g 822d 

WOgNL+JOgC 3d 800d 2496 a 2076c 1408 c 2448 b 2744a 1711 a 

:;0 g NL + 5 g PM 6d 960 c 1035 e 435 h 880 f l104e 1548 e 853 d 

50 g N L + lag PM 2d 1238 a 320 g 600 f 900 e 1024 f 1090 f 739 e 

100 g NL + 5 g PM ad 444 f 1712 e 2788 a 2372 a 3010 a 1724c 1721 a 

IOOgNL+ IOgPM Od 760 d 1075 e 16C)6 d 1:;:;8 d 2312 c 1668 c\ 1264 c 

'1.4(,(Z,/,· 1;'))1"'''''/ 1'J ' lh" 1"'-'1"'1" h'llel' ill ,,,,,·1. {'"(}//lll'll do 1,(,1 d/(j:'1' j";!,"';.(" ·"·'/III" (p < fl 0 ') , ... , . . J' ~ " ... .... " ... .. "., ..... '" .... ... ,,,.,, . .1 , , '" 'J. ..... . ' .... "4J ......... , ft.".,,, .. _v • ., 

(' . ('O)tl dl/ng 
I'/vh I'ol/!,ry Manure 
NL . Neem Leaf 

/lNOT>l Toh/es ·- Appendices B79-B86 (pp 184 - 186) 
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-1.3.2. {;f!ec! of the soil amendmel1lS 011 the hreakdown of a::adirachtill A 

-I . .I. :!. I. (;as Chromatography (Ce) Chromatograph of azadirachtin A 

Figure 4.1 A shows the graphical presentation of the retention time of the standard 

analYlical 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 

("igure 4. 'B) The peaks observed in Ihe .chromatograph of the neem amended soil 

chromatograph ( Figure 4.1 C) therefore are the results of the compounds in the 

nccll1 leaves The other peaks alongside azadirachtin A (Figure 4.1 C) which might 

be some of the limonoids of neem were, however, not identified . 
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-1.3.2.2. CVl1cel1lrativlI vf azadirachtill ill neem leaves alld recovery/rolll suil 

The concentration of azadirachtin A in the neem leaves was 3.31 llg!g (15.43% 

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

leaves from India to be 5.90 ~lg!g which was higher than the concentration 

obtained in the present study. The difference may be attributed to the different 

ecosystems of the neem sources, such as soil, climate and rainfall, and also the . . 

collection, processing and storage conditions of the neem leaves (Sundaram, 1996). 

The ditTerent analytical procedures of the current study (Gas Chromatography 

procedure) and that of Sundaram (High Performance Liquid Chromatography 

procedure) might have also contributed to the din:erence in concentration of 

azadirachtin A in the leaves picked by the two procedures. 

Ca sed Oil the concentration (3.31 ~lg!g ) of azadirachtin A in the neem leaves, the 

percentage recovery of the compound in the various treatments \vas calculated 

(Table 44). The percentage recovery ranged between 60 and ?5% with no specific 

pattern observed among the treatments. 

The percentage recovery of azadirachtin A in soils obtained by Stark and Walter 

(1995) was 80A ± 12.12% and was considered to be acceptahle 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 
.1I11cnoment 

50 g NL + 5 g PM 

50 g NL + 10 g C 

50 g NL + 10 g PM 

lOa g NL 

IOOgNL+ 5gPM 

100 g NL + 109 C 

100 g NL+ 10 gPM 

Nf_ .~ Neem leaves 
P,\;j - POdil)' .~':/OlJ/Jre 
C COif' d/lllg 

" 0.1423 

0.1275 

" 0.1287 

0.3008 0.2299 

" 0.2446 

" 0.2618 

" 0.2393 

4.3.2.3. Degradation of azadirachtin A ill soil 

Percentage recovery 

60 

95 

85 

86 

76 

81 

87 

80 

The breakdown of azadirachtin A followed the first order kinetics (Stark and 

Walter, 1995; Wan et aI., 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 fi 'om the R2 values which ranged between 

0.7551 to 0.9038 . Soil amendments receiving 100 g neem leaves had steeper 

slopes than those receiving SOg 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 Tablesfor the Fitled line Plots-Appendices B90-B93 (pp 187 -188) 

53 

j 
I 
I 
I 
I 
I 
I 
! 

I 
I , 
I 

100 

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

Digitized by Sam Jonah Library



:::r----Y-"~"'"'-:~-~-l 
-1 .!:o ~ - 0.8589 , 

P=O.OO3 I -2.00 . 

-2.50 

-3.00 

-3.50 . 

-3.00 

-4.00 

~.OO 

-8.00 

0.00

1

_. 
-1.00 

, 
-2.001 

y=.{).rnex-2~ 

~=0.8128 
P=Q(1)8 

b 

-7.00 -7.00 +1 ----r--~f' ~~-~~-.-..,..~~...,- , 

0 40 00 00 100 o 20 40 00 00 

Days of incubation 

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 + 109 
cow dung, and (d) 100 g neem leaves + 109 poultry manure 

ANOVA Tablesfor 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 glkg 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 addition of the poultry manure and the cow dung 

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

amendments. 

The kind or animal manure and the quantity used did not bring any significant 

ditlerences in the half lives of azadirahtin A in the soil among the neem leaf and the 

animal amendments (Table 4.5). However, the half lives followed in this order, 100 

g NL -I- 10 g PM (12.19d) < lOa g NL + 10 g C (14.32d) < lOa 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 

I 5 g PM (33 A8d), indicating poultry manure must have enhanced raster 

breakdown of azadirachtin A in the soil than cow dung at the same soil amendment 

leveL The clilTerent rates of the organic amendments in the current study might be 

the major factor in the differences of the half lives of azadirachtin A. The 

breakdown of organic compounds in soils is known to be affected by the quantity 

or the organic matter in the soil (Morril el al., 1982). Organic matter is food for 

many soil microbes ( fimgi, actinomycetes and bacteria) and promotes 
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Table 4.5. Half lives of azadirachtin A in soil amended with neem leaves and 
,l!1JJnai manure 

Amendment 
(per kg of soil) 

so g NL 

50 g NL+ 5 gPM 

50 g NL + 10 g C 

50 g NL + 109 PM 

100 g NL 

I 00 g NL + 5 g PM 

100 g N L + 109 C 

1 00 g NL + 109 PM 

Half life of azadirachtin A 
(days; 

42.26 a 

33.48 b 

31.79 b 

28.63 bc 

22.29 cd 

17.79 de 

14.32 e 

12.19 e 
_. . -

Ha(f lives with the same lellers are not siXlliflcalltly differeJlt from each 
o!hl'r(P':::0.05). 

NI. Neem leaf 
1>1\1 POllltl)' mal/lire 
(" Cow dllJlg 

ANOVA Table Appendix B87 (pp 186) 

their proliferation in the soil (Acea and Carballas, 1996) in prop0l1ion to the 

amount added. The breakdown of azadirachtin A in the soil is enhanced by soil 

111 i(·nlbes (Stark and Walter, 1995; Sundaram, 1 (96) and would. be affected 

dillerently 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 

(Morri1 et ((.I, 1(82) 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 

signiticantly different from each other (Table 4.6). 

Samples were exposed to the same varylllg environmental field temperature 

conditions, and thus eliminating differences in the azadirachtin A breakdown 

resulting from temperature differences (Stark and Walter, 1995; Szeto and Wan, 

1996). 

The breakdown of azadirachtin A in soil amended with neem leaves could be 

ilff'ecied 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 r.e-infestation 

o r pests therefore is also likely be higher when larger amount of the material is 

applied to the soil. 
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Tahir 4.6. Moisture content and pH of amended soils 

Amendment pH Moisture content 
(per kg of soil) (%) 

50 g NL 6.3 a 11.67 b 

50 g NL + 5 g PM 6.6 a 10.45 b 

50gNL+l0gC 6.4 a 11.16b 

50 g NLI 109 PM 6.6 a 12.10 b 

100 g NL 6.5 a 15 . 11 a 

I 00 g NL + 5 g PM 6.4 a 16.90a 

100 g N L + 109 C 6.3 a 16.01 a 

100 g N L + 109 PM 6.6 a 16.00a 

~------.----------

.-!dnj\/!/n' rO.l)/L'.lJh· wi.lh IIJl' .V!.IlJi.' JI.!!/i.'.I :Y fin' .J)O/ .).jg.l.1YJa:wI!.F d{,fl.'l't.'.IIJji'r .. WI t'fll:/; 
olher W:S. 0.(5). 

NI, Neem /ee?! 
f'/i.·j fiOIl/lIY lIIallllre 
(' . ('OIl'dllng 

AM)I A Fah!es - Appel/dices RH8-RM (pp 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 ] 00 g neem leaves/ kg soil and their 

ctlillhinntions with the poultry manure' and the cow dung were not significantly 

dill'erenl in the control of plant-parasitic nematodes. The neem and the neem based 

i!I ,1("nd mcn lS were more elTective than the sole poultry manure and the cow dung 

amendments in the suppression of the plant-parasitic nematodes. 

Tilt: 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 

le<lvc.s (100 g) soil amendment and its combinations recorded shorter half lives of 

azaclirachtin A than the lower level of neem leaves (50 g) and its combinations. 

The use or 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 be used as an alternative to the High Pressure Liquid 

Chromatography (HPLC). 

from Ihe ahove it would be more economical to lise the lower level 50 g neem 
~ 

leaves in a soil amendment to control soil paras!t ic nel]latodes than the higher level 

I (In g necm leaves The etlects are signillcantly not clitTerent from each other in 
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performance. In addition, the active ingredient of neem, azaclirachtin A would stay 

I(lilger i ll I he <;0 g ncem Icnves soil amendment. 
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CHAPTER FIVE 

='.0 Studies into the influence of soil amended with neem leaves 
and noultry manure on nutrient dym\mks. 

5. (. Illtroduction 

:\~idc the application or necm to control pests as rcveak:d in the prcviou!i chapter, 

ncelll products also enrich the soil . (Khan and Saxena, 1997; Akhtar, 1999; 

('hakrabaI1i~ 2000). This is imperative, for the farmer needs not only to cl)nlrol 

soil pests but also to improve the nutrient status of his soil for optimum crop yield 

using organic substances 

.\'pll!priatc methods or f:lrtlling using organic substances which are less expensive 

and do not disturb nature, would have key roles to play in ensuring food security, 

iJllpl,,'.in;; human health ancl conserving the environment. The dual activity of 

ncem CIS fertilizer and pest repellent has made it a favoured traditional organIc 

,,(HI!"::e for soil amendment in India (Neem Foundation, 1997). 

The neem tree is commonly found in the tropical regions with the leaves evergreen 

i!!ltlughoul the year. The use or the neem leaves which is readily available 

combinecl with poultry manure, an ell'ective nutrient pr(lvidcr {Abdel Magid f.!! CI/., 

I C)<)~~ , I{iL'gd ( ' f III., f [)[)(), NyakalalVa and Reddy, 2()()() <IS soil alllendment would 

help farmers to solve the dual problem of low suil I~rlility and suil pest CUlllrlll 

especially nematodes. 
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The present study seeks to compare the nutrient content of a soil amended with 

nCCIll Icavc~ (lnd poultly m(lnure before (lnd after the amendment, and to 

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

5.2. Materials and Methods 

5.l.1. heatments and experimental design 

The experiment was set up on 'ih of Februarv 2003. The treatment 

COlllhinatillllS (Table 5. 1) used in the experiment, the quantity of soil used and the 

de'>l:riplion lInder this section were the same as in Chapter 4. 

Table 5.1. Table showing treatments lIsed in Chapter 5 

Treatment (per ~ soilt_ 
No amendment (Control) 

5gPM 

10 g NL 

10 g NL + 5 g PM 

20 g NL + 5 g PM 

30gNL+:'igPI'v1 

40 g NL + 5 gPM 

50 g NL + 5 g PM 

PIli! = POll IllY mGl1l1re 
Nr = Neem Jeo)les 
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5.2. 2. NlItriellt ((II((lyses 

5.2.2. J. (Jrgullic c({rholl 

Organic carbon in the samples was deterlllineci by tile dicilromntc oxidation 

method ( I ITA, 1985). Ten millilitres of a normal solution of K2Cr207 was added 

to 0.5 g of treatment sample in a 500 ml conical tlask. This was followed by the 

addil inn 01'::0 1111 conccnl r(lted H2SO.1 . Afler 30 minutes 200 ml of distilled water 

was added to the contents of the llask. An amount of 0.2 g of NaF followed by 1.0 

:111 or diphenyl(lmine indicator were then added. The organic carbon of the sample 

wns determined by titr(ltion with t"eshly prep(lred 0.5 114 ferrous sulph(lte solution 

after carrying out a blank titration. 

5. _'. 2. 2. ('({rholl dioxide 

C;Uilllll dioxide was determined by the modified method of Rowell (1994). 

Carbon dioxide produced by respiration from 50 g soil sample placed in a 250 Illi 

conical flask was trapped by absorption into 10 ml 0.3 !vi NaOH solution for 6 

hours. The NaOH was placed in a vial suspended in the llask ti'om a rubber bung 

\\;hich was used to seal the llask. After the 61h hour the CO2 trapped was 

determined by titration with O. I !vi HCI after adding 10 1111 of I 114 BaCII. 

5.2.2.3. hilailli/rogell 

Total nitrogen in the soil, neem le(lves and poultry manure was c!ctcnnin(!d by the 

i<jl:l(hihl oxiLiatilJn method. This involved digestion of 0.2 g sample at 360°C for 
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2 hours with a digestion mixture ( seleniUIll powder, lithium sulphate, hydrogen 

peroxide lind concentrllted sulphuric acid ) followed by steam distillation and 

titration with 1/140 M HCI (Anderson and Ingram,1(89). 

5.2.2. -I. (0101 pho.\phorlls 

Aliquot [1'0111 the digest above was used tor the c1t:lerminatiun of total phosphoru:i 

Cl.ll tlli l11 ctricall y (Anderson and Ingram, I <JR<J). One millilitre of sample was 

pi petted into a test tube with the addition of 4,0 ml ascorbic acid solution and 3.0 

111 1 1il() lyhdate reagent , The content or the test lube was mixed well and allowed to 

stand for about I hr for colour development. The absorbance was determined \vith a 

~pn.:i ro photoll1l:tcr at RRO nm. The total phosphorus in the sample was determined 

t1'OIll a graph of absorbance against standard concentrations of phosphorus. 

5.].2. 5. II/orgallic N H ~ ' - N alld NO,; , - N 

Inorganic NH" ' - N and NO) ' - N in the soil were determined aller extraction of 40 

g silmple with 2 /vI KCl on a mechanical shaker for 1 hour. It was followed by 

~I e(l ill distillation with MgO (llld DevardCl's Alloy ror NI-I., ! -N and NO.\'-N 

1 \ ' ~ I" '(' l i\ l ' l) \\illl horic <lcid sllllllillll as an indicator In the receiving flasks. 

Di still ates were titrated with 0.01 AI HCI (Rowell, 1(94). 
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5.2.2.6. Available phosphorus 

['( II Ihe ,lllalysis of' available phosphorus. I g soil sample was mixed and shaken 

with 7 1111 Bray No. I solution (15ml of I !vi NH"F and 25 ml of 0.5 lllf HCI in 460 

ml c1i ~tilled water) in centriHlge tubes for I minute and filtered through Whatman 

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

pi1nsphonls Ihrough the ascorbic acid method (IITA. 1985). 

5.2.2. 7. l',~'(challgeable hases 

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 Illi 

" (lllllllClric l1ask . The slispension was transferred to a funnel litted with What man 

No I filler paper and lillered into a 100 ml volumctric Ilask The sample in the 

i[:nne! ,-vas Icached \vith 4 sllccessive 20 ml volumes of the acetate solution (I1TA, 

1985). Aliquots of the extract were used for the subsequcnt determination or thc 

c\ch:1ngcah!e bases. The concentration of exchangeable potassium was 

determined using a Flame photollleter (liT A, 1985). Calciulll + magnesium \verC 

determined by the EOTA Titrimetry method , A 15 ml or bu!1er solution (NH4 C1 + 

NII.,OH ) was added to 25 ml aliquot from the sample abovc in 250 ml conical 

!lask Distilled water was added to the flask to the 150 ml mark. Ten drops each of 

KeN. NH20H.HCI, K4Fe(CN)r, and triethanolamine were added to the content. 

Ten <Imps ()r Erinchromc Black T indicator were added to the flask content and the 

solution titrated with 0.005 !vi EDT A to a blue end point t~)r the determination of 

hi'll h C;tt inns (Page el a/. , 1982). Calcium alone was determined through the same 
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process as calcium + magnesium, however, enough 10% NaOj'j solution was added 

in place oCthe buller solution to raise the pl,t to 12, and 5 drops of Calc on indicator 

was used instead of the Eriochrome Black T indicator (Page el aI., 1982). 

Magnesium was estimated fi'om the difference of the two titrations. 

52.2.8, I~'xchallgeah/e acidity 

F,changcablc Hci(lity was extracted by adding 3 successive 30 ml 1 M KCI to 5 g 

sample in a 45 ml centrifuge tube, the content of the tube was shaken for 1 hour on 

a shaker and cenlrifilged al 2000 rpm for 15 minutes at each addition of the KCI. 

After each addition, the clear supernatant was decanted into a 100ml volumetric 

flasK , The \'olume was made up 10 the mark with I M KCI. An amount of 25 ml of 

Ihe KCI extract was titrated with 0,05 M NaOTT in the presence of a 

pi1(:nulpilthalein indicator 10 determine the exchangeable acidity (llTA, 1985). 

5,2.1.9, pH 

\ kasurcl1lent or pH was made by making a suspension of 109 sample in a 50 ml 

centrifuge tube with 25 ml distilled water. The content of the tube was shaken for 

I" minutes, Electrodes of a pH meter were inserted in the suspension and the pH 

recorded after 30 seconds (Rowell, 1994). 
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5.2.2. 10. (Jral'illlefric wafer confenf 

!\\l)isturc content (gravimetric water content) was determined by weighing 109 

sample into a pre-weighed 100 m\ beaker and heating in an oven for 24 hours at 

1 n." 0(' The sal\)plc was reweighed aller heating. The percentage moisture was 

calculated t,'om the dinerence or the two weighing (Rowdl, 199.:\). 

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

Soil sample after drying (g) 

5.2.3. Vofa analysis 

The cumulative amounts of the net C02 - C released and the net mineral N 

pr()du(cd from the neem leaves and the POUItI)1 manure were plotted against time of 

incubation; a linear model/zero order reaction equation ( equation I ) described the 

,.,·!;:!t','lbilips hetler thiln thL~ first l1rder reaction equation (equation 2) 

m = a + kt (I) 

111 = a( I - exp'~I) (2) 

where m = amount of nutrient at time' t' , while 'a' and 'k' are constants. 

The lIet rates and the net amounts of mineralization of organic carbon and nitrogen 

and the tlnal nutrient contents of treatments at the end oT the incubation period 

\\L't"L' subjected to the analysis of variance (ANOYA) and the Duncan's Multiple 

Range Test using the MST AT -C statistical software (Russell, 1990). 

All relevant ANOVA Tables are found 111 Appendix B. 
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5.3. Results and Discussion 

5.3. !. ('!"'mica! ('(lIIlf1(}Siti(l1l '!/IICt'1Il le(fl'l'S (/1/(1 !JOIllfly 1/101l1lre. olld tfle' illitial 

( ':N rutio oj'trea/ments 

TIK total N, P, Ca, and I'vlg contents were higher in the poultry manure than in the 

neelll leaves, while that of K and Organic carbon were higher in the Ilccm \caves 

( I'ahlc ." .:::) The quantity or P and Mg in the poultry manure were about 9 and 3 

times respectively higher than in the neem leaves. The chemical composition IS 

(\)ll1parable to reponed data in Tables 2. I and 2.2. 

The treatments with higher inclusions had wider initial C:N ratios (Table 5.3). 

!\'Iincralization 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 

rati\) less than 20: I will mineralize N, and a ratio between 20: I and 30: I will 

produce no net changes in N availability (Tisdale et aI., 1993). Bascd on these 

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

mineralization . 
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Table 5. 2. Chemical composition of neem leaves and poultry manure 

Poultry 3.55 
manure 

Neem 2.50 
leave:, 

1.29 

0.14 

(%) 

0.95 

1.19 

Mg OC C:N Moisture 

Content (%) 

1.16 0.96 36.97 10.41 18.77 

1.13 0.31 49.46 19.78 16.05 

'---'- '--- ._- - _ ._-- -_ ... _- _._-- ------ -_._--

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

--=----------- .. - ... ---- --------.-... - -_. -------_._._-_._-.. _.-
Treatment Organic Carbon (%) Total N (%) C:N 

--- - ----.. . -----._- -- ----- - . . -.----- -.-, , ' - - .. --_._ ... -
Control (unamended soil) 0.85 0.05 17.00 

5 g PMikg soil 1.02 0.07 14.57 

109 NL/kg soil 1.27 0.08 15.88 

109 NL + 5 g PM Ikg soil 1.59 0.10 15 .90 

20 g NL + 5 g PM Ikg 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 3.53 0.18 19.61 

50 g NL + 5 g PM !kg soil 3.68 0.19 19.25 

. . _ .. _-----------_._.-..... -. . . _-
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5.3.2. Carbon dynamics 

With the exception of the unamended soil (control) which had a peak of C02 - 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. I). The C02 - C production 

continued to decline after the peaks. The period of continuous reduction of C02 -

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, 109 neem leaves/kg 

soil, 109 neem leaves + 5 g poultry manurelkg soil and 20 g neem leaves + 5 g 

poultry manure/kg soil) had this period up to the 4th 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 peli od of CO2 - C decline to the 6th 

week of incubation. 

A slight second peak of C02 - C production was recorded for the highest level of 

amendment at the 8th week of incubation. Soil moisture content of treatments rose 

to a maximum on the 8th week of incubation (Figure 5.13) and this might have 

accounted for the slight second flush of CO2 - 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 C02 - C production (Franzluebbers cl al .. 

1994; Robettson and Morgan (1995). The organic carbon content of the other 
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treatments might not be enough for this second flush of C02 evolution to be 

observed. 

The observed peaks/flushes of the CO2 - 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 (I997) using a different organic amendment source of soil incorporation. 

With the loss of degradable organic carbon as CO2 - C, the organic carbon content 

of treatments relatively declined (Figure 5.2). 

The differences in the flushes of CO2 - C production or the differences in the 

decline of the CO2 - C production may be assigned to the differences in the organic 

carbon contents of the amendments (Table 5.3). The amount of C02 - C production 

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

The net cumulative CO2 - C produced by the various amendments is presented in 

Figure 5.3. The rate of production of C02 - 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 et al., 1993; Mahimairaja et 

al., 1994 ). 
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Treatments with higher organic carbon produced significantly higher net 

cumulative CO2 - C, rate of production of the CO2 - C (Table 5 A ) and also higher 

net percent of mineralized organic carbon at the 12th week of incubation (Table 

5A). However, the 5 g PM with low organic carb~n of 1.02 % (Table 5.3) had 

higher net cumulative CO2 - C, rate of CO2 - C production and higher net per cent 

organic carbon mineralization than the 109 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 CO2 - C released the 

higher the net percent of the organic carbon mineralized and vice versa. The 

combination of 109 NL and 5 g PM resulted in higher rate of CO2 - 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 109 neem leaves + 5 g poultry manure/kg 

soil, and thus resulting in the higher rate of CO2 - C production and higher net 

percent organic carbon mineralization than the sole 109 NL and 5 g 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 CO2 - C the higher the likelihood 

of release of the other soil nutrients (Abdel Magid et aI., \993; Atalla el aI., \995). 
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5.3.3. Nitrogen dynamics 

Nitrogen changes in the treatments are presented in Figures 5.4, 5.5 and 5.6 for 

NH/ - N, N03- - N and total nitrogen respectively. Two conspicuous peaks/flushes 

of ~.;- - 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 ~.;- - N (Figure 5.1). 

1.50 

1.00 

0.50 

o 2 4 6 
Weeks of incubation 

! 
I 

I 

I 

12 

- • -- Control (No 
amendment} 

- - • - - SgPMlkg soil 

AI 10gNUkg 
soil 

o 10gNL+ 
SgPMI'Kg soil 

1

- - -fl - - 20gNL + I 
5gPMlkg soil 

-e-- 30gNL+ 
5gPM/kgsoil 

- ~- 40gNL+ 

5gPM/I<g 601 

o 5OgNl-4-
5gPMIkg soi 

Figure 5.1. Changes in CO2 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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o 10gNL+ 
5gPM9cgsoN 
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SgPMlkg soil 
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SgPMlkg soil 
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SgPMIkg soil 

o 50gNL+ 
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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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6.00 1---------.------- ._ .. _-_ .. _, 
S.67 a 

5.00 
-0:- 5gPMlkg soil 

4.50 
i 

4.62b -Q- "1OgNUl<g $0« -f I ::J \ c I 4.13c ftI 

~ 
10gNL + E 4.00 . 5gPMlkg $()JJ 

~ 
Q 

E \ ~2OQNL+ 'i 3.50 I 5gPM/kg soil 
I 

N 
0 
0 

J 
-~',- 30gNL + I 

\ 5gPMlkg soil 
3.00 . 3.02d 

1 ........ 40,gNL+ 
; 2.71 e 5gPMlkg soli 

2.50 
2.34f ~!r 50gNL+ 

2.31 f 5gPMlkg soil 

2.00 

o 2 4 6 8 10 12 

Weeks of incubation 

Figure 5.3. Net cumulative C02-C mineralized from neem leaves and 
poultry manure 

Letters show differences in cumuiative fib'llres at the lZth week of 
incubation(p :5 0.05) 

ANOVA Table - Appendix B98 (pp 190) 
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T~ble ~.4 . . Net percentage nitrogen and carbon mineralized (at week 12) and rate of 
nunerahzatlOn 

.. _. __ .,----------_. _._-.. -- - - --- . 
N 

% Rate - mgN/kg % Rate - mglg 
------------1 mineralized 1 soil/week 2 nlinerali.?e~.~"'-.. _soil/~eek 2 _ 
5 g PM/kg soil ' SO:OO-b ' ---- -5934- ·[- ---- 58.82 d 0./0 e 

109 NLlkg soil 33.33 d 38.53 g 33.33 e 0.09 e 

109 NL + 5 g PM Ikg soil 40.00 c 104.18 e 62.16 c 0.16de 

20 g NL + 5 g PM Ikg soil 57.14 a 144.62 a 63.33 bc 0.21 d 

30 g NL + 5 g PM Ikg soil 50.00 b 109.70 d 64.38 b 0.33 c 

40 g NL + 5 g PM Ikg soil 56.00 a 114.21 c 68.66 a OA5b 

50 g }'TL + 5 g PM {kg soi.l 56.25 a 133.48 b 70.00 a 0.61 a 
L-__________ L-___ _ L-. ___ ______ ~ _____ _ ~ 

Means with the same letter within colulI1/1s are 1I0t signUlcalllfy d(fferentfrom each other 
(P 50.05) . 

PM= Poultry A1anure 
NL= Neem Leaf 

1. Values were calclllated based on the difference between the initial net total % of NIC 
and the total % NIC at the 1]'h week of incubation 

2. Values were calcHla(ed fi'ol1l (he ne( clIl1lHlcllive mineralization graphs (CO~ - C alld 
N) by fitting the linear equation m = a + bt 

ANOVA Tables - Appendices B134-B137 (pp 202 - 203) 
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Generally the ~... - N d " h 
, pro uctlon drastically declined by the 41 week of 

incubation. The 2
nd 

small flush of NlJ -I N d' h 81h k ' ht It 
• 14 - pro uctlon at t e wee mig resu 

from ammonification of organic nitrogen and immobilization of N03- - N. 

Moisture content of treatments were highest at the 81h week (Figure 5.13) and thus 

created an anaerobic condition which favoured the ammonification and the 

immobilization processes (Mahimairaja et 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 NH4 + - N than the 

] 0 g neem leaves/kg (Figure 5.4) though the two amendment materials have similar 

total Nand C:N ratio in the soil (Table 5.3) . This variation may be expected as the 

poultry manure contains easily decomposable compounds ( Abdel Magid et aI. , 

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 ofNH/ - N 

than the 109 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 anlendment would be 

important to enhance the release of NH4 + - N, and thus improve the available N 

status in the soil for the growth and development of crop . 

The peak of N03- - N production occurred around the 41h week of incubation 

(Figure 5.5), two weeks after the 1st peak ofNH/ - N production. Soil amendment 
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with poultry manure alone and th . . h 
e unamended sOli, however, had this peak at t e 

2nd k f' b' wee' 0 mcu atlon. Such trends of NH4 + _ N production peaks giving way to 

N03- - N production peaks are b d h . . . + Oun to appen In an incubatIOn process as NH4 -

N production from organic compound (ammonification) is a prerequisite in 

nitrogen mineralization for the production of N03- - N (nitrification). 

The N03- - N production reduced to a very low level after the peak of production 

for the various treatments between the 61h and 10lh weeks of incubation, which 

corresponded with the period of the 2nd peak of NH4+ - 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 N03- - N to ~ + - N, leading to decreased levels of N03- - N between the 61h 

and the lOth weeks. The N03- - 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 N03- - N in relation to the CO2 - C ( Figure 5.1) and 

~+ _ N (Figure 5.4), but this was not so. However, the lower levels of 

amendments (lOg NL + 5 g PM /kg soil, 20 g NL + 5 g PM Ikg soil and 30 g NL 

+ 5 g PM /kg soil) rather released higher N03- - N than the higher levels of the 

neem leaves and the pou./try manure (40 g NL + 5 g PM Ikg soil and 50 g NL + 5 g 

PM /kg soil) until the 8th week of incubation (Figure 5.S). It was after this period 
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that the higher levels of th . 
e neem leaves 40 g NL and SO g NL and the poultry 

manure tended to release higher am f 
ounts 0 N03" - N. The higher treatment 

levels of the neem leaves apparently inhibited the nitrification process which 

resulted in reduced N03" - 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 et aI., 1980; 

Hatiori and Mukai, 1986; Henry, 1991). 

The net cumulative N (NH/- Nand NO}- - N) n;ineralized from the neem leaves 

and the poultry manure in the amendments are indicated in Figure 5.6. The SO g 

NL + 5 g PM and the 20 g NL + 5 g PM produced the highest net cumulative N 

with the 109 NL and the 5 g PM releasing the lowest amount of the nutrient. The 

net rates of production ofN, calculated from the net cumulative graph ofN 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 mineralization and 
the highest amount of net percent N 

mineralized was from the 20 NL 
g + 5gPM combination, which was greater than 

the higher levels of the other comb' t' 
l11a Ions. Barbarika et al. (1985) reported N 

mineralization to be negatively affiected h h C N ' w en t e : ratios were increased from 

2.4 to 16, There was no conspicuous effi t f h C N' 'J'" ec 0 t e : ratio on N m1l1era IzatlOl1 111 

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, J 997; Lalljee et ai" 1999; Deepanjan el aI., 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 8th 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 8th week as a result of degradation or the NO)' - N release potential of the 

lower rates of the neem leaves might have decreased because of the initial faster 

release of N03' - N (Figure 5.5). 

The suppression of N03' - N release in the soil with the use of neem leaves in a soil 

amendment would be important in controlling the gradual release of NO)' - N for 

crop growth, and the prevention of excessive N03' - N from leaching and causing 

pollution (Gnanavelrajah and Kumaraganlage, 1999). 

80 

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

Digitized by Sam Jonah Library



The totnl nitrogen in the vnriolls treatments 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 NH3 . nitrous oxide (N02) and molecular nitrogen (N2) 

(Nodar et al. . 1990; Mahimairaja et al., 1994). Generally, the total nitrogen and 

NH/- N contents were significantly higher in higher amendment levels (Appendix 

A9). The N03' - 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 NO]' - N) of the amendments. 
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Weeks of incubation 

12 

926.8l.! 
891.27b 

768.43 c 
726.50 d 

653.83 e 

213.24 g 

-0- 5gPMlk9 soil 

__ 10gNI..J1(g 8011 

10gNL+ 
SgPMlkg soil 

-e- 20gNL+ 
5gPMlkgaoil 

-?!;- 30gNL + 
~gP.M/!CiJ 8Dll 

~"OgNL+ 
5gPMlkgsoil 

~5OQNL-+ 
. 5gPMlkg soil 

Figure 5.6. Net cumulative N mineralized from neem leaves and 
poultry manure 

Letters show differences in cumulative figures at the 12th week of 
incubation(p S 0.05) 

ANOVA Table - APPeJ1dix B99 (Pp 190) 
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~1D9NL.. 
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• 3OgNl+ 
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- , .~ ·40gNL + 
6QPMITtQ soH 
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Figure 5.7. Changes In total N In unamended soli and soli amended wllh neern leaves 
and poultry manure as affected by incubation period (bars are standard errors) 
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Table 5.5. Changes ofCN ratio of unamended soil and soil amended with neem leaves and poultry manure: over the incubation 
period. 

Period of incubation (week) 
12 

-~--------------0 4 6 8 __ JO ! 12 ----_.-
17.00 abc i 14.10 ab 12.90 ab 12.40 be (Control) 12.10 ab J 1.90 ab : 11.50 ab 

Treatment 

No amendmell 
I 

, 

14.57 c 1 11.67 b 11.10 b 11.00 c 10.90 b 10.70 b 
I 
1 10.60 b 
i 

5 g PMlkg soil 

i 10 g NLlkg SC) 

\ 10gNL+5g PM Ikg soil 

15 .88 be 

15.90 bc 

13.60 ab 13.03 ab 

13.90 ab 13 .00 ab 

12.85 abc 12.49 ab 12.45 ab 
i 

12.33 ab 

12.58 abc 12.50 ab 12.40 ab 12.33 ab 

i 

I 

20 gNL+ 5 g 

30 gNL+ 5 g 

40gNL+ 5 g 

PM Ikg soil 17.08 abc 

PM Ikg soil 18.85 ab 

PM Ikg soil 19.61 a 

PM Ikg soil 19.25 a \50 B NL + 5 g _ 

14.80 a 

15.90 a 

16.70 a 

15.50a 

13 .33 ab 12.70 abc 11.90 ab 

14.80a 13.90 ab 13 .00 ab 

15.50 a 14.90 a 14.60 a 
: 

15.60 a i 14.80 ab 14.01 a 

I 
Means with the same letter within colllmns are riot significantly differentjrom each other (P SO. 05). 

PM= Pou/flY Manure 
NL'= Neem Leaf 

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

Figure 5.8 shows the patte f '1 
rn 0 aval able 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 NH/ - Nand N03-

- N (Figures 5.4 and 5.5 respectively). The peaks of available phosphorus 

production occurred at the 2nd 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 N03- - 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 in the 10 g 

neem leaves/kg soil and 109 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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bacteria for the breakdown of organic compoullds ( Ba.charach, (957). Neelll 

leaves alone lIsed as soil fIliiCIKlmem djd not bring allY Significant increase in the 

available phosphorus levels just as with the contJ'()1 at the elid of the illyubatlou 

period (Appendix A9). 

In the application of neem leaves as soil amendment in crop p/:,(,duetloti it is 

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

phosphorus ill the soil. 

--------

WeekJ 01 Incubation 

~ - 'n -v-lIablB phosphorus In unamended soli and soil 
Figure ~,\\l. ~!1",ng'.75 11 I "' e: ;nd poultry manure as affected by incubation amanded WIth neem eav . 
' period (bars BrB standard errQrs) 
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5.3.5. E'(changeable potassilln . I" 
I, ca Clllm alld magllesillm 

The production trcnds of Ked 
,II lin Mg IIrc prescnted in Figures 5.9, 5.10 and 5. 11 

respectively. Exchange bl K 
a e . concentrations were higher for the amended soil 

than the control/unamended SOl' I (FI'gure 5.9). f h The exchangeable K 0 t e 

unamended soil remained at al h . most t e same concentratIOn throughout the study. 

For the lower levels of amendments (5 I . g pou try manure/kg soil, 109 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 2nd 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 et 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 el al., 1973; Marshner, 1995), 

and thus probably accounted for the observed trends in Figure 5.9. 
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= 

As in the preceding discussions, higher levels of the amendments corresponded 

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

Ca for the treatments also occurred in the 2nd week of incubation after which the 

nutrient's concentration declined. 

3 - - -------------.-------l 
I 

2.5 
! 

~. Control (No 
amendment) 

. . . . 5gPM{\(.g soil 

'g 2 ---.- 10gNUkg soil 

~ 
"0 
E 
~ 1.5 

~10gNL+ 
SgPM/IqJ soil 

E 
~ 

.~ 

ctJ 
"0 a. 

Weeks of incubation 

. . . t;" . 20gNL + 
SgPM/kg soil 

----.- 30gNL + 
5gPM/kg soil 

--~-- 40gNL + 
5gPMlk.g soil 

-e- 50gNL+ 
SgPMlkg soil 

. I otassium in unamended soil and soil amended 
Figure 5.9. Changes In exhangeab e Peas affected by incubation period (bars are 

with neem leaves and poultry manur 
standard errors) 
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6.00 T '--'-
-'-'-'--- ---- --------·-l 

q . . /,.1- ~., 
I __ 

:: L r-. ---_.-__ -.-___ ..,.-__ ---,-__ -----:, 
o 2 4 6 8 12 

Weeks of incubation 

~+~ Control 

_ _ _ SgPMlkg soil 

--Jk--- 10gNLlkg aoil 

__<a_10gNL + 5!lf'Mlkg I 
soil 

- b - 20gNL + 5gPM/kg 
soil 

_ 30gNL + SgPM/kg 
soil "'-. 

. ~. . 40gNL + SgPM/kg I 
soil 

--B-- SOgNL + SgPMlkg I 
sell I 

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 8th week of incubation. The 

conditions pertaining at this week, described for NI-4 + - N production, might have 

favoured maximum release for the Mg. 
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3.50 r-' ---------.-------------

0.50 . 

I 
0.00 +-1- -

o 2 4 6 8 10 

Weeks of incubation 

12 

--.. • ~ Control 

r -~sall 
1--I.!r- 10gNlJkg soil 1 

1~10gNL+ 1 
1 5gPMkg soil 1 

--fl- . 20gNL + 
5gPMIkg soil 

-.-30gNL+ 
SgPM'kg soil 

1 " 1:> ,, ~ soil 

1-8- 5GJNL + 1 
I 5gPM'kg soil I 

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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5.2). More additions of the neem leaves to the soil therefore brought higher levels 

or K to thl~ soil relative t'l tll('. ro,n nncl Mg. n 
~ ~ , Such BeR are not uncommo . 

Measurements from Wisconsin (Schulte and Kelling, 1985), for example showed 

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

to support crop production well. 

Bear and co-workers in New Jersey (Bear et al., 1945; Bear and Toth, 1948; 

Hunter, 1949; Hunter et aI., 1943; Price el aI., 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 et 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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Table 5.6 . Basic cation f (13 
ra 10 CR) of treatrl1ents at the 1 ih week of incubation 

I.-r. - - - -- . ~ · - __ cmolc!kgsoil " -- -- I Ratio 
a I ---

No amendment (Control)-- ' -f 04 1 Mg . . ~I K . -I C<t. : Mg 

Trent Illent 

. 0.90 0.18 5.8 5.0 

5 g PM/kg soil 

110 g NL/kg soil 

1.01 10.63 1 0.20 5.1 3.2 

1.29 10.93 0.23 5.6 4.0 

109 ~.,rL -\- 5 g PM {kg soil 1 ,44 0.82 0.30 2.7 

I!. 50 

30 g NL + 5 g PM Ikg soil 12.09 1 2.06 1 0.51 

40 g NL + 5 g PM Ikg soil 2 .65 12.30 1 0.64 I 

0.40 20 g NL + 5g PM Ikg soil 1.68 3.8 

4.0 

3.6 4.1 

3.5 

K 
1 

1 

1 

1 

1 

1 

1 j 50 g NL + 5 g PM /kg soil 2.80 12.39 \ 0.68 \ 4.1 

l------ - -----'--.-- _ J ___ -.J_. ________ .. ___ .. J _ __ ....JIL-.. ___ ..---J 

5.3.7. Soil pH 

The pH changes in the various amendments are presented in Figure 5.12. The 

treatment levels of 30 g neem leaves + 5 g poultry manurelkg, 40 g neem leaves + 

5 g poultry manurelkg and 50 g neem leaves + 5 g poultry manurelkg had a 

significant rise in pH above the unamended soil at the end of the incubation period 

(Appendix A9), with peaks occurring at the 2nd week of incubation. The pH fell 

thereafter with signs of stabilization from the 41h week onwards. The peaks 

corresponded with the peaks of NH4• - N production and the peaks of production 

of the exchangeable cations. The high amounts of the basic cations and the NH4 + -

N production at this period might have contJibuted to the rise in pH. The 

incorporation of organic matter with a subsequent rise in pH hus been reported. 

(Atallah et al .. 1995 ~ Datta, I 996; Hong el al., 2000: Pool el al., 2000). No peaks 
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for pH were observed for the lower levels of amendment and the control, their pHs 

rClllllincd IIlmosl UI1Chlll1u ed II I' fi 11 . 
<:> lrOllg lOllt the Incubation period. However, a a 111 

pH even below the initial pH of the unamended soil was observed for the Sg 

poultry manure/kg soil, 109 neem leaves + 5g poultry manure/kg soil and 20g neem 

leaves + Sg poultry manure/kg soil at a point in time during the study. The fall in 

pH corresponded with the peak of N03- - N production (Figure 5.5) due to the 

release of H+ ions during the nitrification process. 

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 an1endment 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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J: c. 

--
12.00 1-·--_. _____ _ 

i ---

~"Cont'oJ 
10.00 

. . 5gPM/kg soil 

----A- 10gNUkg soil 

e 10gNL + 
5gPM/kg soil 

·· ·Ii ·" · 20gNL + 
5gPM/kg soil 

--4'J--- 30gNL + 
5gPM/kg soil 

2.00 ,.=¢-.~ 40gNL + 
5gPM/kg soil 

-e--- 50gNL + 

0.00 +---r-----,----r----.--_r--_-\ 5gPMlkg soil 

o 2 4 6 8 10 12 
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 controVunamended 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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the soil (Appendix A9) Sim'l 
. 1 ar results have been recorded (e.g. Mbagwu et al. , 

1994; Kalburtji et al 1997' W I " , ong et a., 1999) . 

. _-----
............. Control 

25 
. . 5gPM/kg soil 

,...., 
~ 20 -----A- 10gNUkg soil -c 
.2l c 
8 15 

--e-10gNL+ 
5gPM/kg soil 

e:! 
::l . - -b .. 20gNL + -I/) 5gPMlkg soil 
'0 10 
::E --&- 30gNL + 

5gPMlkg soil 

5 -' .. 1) - -' 40gNL + 
5gPM/kg soil 

-e--50gNL+ 
5gPM/kg soil 

o 2 4 6 8 10 12 

Weeks of incubation 

Figure 5.13, Influence of incorporated neem leaves and poultry manure 
on moisture content of soil (bars are standard errors) 
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5.4. Summary and conclusions 

Sui I nutrient levels increased w'ltll 
increasing levels of the neem leaves and the 

poultry manure added in a s '1 
01 amendment. The highest levels of most of these soil 

nutrients occurred 2 weeks aft· . 
er inCorporation of neem leaves and poultry manure. 

Mineralization of organic carbon I'nc d' h h . rease Wit t e flse in levels of the neem 

leaves in the amendment Mi I' . f' . , . nera Izatlon 0 mtrogen, 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 

I '1 . II h sphorus which was found to be low in the nutrient levels in t le SOl especla y po, 

neem leaves. 
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CHAPTER SIX 

6,0 To test the valid'ty f h ' 
't ' lot e soil amendment by investigating 
1 s Impact on gl' th h ow . c aracteristics of a test crop (carrot) 

uSlOg pot experiment 

6.1. Introduction 

The use of neem leaves and p It " ou ry manure In a SOIl amendment has been observed 

in Chapters 4 and S to favo bl . . ura y 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; 10hnston et al., 1994; 

Johnston et aI. , ] 995; Sharma and Sharma, 1995; Sultan et aI., 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 aI. , 1974; Alam el aI., 1979; Mian and Rodriguez-Kabana, 1982; Sarathchandra 

el aI. , 1996). The organic amendments in addition to the pest control also increase 

the fertility status of the soil. 
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Cnrrot~ nrc thc mo~t ~cn~it" . . f 
. . Ive crop to root-knot nematodes, and Yield reductIOn 0 

45% in commercial fields has been recorded in the United States (Widmer et aI. , 

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

(Greco et aI, 1993; Guyton et aI., 1989; Schiliro et aI. , 1995). Inorganic pesticides 

have proved effective in the control of these nematodes on carrots (Johnston eJ al., 

1994; Johnston et aI., 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 grow1h 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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6.2. Materials and methods 

The cxpcrimcntal site pr . 
. , opcrtlcs of thc soil used for the experiment and 

preparation of treatment materi I h 
a s are t e same as in Chapter 3. 

6.2.1. Treatments and experimental design 

Table 6.1. Treatments applied to pots 

Treatment (per kg soil, 
"10 amendment (Control) 

5gPM 

10gNL 

10 gNL+ 5 gPM 

30 gNL+ 5 gPM 

50 gNL+5 gPM 

PM = Poultry manure 
NL = Neem leaves 

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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6.2.2. Sowing (?f carrol seeds 

The ~alTlll was sown on tI . ')')nll 

lC -- of April, 200:1, two weeks after incubation of 

treatments. Thinning to 15 I 
p ants per pot was done one and half weeks after 

germination. 

6.2.3. Sampling of soil and can'olfiol I . . . ' anayses 

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

carefully scooped out of the soil 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 5 days, ground, and 

the total nitrogen, phosphorus and potassium determined (Check Chapter 5, section 

5.2.2 for methods). 

Soil ITom 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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The ash contents of roots and leaves of carrot of the individual treatments were 

determincd by ovcn dryinu 1 u sa I' 
• 0 o· mp C III 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 et 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 11.21 were employed to find the relationships (R2) between 

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

found in Appendix B. 
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6.3. Results and Discussion 

6.3.1. Nutrient statlls of the soil at h 
. . . arvest of carrot 

All the amended soil samples d d . . . 
recor e slgntficantly higher nutrient levels than the 

unamended soil (Table 6 2) I 
. . n most cases the nutrient levels also significantly 

corresponded with the inell . f . 
lSlon rates 0 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'3 - 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 8th 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 et aI., 2000) 

. . flO NL/kg soil 30 g NL/kg soil and 50 g NL/kg soil with a The combmatlOn 0 g , 

f It manure (5 g PM/kg soil) brought significant increases 
constant amount 0 pou ry 
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in the total nitrogen total ph h 
' osp orus, N03 - - N, NH4 " _ N, available 

phnsphnl'lIs nnd cxciJllllgcabl' '. 
c POlasslulI1l1l the soil. 

The sole 109 NL/kg soil a d th I 
n e so e 5 g PM/kg soil treatments also increased the 

nutrient status of the soil h '. . 
, owever, theIr combmatlOns gave higher levels (Chapter 

5). Poultry manure when used as soil amendment has had positive influence on 

soil fertility ( Oikeh and Asiegbu, 1993; Abdel Magid et al., 1995; Obi and Ebo, 

1995; Lamey 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 aI., 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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Table 6.2. Nutrient contents and pH of unamended and amended soil at harvest of carrot 

!~ , utnent N K P NH4 +-N NO) --N 
% Mg/kg soil 

No amendment (Control) 0 .05 d 0.07 a 0.03 c 1 2.70 c 12.00f 
I 

i I 
I i 
; 5 g PM/kg soil 0.08 c : 0.07 a ; 0.06 ab I 6.40 b 13.50 e 

1 i 
! • 

\ 10 g NL/kg soil 0.08 c 0.08 a 0.05 b 7.15 a 17.00 d 

\ 

10 g NL + 5 g PM/kg soil 0.08 c 0.08 a 0.05 b 6.15 b 23.50 c 

30 g NL + 5 g PMikg soil 0.11 b 0.08 a 0.06 ab 7.80 a 45 .00 b 

50 g NL + 5 g PM/kg soil 0.14 a 0.09 a 0.07 a 7.65 a 61.12 a 

Means within columns with the same letters are not significantly different (P :s 0.05) . 
NL = Neem leaves 
PM = Poultry manure 

ANOVA Tables-Appendices B107-B1J4 (pp 193 - 195) 
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lExch.K 
AvaiL. P (cmolJkg pH 

soil) 
i 

! 12.00 f ! 0.14 e 4.95 b 

i 
, 
: 28 .90 d ' 0.16 d 5.13 b 

I 
i , 

: 

15 .30 e 10.]8 c 5.20 b 

42.50 c 0.20 b 5.20 b I 
44 .10 b 0.2] b 5.30 ab 

59.60 a 0.31 a 5.60 a 

--------~=,========= 
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Table 6.3. Nutrient and ash contents in carrot leaves and roots at harvest 

.--------

71 j Treatment 

i 
! No amendment (Control) , , 
~ 

\ 5 g PM/kg soil 
\ 
! 

\ 109 NL/kg soil 

\ 
\10 g NL + 5 g PMikg soil 

I 30 g NL + 5 g PM/kg soil 

50 g NL + 5 g PM/kg soil 

Carrot Leaves 

2.10 be 1.38 b 

2.70 ab 1.59 a 0.33 b 17.06 a 

2.92 a 1.68 a 0.40 a 17.46 a 

r 

I 

i 

i 0.92 b 
I 
I 
i 

! 
; 0.98 a 

Means within columns with the same letters are lIot significantly different (P ~ 0.05). 

Carrot Roots 

0.72 e 

0.71 e 

0.74 d 

0.85 e 

0.94 b 

1.01 a 

0. 15 e 

0.26 b 

10.22 d 

I 
10.24 e 
i 

I 
i 
1 0.27 b 

0.29 a 

NL = Neem leaves 
PM = PoultlY man lire ANOVA Tables-Appendices Bl J5-B122 (pp 196 - 198) 
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I 

4. 15 e 

4.40d 

4.96 e 

. 5.15 e 

, 5.98 b 
• 

I , 
t 
f 6.39 a 
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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 el 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 el al., 1994; Li et aI., 1998; Harrison et a/., 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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3.50 --_._--_.-- .. 
!! 

3.00 
R2 = 0.9608 ! .. leaves 

0 2.50 P = 0.001 I e I 

I 
- root fIJ 2.00 : • CD 
> 
C'IS i 
~ 1.50 , R2 = 0.9116 I 

.5 ! -Linear I P = 0.003 z 1.00 : .. (leaves) 
~ 

, 
II i C 0 

0.50 ; • • u -Linear ! 
0.00 (root) 

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 Tablesjor the Fitted line Plots-Appendices B128-B129 (pp 200) 

fIJ -0 e -fIJ 
CD 
> 
CIS 
~ 
c 
~ 
~ 0 

180 j '-, 
R2 = 0.6479 • I leaves 1.60 ' .. 'i • 

1.40 : P = 0.053 I • 
1.20 , • I root 

1.00 
1 

,.t1 I 
B 

I u - Linear 
0.60 R2 = 0.6764 (leaves) 

0.40 : P = 0.044 

I 
- Linear 

0.20 (root) 

0.00 
0.07 0.075 0.08 0.085 0.09 0.095 

%K in soil 

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

ANOVA Tables jor the Fitted line Plots - Appendices B130-B131 (pp 201) 
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~ e -II) 
CIJ 
> 
CG 
.!! 
.5 
0. 
~ 0 

0.45 

DAD 
0.35 

0.30 

0.25 

0.20 

0.15 

0.10 i 

0.05 

0.00 

0.04 

------
R

2
=O.9000 

P = 0.004 
• 

R2 = 0.9288 
P = 0.002 

0.05 0.06 

%P in soil 

0.07 0.08 

• leaves 

• root 

-Linear 
(leaves) 

- Linear 
(root) 

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

ANOVA Tablesfor 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 af., 1993; Schulthess et aI., 1997; Genda et aI. , 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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6.3.3. Soil amendments alld the I 
. COl1lro if ,-. 0 rOOI-/f,flot nematodes of carrot 

Thc soil a111ClldIllClltS did 1I0t only 
provide soil nutrients with corresponding 

increases in the carrot plant but also h d . 
a an Impact on root-knot nematodes of the 

plant. Table 6.4 represents th k' . 
e root- not mdex of carrot recorded under the SOIl 

treatments. The root-knot index d d h 
re uce as t e rate of neem leaves increased 111 

the amendment. The carrot on the unamended soil and the soil amended with 10 g 

NLlkg soil gave the highest root-knot indices of 4.30 and 4.50 respectively, and 

were not significantly different from each other. The sale 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, 109 NLlkg soil and 109 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 af., 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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Tllble 6.4. Impact of so'} 
J amendment 

On root-knot ind _ _________ ex of carrot 

Treatment 

No ·arneridment (Control) 

5 g PM/kg soil 

1 V g ["\jL/!(g soIl 
I

", - "rr n . 

10 g NL + 5 g PM/kg soil 

1
30 g NL + 5 g PM/kg soil 

I 
150 g NL + 5 g PM/kg soil 

I 

I Root-knot index I 
4.30 a 

2.30 c 

4.50a 

3.10 b 

LSO d 

0.00 e 

I - _ ___ ._1 

V'7a" - .~. , ,'- w,,,.· '. "_ 00- , ..., " '" 
J 11;; fI.) 10' 1111 """,,'c '.CH"'.) are lill!. Sigt"iJican,'tyui'/je"~fi" (1':5 0.05). 

NL = Neem leaves 
PM = Poultry manure 

ANOVA Tables - Appendices BJ23 (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 et aI., 1993; Deka and Rahman, 1998; Nanjegowda et aI., 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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decline of the root-knot index w'tl . . 
, I 1 increasing levels of the neem leaves combined 

with the constant amount of POl it . . 
I I Y manure In the goil treatment, may be assigned 

to the neem' s nematicidal effect Th 50 
. e g NL + 5 g PMlkg soil was the most 

effective soil amendment in the c . . 
UI rent study In controlling root-knot nematodes 

of carrot 

6.3.4. Yield characteristics oj carrot 

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 
unamended soil 

XO.5 

Plate 3. Carrot with root-knots from soil 
amended with 109 NLikg soil 

XO.5 

114 

Plate 2. Carrot with root-knots from soil 
lmended with 5 g PMlkg soil 

)(0.5 

" 
• < 

Plate 4. Carrot with root-knots from soil 
amended with 109 NL + 5 g PMlkg soil 

XO.S 
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Plate 5. Carrot with few root-knots 
from soil amended with 30 g NL + 5 g 
PMikg soil 

xo.s 

-- : . 

:.~ . 

Plate 6. Carrot with no root-knots 
from soil amended with 

6 50 g NL + 5 g PMikg soil 

XO.5 
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All the yield characteristics of th . 
e carrot Improved relatively with the rising levels 

(II' Ihe :lIl1CIHIIllC'nts, Hnd Ihc~c tended t fi II ., f h 
. 0 0 Ow the chftnges III nutnent level 0 t e 

soil treatments and in the carrot plant ( Tables 6.2 and 6.3) . The control of 

nematode with the soil 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 neem leaves (NL) and poultry manure (PM) on 
.,yiel,! charact.~risti~s. 9f~.1!,!9t .. " _ . _ _ . _",, __ _ . _ 
Treatment Mean root Mean 

_ ." 
length/plant circumfi erence 

Characteristics 

(cm) of roo 
(cm) 

t /plant 

._ --,-_ .. _ ...... .... - .. - .... .. .. _- \---_._- " ' -.,.- . '., .. 
No amendment (Control) 7.48 d 6.60 d 

5 g PM/kg soil 9.20 c 9.00 c 

109 NL/kg soil 8.96 c 9.80 b 

[0 g NL + 5 g PM/kg soil 9.88 b 10.15 b 

30 g NL + 5 g PM/kg soil 10.10 b 10.80 a 

50 g NL + 5 g PM/kg soil 10.94a 11.25 a 

Mean root 
weight/plant 
(g) 

8.90 f 

22.80 e 

28.70 d 

29.80 c 

32.50 b 

34.20 a 

- - _ ." L.-~---o------:----~-;-.'-:-" iji'ca,;iry-' dliffi-;rent (P < 0.05). Means with same fetters are not SlgJlI 1 _ 

NL ~. Neem leaves 
PM = PoultlY manure 

ANOVA Tables _ Appendices B124-B1 27 (pp 199 - 200) 
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Mean shoot 
weight/plant 
(g) 

4.00 f 

6.05 e 

9.90 d 

11.30 c 

13.30 b 

I5.20a 
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6.4. Summary and conclusions 

Soil allIl'mkd wilh IlCCIll Icavcs 'II I I 
' ,I ( PUll try mnnurc incrensed the nutrient status of 

the soil and correspondingly al ' , 
so Improved the nutnent 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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CHAPTER 7 

7.0. Summary con I . 
, c USlons 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, Sculel/onema, Pralylenchus, 

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 

f th I t 't' matodes On the contrary, the populations of the non plant-o e p an -parasl IC ne . 
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parasitic nematodes increased 
with the application of the amendments. Higher 

IICCIIl UIIU IICCIll bused l reulmellls pro 
mOled the proliferalion of the non plant-

parasitic nematodes. 

The amendment significantly influenced th b eakd . . . 
e r own of azadlrachtin A In the 

soil, rejecting hypothesis '2'. Th h 
e alf lives of azadirachtin A decreased with 

increasing rate of the neem I . th 
eaves In e 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, N~T_N, N03--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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of nitrogen in the amended 'I 
. SOl , however did 
, ' not follow the same pattern as the 

carbllll . Thl! higher ratl!S of . 
Ileelll leaves rather 

seemed to inhibit nitrification. 

Increasing the rate of neem Ie ' 
aves to the amendment correspondingly reduced the 

root-knot nematodes of carrot Th 
. e poultry manure also showed high nematicidal 

effect on root-knot nematodes f 
_ 0 carrot. With the check of nematodes and the 

improved fertility levels of the so'l th 
I , e growth of carrot was therefore, improved 

by the neem - poultry manure amend . 
ment, to 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
nd 

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 

I 
' N . the soil to satisfy the N requirement of crops. The 

s ow release of N03 - 111 
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check of the excessive release of NO . . . 
3 - N may slow down nitrate leaching and Its 

associatcd cnvironlllental pollution of d 
un erground waters. 

Neem leaves combined with poult L"L" • • • ry manure may ellectlvely 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. d f th b eakdown of the other neem limonoids should also be The stu y 0 e r 

. d . they all support the pesticidal action of azadirachtin. carne out smce 
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3 The impact of the soil amendment adopted in this study may be assessed on 

4. 

othcr vegctahles . 

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

different agro-ecological conditions on the selected parameters. 
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APPENDIX A 

Appendix AI. Effect of soil amendment 0 . 
n populatIons on Me!oidogyne spp. 

--........-----
Nematodes per foa g ~ofSoll · · 

-:.I,mendment (per kg of Sep. ~ep. Oct. Oct. Nov. Nov. 
soil) 16 .,, 0 . _ ___ } '!. ___ .?~8 11 25 

Dec. Mean 
9 

No amendment (Control) 98 a 120 a 83a 3Sa 40a 29a 28 a 62 a 

lOge 50 b 36 be 48b 24b 12e 16b 8b 28 b 
SgPM 40 e 40 b 30e 16e 24b 12bc 7 be 24 b 

10 gPM 32 d 29 c 22d lle 19b 13bc 4 cde 19 c ... 
SOgNL Oe 15 de 17ef 13de 3ef 10c 1 ef 8 de 

100 g NL Oe IS de 14fgh Og Of 2d Of 4 de 

50 g l'lL + 10 g C Oe 18 de 20de lie 8ede 3d 5 bed 9d 

100gNL+ lOge Oe 16 de Oi lScd 9cde Od Of 6de 

50gNL+ 5 g PM Oe 20 d 9h 6f Of 4d 3 def 6 de 

50 g NL + 109 PM Oe ] 5 de llgh 8f !Oed 3d 3 def 7 de 

100 g NL + 5 g PM Oe ]4 de ISfg 7f 5def Od Of 6 de 

100 g NL + 10 gPM Oe 9de 12fgh Og 3eE Od Of 3e 

Means with the same leiters wtihin-cokimnsare no/ sigliijica,itly different (p~·ifo5r~- ... _ .... -
c= Cowdllng 
PM= POlllfly Manure 
NL= Neem Leaf 

ANOVA Tables _ Appendices B9-816 (pp 160 - 163) 
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t\ppendix A2. Effect of soil amendme t 
n on POpulations on Scutellonema spp. 

Nematodes per 100 g ofs-or---Amendment (per kg of Sep . 
Sep. Oct. Oct. Nov. Nov. soil) 16 
30 14 .~. 28 11 25 

Dec. Mean 
9 -- . . ~ . L'_ '-""-" _. , ___ __ ,-. __ ~ ...... ..... '-__ . .. . __ ... -.....,. 

No amendment (Control) 53 a 54 a 34a 18a 20a 16a 14 a 30 a 
10 g C 42 b 36 b 21b 12b Db To 9b 21 b 
5gPM 38 e 24e 2Db 13b Be 8b 6c 17 c 
IOgPM 27 d 16 d 18b 5e 7e 2e 2 de lId 
SOgNL Oe 3 ef 6ede 4ed 4de Ie I de 3 ef 
]00 gNL Oe 2f 4def Ide 2fg Oe Oe 1 fg 
50 gNL + 10 g C Oe 6e 8c 6c 3ef Oc 2 de 4e 
IDOgNL+ lOge De 2f 6cde lde lfg 2c De 2 efg 

50gNL+ 5 g PM Oe 3 ef 7ed 3ede Ifg 2e 1 de 2 efg 

50 g NL + 109 PM Oe Of 4def 6e 5d Ie 3d 3 ef 

] 00 g NL + 5 g PM Oe Of 3ef Oe 2fg Oe Oe 1 fg 

100 g NL + 10gPM Oe 1£ If Oe Og Oc Oe Og 

~leanf 'flilh th" r r m10 I,,/,Iorr 'I,ilhi" cohl/TIm' are I/O/ Jigl/.y/callily doifere/ll (f'!i 9.95) , •• . , ... . . ..... , ........... , ...... , •• II ••••• 

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

ANOVA Tables - Appendices B17-B24 (pp 163 - 164) 
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Mpendix A3. Effect of soil amendme t . 
n on populations on Pratylenchlls spp. 

Nematodes Eer f66-g of soil i\iUei1dment-(per kg of 
Sep. Sep. Gct. Gct 

soil} 16 30 14 28 . 
Nov. Nov. Dec. Mean 
11 25 9 "-"'-_ ... -.. -

-~ .- -. .. .". ~ ........ - -- --- .. --~--'--.. ------ -

No amendment (Control) 16 a 12 a 13a 8a 4a 2a 2a 8a 
10 g C 3b 8b 7b 3b 2b Ib Ib 4b 
5gPM 2b 5e 4e led 2b 2a Dc 2e 
10gPM 2b 4 cd 2de 3b Ibc lb 1 b 2e 
50gNL Oe 4 cd Of 2be 2b Oe Oe 1 e 
100 g NL Oc 3 cd lef led Oe Oe Oe 1 e 
50 gNL + 109 C Oc 2d 2de 2bc Oc Ib Oc 1 c 
lODgNL+ lOge Dc 2d 3ed Dd lbe Dc Dc 1 c 
50gNL+ 5 gPM Oc Se 2de led Oc Ib Oe 1 c 

50 g NL + 109 PM Oc 4 cd 3ed Od Ibe Oc Oe 1 c 

J 00 g NL + 5 g PM Oc 3 cd lef led 2b Oe Oc 1 e 

100 g ~'L + 10 gPM Oc 2d lef Od Oe Oc Oc 1 c 

,Means with the .rollle leller.r lI'ilhill co)umns are 110/ J"igllijico/llly diJ/erelll (P~ D. (5) 
C= Cow dllng 
PM= POll/flY Manllre 
NL= Neem Leaf 

ANOVA Tables - Appendices B25-B32 (pp 166 -168) 

151 

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

Digitized by Sam Jonah Library



Mpendix A4. Effect of soil amendment 
, on populations on Pal'alricodol'us spp. 

- ~;\dt~ent-(per kg of '" - -'- Sep ~~!~:~ges'~~,~2~~, ?,f _SOil 
'I) 16 p. Oct. Oct Nov . Nov. Dec. Mean 

501 _' " 30 14 28' 
11 25 9 - .--.- ...... --.-~. 

No amendment (Control) 20 a 14 a 15a 12a 9a 12 a Sa Sa 
10 gC 17a 12 ab 10c 7c Sb Sa 6b 9b 
5g PM JOb lOb Ed lOb 4b 30 1 0 7b 
10gPM 13b 11 ab 12b 4d Ie 5b 1 c 7b 
50gNL Dc 2c 2ef Ie Dc Od I c 1 c 
100 gNL Oc Dc Ifg Oe Oc Id Oc Oc 
50 gNL + 10 g C Oc 1 c 3e Ie Oc Od Oc I c 
lDDgNL+WgC Dc 2c lfg De Dc Dd 1 c 1 c 
50 gNL+ 5 gPM Dc 1 c 3e Ie Oc Od Oc 1 c 

50 g NL + 109 PM Oc 1 c 2ef Oe Ie Od Oc 1 c 

100 g NL + 5 g PM Oc 2c Og Ie Oc Od Oc Oc 

100 g NL + 10 gPM Oc Oc Ifg Ie Oc Od Oc Oc 

~~lean.r H'il,S, t,s,e ,ra,'??e leller.r uli,~J.,;;·-co}l-;';;'ll;: ·a,~e liO/ Jig,'l.~Fi(:alll,~':i~:te,rel,r1 (.P:5 O.{)5) 
C= Cow dung 
PM= Poultry Manure 
NL= Neem Leaf 

ANOVA Tables - Appendices B33-B40 (pp 168-171) 
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APpendix AS. Effect of soil amendm 
ent on popul l' 

. '. a Ions on Tl'icodorus spp. 
~ .:-

-"-" . ...... .. --. -"-- - - Nemaiodes ' '-'-
'!\tl1endment (per kg of Sep-:-----Se . - -... .. . .. pe~ 100 g()i soil 

'1) 16 p. Oct. Oct. Nov. Nov. Dec. Mean 
SOl 30 14 28 

11 25 9 

No amendment (Control) 14 a 16 a 8b lla 9a 5a 4a lOa 
10 gC llb 8b 12a 3bc 4b Od 3 a 6b 
<; aPM 9c 6c 6c 4b 2cd 2bc 1 b 4b 
~o 

10 gPM 10 be 5 cd 6c Ide 3bc 2bc Ib 4b 
50gNL Od 3 def 3d Oe Ide Od 1 b 1 c 
100 g NL ad Og Ief 2ed Oe led Ob 1 c 
50 gNL + 10 g C Od 2 efg 3d Ide Oe Od Ib 1 c 
100 g NL +- 10 g C Dd Dg 2de De loe 3b Db 1 c 
50 gNL+ 5 g PM Od 1 fg 3d 2ed Oe led Ob 1 c 

50 g NL + 109 PM Od 4 cde lef Oe Ide Od Ob 1 c 

100 g NL + 5 g PM ad Og 2de 2cd Oe ad Ob 1 c 

100gNL+IOgPM Od Og Of Oe Ide 2bc Ob Oc 

,~ .fea'l. r 'I'il,S, Ihe .K?lne leller.S" u'il,J,,i'1 COil~~~/,~r are ,1.'0/ .figllifica"l,~ ' d~'fert!l.'l (P:5 ().O5) 
C= Cow dung 
PM= Poultry Manure 
NL= Neem Leaf 

ANOVA Tables - Appendices B41-B48 (pp 171 - 173) 
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'! I 

! I 
" ' I 

APpendix A6, Effect of soil amendme t 
_ . n on populations on HelicotylellcJ1IIS spp. 

~~matodes per -i 00" . f ' 'r- '. - ---... . 
i\mendment (per kg of S -,._. - __ _ 8 0 SOl 

.-30ii) 
1 ~p . Sep , Oct. o'Ci-:-- Nov , Nov. Dec . Mean 

30 11 _ 28 11 25 9 -- --,~.,--~" ~ ....... . . . -.. . , --~ - ,"-' 

No amendment (Control) 10 a 3 a Sa 2a 3a 4a la 3a 
10 g C 7b 2 ab Oc 2a Ob Ob Ob 2b 
5g PM 5b 1 be De Db Db Db Db 1 be 
lOgPM 6b 1 be 2b Ob Ob Ob Ob 1 be 
50g NL Oe Oc Oc Ob Ob Ob Ob Oe 
100 g NL Oc Oc Oc Ob Ob Ob Ob Oc 
SO gNL + 10 g C Oc Oc 00 Ob Ob Ob Ob Oc 
lOD g NL + 10 g C Dc Dc Dc Db Db Db Db Dc 
sOgNL+ 5 gPM Oe Oe Oe Ob Ob Ob Ob Oe 

SOg NL + 109 PM Oe Oc Oe Ob Ob Ob Ob Oc 

100 g NL + 5 g PM Oc Oc Oc Ob Ob Ob Ob Oc 

100 g NL + 10 gPM Oc Oc Oc Ob Ob Ob Ob Oc 

MeaNS 'I'iih thE' .fame kii,~!: \' wi/hill col.'IInilJ,tire NO'! jigllyicalli.~ ' d~~0n!l!'! (P5. 0.05) 
C= Cow dung 
PM,; ?(ml!ry Manure 
NL= Neem Leaf 

ANOVA Tables - Appendices B49-B56 (pp J 74 - J 76) 
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Il 
t\ppendix A7. Effect of soil amendme t 

I 
r 

'. . n On POpulations on Cricollemella spp. 
. , 

I 

_~~.ll)a_t~5!~~i~I90 g of soii 
I - .. ' 

\ 
jiJUendment (per kg of Sep . Sep. Oct. . Oct 

soiQ __ '- '.'~ .16 30 14 28 . Nov. Nov. Dec. Mean I ; 
... 1) 25 9 \ ! ,. .- .. .--

No amendment (Control) 3 a I 
Sa la lb . t 

0 2a I a 2a 
t:· 10 gC Oc Od 1a 2a 0 1b 1 a Ib 

5g PM 2b 2b Db Dc D 1 b i 2a 1 a I 

10gPM Oc 
, 

1 c Ob Ib 0 Ib Ob Oc Ii 
I 

50gNL Oc Od Ob Oc 0 Oc Ob Oc 
:\ 100 g NL Dc Od Ob Oc 0 Oc Ob Oc 
J 50 gNL + 10 g C Oc 1 c Ob Oc 0 Oc Ob Oc 'I 
'0 

lODgNL + lOge Dc Dd Db Dc D Dc Db Dc 
50 gNL+ 5 gPM Oc Od Ob Oc 0 Oc Ob Oc 
50 g NL + 109 PM Oc Od Ob Oc 0 Oc Ob Oc 

100 g NL + 5 g PM Oc Od la Oc 0 Oc Ob Oc 

100 gNL + 10 gPM Oc Od Ob Oc 0 Oc Ob Oc 
----- _._. 

Meall.l' wilh Ih[' .lt7m[' leller.!' l;i;:0;~o.0l;;:·.I' are Nal Ji6;/lifil'a.;.·t.~, d~~fe,"e .... 1 (PS D. (5) 
---._- - --- -

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

ANOVA Tables - Appendices B57-B63 (pp 176 -178) 
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APpendix AS. EtTect of soil amend 
menl on po I ' 

pu allons on ROlylellchlls spp. 
. . ', . .. - - . --- --- -_~_~_ry)_~t_odes per 100 g of '1 ..:. • • _ •• .1...;' .... " 

"'f\tnendment (per kg of Se --"-- -- . SOl . p. Sep. Oct -- - --- ---- .1 

soiQ 16 30 . Oct. Nov. Nov. Dec. Mean 
" I 14 28 ____ J 1 25 9 t 

1 
• • - . _ •• o . 

1 No amendment(Control) 5a 2a 0 0 0 0 0 1 a 'I 
10 g C 2b Oc 0 0 0 0 0 Ob "0 PM J c Dc D D ~ 0 

D D D Db .. 
10g PM Oc 1 b 0 

,. 
0 0 0 0 Ob :1 

" 
50gNL Oc Oc 0 0 0 0 0 Ob .11 

I!' 

100 g NL Oc Oc 0 
" 

0 0 0 0 Ob I ., 
50 g NL + 10 g C Oc Oc 0 0 0 0 0 Ob II 
lDDgNL + lOge Dc Dc D 

! 
0 0 0 0 Db 

50 gNL+ 5 gPM Oc Oc 0 0 0 0 0 Ob 
50 g NL + 109 PM Oc Oc 0 0 0 0 0 Ob 

100 g NL + 5 g PM Oc Oc 0 0 0 0 0 Ob 

100 g NL + 10 gPM Oc Oc 0 0 0 0 0 Ob 

Meanr with the .ra.we letler-r lI'ilhil1 COil;;;;I,;-:; ;e '1OI,rigl1ifica/lllj;d.~1e;;;;;j/P5J;:b~9--~ 
C= Cow dung 
PM= PouillY Manure 
NL= Neem Leaf 

ANOVA Tables - Appendices B64-B66 (pp 179) 
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APPEND[XB 

ANaVA TABLES 

Appendix B 1. ANOV A for Table 4 2 S . - ep. 16 
- --- -- - "- -- - --- ~ -

K 
Value Source 

---- ---------
Degrees of Sum of - -- - - - ------------------------

Freedo~ Mean F 
m Squares -----------------____ Square ------- Value PrOD 

1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

--------------
88.167 

179726.000 
229.833 

---------------------------

------------------------------

44.083 
16338.727 

10.447 

4.2197 
1563.9681 

0.0281 
0.0000 

Total 35 -----------------------------------180044.000 ----------------------------------------------------------------------------coefficient of Variation: 7.08 % 

Appendix B 2. ANOV A for Table 4.2 - Sep. 30 

- -- - - - -- - - - . - --- - - - - - . - - - - - - - -- -- - --- --------------------------------------
K 

Value So urce 
Degrees of Sum of 

Freedom Squares 
Mean 
Square 

F 
Value Prob 

---------------------------------------------------------------------------
1 
2 

-3 

Repl i Col t.i on 
Factor A 
Error 

Total 

2 
11 
22 

35 

337.500 
121448 . 000 

84.500 

12 1870.000 

Coefficient of Variation: 3.46% 

Appendix B 3. ANOVA for Table 4.2 - Oct. 14 

168.750 
11040.727 

3.841 

43 . 9349 
2874.5089 

0.0011 
0.0000 

----------------------------- ----------------------- - ------ ---- ---- --- --- --
K 
Value SouI:ce 

Degrees of 
Freedon', 

Sum of 
squares 

Mean 
Square 

F 
Value 

---------------------------------------------------------------------------
1 
2 

-3 

Repl i Cn t.i on 
Factor A 
Error 

--------------------

2 
11 
22 

------ -
35 

3DEl.167 
63492.750 

161.833 
- ------ - -- - -- - -

63962.750 

154.083 
5772.068 

7.356 

--- -------

20.9464 
784.6684 

0.0010 
0.0000 

-----_. _- -------- ----
Total ------------------------------------------- -- ---

Coefficient of Variation: 5.74 % 
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Mpendix B 4. ANOV A for Table 4 2 0 . - ct. 28 

Degrees of 
Freedom 

'- ~ - - - -- -- -
Sum of 

Squares 

---------------------
Source 

---
Mean 
Square 

F 
Value Prob 

1 
2 

-3 

Replicntion 2 -------- -----------------------------145.167 Factor A 11 
Error 22 

---------------------

20765.000 
106.833 

------

72.583 
1887.727 

4.856 

14.9470 
388.7363 

0.0001 
0.0000 

Total 35 
------ - -- ------------------ - - --- -------

21017.000 
--- - -- - - -------

coefficient of Variation: 8.76% - - -------------------------

Appendix B 5. ANOV A for Table 4.2 - Nov. 11 

--------------- - ----------- - --- - --- - -------------------------------------
K 

Value Source 
Degrees of Sum of 

Freedom Squares 
Mean 
Square 

F 
Value Prob 

---------------------------------------------------------------------------
1 
2 

-3 

Repli cnti on 
Factor A 
Error 

Total 

2 
11 
22 

35 

Coefficient of Variation: 4.99 % 

92.056 
19328.306 

26.611 

19446.972 

Appendix B 6. ANOV A for Table 4.2 - Nov. 25 

46.028 
1757.119 

1. 210 

- - - - - - - ... - - _.-. ~ -' , p ~ • • • - _ • • - .. - _ ... ~ .... - _ ...... ~ - ... .. .. - . - - -.~ - - - - - - - - - - - - --

K Degrees of Sum of Mean 
Value Source Freedom Squares Square 

38.0522-
1452.6493 

0.0012 
0.0000 

------------------
F 

Value Prob 

--~-----;~~~~~~;~~~------;-------~;~~;;;--------~;~;;;------;~;~;;---;~ ;;~~ 
11 11468.750 1042.614 163.2562 0.0000 

2 Factor A 
-3 Error 22 140.500 6.386 __ ~ __ ____ _ _ __ ____ _ _ 

___________________________ _ __ _ • _ _ • _ _ _ _ _ __ M . __ __ ~ _ _ __ _ ----

Total 35 ---------------------------------------------------------------------------
11730.750 

Coefficient of Variation: 16.22 % 
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Appendix B 7. ANOV A for Table 4 2 
. -Dec. 9 

K 
Value 
---

. . ' " ~ - - .-
--~- .. -- -

Source 
Degrees of 

Freedom 
---------------------

-- -- .. _- -------
Sum of 
Squares 

---------------------------------------------
Mean 

Square 
1 
2 

-3 

Repl i ea ti on 
Factor A 
Error 

2 
11 
22 

-------------------
37.500 

F 
Value Frob 

------------------------
10772.000 

16.500 ------------------------- --- --

18.750 
979.273 

0 . 750 

25.0000 
1305.6970 

0.0013 
0.0000 

..... ..., """"" 
10826.0;~ - ---- -- - - - ----------- ---- ---~-- -- - -Total 35 

---------------- ---- - - ------ ----- -- ---coefficient of Variation: 7.42 % --- -- ------- - -- ----- ----------

Appendix B 8. ANOV A for Table 4.2 - Mean 

-- - _ .. _- - - ------- - -- ---- - - -- -
K 

Value 
~ . -.-- --- - ~ ~--~---- --- -------------------------Degrees of Sum of 

Source Freedom Squares 
F 

Value 
Mean 
Square 

------------ - ------------------------------------------------- -------------
l'tob 

J 
2 

-3 

Rep1 j ea t .j on 
Factor A 
Error 

2 
11 
22 

J:;O.OOO 
45990.000 

118.000 

75.000 
4180.909 

5.364 

J3.9831 
779 .4915 

0.0001 
0.0000 

------------------------- -. -- - -- - .. - - -- - .. -- - - .. . - ~ ~- -___ __ ~a ______ __ .. __ . ~ _ r ~_ 

Total 35 46258.000 

----------------------- -- - ------ -- ----- -- -~. -~------ ~-------- -----~---~ - - ---
Coefficient of Variation: 7.24 % 

Appendix B 9 . ANOV A for Appendix A 1 - Sep. 16 

~----------------------------------------------------------------------------------------------------------------
K Degrees of 

Freedom 
Sum of Mean F 

Va lue Source Squares Square Value Prob 
----------------------- --- -- -- -- - -- - - - ---- .--~ ---- ----- -- -- ----- ---- ----- ---

1 
2 

-3 

Replication 
F.'lctor ,2\ 
Error 

-----------------------
Total 

2 
11 
22 

66.667 
32084.000 

169.333 
-----------------

35 32320.000 

33.333 
2916 . 727 

7.697 

4.3307 
378.9H9 

0.0259 
0.0000 

-- - --------------------------------

------------------------------ ----------------- ----------------------------
Coefficient of Variation: IS.13S 
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Ap~~~~~~_~_~~' ______ ~~~~ __ ~~~ __ Appendix A 1 - Sep, 30 
•• -~ b e g r e e s ~.;---.~.~:.~.; ••••...•• -.-•. ___ ._ .• __ . ___ . _______________ • __________ _ 
V.~ ,lll'" SOll ("e Freedom S Mean F 
--- ----------- _ _ __ _ "_,. _ _____ _ _ ~~ares Square Value 

Replication 2 --- - - -- -- " - -- _______ ________ __ ____ ____ _ 
450 . 667 

301N.750 
113 . 333 

1 
Prob 

2 
-3 

Factor II 
Error 

11 
22 

-------------------- ---------- -------

225.333 
2736.795 

5.152 

43.7412 
531.2603 

0.0021 
0.0000 

Total 35 -------------------------------------30668.750 ---------------------------------
Coefficient of Variation: 7.85 t 

----------------------------------------

Appendix B 11. ANOVA for Appendix A1 - Oct.14 

K 
Value 

Degrees of 
FL'eedom 

----------------------------------------------------------------------------------------------------------------
Source 

Sum of 
Squares 

Mean 
Square 

F 
Value Prob ----------------- - - - - ._-.-- - --. · ~ - -- -- ___ u_. _. __ .. ____ _ ~ __ ___ ____ ~ ____ ~ _ ~ ~ __ _ 

Repli c ation 
Factor .1\ 
Error 

1 
2 

-3 

2 
II 
22 

308.167 
15358.750 

177.833 

154.083 
1487.159 

8.083 

19.0619 
183.9784 

0.0001 
0.0000 

------------------ - -----------------------------------------------------
Total 35 16844.750 

-------------------------------------------------------------------------
Coefficient of liariation: 12.14 £ 

Appendix B 12, ANOV A for Appendix A 1 - Oct.28 
----------------------------------------------------------------------------------------------------------------

K 
Value Source 

Degrees of 
Freedom 

Sum of Mean F 
Squares Square Value Prob 

------------------------------ -- -- ---------- - - - - - - - ----- - ---------- ----_ .. --
1 
2 

Replication 
Factor .'1. 

24.1429 
124.5584 

0.0042 
0.0000 

2 
11 
22 -3 Error _________ ________ _ 

---------------------------------------------------------

56.333 
290.636 

2.333 

112.667 
3197.000 

51.333 

Total 35 3361.000 
--------------- - ------------- - ----- - ----------- ----------------------------

Coefficient of Variation: 12.S6i 
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APpendix n 13. ANOY A for A . ppcndix A 1 - Nov. 11 

--- - ... - ~ - .. 
Degrees of Sum of . .... -- -'."- _ _ M ___ ____________________ _ 

SOUl:ce Fl:eedom Squares 
--- - - ------ -------

Mean 
Squal:e 

F 
Value I?l:ob 

Rep11 c:t'l t.1 on 
Factor A 
ErrOl: 

2 
11 
22 

---- - --- - ----------------------------
.1 
2 

-3 
---------------- - ------- -- - - _._-

20.667 
4484.750 

283.333 

10.333 
407.705 

12.87£J 

0.8024 
31. 6571 0.0000 

Total 
.. --... - - . ~ .., ---- ----- -- -- - -- - --_ .. _--- - - - - - --

35 4788.750 
------------ - ------ - - - - - - - -- -- -- ---- - - -- - - -- - -- - -- - -- - -- - -- - - -- --------- - -

coefficient of Variation: 32. 3 8 % 

Appendix B 14. ANOV A for Appendix Al - Nov. 2S 

- - --- -- ---- --- - - - --- -- - -- - -- - - - - -----. - .. _------ ---------------------------
K 

Value Soul:ce 
Degrees of 

Fl:eedom 
Sum of 

Squal:es 
Mean 
Squal:e 

F 
Value I?l:ob 

-- - ------------------------------------- -------------------- - -------------

1 
2 

- 3 

Rep11 C:t'l t .1 on 
Factor A 
El:ro r 

2 
11 
22 

301.167 
2528.000 

228.833 

150.583 
22 9.818 

10.402 

1 L 4771 
22.0947 

0.0001 
0.0000 

_______________ _ ___ _ __ _ __ _ '_ .. _ . ___ _ ...... _ ."" ... _ ...... '- ..... .,. _ ~ .. _.~ ... _ _.:: ... ___ ....... , .~_ w .... · ... ~ ~ "" -<. ... .... -- ... 

Total 35 3058.000 
--- - ---------------------- -- --- -- --- -- - ------------------ -- - --------- -- - ---
Coefficient o f v ariation: 38.07 % 

Appendix B 15 . ANOYA for Appendix A1 - Dec. 9 

.. - . -" _. ' . - _ .. .. - .... ... ~ ~~~ ~ .. ------------------------
K 
Value SOUl:ce 

Degrees of 
Fl:eedom 

----------- - -----------------
1 
2 

-3 

R ep11 c:t'l t.1 on 
Factol: A 
Error 

--------------------

2 
11 
22 

Sum of 
Squal:es 

---------- ------
15 . 167 

2000.750 
80 . 833 

Mean 
Squal:e 

-----------
7 . ;'83 

181 . 886 
3.674 

F 
Value 

-------------------
2.0639 

49.5031 
0.1508 
0.0000 

~- ~ -- ----- - - - - - - ~ ----- -=~ -- ~ 

Total 
35 2096.750 

-- ~ ~-~ ---- --- --- - -- - -- -~ - - - -- ~ - ~--~ - -- - - -- ------ ....... ~ ---------------------
Coefficient of Variation: 38.99% 
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APpendix B 16. ANOV A for Appendix Al _ Mean 

..... -. .. .. .. . -' -

Degrees of 
Freedom 

Sum of 
Squares 

- .~ .... -- ~-. -----------------------Source 

----------------------
-------

Mean 
Square 

F 
Value l?rob 

J 
2 

-3 

Repl j Cn t .j em 2 
105 , 167 

9395.000 
164.833 

---------------------------------
Factor A 11 
Error 22 

-------------------- - - - ~ 
Total 35 9665.000 

52,5fl3 
854 . 091 

7 . 492 

7,OJfl2 
113.9939 

0,0044 
0.0000 

-----------------------_ ._ ---- --- ---- -_._ ---_ .. 
coefficient of Variation: 18.05% -- - - - - -- -- - ---~ - - ~ ~- ~ ~ ~ -- -- - --

Appendix B 17. ANOV A for Appendix A2 - Sept. 16 

- - - - - ~- - - - .. -- .... - - -- -- _._---- . .... . _- -- ft _ ~ _ _ _ _ _ _ ~~~ __ _ ______________________ _ 

K 
Value Source 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

F 
Value l?rob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

48 , 167 
13838.000 

105.833 

24 , 083 
1258.000 

4.811 

5,0063 
261.5055 

0 .. 0161 
0.0000 

-------------------------.---- -- - - -- -- -.--- - - ~ -- ~ - - - - ~ --~ - ~- - - - - --- ~ - - -- -
Total 35 13992.000 

Coefficient of Variation: 16.45 ~ 

Appendix B 18. 

K 
Value Sour:ce 

ANOV A for Appendix A2 - Sept. 30 

_ •.. _ _ _ _ ._ . _. __ _ .4- _ .. .. .. 

Degrees of 
Ft:eedom 

Sum of 
squat:es 

-- _._ --- .. ... .. -------
Mean 
Squat:e 

------------------
F 

Value l?t:ob 
--------------------- --------------------

1(l0,167 
9918.750 

93.833 

50,Ofl3 
901. 705 

4.265 

1J,7425 
211. 4121 

0,0003 
0.0000 1 

2 
-3 

Repl j Cn t.j (In 
Factor A 
Error 

2 
11 
22 

..... _ _ _ __ _ ... __ ;ro __ .- _ __ • • " ...... ... -- ... - - - - - >- -"'- - ...... - - ""' - - - --

--------------------------
Total 

10112.750 35 _____ __ _______ __ __ _____ _ 

---------------------- - -~ - -~--~--= --- - ---- - --- - -~ - -
. t ' on' 16 86% Coefficient of Varla 1 • . 
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APpendix B 19. ANOY A for Appendix A2 0 - ct. 14 

--- .. -~ . 

K Degrees of Sum 
- ,. -- ~ .,' ... - - -- -------------------

value Source Freedom 
----------------- ------

1 Repli Cil t.i on 2 

2 Factor A 11 

-3 Error 22 
-------------.-----.. - -~ -. - -

Total 35 

of 
Squar:es 

70.167 
32BB.000 

93.B33 
~- ~ , .. --- .~ ... ..... . - '';' 

3452.000 

Mean 
Square 

35.083 
29B.909 

4.265 

F 
Value 

8.2256 
70.0B17 

1?rob 

0.0022 
0.0000 

.--- --- . ... - - -... . --.. - - - .~---- - ~ ... ----

Appendix B 20. ANOY A for Appendix A2 - Oct. 28 

---------------------------------------------------------------------------------.----------------------------
K 

Value Source 
Degrees of 

Freedom 
Sum of 
Squares 

Mean 
Square 

F 
Value 1?rob 

---------------------------------------------------------------------------
] 

2 
-3 

Repli ca t.i on 
Factor A 
Error 

2 
11 
22 

2B.667 
1092.750 

71. 333 
- - - - - - - - - - - - - - - - - - - - - - ~. to. .... _ _ • •• _ •• • ,..- _ _ "' .- • 

Total 35 1192.750 

14.333 
99.341 

3.242 

4.4206 ' 0.0243 
30.6379 0.0000 

-------------------------- - -- - -- --- -------- -- -------------- -- - ------------ ---
Coefficient of Variation: 31.32 % 

Appendix B 21. ANOYA for Appendix A2 - Nov. 11 

- .. - ~. - - - - - ~ ... . - . - . - - - - _ .. . .. . -- - --... - .- .. - --- -------------------
- - ~ - .. .. - - .•. - - - - .- - ., .. . -

K 
Value Source 

Degrees of 
Freedom 

Sum of 
squares 

------------------------------------------
1 
2 

-3 

Repli ea t.i on 
Factor A 
E.rror 

2 
11 
22 

------------- ------ - - -- - --
35 

57.167 
1361. 000 

28.833 

1447.000 

Mean 
square 

F 
Value 1?rob 

-------------------------------
28,5fl3 

123.727 
1.311 

21- fl092 
94.4046 

0,0000 
0.0000 

... - .. -.- - - ~-.- - - ~ . .. -~ -_ .- .. - .,., --"-'. 

Total - -- ------ - ----- -------- -------- -_ .. -------
-------------------- - - - - - - - - -
Coefficient of variation: 19.63 % 
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APpendix B 22. ANOYA for A ppendix A2 - Nov. 2S 

------------------------------------
De g r~~-~--~~----·~~:··:~·-··---··---.. -.. --.-----.-------___ . __ _ 

Freedom Squares Mean F 
K 

Source 
__ ----------------------- - _______ . Square Value Frob 
] 

2 
-3 

Rep ) .i. ea tj on 
Factor A 
Error 

2 
11 
22 

_______________ _ M _ _ _ _ _ _ _ _ 

Total 35 

15, J 67 
768.750 

52.833 __H __ ..... __ _ 

836 . 750 

----------------------
7,583 

69.886 
2.402 

3,J577 
29.1009 

(l, (l623 
0.0000 

- -- ~ - ~- ~~ - _ __ L~ ~ ~ ___ _ • _ _ . _. _ _ _ . _. _ _ _ _ ~ 

-------------------------- -- - -- -~ - ------------------- ------------------- ---coefficient of Variation: 37.68% 

Appendix B 23. ANOY A for Appendix A2 - Dec. 9 

--- - --- - - -_ . . ----,- - -_. -- _. __ ._ - -. - .. .. -
. ~ . - -.- - -.-- - - - ~ ~ -~-~ - - --------------------

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value Frob 

-------------------------------------------------------------------------
J 
2 

-3 

Re.pJ i Cil ti on 
Factor A 
Error 

2 
11 
22 

------------------ ----- --_. -
To tal 35 

--------------- -- -- -- - _ .. - -. 

coefficient of Variation: 35.20% 

20,667 
635.000 

27.333 

10,333 
57.727 

1. 242 

8,3171 
46.4634 

(l,0020 
0.0000 

- -- - . - - . - _. - - - - - - . - .' _. - . . . - .... .. . ~ - _.-- -~. _ .. .:;. .. - - _ .... 

683.000 
- _.--- -- --- --- -_ .. __ . . _------ ---- . _- _ . . - ---- ----

Appendix B 24. ANOY A for Appendix A2 - Mean 

K 
Value 

J 
2 

-3 

- -- - - -- - - - - --. -.-.- ----- - - - ~ --- -~- - ~ -----------------------

Source 

Re.pJ i Cil t .i on 
Factor A 
Error 

Degrees of 
Freedom 

Sum of 
Squares 

---------------------
2 

11 
22 

4(l,167 
3128.750 

45.833 

Mean 
Square 

F 
Value Ptob 

-------------------------------
20,(l83 

284.432 
2.083 

9,64(l0 
136.5273 

0,0(l)0 
0.0000 

--------------------- ----- .~- -
. - - - -- - -- -- - -~------ - --- ~ -- - - - -- -_. - --- - - --

Total 35 3214.750 
- - - - - .- -- -- ----- --- -- - - - ----- -- ~ ---- ----- _ ... -- -_. ------------------- -

Coefficient of Variation: 18.23% 
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Appendix B 25. ANOYA for Appendix A3 - Sept. 16 

---- - - ._ - - - _._-------
------ -------

K Degrees of 
F:t<e<e<iom 

Sum of 
Squa:te.s 

-----------------
Sou:tc<e 

------------------------ ------ -------

Mean 
Squa:te. 

F 
Valu<e 

1 Repl i Gn t.i on 2 1.500 
686.750 

12.500 

--------------------------------
2 Factor A 11 

-3 Error 22 
------ ---------- -------

Total 35 
------------------

700.750 

0.750 
62.432 

0.568 

1. 3200 
109.8800 

0.2875 
0.0000 

-----------------------

coefficient of Variation: 39.33% 
------------------- - - -._-----

----------------------------------------

Appendix B 26. ANOYA. for Appendix A3 - Sept. 30 

-------------------------------- -------------------------------------------
K 
Valu<e SOUI:c<e 

Degrees of Sum of 
F:t<ee<iom Squa:t<es 

Mean 
Squa:t<e 

F 
Valu<e 

------------------- - ------------------ - ------------ ------------------------
1 
2 

-3 

Replicntion 
Factor A 
Error 

2 
11 
22 

100.167 
279.000 

39.833 

50.083 
25.364 

1.811 

27.6611 
14. 0084 

0.0000 
0.0000 

------------------------------------ ---------------------------------------
Total 35 419.000 

Coefficient of Variation: 29.90% 

Appendix B 27. ANOYA for Appendix A3 - Oct. 14 

----------------------------------------------------------- - ---------------
K 
Value 

Degrees of Sum of Mean ~alue ~:tob 
F:teedom Squa:tes Squa:te _____________ _ SouI:ce 

--------------------------------------------
----------------- 2 57.167 28.583 27.5401 

1 Replication 11 420.750 38.250 36.8540 
2 Factor A 1 038 

22 22.833 . -3 Error _______ _________________________ _ 
- ---------------- - -----

0.0000 
0.0000 

Total 35 500.750 _________ _ 
-------------------- ---------------------------------------- -----

Coefficient of Variation: 31.35% 

166 

--- - - . ------

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

Digitized by Sam Jonah Library



Appendix B 28. ANOV A for A d' ppen IX A3 - Oct. 28 

- -- - - - -

K 
value 

- _ .. - - - - - - -. - - -

source 
Degrees of 

Freedom 
-----------------------

----- ------
Sum of 

Squares 
-----

-------------------------
Mean 
Square 

------

F 
Value 

Repli cat.i on 2 ------------------------
1 
2 

-3 

Factor A 11 
Error 22 

26.167 
161. 000 

13.833 

13.083 
14.636 

0.629 

20.8072 
23.2771 

0.0000 
0.0000 

-------------------------------
Total 35 

--------- - ------------------------------
201. 000 

----------------------------- ---------- -----------
coefficient of Variation: 23.25 % 

Appendix B 29. ANOV A for Appendix A3 - Nov. 11 

-----------------------------------------------------------------------

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value 

---------------------------------------------------------------------------

1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

16.667 
48.750 
15.333 

8.333 
4.432 
0.697 

11. 9565 
6.3587 

0.0003 
0.0001 

-----------------------------------------------------------------------
Total 35 80.750 

---------------------------------------------------------------------------

Coefficient of Variation: 16.79% 

Appendix B 30. ANOV A for Appendix A3 - Nov. 25 

-------------
--------------------------------------------------------------

Mean F Sum of 
K 
Value SOUI:ce 

Degrees of 
FI:eedom 

S Value PI:OO Squares quare ____________ _ 
-----------------------

----------------------------------
1 Replication 
2 Factor A 

2 
11 
22 

4.167 
20.000 
15.833 

2.083 
1.818 
0.720 

2.8947 
2.5263 

0.0066 
0.0309 

----------------------3 ErI:or 
---------------------------------------

--------

Total 35 40.000 ---------------------------------
---------------------------------

Coefficient of Variation: 27.25% 
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APpendix B 34. ANOYA for A 
ppendix A4 - Sept. 30 

-----
Degrees of 

Freedom 
------------

Sum of 
Squares 

------------------------
Source 

------------------ -----------

Mean 
Square 

F 
Value t'rob 

1 
2 

-3 

Repl i Cil ti on 
Factor A 
Error 

2 
11 
22 

------------------------------------57.167 

-------------------------- ----- -

944 . 000 
24.833 

--------

28.583 
85.818 
1.129 

25.3221 
76.0268 

0.0000 
0.0000 

----------- ---- --- -- - - -- -----------1026.000 
Total 35 

---- ---------------- ---- ----- -- - --
coefficient of Variation: 22.77 % ---- - ----------- - ------------------

Appendix B 35. ANOYA for Appendix A4 - Oct. 14 

----------------------------------------------- - -------------------------
K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value t'rob 

-------------------------------------- -------------------------------------
1 
2 

-3 

Repl i Cil ti on 
Factor A 
Error 

2 
11 
22 

45.500 
845.000 

16.500 

22.750 
76.818 

0.750 

30.3333 
102.4242 

0.0000 
0.0000 

---------------------------------------------------------------------------
Total 35 907.000 

------------------- ---- -- - ---------- ------- --- -- - -------------- - -----------
Coefficient of Variation: 17.92% 

Appendix B 36. ANOYA for Appendix A4 - Oct. 28 

--------------------------------------------------------------------------- F Mean Sum of K 
Value Source 

Degrees of 
Freedom S Value t'rob Squares quare ___________ _ 

------------------------------------------------------------- - -
Repl i ca ti on 
Factor A 

2 
11 
22 

20.167 
581. 000 

9.833 

10.063 
52.818 

0.447 

22.5593 
118.1695 

---- - - --- ---

0.0000 
0.0000 

- -- ..... -- -

1 
2 

-3 Error ---------- .... --- - ... ----- ----------
-------------------------

Total 35 611.000 --------------------------------- ----------- - -
C::;;~:~:~~-~;-~:~~ation: 21.11% 
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APpendix B 37. ANOVA for A 
ppendix A4 - Nov. 11 

J< 
Value Source 

-----
Degrees of Sum of ------------------ _________________ _ 

Freedom Sq Mean 'lares ------------------------------- Square 
Repl i Cil ti on 
Factor A 
Error 

F 

1 
2 

-3 

2 
11 
22 

-----
B .167 

272.000 
13.833 --------------------------------

Total 35 294.000 ----------------- -------

------ ----------------------
4. OB3 

24.727 
0.629 

------ ------

6.4940 
39.3253 

0.0061 
0.0000 

----------- -- -- - --

coefficient of Variation: 27.58 % - - --- --- ---- -- -- - ------------------ - ----

Appendix B 38. ANOV A for Appendix A4 - Nov. 2S 

------ - - - -- ------- ---- - -- -- ----------- -- -------------------------------
K 
Value SOUI:ce 

Degrees of Sum of 
FI:eedom SquaI:es 

Mean 
SquaI:e 

F 
Value l'I:ob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

8.167 
332.750 

13.833 

4.083 
30.250 

0.629 

6.4940 
48.1084 

0.0061 
0.0000 

--------------------------- - --- - --------~--- --- ~ ----------- - --~ - ~ -----~ - ~--

Total 35 354.750 

Coefficient of Variation: 38.06% 

Appendix B 39. ANOV A for Appendix A4 - Dec. 9 

- - - - ----- -- - - - --- - --- ---- - -- - - - ------------------------------ --------------

K 
Value Source 

Degrees of 
FI:eedom 

--------------------------------
1 
2 

-3 

Repl .i. Cil ti on 
Factor A 
Error 

------------ -- ----- - --

Total 

2 
11 
22 

- --- --

35 

Sum of 
Squares 

---------
10.667 

231. 000 
13.333 

- - ---_.-- - -
255.000 

Mean 
Square 

F 
Value Frob 

----------------------------------
5.333 

21.000 
0.606 

-- ----- - - - -----

8.BOOO 
34.6500 

0.0016 
0.0000 

-- - -- - - - ------------

--- -- --------------------_.--- -- - ----- --- ~ -- - -- ...... --_.-_ ... -

~:;;;~~~:~~-:;-~~~~~~i6n: 31.90 % 
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Appendix B 40. ANOVA for Appendix A4 1\. 
- !VIean 

---
K 

SouJ:ce 
Degrees of 

FJ:eedottl 
----- 'r ________ _ 

-----------------value 
-----------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

-----
16.667 

584.000 
19.333 

Mean 
SquaJ:e 

------
8.333 

53.091 
0.879 

F 
Value ~J:ob 

---------------------
9.4828 

60.4138 
0.0011 
0.0000 

---------------------- - ---------- - ----
---~----- - -------- - ----------------620.000 

Total 35 
---- ------ - --- - ---- -------
coefficient of Variation: 28.12% 

------ ------ --- - ------------ - -----------

Appendix B 41. ANOV A for Appendix AS - Sept. 16 

------- - ----- - - - ----- - -------- -------
-------- ~ -------------~----------

K 
Value SOUl:ce 

Degrees of Sum of 
FJ:eedottl SquaJ:es 

Mean 
SquaJ:e 

F 
Value ~J:ob 

---------------------------------------------------------------------------
1 
2 

-3 

Repli ca ti on 
Factor A 
Error 

2 
11 
22 

8.167 
1010.000 

17.833 

4.083 
91. 818 

0.811 

5.0374 
113.2710 

0.0158 
0.0000 

-------------------------- - ----- ~ - - -~-----~~-- - - ~ - ~ -- ~---------~- - -------~ -

Total 35 1036.000 

Coefficient of Variation: 24.55% 

Appendix B 42. ANOVA for Appendix AS - Sept. 30 

- ------- - --- - -- - ------ - ------------------------------- -------------~ -------

K 
Value Source 

Degrees of 
Freedom 

Sum of 
SquaJ:es 
--------------------------_._-- --------

Replication 2 2B.167 

Mean 
SquaJ:e 

F 
Value ~rob 

------------- ----------------------
14 .190B 
66.5725 

0.0001 
0.0000 

14.0B3 
66.068 

0.992 

1 
2 

-3 
Factor A 11 726.750 

Error 22 21.833 ____ _ --- -------------------------
-------------------------- - ----- -- --------

Total 35 776.750 
-------_ .. -

--------------------- -- --- -- _. - - -
Coefficient of Variation: 26.57 % 
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APpendix B 43 . 

. . " 

K 
value SOUl:ce 

ANOVA for A 
ppendix AS - Oct. 14 

Degrees of 
Fl:ee<iow. 

'. - - ~ -

-------------------------- -----

--- - -- -- - - --- - ------------

FI:ob 
1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

2 
11 
22 

-----
42.667 

398.750 
9.333 

------- -------------------------

-------------------------

21. 333 
36.250 

0.424 

50.2857 
85.4464 

0.0000 
0.0000 

Total 35 450.750 
------ -------------------------------

-------------------- -------
----------------------------------------coefficient of Variation: 16.63% 

Appendix B 44. ANOV A for Appendix AS - Oct. 28 

------------- - ----------------------- ~ ---------------------~ =-- - ---- - -----
Degrees of Sum of 

SOUI:ce FI:ee<iow. Squ3I:eS 
Mean 

Square FI:ob 
--------------------------------- - -----------------------------------------

1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

20.167 
311.000 

13.833 

10.083 
28.273 

0.629 

16.0361 
44.9639 

0.0001 
0.0000 

-------- ---------------- - -- - --. _-- - - - ------------------------- -----~--------

Total 35 345.000 
-------------------------------------------------------------------------

Coefficient of Variation: 36.60% 

Appendix B 45. ANOV A for Appendix AS - Nov. 11 

- - --- - --- -- --- --- -- --- - ---- --- - - --- --- ---- --- -- - ---------------------------

K 
Value SOUl:ce 

Degrees of Sum of 
Fl:ee<iom squares 

--------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

------------------------ -
35 

13.500 
221. 000 

8.500 
-- - - - - ------

243.000 

Mean 
Squal:e 

-------------
6.750 

20.09l 
0.386 

F 
Value Frob 

------------------
17.4706 
52.0000 

0.0000 
0.0000 

------------- - - -- - - - - --------

---------------------Total -----------------------------------
~::;;~:~:~~-:;-~:;~ation: 33.90% 
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APpendix B 46 . ANOYA for A 
ppendix AS - Nov. 2S 

- - ~ -- -._- ._-.---
K Degrees of S um of 
value S~~~~~ _______ ~reedom Squares -------- ------ -----

-- ~ -----------------------
Mean 

Square 
F 
Value 

1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

------------

------------------------------ -

13.500 
eo.OOO 
12.500 

------------------------
6.750 
7.273 
0.568 

11.880.0 
12.8000 

0.0003 
0.0000 

--- - - - --- ~.- ---- -Total 35 --- _ .. ------ -- - .. --- -- - ---106.000 --------------------------- ------
coefficient of Variation: 16.53% 

------------------------------------

Appendix B 47 . ANOY A for Appendix AS - Dec. 9 

- - - - - - - - - - - - - - - - - - - - - - - -. - -- .. -._--- ---
------------ ~ ------- -----------

K 
Value Sou"(ce 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value <'rob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

10.667 
56.750 
13.333 

5.333 
5.159 
0.606 

8.8000 
e.5125 

0.0016 
0.0000 

------------ - - - - - -- - - - - - - - - - - - - - - - .. - - -. ~. -- -_. -. -- - -- - - - - - --- --- -- - - - - - _ . .. - - _ .. -- ---
Total 35 80.750 

----------------------------------------------------------- -------------
Coefficient of Variation: 24.93 % 

Appendix B 48 . ANOY A for Appendix AS - Mean 

------------- ----------- --- ---- ------- ------ -------------------------------
K 

Value SOUl:ce 
Degrees of 

Freedom 
Sum of 

Squares 
Mean 
Square 

F 
Value <'rob 

---------------------------------------------------------------------------
0.0000 
0.0000 1 Replication 2 51.056 

2 Factor A 11 287.e89 

-3 Error 22 19.611 
- - _ .. .. . . - ... . --- -------------- ------

Total 35 358.556 

-------------
Coefficient of Variation: 36.16% 
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Appendix B 49. 
ANOYA for Appendix A6 - Sep 16 

_._.-- - .. ~ - ' . .. - .. - - - - - --
- - ~. -, ", .. . - --, 

- - -.- - ------------ -~------ -----K 

Value 

Degrees of 
Mean F 

Sum of 
Source Freedom Squares Square ------------------------------ ----------

Value Prob-
-------------------------------

1 

2 

-3 

Replication 

Factor A 

Error 

2 

11 

22 

16.667 

434.000 

43.333 

8.333 

39.455 

1. 970 

4.2308 

20.0308 

0.0279 

0.0000 

---------------------------- - ------------ ----------------------------------
Total 35 494.000 

- - ---------- - -------- ------------- ----------- ------------------------------
Coefficient of Variation : 30.15 ~ 

Appendix B 50. ANOY A for Appendix A6 - Sep 30 

------------------------ - - .. - - - -- .. --- _ . . _- - --- - - -- - - ----- - - ---- - ------ -------
K 

Value Source 
Degrees of 

Freedom 
Sum of 
Squares 

Mean 
Square 

F 
Value Prob 

- ----------------------- - ---- - ---------------------------------------------
1 
2 

-3 

Rep lir::i'!_t ion 
Factor A 
Error 

2. 
11 
22 

2.667 
32.750 

5 . 333 

1.333 
2.977 
0.242 

_OJ. ~ooo 
12.2812 

0.01.16 
0.0000 

-- -- - --- - -- -- - ---_._- .. _--- - _.-. - - . - - - .- - -- - - - - --.-~. --- -- -------------------------

Total 35 40.750 

Coefficient of Variation: 34.41 % 

Appendix B 51. ANOY A tor Appendix A6 - Oct. 14 

K 
Value 

1 
2 

-3 

Source 

Replication 
Fact.o!: -p, 
Error 

Total 

Degrees of 
Freedom 

2 
11 
22 

35 

coefficient of Variation: 2S.54 ~ 

--- ---

Sum of 
Squares 

1.167 
74.150 

6.833 

82.750 

174 

Mean 
Square 

0.583 
6.195 
0.311 

F 
Value 

1. 8780 
21. ~7~0 

Prob 

0.0166 
0.0000 
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Appendix B 52. 
ANOV A for Appendix A6 - Oct. 28 

K 
Value 

Degrees of 
Freedom 

. - .. . ~ -- - -. -.- -- - - _ .. _-- - --- ---------- ---------
Source 

--------- - -------------
Sum of 

Squares 
Mean 

Square 
F 
Value Prob, 

1 
2 

-3 

Repl i Cil ti on 
Factor A 
Er ror 

2 
11 
22 

------ ------------------------------- ----------
2.667 

20.000 
13.333 

1.333 
1. B1B 
0.606 

2.2000 
3.0000 

0.0346 
0.0136 

--------------------- - ------ -- --- - _ .. _-
- - - - - - - -- - - - --- ------- - -- - - - - ---- ---- -Total 35 36.000 

--------------------------- - --------------------- - ------ ----- ---------- ----
Coefficient o f Va riation: 33 .55 t 

Appendix B 53. ANOV A tor Appendix A6 - Nov. 11 

.. _ ... _- -_ ._-. - - - - -- - - _. _ - -._ - -- - _ .. -- -- --- - -- - -_ . __ ._-- - - - _. _-- ------- - ---------- - - ... ---
K Degrees of Sum of 
Value Source Freedom Squares 

Mean 
Square 

F 
Value Prob, 

------------------------ - ------------- - ------ - -------------------- - --------
1 
2 

-3 

Replication 
Fa cto r A 
Erro r 

2 
11 
2 2 

0.667 
24.750 

7.333 

0.333 
2.250 
0.333 

1.0000 
6.7500 

0.0412 
0.0001 

------- - ---- - --- - - - - - - - -- -- - . _ - - -- - - - - - -- - - --- --- -- -- - - -- -- - _ ._ ------- - ------
Total 35 32.750 

----------------------- - ---- - ------------- - ------- - ---------- - -------------
Coefficient of Variation : 30.94 % 

Appendix B 54. ANOV A tor Appendix A6 - Nov. 2S 

K 
Va lue 

1 
2 

- 3 

Sou rce 

Repl i cation 
Factor A 
Er r o r 

Total 

Degrees of Sum of 
Freedom Squares 

2 
11 
22 

35 

0.167 
2 .750 
1. 833 

4.750 

Coefficient of Variation: 34.41 % 

175 

---- ---

Mean 
Square 

0 . 083 
0.250 
0.083 

F 
Value 

1.0000 
3.0000 

Prob 

0.0421 
0.0136 
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Appendix B 55. A"NOY A for Appendix A6 - Dec. 9 

- -- .. - -  _. _- - ----
\\ 
Value 

Degrees of -----------------------------
Soul:ce Freedom 

Sum of 
Squares 

Mean 
Squal:e 

F 
Value l'l:ob 

1 
2 

-3 

------------------- - ---------------
Replication 2 0.167 0.08;------~~;;;;---;~;;;~ 
Factor A 11 24.750 
Error 22 2.250 27.0000 0.0000 

1.833 0.083 -----------------
Total 

----------------------------------------------------------
35 26.750 

-----------------
Coefficient of va~~~~~~~~-;;~~;;-------------------------------------------

Appendix B 56. ANOY A for Appendix A6 - Mean 

---------------- - ----._-----------------------------------------------------
K 
Value SOUl:ce 

Degrees of Sum of 
Fl:eedom Squal:es 

Mean 
Squal:e 

F 
Value l'l:ob 

------------------------------------- -- ------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

Total 

2 
11 
22 

35 

Coefficient of variation: 33.85 % 

2.667 
50.000 

5.333 

58.000 

1. 333 
4.545 
0.242 

5.5000 
18.7500 

0.0116 
0.0000 

Appendix B 57. ANOY A for Appendix A 7 - Sept. 16 

-------------- - ------------------------------------------------------------
K 
Value Source 

Degrees of Sum of 
Fl:eedom Squares 

Mean 
Squat:e 

F 
Value l'l:ob 

-------- - - - --------- - -- - --------- - --- --------------------- - ----------------

1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

2 
11 
22 

--------------------------- - ---
Total 35 

1.500 
32 . 750 

B.500 

0.750 
2.977 
0.386 

1.9412 
7.7059 

0.0473 
0.0000 

- --------------- - ------ - ------------------
42.750 

---------------------------------------------------------------------------
Coefficient of Variation: 34.18 % 

176 
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Appendix B 58 . 
ANOV A for Appendix A 7 - Sept. 30 

- - ~ - - - - . . - ~ -- -- - - --- - - _. - - - - - - -
K 

value 
Degrees of 

Freed.om 

-- -- - --- - - ----------------------------------
Sum of 

Squares 
Source 

-------------------- -------------

Mean 
Square 

E' 
Value Prob 

1 
2 

-3 

Repl j ea tj on 
Factor A 
Error 

2 
11 
22 

------------------------------------------
6.000 

72.750 
14.000 

3.000 
6.614 
0.636 

4.7143 
10.3929 

0.0198 
0.0000 

-----------------------------------
------------------------------------- - --Total 35 92.750 --------------------------

Coefficient of Variation: ;~~;~;-------------------------------------------

Appendix B 59. ANOV A for Appendix A 7 - Oct. 14 

------------- - ------------ -------------------------------------------------
K 
Value Source 

Deg~ees of Sum of 
Freed.om Squares 

Mean 
Square 

F 
Value Frob 

---------------------------------------------------------------------------
1 
2 

-3 

Replj ca tjon 
Factor A 
Error 

2 
11 
22 

1.500 
6.750 
4.500 

0.750 
0.614 
0.205 

3.6667 
3.0000 

0.0422 
0.0136 

----------------------------------------------_._--------------------------
Total 35 12.750 

---------------------------------------------------------------------------
Coefficient of Variation: 18.91% 

Appendix B 60. ANOV A for Appendix A 7 - Oct. 28 

K 
Value 

Degrees of Sum of 

1 
2 

-3 

SOUI:ce 

Replication 
Factor A 
Error 

Total 

Freedom Squares 

2 
11 
22 

35 

2.667 
14.000 

9.333 

26.000 

Coefficient of Variation: 21.40% 

177 

----

Mean 
Square 

1. 333 
1. 273 
0.424 

Value 

3.1429 
3.0000 

PI:ob 

0.0130 
0.0136 

-------- ------------------------
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Appendix B 61. 
ANOV A for Appendix A 7 - Nov. 25 

- -- --- -- ------
K 
value 

-- -- ----
Degrees of 

Freedom 
Sum of 

- - ------------------------------------
Source 

------------------ --------------
Squares 

Mean 
Square 

F 
Value 

1 
2 

-3 

Replic<ltion 
Factor A 
Error 

2 
11 
22 

--------------
6.000 

21. 000 
14.000 

-------------------------
4.7143 
3.0000 

0.0198 
0.0136 

----------------
Total -----------------------------------------------------------

3.000 
1.909 
0.636 

35 41. 000 

Coefficient of Variation: 19.54 % 
----------------------------------

-----------------------------------------

Appendix B 62. ANOV A for Appendix A 7 - Dec. 9 

----------------------------
K 

Value 

-----------------------------------------------
Degrees of Sum of 

Sou·rce Freedom Squares 
Mean 
Square 

F 
Value 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
11 
22 

1.500 
6.750 
4.500 

0.750 
0.614 
0.205 

3.6667 
3.0000 

0.0222 
0.0136 

--------------------------- - -----------------------------------------------
Total 35 12.750 

--------------------------------- -- ---- - ------------------------- - ---------
Coefficient of Variation: 18.91 % 

Appendix B 63. ANOYA for Appendix A7 - Mean 

K Degrees of Sum of 
Value Sou:cce Freedom Squares 

Mean 
Square 

F 
Value 

--~-----;:;~~::~=:~------;- - -- -- .---;~~~;---------~~;;;------;~~~;;---~~~~;~ 
2 Factor A 11 14.000 1. 273 3.0000 0.0136 

-3 Error 22 9.333 0.424 

Total 35 26.000 

Coefficient of Variation: 15.40% 
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Appendix B 64. 
ANOYA for Appendix A8 - Sept. 16 

.- _. - - - . - -
- .-- --- ---------K 

Value 
Degrees of 

Freedom 
Sum of 

Squares 

---------------------------
Source Mean 

Square 
F 

------------------------------
1 Repl i Cil ti on 

Factor A 
Error 

2 
11 
22 

---------------------------------------------
2.667 

74.000 
9.333 

Value Prob 

2 
-3 

-----------------------------

1.333. 
6.727 
0.424 

3 . 1429 
15.8571 

0.0430 
0.0000 

Total 
86.000 
-----------------------------------------35 

------------------------
Coefficient of Variation~-;~~~~;-------------------------------------_____ _ 

Appendix B 65 . ANOY A for Appendix A8 - Sept. 30 

- - - - - - - - - - - - - - - - - - - - - _. - - - -- - --
K 
Value 

----------- - ---------------------------------
Degrees of Sum of 

Source Freedom Squares 
Mean 

Square 
---------------------------------------------------------------------------

1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

F 
Value Prob 

2 
11 
22 

1.500 
12.750 

8.500 

0.750 
1.159 
0.386 

1.9412 
3.0000 

0.0373 
0.0136 

-------------------------------------------------------------- -------------
Total 35 22.750 

------------------------------------- - ---- - --------------------------------
Coefficient of Variation: 28.63 ~ 

Appendix B 66. ANOY A for Appendix A8 - Mean 

-------------------- - -------------------------------------------------------
K 
Value SOUl:ce 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

F 
Value Prob 

-------------------------;--------~~~~~;---------~~~;;------~~~~~~---~~~~~~ 
J Replication 11 0.250 3.0000 0.0136 2 Facto r A 2.750 

- 3 Error 22 1.833 0.083 

Total 35 4.750 

Coefficient of Variation: 36.41 % 
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Appendix B 67. ANOV A for Ap d' A pen IX 9 - Organic Carbon 

- - -~ - -K 
Value 

Degrees of 
Freedom 

Sum of 
Squares 

- - - ----- -----------------------
Source 

-------------------------
Mean 

Square 
F 
Value I'rob 

J 
2 

-3 

Rep] i Cil ti on 
Factor A 
Error 

2 
7 

14 

------------------------------------------------

------- -

0.017 
2.303 
0.002 

---- -- - - - --------

0.008 
0.329 
0.000 

62.2632 
2424.4749 

0.0000 
0.0000 

Total -------------- ----------------23 2.322 

;::;;~:~:~~-:;-~:;~:~~:~~-~~~;~--------------------------------------------

Appendix B 68. ANOV A for Appendix A9 - CO2 - C 

----------- - ---------------------------------------------------------------
K 

Value Source 
Degrees of Sum of 

Freedom Squares 
Mean 
Square 

F 
Value l'I:ob 

---------------------- -----------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

Total 

2 
7 

14 

23 

Coefficient of Variation: 0.81 % 

0.002 
0.257 
0.000 

0.258 

0.001 443.7722 
0.037 20345.5479 
0.000 

0.0000 
0.0000 

Appendix B 69. ANOV A for Appendix A9 - NH'" 4 - N 

- --------- - --------------------- - ------------ ------------------------------
K Degrees of Sum of 
Value Source Freedom Squares 

Mean 
Square 

F 
Value I'rob 

---------------------------------------------------------------------------
1 
2 

-3 

RepJ i ea ti on 
Factor A 
Error 

2 
7 

14 

0.065 
69.092 

0.028 

0.033 
9.870 
0.002 

16.2707 
4939.5701 

0.0002 
0.0000 

----------------------------- - -----------------_._--------- -----------------
Total 23 69.185 

--- - --------------------------------------------------------------- - -- - ----
Coefficient of Variation: 0.72 % 
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Appendix B 70. ANOY A for Appendix A9 - NO'3 _ N 

. . ... _-_ .. 
K 
Value 

Sum of -- - ------------------------

1 
2 

-3 

Soux:ce 

Repli ca ti on 
Factor A 
Ex:ror 

-------------------

2 
7 

14 
-------

0.681 
8578.416 

5.515 

0.340 
1225.488 

0.394 

0.8639 
3110.8411 

0.0002 
0.000.0 

---- -- --- - - - --- -------- - -- --- - - - - - - -- -- -- -- -- --- -Total 23 8584.612 ------------------- - - - -- - - - -- --- - ------ - --- ------- - - - ---- - - - --- - -- - - - - - - - --Coefficient of Variation: 1.51% 

Appendix B 71. ANOY A for Appendix A9 - Total N 

----------- - - - ----------- - ------ -- - --- - - -- - --- --- ----------------------------
K 
Value SouJ:ce 

Deg~ees of Sum of 
FJ:eedom SquaJ:es , 

Mean 
SquaJ:e 

F 
Value PJ:ob 

-----------------------------------------------------------------------------
1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

Total 

2 
7 

14 

23 

Coefficient of Variation: 2.00% 

0.002 
0.012 
0.000 

0.013 

Appendix B 72. ANOYA for Appendix A9 - Avail. P 

0.001 2017612.5000 
0.002 4269412.1000 
0.000 

0.0000 
0.0000 

- - ----- - - ------ - ----- - - - - ---------------------------- - ---- - - - --- -- - ------
K 

Value SouI:ce 
Degrees of Sum of 

Freedom SquaJ:es 
Mean 
Square 

F 
Value PJ:ob 

---------------------------------------------------------------------------
1 
2 

-3 

Repl j ca ti on 
Factor A 
Error 

Total 

2 
7 

14 

23 

9.000 
8496.185 

7.000 

4.500 
1213.741 

0.500 

9.0000 
2427.4814 

0.0031 
0.0000 

-------- -- - - ----------- - -------------- - ----------
8512.185 

------------------------ ----- - -- - -- - -- - ------ - ---------- - -----------------
Coefficient of Variation: 1. 83 '6 

181 

---- ---- ----
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Appendix B 73 . 
ANOV A for Appendix A9 - Exch. K 

. - .- . - . . - -, -' .. - . -
K 
Value 

Degrees of 
Fr:eedom 

-_. __ .. .. . -- - -

Sum of 
Squares 

--- .. _- -----------------------
SOUr:ce 

-------------------------------
Mean 

Squar:e 
F 
Val\le Prob 

1 
2 

-3 

Repli ea ti on 
Factor A 
Error 

2 
7 

14 

----------
0.01 B 
0.825 
0.026 

---------------------------------
0.009 
0.118 
0.002 

4.9115 
63.5111 

0.0242 
0.0000 

---------------------------------
---------------------------------- ---- - -- -Total 23 0.869 ------------------------ ----- - -

Coefficient of Variation: 10.97% -----------------------------------------

Appendix B 74. ANOV A for Appendix A9 - Exch. Ca 

K 
Value 

- - ------- - --------------- - ---- - -- -_._- _._- - ----- -----------------------------
Degr.ees of Sum of 

Source Freedom Squares 
---------------------------------------------------------------------------

1 
2 

-3 

Mean 
Square 

F 
Valu.e Prob 

Repl i Cil ti on 
Factor A 
Error 

2 
7 

14 

0.027 
10.177 

0.009 

0.014 
1. 454 
0.001 

21.2340 
2267.8973 

0.0001 
0.0000 

---------------------- -.--- .. --- -- -- .. - - -~- - --.. --- --------- - -- - - --- - - - ---- ----
Total 23 10.213 

-------------------------- -- - _._--- --- -------- - --------- -- ----------- - ------
Coefficient of Variation: 1.45% 

Appendix B 75. ANOV A for Appendix A9 - Exch. Mg 

K Degrees of Sum of Mean F 
Value Sour:ce F~eedom Squa~es Squa~e Va1\le P~ob 

------------------------ -------- -------------------------------------------
1 
2 

-3 

Repli Cil ti on 
Factor A 
Error 

Total 

2 
7 

14 

23 

Coefficient of Variation: 6.28 % 

0.137 
10.867 

0.115 

11.118 

182 

0.066 
1.552 
0.008 

8.354B 
189 .48 33 

0.0041 
0.0000 

-"--- - -----------------------
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Appendix B 76. 

K 
Value Source 

ANOV A for Appendix A9 - Exch. Na 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

----------------------
F 

Value Prob -------------------------------------------
Replication 2 0.013 ----------------------- ---------1 

2 
-3 

Factor A 7 0.062 0 .. 007 20.2350 0.0001 
Error 14 0.009 27.1312 0.0000 

0.005 0.000 --------------------
----;; - - --- - - .- ~~~;;- --- - ----- -- - - -- - - -- -- - -- - --- - -----Total 

------------------- -- ----._- - - _. 
Coefficient of Variation: 4.2~% -- ---- - ------ ---- -- --- ---- -----------------

Appendix B 77. ANOV A for Appendix A9 - pH 

----------------------------- - - ~ -- -~ ~ -- - -- - - ---- - - ---- ---------------------
K Degrees of Sum of 

Value Source Freedom Squares 
Mean 
Square 

F 
Value Prob 

----------------------------- ----------------------------------------------
1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

2 
7 

14 

1.322 
6.206 
1.417 

0.661 
0.887 
0.101 

6.5309 
8.7566 

0.0099 
0.0003 

--------------------------- - ~ .. - . ~ . _- --- --- ---------- --- ---- -- - -------------
Total 23 8.946 

--------------------- - ------ - -- - - - -- --- -- - --- - ----------- - - ----------------
Coefficient of Variation: 5.77 % 

Appendix B 78 . ANOV A for Appendix A9 - Moisture 

K 
Value 

1 
2 

- 3 

Degrees of Sum of 
Source 

Replication 
Facto r A 
Error 

Freedom Squares 

2 
7 

14 

0 . 689 
212.311 

0.400 

--------------------------- .. - - . - - ~- -. - -- -
Total 23 213.400 

Mean 
Square 

0.344 
30.330 

0.029 

F 
Value 

12.0467 
1060.7577 

Prob 

0.0009 
0.0000 

_ ____ __ ________ _ _______ M _ _ _ _ _ _ • _ _ _ 

-----------------------~--- ~- -- -~ - - ------ --------- - - -- --------- ---- -- -- ----

Coefficient of Variation: 0.99 % 
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Appendix B 79. ANOVA for Table 4.3 - Sept. 16 

K 
value 

Degrees of 
Freedom 

. - . - . . - - , 

Sum of 
Squares 

. "N • • _ ~ _ _______________________ _ 

Source Mean 
Square 

F 
Value Prob 

1 Replic~tion 2 
11 
22 

-------------------- ----------------------
2 Factor A 

-3 Error 
----------------------

308.167 
78203 . 000 

361. 833 

154.083 
7109.364 

16.447 

9.3685 
432.2598 

0.0011 
0.0000 

Total 
-- _.Ma.. ... ~~~, ~. ,. n 

. - ~ Q~ - . ---- - - . - - - -- - -- -- - - - - - - - ----- - - - - -
35 78873.000 --------------- ------ -- - ~. ~M _ ~ ___ U 

Coefficient of Variation: 11.:'3% - - - - ~- ~- -- - - - - - - .. ~- - ------ - - -- --- -- -- -- - --

Appendix B 80. ANOV A for Table 4.3 - Sept. 30 

----- - --- -- · - - - ·-- -- -------- - -- - -- - _ ~ ~_u~_~_~~ __ ____ __ _____________________ _ 
K Degrees of Sum of 

Value SoUrce Freedom Squares 
Mean 
Square 

F 
Value Prob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

Total 

2 
11 
22 

35 

23940.167 
4155219.000 

32645.833 

4211805.000 

coefficient of Variation: 5.11 % 

Appendix B 81 . ANOVA for Table 4.3 - Oct. 14 

11970.083 
377747.182 

1483.902 

8.0666 
254.5635 

0.0024 
0.0000 

. .... . - - _ _ 'w' _ '_ ~ _ ~.~ _ .- ' .'- .- ' • . '-. "-~' . ~- .- .. ... ... - -- ----- .-----------------

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
square 

F 
Value Prob 

--------------------------------------------------------- - ------ ----- - -----
1 Replication 2 677.056 338.528 
2 Factor A 11 22425360.222 2038669.111 

-3 Error 22 34835.611 1583.437 

0.2138 
1287.4963 

0.0001 
0.0000 

------------------------- -- - - --- -- -- ~~~- -- - - - - - -- --- - - - -- - ~ .. -- .~. -~- - - - - -- --
Total 35 22460872.889 

coefficient of Variation: 4.09% 
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Appendix B 82. ANOVA for Table 4.3 - Oct. 28 
.. ,. ... - '. ... .- ~ . . .. - ' " '". . . ... . . .... -. 
K 
Value 

Degrees of 
Freedom 

Sum of 
Squares 

- e _ . ~ ~ _____ _________________ _ 

Source Mean 
Square 

F 
Value ----------------------------------- Prob. ----------------------------------------1 

2 
-3 

Replication 
Factor A 
Error 

2 
11 
22 

20]6.667 
27874292.750 

2803.333 

1006.333 
2534026.614 

127.424 

7.9132 
19886.5347 

0.0026 
0.0000 

------------------------- --- ~ - . 
- ~ ~ - - - - ~- - -- - -- --- --- - - - - --- - - -- - .---- .. Total 35 27879112.750 ------------------------ --- --. -- - -----

Coefficient of Variation: 1.13% ---- -------- ---- - - - - -- -- - --- - ~-~---- -

Appendix B 83 . ANOV A for Table 4.3 - Nov. 11 

- _. - - - - - .. - -. _ .... - . . ~ . ~ ~ " 

K 
Value 

-----_ .. _----------------------Degrees of Sum of 
Source Freedom Squares 

Mean 
Square 

F 
Value Prob ---------------------------------------------------------------------------

1 
2 

-3 

Replication 
Factor A 
Error 

2 B16.667 
11 17845226.750 
22 167.333 

40B.333 53.6B53 
1622293.341 213289.5628 

7.606 

0.0000 
0.0000 

------------------- - ------ -- . ..... .... .... .. _ ... _ .. _ .. _. _.- - .. _-, . ... _- , . .... __ ....... .. . -- .. __ .... -
Total 35 17846210.750 

Coefficient of Variation: 17.33% 

Appendix B 84. ANOV A for Table 4.3 - Nov. 2S 

K 
Value 

1 
2 

-3 

Sour:ce 

Replication 
Factor A 
Error 

Total 

Degrees of Sum of 
Freedom Squares 

2 620B . 167 
11 28163738 .750 
22 9745.833 

35 28179692.750 

Coefficient of Variation: 11.71% 

185 

-------------

Mean 
Square 

3104.083 
2560339.886 

442.992 

F 
Value 

7.0071 
5779.6471 

Prob 

0.0044 
0.0000 

------------
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Appendix B 85. 
ANOYA for Table 4.3 - Dec. 9 

-- -- -K 
Value Source 

- --------
Degrees of Sum of ------------------------------

F Mean 
----------------- reedom Squares ______ Square 

--------------

F 
Value PrOD 1 

2 
-3 

Repl i Cil ti on 
Factor A 
Error 

2 
11 
22 

12973.500 
26338482.750 

16276.500 

------------------------

----------------

6486.750 
2394407.523 

739.841 

8.7678 
3236.3816 

0.0016 
0.0000 

-------------- -------________ :~~~=___ 35 26367732.750 ----------------------------------
-------------------

Coefficient of Variation: 22.36% ----------------------------------------

Appendix B 86. ANOY A for Table 4.3 - Mean 

--- ----- - - -- ---- ---- -- - - -- ------- - - ---- -
K 
Value 

------------- - ----------------------
Degrees of Sum of 

Source Freedom Squares 
Mean 

Square 
F 
Value PrOD 

---------------------------------------------------------------------------
1 
2 

-3 

Repl i Cil ti on 
Factor A 
Error 

2 12421. 500 
11 10553334.750 
22 15332.500 

6210 .750 
959394.068 

696.932 

8 .9116 
1376.5967 

0.0015 
0.0000 

-------------------------- - -- -- _ .. _- - -- -- - --- - - -- --- ---- - - - - - .-- - ------ - - - - -- -
Total 35 10581088.750 

-------------------------------_ .. _------------------- ----~-----------------
Coefficient of Variation: 13.08% 

Appendix B 87. ANOYA for Table 4.5 - Halflife of azadirachtin A 

K 
Value 

] 

2 
-3 

SOUl:ce 

Repl i Gil ti on 
Facto r A 
Error 

Degrees of Sum of 
Freedom Squal:es 

2 
7 

14 

169.00D 
2296.921 

59.000 

Mean 
Squat:e 

84.500 
328.132 

4.214 

F 
Value 

20,0508 
77.8617 

Pl:ob 

0.0001 
0.0000 

------------------------------------------------------ - - --- - ---- ~ -----.----

Total 23 2524.921 

Coefficient of Variation: 8.10% 
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Appendix B 88 . ANOV A for Tabl 4 6 . 
e . - MOIsture Content 

'- -" - ' - ~ " - -" " " . . . .. . _. --
K 

Value 
Degrees of 

Freedam 

- - - • I , ... 

Sum of 
Squares 

. .. _-- -------------------------
Source 

-----------------------
1 
2 

-3 

Repl j en ti on 
Factor A 
Error 

2 
7 

14 
----------------------- ---

---------------
6,250 

139.491 
10.233 

Mean 
Square 

------------
3,J25 

19.927 
0.731 

F 
Value 

4-2752 
27.2617 

Frob 

0,0355 
0.0000 

- .... - -_. -. - ~ -- .-- - ... -~ - .. _-_ .... _-_ .. - ... . - .,.. - - -- -- -- -- ...... ---"~- --Total 23 155.974 

Coefficient of Variation: 6.25~ 
---- .. _-- -- - .. - .... 

- - .. - - - ----- - ---------~-- -... -- -- -- -~ -- -- -- ... -

Appendix B 89. ANOV A for Table 4.6 - pH 

• • ___ • • _ • •• __ _ _ ~ _ w • • • • ~ _ _ _ __ _ , __ __ _ _ • _ _ , _ _ _ _ _ _ • • __ __ _ . ... ........... _ . ___________________________ _ 

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value. Frob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

Total 

2 
7 

14 

23 

Coefficient of Variation: 6.45 % 

1.690 
0.356 
2.430 

4.476 

0.845 
0.051 
0.174 

Appendix B 90. ANOV A for Figure 4.2 (a) 

x -0.016378 0.003905 -4.19 0.009 

S = 0.2893 R-Sq 77.9% R-Sq\adj) = 73.4% 

4.8683 
0.2932 

. - - - _ .. _- - --.- --_ ..-- - _. _---_ .. _- ----------------.. - . .. - - ----- ------
Source DF SS 

. - _ .. - - - - .-- - -- - ~ - -_ .. - _. - - -
Regression 
Error 

1 
5 

1.4720 
0.4184 

------------- ------- ---- -----
Total 6 1.8904 

MS F P 
_ a _._~ ________________________ _ 

1.4720 
0.0837 

17.59 0.009 

----------------------------------
- ~--- ---- - - --.- --- ~-- -- -.~ -- - . ~ .~ ~~- -~-~-------------- -------------

187 
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0.0248 

-----------
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Appendix B 91. 
ANOV A for Figure 4.2 (b) 

-0.020730 

0.010 

x 
0.005172 

-4.01 
S = 0.3831 R-Sq == 76.3% 

R-Sq\adj) == 71.5t -------------------------
---------------Source DF 
55 --------------

M5 F -------------------------- - -- p 
Regression 1 2.3583 

0.7340 

---------..:.. 
2.3583 
0.1468 

--------------
Error 5 H>.06 0.010 
------------------ ---------- ----------Total 6 3.0923 -----------------
------------------------- ----------------------------------

Appendix B 92. ANOVA for Figure 4.2 (c) 

x -0.021811 0.005556 -3.93 O.Oll 

S = 0.4116 R-Sq == 75.5% R-Sq\adj) = 70.6% 
-----------------------------------------------------------
Source DF 55 MS F p 
-----------------------------------------------------------
Regression 
Error 

1 
5 

2.6108 
0.8469 

2.6108 
0.1694 

15.41 0.011 

-----------------------------------------------------------
Total 6 3.4577 
-----------------------------------------------------------

Appendix B 93. ANOVA for Figure 4.2 (d) 

x 

S == 0.4003 

Source 

Regression 
Error 

Total 

-0.024821 0.005403 

R-Sq 80.8% 

DF 

1 
5 

6 

S5 

3.3812 
0.8012 

4.1823 

-4.59 0.006 

R-Sq\adjl == 77.0% 

MS 

3.3812 
0.1602 

188 

F 

21.10 

F 

0.006 

-----------------------------------
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Appendix B 94. ANOV A for Figure 4.3 (a) 

x -0.031071 0.005633 
S = 0.4173 R-Sq = 85.9 % 
----------------------------

-5.52 0.003 
R-Sq(adjl = 83.1 ' 

source DF - -------------------------
SS 

-------------------------- ----- MS F p 

Regression 
Error 

1 
5 

5.2983 
0.8707 

--- ----------------------

------------------

5.2983 
0.1741 

30.43 0.003 

--- ----- - - - - .... -
- - - - - -- - -- ----- --- -- - - - ~---Total 6 6.1690 

--------------------- - - - -- --. . - - . 
. ~ -- - - -- - - ---------------- -

Appendix B 95. ANOV A for Figure 4.3 (b) 

x 
S = 0.6206 

-0.039033 
R-Sq 

0.008378 
81. 3% 

-4.66 0.006 
R-Sq(adj) = 77.5% 

--- - ---- - - ---.-- - - -- -- -- - .. - - - - - - .. - ~- - -----------------------
Source DF SS MS F p 
----- - -- -- _. __ ._ - - -- - _._- - -- - -- - - -----------------------------
Regression 
Error 

Total 

Appendix B 96. 

1 
5 

6 

8.3615 
1.9260 

10.2875 

8.3615 
0.3852 

ANOVA for Figure 4.3 (c) 

21.71 

x -0.046378 0.006766 -6.85 0.001 

S = 0.5012 R-Sq 90.4 % R-Sq(adj) = 88.5 % 

0.006 

. - - -~ - -- -- - ------ - - - ---------- - --------- - - - - - - - -- - - - -- -- -_. 
Source DF SS MS F P 

;:;~::::::----~------~~~;~~- - ----~~ ~ ;;~ - - -- -;~~;;- - --;~;;~-
Error 5 1.256 0.251 

___ _ I ~ - ~ - - -- - - - ------- -- -- - ------------------------ -- ---- --
Total 6 13.060 

____ _ _ _ _ _ M _ _ ____ _ ____ _ 

---- --- --- - - --------------------------

189 
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Appendix B 97. ANOV A for Figure 4.3 (d) 

x 
S = 0.8106 

-0.05697 0.01094 
R-Sq = 84.4% -5.21 0.003 

R-Sq(adjj = 81.3 ~ ------------------------
-----.,. - - ~-- -- - --

--~- ~-- - ~~-- -- - -~-Source DF 55 M5 F ------------------------------- - --- ----------------------
p 

Regression 
Error 

1 
5 

17.811 
3.285 

17.811 
0.657 

27.11 0.003 
--------------------------- - - -
Total 6 21.096 

.~ - --. ... - -""' - -' - - -' - -~ ..... - . ... _- ... _-
------------------------------ ----- -- ----------------------

Appendix B 98. ANOV A for Figure 5.3 - Cumulative CO2 - C mineralized 

----------------------- - - - - - -- -- _ • • 4 _ __ . _ • • _ _ ____ _ _ .~ _ _ __ __ _ _ _ _ ~ ___ _ _ _ __ _ _ _ __ _ _ 

K 
·lalue 

Degr.ees of Sum of 
Source Freedom Squares 

Mean 
Square 

F 
Value Prob 

----------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
6 

12 

0.096 
29.891 

0.842 

0.048 
4.982 
0.070 

0.6850 
71. 0087 

0.0000 
0.0000 

o· _ ••• __ _ _ _ ... _ . ' _ __ • • • • • • ____ • __ • _ __ .. _ _ _ • _ . ... _ _ • _ _ • • • _ • •• -' _. _ _ _ __ _______ _ ..... ______________ _ 

Total 20 30.829 
------------------------------- - - -- - - - - ~ - - = ~~- -------- ---------------------
Coefficient of Variation: 7.48 % 

Appendix B 99. ANOVA for Figure 5.6 - Cumulative N mineralized 

----------------------------- - - ._- . . _- ------ - ---------- - -------- --- - -- - - - --- --
Sum of Mean F K 

Value Source 
Degrees of 

Freedom Squares Square Value Prob 
---------------------------------------------------------------------------

1 
2 

-3 

Re:plic:ation 
Factor A 
Error 

Total 

2 
6 

12 

20 

4483.591 
1137030.273 

958.554 

1142472.419 

Coefficient of Variation: 1.35% 

190 

----------

2241.796 
189505.046 

79.880 

28 . 0647 
2372.3857 

0 . 0000 
0.0000 

-------
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Appendix B 100. 
ANOVA for Table 55 - C'N' . 

. . Ratio ( 0 Week of mcubation) 

K 
Value Source. 

. - -, - -, " - -
Degrees of 

Freeciom -------------------------------1 
2 

-3 

Repl i C":n ti on 
Factor A 
Error 

1 
7 
7 

Sum of 
Squares 

-----------
1.J03 

40.725 
11. 717 -------------------------- -------- ------

Total 15 53.545 

... . "- ~-- ----

Mean 
Square 

-----------------
F 

Value 
---------------------------Prob 

1.J03 
5.818 
1. 674 

- ---- ---- -- - - -

0.6586 
3.4755 

0.0000 
0.0612 

---- ----------- ---------------------------_._-----
.. - ~- - - ------------------ - ---- - - ----- ------Coefficient of Variation: 7.54 % 

Appendix B 101. 
ANOVA for Table 5.5 - C:N Ratio (2 Week of incubation) 

K 
Value 

~. - - .-- - - - ... - - '. ~ " ~' " - - ~ ~ - - .- ... _ .... ,., , . ...... , - ....... .. ' •. , "" -" ' '- ·· -~.,.,..., n·r. ........ .... "" .... ...,. ____ __________________ _ 

Degrees of Sum of 
Source Freeciom Squares 

Prob ---------------------------------------------------------------------------
1 
2 

-3 

Mean 
Square 

F 
Value 

Repl i C":il ti on 
Factor A 
Error 

1 
7 
7 

--------------- ---- ------ --- -
Total 15 

2.103 
34.451 
11.918 

48.471 

2.103 
4.922 
1. 703 

1.2349 
2.8908 

0.3032 
0.0924 

---------------------- -._ - - - -- • _ _ • •• _ •• 6 _ _____________________ __ ______________ _ 

Coefficient of Variation: 8.99% 

Appendix B 102. ANOV A for Table 5.5 - C:N Ratio ( 4 Week of incubation) 

K Degrees 0 f Sum of Mean F 
Value Source Free om d Squares Squa~e Value P~ob 

-----------------------------------------------------------------------
1 
2 

-3 

Repli cnti on 
Factor A 
Error 

1 
7 
7 

------------------- ------- -- -- --
Total 15 

0.137 
33.043 
10.103 

0.137 0.0949 0.0000 
4.720 3.2707 0.0703 
1. 443 

- -- -- ... -- .... - --- - ---- ,- ---- ---- -~ _ _ ___ _ _ r_~_r __ 

43.282 

---------------------------.. ----. - ---------------- - --------.-------------~---

Coefficient of Variation: 8.80 % 

191 
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Appendix B 1 03. ANOYA for Table 5 5 - C'N R . . 
. . atlo (6 Week ofmcubation) 

K 
Value 

Degrees of 
Freedom 

Sum of 
Squares 

... .. -- - ... ,.. ~  -----------------------
Source Mean 

-------------------------- Squat::e 
F 
Value Prob 

1 Repl i Gil t:i on 1 
7 
7 

---------------------------------------------
2 Factor A 

-3 Error 

-------------- ----------- ---- --

6.503 
24.299 

7.517 

6.503 
3.471 
1. 074 

6.0549 
3.2323 

0.0434 
0.0722 

Total 
--- -. -- ._--- --- ------ -- ------- ---- -- . _--- -- --15 38.319 

------------------------- -------- -- --.- - - -- --~-- - - ~ - - ---- .---- -- ------~-- -- --
Coefficient of Variation: 7.89% 

Appendix B 104. ANOYA for Table 5.5 - C:N Ratio (8 Week of incubation) 

----- -- ·---- ---- - ·· - - - - - - -- - _ _ __ w ~ •• u -- - _ _ _ _ _ ~ _~ ~ - =w-_~ ___ __________________ _ 
K 

Value 

1 
2 

-3 

Source 

RepliGiltion 
Factor A 
Error 

Degrees of 
Freedom 

1 
7 
7 

Sum of 
Squares 

0.OB7 
19.470 
10.433 

Mean 
Square 

0.OB7 
2.781 
1. 490 

F 
Value 

0.05B4 
1.8662 

Prob 

0.0000 
0.2146 

-------------------- -. --~ -~ - -- ~- " ~" 
•• w ..., .~ ~ - - ...,. - - - - -.,., -- - ... - . _ .... ~ ~ - • ••• ~. - .... - .... ..... - ... ~ - - ~ - -.-

Total 15 29.990 
-----------------------------_ ._ --------------------------------------------
Coefficient of Variation: 9.62% 

Appendix B 105. ANOYA for Table 5.5 - C:N Ratio ( 10 Week of incubation) 

K 
Value 

] 

2 
-3 

Source 

Degrees of 
Freedom 

Sum of 
Squares 

---~ ~ - - - ~- - --------------------
Mean 

square 
F 
Value Prob 

------------------------------------------------------
---------------- 1 •• 000 4.000 2.3333 0.1705 

Rep]iGiltion 61 1 6106 0 2723 - 7 19.328 2.7 . . 
Factor A 7 12.000 1.714 
Error ---------------- ------_-0=-1.",: ~ ... -~ .;.. "~-"-: "-' -: -""'.;! " 

15 35.328 Total ----------------------------------------------------------------------------
Coefficient of Variation: 10.42% 
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Appendix B ] 06. 
ANOYA for Table 5 5 - C'N R . . . 

. . atlo ( ]2 Week ofrncubation) 

K 
Value Sour:ce 

-----------------

Degrees of 
Freedom 

-------

Sum of 
Squares 

-------
Square 

F 
Value Fr:ob J R€>pl i Gil t.i on 

2 Factor A 
J 
7 
7 

;::1,629 
22.407 

6.663 

----------- ----------------------
-3 Error 

-------------- ----- - ~. 

;::1,629 
3.201 
1.269 

2,B:;97 
2.5225 

D,D47 
0.1227 

• .. r. _' . • ...:.t = _ ..: .~ __ ~ .0 _ 

- - .; - . -' ..::....~ - " ..:. -' .~ ~ .:.. - ' ... - . " r ... .: -= """ _ "'. -' _ ~ ._ .. . .Z'. _. _' _ "' ~ ... . ~ .... Total 15 34.920 ------------------------- .. -- ~~ .. -~' -- - ---------- - ----Coefficient of Variation: 9.10~ ----------- __ __ ________ _ 

Appendix B 107. 

K 
Value Source 

ANOY A for Table 6.2 - %N 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value Frob ---------------------------------------------------------------------------

1 
2 

-3 

R€>pl j Gil t.i on 
Factor A 
Error 

2 
5 

10 

Total 17 

D, DD2 
0.014 
0 . 001 

0.017 

D,DDl 
0.003 
0.0001 

D, :;714 
41.1429 

D,DD14 
0.0000 

----------- - -------------------------------------------------------~-------
Coefficient of Variation: 9.30% 

Appendix B 108. ANDV A for Table 6.2 - %K 

K Degrees of Sum of Mean F 
Value Source Freedom Squar:es Squar:e Value 

------------------------ -; ---------~~~~~-------~-~~~~~------~~;;;;---------
1 R€>p.UGflt.jon 5 0.001 0.000 1.5455 0.2606 
2 Factor A 10 0.001 0.000 -3 Error • __ _ ~ _____ ____ .• ______ . _. _________ ___ ___ = ___ _ 

----------- - ------ - - - - .• • ,~ ~ = 

Total 17 
----- ------

;::;;::::~~-:;-~::::~:on: 13.39% 

. 0 . 002 
------------- ----- ---- --------- --_ ... - .... - ... ... _-
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APpendix B 109. 

K 
Value Source 

ANOY A for Table 6.2 _ %P 

Degrees of 
Freedom 

Sum of 
Squares 

----------- -------------------------
Mean F 
Square Value l'rob 

1 
2 

-3 

RepJ. j Gil t.j on 
Factor A 
Error 

2 
5 

10 

- - -------------------------------------
0.001 
0.003 
0.002 

0.001 
0.001 
0.0001 

2.~000 

2.3333 
0,0317 
0 . 1191 

Total 
---------------- -- - ---- -~ - ~ = -~ ~=~~ ~ .~~~ 

-- : - ~-~~-~ = -~· - - ~=---____ __ ~u~~ _ _ ~~ ~ _ 

17 0.006 
----------------- --- - - -- - .. -- - -. -" .- -- - -- - - -------- ---- - -- - ___ _ _ J ___ __ r _ __ ·• _ _ _ _ 

Coefficient of Variation: 29.C~% 

Appendix B 110. ANOY A for Table 6.2 - NH4 - N 

K 
Value 

1 
2 

-3 

Source 

Rep] j Gil tj on 
Factor A 
EI:ror 

Total 

Degrees of Sum of 
Freedom Squares 

2 
5 

10 

17 

3 , 307 
53.361 

1.817 

58.486 

Mean 
Square 

L6~4 

10.672 
0.182 

F 
Value 

9,0990 
58.7194 

l'rob 

0,00~6 

0.0000 

---------------------------------------------------------------------------
Coefficient of Variation: 6 . 76% 

Appendix B 11 1. ANDY A for Table 6.2 - N03 - N 

. " "': - - - - - - - - - _. - - - - .:: :;; .:. .:. '" ;:. .". ,., .'" "" ~ ~ ... -"" -------------.-
Mean 

Square 
F 
Value l'I:ob K 

Value Source 
Degrees of 

Freedom 
Sum of 

squaI:es 
------- - -------- - ------------------ ------------------------

----------------- 2 O. :),2 8 0.064 
1 Replication 363 5 5971.816 1194. 

0.266~ 
4975.1313 

0,0000 
0.0000 

2 Factor A 2.401 0.240 
-3 Error :~ . _ _ ' _: _ . ~ " : ~=:. " ~ =====" •. ~~= ~ •. :~ = . . • . = == ~ === ." ~= "=.== .- =~. 

---------------- --- -- -- -
Total 17 5974.345 --------------------------_ .--- - - -- ------- - .... ---~ ----------_. ------------------

Coefficient of Variation: 1.71% 
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Appendix B 112. 
ANOy A for Table 6.2 _ Avail. P 

K 
Value Source 

---------------

Degrees of 
Freedom 

--- - -- - -

Sum of 
Squares 

Mean 
Square 

F 

1 Rp.pl i GM t:j on 
2 Factor A 2 

5 
10 

- - --- ~--

----- -- - --- --- - ------ ----------------5 , 333 
Value Prob 

2.fifi7 
1013.336 

0.667 

-3 Error 

----------------- - - -~. - . 

5066.680 
6.667 

4.0000 0,0529 
1520.0041 0.0000 

Total 17 5078.680 
• ." - - ...:. • .: ~ : ••• " - -' ..... - --=- -" . - - • - .••• ~ .... - - ~ ." - - ., ~ -- = 

------------------------ - ---- ----------
Coefficient of Variation: 2.42% ---_ .. _-------- - ------ - ------ - -- - -- - -

Appendix B 113 . ANOYA for Table 6.2 - Exch. K 

K 
Value 

Degrees of Sum of -~ ~~ ~ ~~- --~ ---*-------
Sou:t:ce F:t:eedom Squa:t:es 

------------------------- ~- -- ------------------------ - ---------------------

Mean 
Squa:t:e 

F 
Value P:t:ob 

1 
2 

-3 

Repl i GM ti on 
Factor A 
Error 

2 
5 

10 
---------------- --- -- __ __ L .-

Total 17 

0.003 
0.053 
0.001 

0.058 

0.001 
0.011 
0.0001 

9.0000 0.005B 
71.2000 0.0000 

--------------------------- --- _ .. _--- ---------------------------------------
Coefficient of Variation: 6.12 % 

Appendix B 114. ANOY A for Table 6.2 - pH 

..: ' ;:.=-- - ,;:: =.:.: ::;'~', .::;.:':. ::::;:=== -::-=..=""==="="' '''*~-''' ... .. ---------

K Degrees of Sum of Mean F 
Freedom Squares Square Value Source • __ _ 

--~-----;:;~~~~~~~~------~---------g~~:~---------g:~~:-----~i:~g~~---g~g~~~ 
2 Factor A 10 0.356 0.036 -3 Error 

Value P:t:ob 

Total 17 2. 050 
----------------------------------------------------------

~::~;~:~:~~-of Variation: 3.61 % 
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Appendix B 11 5. ANOV A for Table 6 3 0/. N . 
. - 0 In carrot leaf 

K 
Value 

Deqre~s of Sum of p - " --- -------------------------
Source Free~om Squares --------------------------------

Mean 
Squate 

F 
Value 

1 
2 

-3 

Repl j eil ti on 
Factor A 

2 
5 

10 

-----------------------------------
Error 

----------------------- ---

3.413 
4.897 
1.227 

L 707 
0.979 
0.123 

13.9130 
7.9850 

0.0013 
0.0029 

- - - - - - --- ------- --- ----- -------- _._-- -Total 17 9.537 ------------------------
coefficient of Variation: 16e51 ~-- - ~ ---------~--- -- - - ·-- - -- --- - ~ -- ---------~ 

Appendix B 116. ANOV A for Table 6.3 - % K in carrot leaf 

- --- ---- - - - ----- - -~-- ---- - --- - -- - - - - - ----- - - ~ - - - -- - - -- -- - ------------------

K 
Value Source 

Degrees of Sum of 
Free~om Squares 

Mean 
Squate 

F 
Value 

------------------------ -------------------------------------------------
1 
2 

- 3 

Repl j eil t.j on 
Factor A 
Error 

2 
5 

10 

0.572 
0.700 
0.107 

0.2B6 
0.140 
0.011 

26.8392 
13.1411 

0.000} 
0.0004 

-------------- -- --- - - -- - - - - -- -- - - -- -- - - - --- - -- - --- ~- -- -- - - - _._ - - - -- -- - ----- -

Total 17 1. 379 
----------------------------------------------------------------------------
Coefficient of Variation: 7.48% 

Appendix B 117. ANOV A for Table 6.3 - % P in carrot leaf 

------------ ------------------------------------------- --. -- --- ---- - - - - ---
Degrees of 

Free~om 

Sum of 
Squates 

Mean 
Squate 

F 
Value 
------

K 
Value Source --------------------------------------------------------

0.012 
0.081 
0.008 

0.006 
0.016 
0.001 

7 . 3673 
19.8367 

ptob 
---------

0.010B 
0.0001 1 

2 
-3 

Repl j eil tj on 
Factor A 
Error 

2 
5 

10 --- ---- --- - -------- ------- - - -- ---------------------------- 0.101 _____ ____ _____ ____ _ 

---------------- ---------- -' ------------
~::~~::::~~-:;-~:riation: 9.85 % 

Total 17 
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Appendix B 121 . 
ANOY A for Table 6 3 0/. p' 

. - 0 In carrot root 

K 
Val.ue Source 

Degrees of 
Freedom 

Sum of 
Squares 

-- . _- -
--- - - - - -- -- ~~~ ---~--------

------------------------- ------ ... _----

Mean 
Square 

F 
Value 

1 
2 

-3 

Rep] j Cn tj OJ) 

Factor A 
Error 

2 
5 

10 

O,O~J 
0.037 
0.004 

------------------------------

-----------------~~------ -- ------ -

0,020 
0.007 
0.0001 

:;4.203:; 
19.5664 

0,0000 
0.0001 

Total 
0.081 

------ - - -- - - --------- - --------------17 
---------- -------- - -------- --- - -
Coefficient of Variation: 8.14 ~ - - ------ - --------------------------- - ---

Appendix B 122. ANOY A for Table 6.3 - % Ash in carrot root 

---------- -- --------- - -----
-- - ------- - --- - -----~------~-=-=~~==-~=-------

K 
Val.ue Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value Prob 

---------------------------------------------------------------------------
1 
2 

-3 

Repl j Cil tj (1J) 

Factor A 
Error 

2 
5 

10 

0,:;:;:; 
11.467 

0.200 

0,277 
2.293 
0.020 

]3,9022 
114.9558 

0,0013 
0.0000 

----- -- ----- - ---- - ----- -- -------- -- --- - ~ - ------- -- --- - - ---- -------- - -- -- ----

Total 17 12 .22 1 

Coefficient of Variation: 2.73% 

Appendix B 123. ANOYA for Table 6.4 - Root knot lndex of carrot 

--- - --- - -- - --- - ------------- ----- ~ - -~----=~ ~~~=~ ~-~~-----
~- -- - - - - - - - -- -- - - - -~egrees of Sum of Mean F Prob 

Freedom squares Square V:~~= __ _______ _ Value Source ______________________________________ _ 

1 
2 

-3 

Repl i ca ti on 
Factor A 
Error 

-- - ----------~--- --- - - -
Total 

2 
5 

10 
----- ---

17 

0.963 
44.425 

0.417 

0.482 
8.885 
0.042 

-------- --- - - -- --
45.805 

11.5600 
213.2400 

0.0025 
0.0000 

- ----- - -- - - ---- - ---

------ -- ---~-- ---- ----------- ------ ..... .... ---_ ....... ~ _ O'? __ -------- -_ ....... 
---------------v . tion' 7.80% 
Coefficient of ar~a . 
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APpendix B 124. ANOV A for Table 6 5 - M 
. ean root length of carrot 

K 
Value Source 

Degrees of 
Freedom 

-------------------------
Sum of 

Squares 
Mean 
Square 

F 
Value Prob 

J R f!pl i C:il t.i r>n 2 
5 

10 

------- ---------------------------------
2 Factor A 

-3 Error 
---------- ---------

0,464 
21. 023 

0.217 

0 .. 232 
4.205 
0.022 

JO,7JOB 
194.0603 

0,0033 
0.0000 

Total 17 
-- - --- - - ------------------------

21. 704 
-----------------

Coefficient of Variation: 1.56% 
------- . . _- -------------------------------

Appendix B 125. ANOY A for Table 6.5 - Mean circumference of carrot root 

---------- -- -------- - ------------------~- = - ~~ --- ~~~~~ - ===~ ==~--==--~=--

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value Prob 

---------------------------------------------------------------------------
1 
2 

-3 

Replication 
Factor A 
Error 

2 
5 

10 

0, l .2 0 
41. 595 

1.370 

0.060 
8.319 
0.137 

0.4380 
60.7226 

0.0000 
0.0000 

----~--~ = -~------. --~---~ ~ --- - -- - --- -~ ---------- - ----- -------- - -
- - ----------

Total 17 43.085 
---------------------- _ .. _---- ---- ------- _ .. _-_ .. _----------------------------
Coefficient of Variation: 3.86% 

Appendix B 126. 
ANOYA for Table 6.5 - Mean root weight of carrot 

-- - ------ - - -- -------- --- ---- ~ ----- =~ ------- ~----~-=~-
- - - - - - -- - - - _. - - - -- - -- -

f Sum of Mean F 
Degrees 0 Value Prob Freedom squares square ________________ _ K 

~~~~~ ____ ~~~~~~ _________________________________ _ ;~~;;---- 17.0997 0.0006 

2 3.203 260.241 2778.3753 0.0000 
5 1301. 205 1 

2 
-3 

Rf!pl i C:il t.i r>n 
Factor A 
Error 

0 .937 0.094 10 ____ ___ . ___ . ... - .. - --- .. ~- -

--_ ....... ---_ .- ... ---- ------

Total 17 
------

1305.345 ---- --- ----
~--------------------

------------------~ tion: 1.17% 
Coefficient of Var~a 
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APpendix B 127. ANOV A for Table 6 5 _ M . 
. ean shoot weight of carrot 

- - .. ~. - - - -- - - . - - - --
- -. - --

K 
Value Source 

Degrees of Sum of 
Freedom Squares ----------------------- - -- -- - - - .. . _- - - - ---

. Mean 
Square 

F 
Value Prob 

J 
2 

-3 

R~p ,U. Ci'lt. j on 
Factor A 
Error 

2 
5 

10 

2.083 
273.666 

0.937 

- - - -.. ---- ----- ._- - -- - - - - .. _- -- -------
JJ,J2JO 0,0029 

584.3409 0.0000 
------- - - == - -~~ ~= ~ - -~ .. - . .. - - ". 

J , (l42 
54.733 

0.094 
Total - -- -. _- - ---- .. . -- -_. 

276.686 --------------- -------- - ---- - -----------
coefficient of Variation: 3.07 % -------------------------------

Appendix B 128. ANOVA for Figure 6.1 - %N in Carrot leaves 

Source DF SS MS F P 
----------------------------------------------------------

Regression 1 0.0033468 0.0033468 98.09 0 . 001 
Error 4 0.0001365 0.0000341 

- - - - - - - - .. - - . .. ___ .~= ~ n== ~ ~ ~~~== =~ == ~ = = ~~== _ 

Total 5 0.0034833 

Appendix B ] 29. ANOVA for Figure 6.1 - %N in Carrot roots 

---- -- - -- ~=- - - = ~ ~ =~ ~= ~ ~'~ .. -. 
Source 
------------
Regression 
Error 

OF 
-- - -----

1 
4 

55 
-------
0.23291 
0.02257 

-- - - .. - ....... - - ..... -- ..... = - =~ - "''' '''" '''' ' - -

M5 
- - --- - - -------

0.23291 
0.00564 

-.. .: .' ". " 

F P 
-----_ .. - - - -------

41. 27 0.003 

Total 5 0.25548 _ 
--- -- -------------------------------------~------------------------------------------
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APpendix B 130. ANOV A for Figure 6 2 0 • 

. - YoK In Carrot leaves 

source DF SS ---_." ..... .. _--.. _------------------ -- ----- ----- MS F p 
Regression 1 0.15123 
Error 4 0.08217 

.... -... ..... . . , ., 
---------------------0 . 15123 -------

0.02054 7.36 0.053 

Total 5 0.23340 

--------------------------------------------~-~--~~-~-~~--~~--~-.~-.. -.. --~~.--~-------

Appendix B 131 . ANOV A for Figure 6.2 - %K in Carrot roots 

----------- --- - -- .,~~~- ~. -~ - ._-
source DF 

. .... , ' ,_ . -, .. - . _. 
SS M5 F p 

;:~:::::::----~----~~~~;;~;- ---;~;~~;~; ---- -- - - ------ -
9.36 0.044 

Error 4 0.025720 0.006430 
-----_ .... _-_ .... .... =. ........ '" . ~. , ... - • • -. ~ -. 

'. - •• 'p _ . ........ - - .. '. .... -

Total 5 0.079483 

----------------------------------------------------------------------------------------

Appendix B 132. ANOV A for Figure 6.3 - %P in CalTot leaves 

Source DF 55 MS F p 

Regression 1 0.024300 0.024300 36.00 0.004 
Error 4 0.002700 0.000675 

.. - ,- ... . _. - - - - . - ~~ ~ ~ ~ -~- ---------------

Total 5 0.027000 
---------------_.------ --- ----------------------------------

Appendix B 133. 

Source 

Regression 
Error 

Total 

DF 

1 
4 

5 

ANOV A for Figure 6.3 - %P in Carrot roots 

55 
- " - - ~. -- - - - -- - --

0.011408 
0.000875 

0.012283 

_ _ ~ d ~~~ ________________ _ 

M5 

----------
0 . 011408 
0.000219 

F 
--------

52.15 

p 

----------
0.002 

__ ~ .~ "~ _M-------- -- ------
-------------------------------

- _ _ . ~ ___ ~r .... • • - ~ ~ - . r ... - - - -.- --
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Appendix B 134. ANOV A for Table 5 4 _ 0/. N' . 
• 0 mmeralIzed 

K 
value Source 

Degrees of 
Freedom 

------------------- ---- --

Sum of 
Squares 

-------
Mean 

Square 
F 
Value ProlJ 

1 
2 

- 3 

Repl j \.il t.i C'ln 
Factor A 
Error 

2 
6 

12 

-------------------------------------

------- --, ... - - .. _. -
Total 20 

------------ - -------- ~ - -- - -- - - -

7.J43 
1489 . 079 

6.857 

1503.079 

3.571 
248.180 

0.571 
. ~ - - " , ",. . 

6.25ClCl 
434.3148 

Cl.Cl138 
0.0000 

- .- --- -"'._ . .",-
coefficient of Variation: 1.54% -- = - ~-- ~ - -- --~-- .---~ - - - -~ - ~ -~-~~- -

Appendix B 13 5. ANOVA for Table 5.4 - Rate ofN mineralized 

. _ . _ . _ _ _ . . . . .. .. . r . __ .. _ ___ _ _ .... __ .. . 
. ... ' . _ .......... " •• - ... ,.. - T...:;,..; .... -: ... ___ _ _ ________ _ 

K 
Value Source 

Degrees of Sum of 
Freedom Squares 

Mean 
Square 

F 
Value PLob 

---------------------------------------------------------------------------
1 Repl i ciltion 2 65 . 146 32.573 7.3925 0.008l 

2 Factor A 6 26514.962 4419.160 1002.9439 0.0000 

-3 Error 12 52.874 4.406 
_________ ____ _ _ ... _ _ _ _ _ . . r.··. 

To tal 2 0 26632.982 

--------------------------------- -= .. - - ~~ - -~-=~~ - ~-- .. -- ~ ~-- = - --- ~ - -~ - = - . - --~ 

Coefficient of Variation: 2.09% 

Appendix B 136. ANOYA for Table 5.4 - %C02 mineralized 

K 
Value Source 

Degrees of 
Freedom 

Sum of 
squares 
---------------------------------------------

) 

2 
-3 

Rep] j Cil t . .i on 
Factor A 
Error 

- --- -

2 
6 

12 
.r_ '"--' • 

66.667 
2821. 469 

12 . 000 

Mean 
squaI:e 

F 
Value 

----------------------
34.333 

470.245 
1.000 

34.3333 
470 .2 449 

Prob 
--------

0.0000 
0.0000 

-- .-- -.. -- - - -- - - - - - - - - ~ - .--------------------------- 2902 .136 
Total 20 

_ _ _ . ... __ •• - ~ •• • " . - ... - • • -- r _ _ _ 

------------------~--·on· 1.6'% 
Coefficient of Var~at~ . 
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Appendix B 137. 

K 
Value Sourc.e 

ANOVA for Table 5.4 - Rate of CO2 mineralized 

Degrees of Sum of 
Freedom S~uares 

Mean 
S~uare 

F 
Value 

-----------------------------------------------------------------------
1 
2 

-3 

Repl.i C:il t.j on 
Factor A 
Error 

2 
6 

12 

-------------- -------- - - ... ... _- -
Total 20 

--------------------- -- ---. __ .. _ .. . -

coefficient of Variation: 2 . 82% 

0,003 0,001 23,{l76!'l {l,(l0{l1 

0.684 0.114 1842.2303 0.0000 

0.001 0.0001 
- .-- - - --- .. ~ . . --.-.- - ~ . - . 

0.688 
- -- .- -.- - .,..- ---_. --- ---- - - _. - -.~ -- - - .-

-_ .. ----- _. , .. --

---- ------
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