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Nodulation and Nitrogen Fixation by Landrace Legumes in Yam/Cassava Based Cropping Systems
of the tropical rainforest

Ibeawuchi LI., Obiefuna J. C., Nwufo, M. 1. and Ofoh, M.C.
Department of Crop Science and Technology
Federal University of Technology
P.M.B. 1526, Owerri Nigeria
ii_ibeawuchi@yahoo.co.uk

Abstract: The study assessed the nodulation / nitrogen fixation of landrace legumes: the velvet bean
(Mucuna pruriens Var. utilis). African yam bean (Sphenostylis sternocarpa) and lime bean (Phaseolus
lunatus) for increased yield in yam/ cassava based cropping systems of the tropical rainforest of
Southeastern Nigeria. In both sole cropping and formed systems the landrace legumes formed nodules
within 4 WAP. Dry nodule weight was higher in sole legumes than in yam/cassava based crop mixtures and
further decreased with increasing number of crops in the mixture. Mucuna pruriens fixed significantly more
N, had higher symbiotic dependence ranging from 57.02% in yam/maize/cassava/mucuna to 57.62 in sole
cropping than the other legumes used.the experiment. African yam bean had significantly more efficient
nodules than mucuna and lima bean either in sole cropping or intercropping. Also, there were significant
differences in the dry matter per plant between cropping systems and within the landrace legume species
and Mucuna had the highest (8.8 g) in sole cropping system. [New York Science Journal. 2008;1(1):1-12].
(ISSN: 1554-0200).

Keywords: Nodulation and Nitrogen Fixation, Landrace Legumes, Yam/Cassava Based Cropping Systems,
Tropical Rain Forest

Introduction:

The agro-ecological zones of the world are made up of different cultures practicing different
cropping systems for the sustenance of their environment. In many parts of the developing countries of the
world, there is an increasing deficit of nitrogen. It is estimated that between 20 and 70 kg N ha™ yr ' may
be imported every year by developing countries in sub-Saharan Africa and Latin America (Giller2001)
Nitrogen is lost mainly through leaching, volatilization and denitrification, and to the atmosphere through
burning. These loses must be replaced if agricultural productivity is to be sustained.

In agricultural production systems, adequate levels of nitrogen (N) are essential for proper plant
growth as it is useful for chlorophyll, enzymes as well as for the amino acids and proteins used for building
plant tissues and cell organelles (Brady, 1990). In many tropical agricultural systems, the importance of
nitrogen is second only to water and the N content of most surface mineral soils is about 0.02 —
0.5%(Webster and Wilson, 1998). However, most of the soil N is in Organic form associated with humus
and silicate clays and only about 2-3% of this is mineralized each year (Brady 1990). Amongst the soil
nutrient elements, nitrogen (N) is so important to plants that after photosynthesis, biological nitrogen
fixation is probably the second most important biological process on earth (Brady 1990). Biological
nitrogen fixation through legumes has a great potential to contribute to the productivity and sustainability
of the tropical agricultural systems by substituting for fertilizer inputs (Boddey et al 1997). The
southeastern Nigeria agro ecological zone is characterized by varying seasonal temperatures, rainfall,
humidity, low soil pH and organic matter levels, poor soil fertility status particularly Nitrogen. There is
minimal external input use by small-scale farmers, practicing mostly yam and or cassava based cropping
systems with maize, legumes and some vegetables, predominating the zone. This farming system had
received limited attention from the research communities as early efforts were focused on fertilizer trials
instead of exploiting the landrace legumes to improve our farming systems, as practiced by traditional
smallholder farmers. The contemporary research efforts to improve soil fertility is directed towards the
introduction of edible and non-edible leguminous species into our farming systems to harness fertility
potentials with yam and or cassava as the base crops.

The Velvet bean, Mucuna pruriens is a leguminous plant indigenous to Southeastern Nigeria. It is
called “Agbiri” (Igbo) because of the itching nature of the pod trichomes when in contact with the human
skin. It is a vigorously growing and twining annual plant and has a number of species and hybrids. (Qudhia,
2001a). Mucuna pruriens apart from having some medical properties fixes nitrogen and serve as a green
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manure and cover crop (Oudhia 2001b). Providing support to the plant helps to increase the yield by 25%
and reduces pest infestation (Oudhia and Tripathi 2001) and yield of 500kg ha™ have been obtained from
well, managed irrigated farms (Singh et al 1995, Farooqi et al 1999)

The lima bean Phaseolus lunatus L is a warm season crop belonging to the family legumenoseae.
It is propagated by seed (Van der Maeseen and Sadikin 1989, Darbie et al 1999). There are three culti-
groups of the lima bean, sieve, potato and the big Lima. However the fourth culti- group called sieve big
Lima type exists (Liol er al 1991). Lower yield of 200 — 300 kgha™ has been reported in India while in
Western Nigeria under experimental condition yield of over 300 kgha have been reported indicating
potentials of the crop in the humid tropics (Daisy 1979). It is often planted along with yam and the beans,
using the same stakes as the yam for support (Ibeawuchi and Ofoh 2000)

The African yam bean Sphenostylis sternocarpa is a vigorous growing herbaceous plant that
climbs and twines to height of over 3m and requires staking. Small-scale cultivation is practiced throughout
Southeastern Nigeria where the plant is adapted for low land conditions. The African yam bean has
trifoliate leaves and flowers profusely in 100-150 days after planting (IPGRL FAO 2001) .Its management
is the same as employed traditionally by farmers in Africa where it is always found in mixed culture and
scattered in small plots (NAS 1979).).

Yam, Dioscorea species is a monocot and it is wide spread in West Africa of which Nigeria is the
center of production (Onwueme- and Sinha 1991. Lothar 1983). Over 59% of yams and 75% of maize
grown in Nigeria are intercropped (Okigbo and Greenland 1975). In the soils of the rain forest zone of
Nigeria, yam / maize /melon and yam/maize/cassava are the must dominant yam based crop combinations
(Agboola 1979, Ezeilo et al 1975). In most traditions practicing yam based farming systems, yam is usually
the first or one of the first crops to be planted after the land is cleared from bush fallow (Degrass 1993).

Cassava, Manihot esculenta (L) Crantz is a dicotyledonous plant growing 1-3m high. It belongs to
the family Euphorbiceae (Pierre 1989, Howard 1988) Cassava based cropping systems are found mainly on
poor sandy soils of the coastal belt where food crops other than cassava hardly give satisfactory yield
except coconut or oil palm. Cassava is the predominant staple food crop in southeastern Nigeria replacing
especially cocoyam, potato and even yam to some extents.

The yam/cassava based cropping systems with landrace legume is expected to be a good crop
combination for soil improvement. This cropping system may help in biological nitrogen fixation and
availability to the companion or a subsequent crop. Legumes apart from serving as food has a variety of
other uses including their ability to harbour nitrogen fixing bacteria (rhizobia) and serve as green manure
crop to improve soil fertility and soil organic matter content. The potentials of legumes to fix nitrogen in
the soils of low land humid environment have not fully been exploited especially using the landrace
legumes of the rainforest belt of Nigeria. The Nitrogen benefit from leguminous plant in an intercropping
system will depend on the active symbiotic activity under such a system. The relevance of yam and or
cassava intercropping with landrace legumes such as Mucuna pruriens, Sphenostylis sternocarpa and
Phaseolus lunatus in Southeastern Nigeria agro ecological zone lack scientific information.

This work therefore, was designed to develop farming technologies using such edible and non-
edible landrace legumes to assess their potentials in nodulation/ Nitrogen fixation in a yam/cassava based
cropping systems in Southeastern Nigeria.

Materials and Methods

The experiment was conducted at the Teaching and Research farm of the School of Agricultural
Technology, Federal University of Technology Owerri. Nigeria, located between latitude 5° 23’ 8.7" N and
longitude 6°. 59’ 39. 4" E., which is in the tropical rainforest zone of Southeastern Nigeria. The areas have a
minimum and maximum annual ambient temperature of 20 C and 32 C, respectively and mean annual
rainfall of 2500mm (Nwosu and Adeniyi 1980).

The soils have been developed from deep unconsolidated marine sediments of Pleistocene age,
often known as coasted plain sands (Ofomata 1975) and classified as Ultisols with low mineral reserve and
are therefore low in fertility (Eshett 1993). The experimental site was under fallow for 2 years and it was
previously cropped with cassava and maize to which NP K fertilizer was applied. Thesoil physical
properties showed 84% sand,10.5% silt and 6.5% clay while the chemical analysis revealed that the soil
had 0.05% Total N,10.9 ppm P, and available cations K, Ca and Mg of 0.76,0.47 and 0.70Cmol/kg
respectively. The soil reaction ( pH in water ) was 4.56.
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Planting materials

Three land race legumes were used namely: African yam bean — Sphenostylis sternocarpa; Lima
bean — Phaseolus lunatus; and the velvet bean-Mucuna pruriens var. utilis. Mucuna grows in the wild but
the black seed were collected from the SAAT gene bank while lima bean and African yam bean were
bought from the rural markets in Owerri agricultural zone. Other planting materials: cassava - (TMS
30555); Seed yams (white) obiaeturugo— local cultivar; TZSR yellow, Cassava cuttings and maize were
bought from the Imo Agricultural Development Project Headquarters Okigwe Road, Owerri.. For the
repeat of the experiment, seeds of the land race legumes, maize seeds, seed yams and cassava cuttings
harvest were got from the previous plantings

Land preparation

For the two years of the research work, land preparation was done manually with machetes, spades
and rakes since minimum tillage was used. The dry trash was later packed and removed from the site. The
field was thereafter marked out for planting. The experiment was laid out in a randomized complete block
design replicated 3 times. Each plot measured 3 x 4 m with 1 m between plots and 2 m between blocks and
1 m experimental guard areas. The treatments included sole crops each component crop and their
combinations as follows:

Yam/ maize-Based: Yam/ maize cassava-based

1. Yam/maize/mucuna (y/m/mp) 9. Yam/maize/mucuna (y/m/ cassava mp).

2. Yam/maize/lima (y/m/1). 10. Yam/maize/cassava/lima (y/m/c/1)

3. Yam/maize/African yam bean (y/m/Ayb) 11.  Yam/maize/cassava/African yam  bean
(y/m/c/Ayb)

4. Yam/maize, (y/m). 12. Yam/maize/cassava (y/m/c)

Cassava/ maize - based Sole Cropping

5. Cassava/maize/mucuna (¢/m/mp) 13. Yam (y)

6. Cassava/maize/lima (c/m/1) 14. Cassava (c)

7.  Cassava/maize/African  yam  bean 15. Maize (m)

(c/m/Ayb)

8. Cassava/maize (c/m). 16. Mucuna (Mp)

17. Lima bean (L)
18. African yam bean (Ayb

Planting and spacing

Two seeds of each landrace legume were planted 2-3cm deep and spaced 50 x 50 cm. These were
later thinned down to 1 plant per hole after emergence giving 20,000 plants per hectare for sole and
intercropped plots of each legume.

Two maize seeds were planted per hole at a depth of 2-5cm at 1 x Im spacing. This was later
thinned down after germination and emergence to 1 plant per stand giving 10,000 plants per hectare.
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Yam: Dioscorea rotundata (white) obiaeturugo, seed yams weighing 200-300 g were planted in holes
measuring 30 x 30 x 30 cm at a spacing of 1 x 1m on flat. This gave a plant population of 10,000 plants per
hectare.

Cassava: (TMS 30555). Cassava cuttings measuring 20cm long were planted on flat at 1 x 1 m
spacing giving a plant population of 10,000 plants/ha.
Soil samples

At the beginning of the experiment, soil samples were randomly collected with soil auger at a
plough layer of 0 — 20 cm from different spots of the experimental field. The soil samples were bulked and
analysed. Also, at the end of each experiment soil samples were collected with soil auger from each plot
and samples from plots carrying the same treatments were bulked and analyzed.

Soil pH was determined in distilled water at 1:2.5 soil: water solution ratios using the Beckman
zeromatic pH meter.

Organic matter (OM) was determined by the chromic acid oxidation method (Walkley and Black,
1934).

Nitrogen (N) was determined by the micro-kjeldahl digestion method (Bremner, 1965).
Available phosphorus (P) and exchangeable potassium (K) were determined by the Bray II (and the flame
photometry, respectively. Atomic Absorption Spectrophotometry (AAS) determined calcium (Ca) and
Magnesium (Mg).
Plant and Soil Sampling.

Two plants each of Mucuna pruriens var. utilis (Mucuna Black seed utilis), Phaseolus lunatus
(Lima bean) and Sphenostylis sternocarpa (African yam bean) were sampled from each plot at 2 weekly
intervals starting from 4-12 weeks after planting and at harvest.

At each sampling, nodule number, nodule weight, and total dry matter yield were assessed. Also,
nodule colour was determined in the field using colour chart. The legume samples were dried to a constant
weight at an oven temperature of 60°C for 48 hours.

At each sampling time, the residual soil N and plant N accumulation were determined thus:

N -accretion = Total N in the system at harvest minus net change in soil N + seed N.

N in the system at harvest = Sum of soil N + total plant N.

Net change in soil N = Soil N after harvest — soil N before planting.

N accretion = Gradual addition of N in nature (soil).

In yam, maize, cassava intercropping with the three legumes, soil samples were taken at harvest and
analyzed

Nodule counts
Two legume plants in each plot were sampled each time by digging up the entire plant and immersing
the root into a bucket full of water to clear roots of soil. Thereafter, the number of nodules per plant
were counted and recorded. Subsequently, the nodules were scratched to note the colour.

Dry matter.

The sampled legume plants from the plots were oven dried at 60°C for 48 hours to a constant
weight and recorded. At harvest, the samples (plant and grain) were also oven dried analysed and recorded
.All samples were oven dried to a constant weight and recorded.

Plant analysis
At each sampling, the oven-dried materials were analyzed for plant N.

Harvesting was done at the maturity of each crop.

Data analysis

The data collected were collated and statistically analyzed using the Megastat, developed by Orris
(2000) and Microsoft Excel (2000) packages. Simple linear regression equation as detailed by
Koutsoyiannis (1996) was fitted into the data collected for evaluation of total dry matter and nodule weight.
Wahua (1999) was used for data analysis and interpretation.
Results

Table 1 shows the mean nodule dry weight, (mg/plant) nodule number and total dry matter/plant
(g/plant) for yam, cassava, and yam/cassava-based cropping systems and the sole cropping of the three-
landrace legumes. The sole cropped landrace legumes had significantly higher number of nodules per plant
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than the other cropping system Nodule number decline with increased number of crops per crop
combination, with the least nodule number of 25/plant from yam/maize/cassava/ mucuna. There were
significant differences in nodule dry weight within and between the different yam and cassava-based
cropping systems. In yam-based cropping system, Mucuna pruriens had significantly higher nodule dry
weight than lima bean (Phaseolus lunatus) but, similar to that Sphenostylis sternocarpa (the African yam
bean). In Cassava and yam/cassava-based cropping system no significant differences existed among the
cropping systems. However, the sole cropping of the landraces showed significantly higher number of
nodule dry weight per plant for Mucuna pruriens than Phaseolus lunatus and Sphenostylis sternocarpa.

Furthermore, there were differences in the quantity of dry matter produced per plant between
cropping systems and within the land race species. The highest was got from Mucuna pruriens under sole
cropping (8.8g/plant) and it was significantly (P>0.05) higher than those of others in the crop mixtures and
the sole cropping of Phaseolus lunatus and Sphenostylis sternocarpa, The results also show a change in the
dry matter of Mucuna, which was reduced by 22.72% when planted in association with yam and maize, or
by 28.98% when planted in association with cassava and maize or by 26.14% when in association with
yam/maize/cassava. The dry matter of lima bean was reduced by 25.22 % when associated with yam/maize,
by 11.30% and 28% in cassava/maize and yam/maize/cassava, respectively. African yam bean dry matter
was depressed by 25% when in association with yam/maize, by 11.21% in association with cassava/maize
and by 29.83% in yam/maize/cassava association.

Figure 1 shows the relationship between mean dry nodule weight and nodule numbers for tuber-
based cropping mixture. A relationship exists between them and that dry nodule weight increased with
increasing number of nodules indicating that the relationship will enhance the fixation potentials of the
landrace legumes.

Table 2 shows regression analysis of impact of total dry matter on mean nodule weight for tuber—
based cropping systems and sole cropping of the three-landrace legumes. The results of the regression
analysis are shown in the equation;

Y =53.78 +19.10X, @)
Where y = mean nodule dry weight (mg/plant) and
X, = Total dry matter (g/plant).

Test carried on this regression estimate showed that a significant relationship existed between the
mean nodule dry weight and total dry matter. The empirical relationships between these two variables
(nodule dry weight and total dry matter) show that each mg nodule weight requires 19.1g dry matter to
form. From the same equation 59.7% (R* = coefficient of determination) of the variation in the nodule
weight was explained by the total dry matter per plant. It showed that the t-ratio, which is
coefficient/standard error, was significant at (P< 0.01) indicating a strong relationship between total dry
matter and nodule dry weight.

Figure 2 shows a significant relationship between nodule dry weight and fixed nitrogen. Fixed
nitrogen increased with increase nodule dry weight, which was significantly different (P<0.05) in sole
planted Mucuna.

Total fixed —N, and symbiotic dependence (SD).

Table 4, shows that among the three landrace legumes Mucuna pruriens fixed significantly
(P>0.05) more nitrogen than the other legumes either as sole or when intercropped. Mucuna also had the
highest symbiotic dependence (SD) in all the cropping systems, In Mucuna SD ranged from 57.02% in
yam/maize/cassava/Mucuna to 57.62 in sole cropping. In lima bean SD ranged from 45.15% in
yam/maize/cassava Lima to 45.63% in sole cropping while African yam bean had 50.05% in
yam/maize/African yam bean to 56.47%under sole cropping.

Nodulation Efficiency and Specific Nodule Activity.

Nodulation efficiency (NE) shows that Sphenostylis sternocarpa (African yam bean). had
significantly (P>0.05) more efficient nodules than the other legumes either in sole cropping or in
intercropping (Table 5). The results show that there is high specific activity of nodules in the yam/cassava-
based cropping system 0.38 and 0.36 for Mucuna and African yam bean, respectively, which they were
significantly (P>0.05) different from those of other legumes in the cropping system.
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Table 1. Mean nodule weight (mg/plant); Fixed N (mg/plant); nodule no/plant, and total dry matter,
(g/plant) for yam/cassava- based cropping system and sole cropping of the three-landrace legumes.

Treatments/Cropping System Dry Nodule Total Dry Nodule Fixed
weight Matter No./ N
(mg/plant) (g/plant) plant (mg/plant)
yam/maize/mucuna 168.8 6.8 38 57.1
yam/maize/lima 146.2 43 31 39.5
yam/maize/African yam bean 159.9 4.35 35 45.2
Cassava/maize/mucuna 156.6 6.25 36 58.3
Cassava/maize/lima 138.64 5.1 31 41.2
Cassava/maize/African yam bean ~ 138.8 5.15 31 47.7
yam/maize/cassava/Mucuna 139.9 6.5 25 52.8
yam/maize/cassava/lima 124.35 4.14 28 383
yam/maize/cassava/ayb 124.36 4.07 28 44.2
Mucuna pruriens 240.2 8.8 66 65.8
lima beans 187.8 5.75 56 47.5
African yam bean 199.9 5.8 57 54.2
LSD(0.05): 18.65 1.78 12.5 10.8

Table 2. Regression Analysis showing the relationship between dry matter and nodule weight for yam/
cassava-based cropping system & sole cropping of the three-landrace legumes.

0.597
0.773
22.820

12

1
(mg/plant)

Regression equation: Y = 53.78 + 19.10X,
Standard error of coefficient ----- (4.96)
The t-ratio (coeff./std.error)-------- 3.85%**

Y = Mean Nodule Weight (mg/plant);

X; = Total Dry Matter (g/plant);
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R

Std. Error of estimate
Observations
Predictor variable
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Table3. Nodulation count, Nodule Weight, Plant Dry matter, Soil N and Plant N at 4 WAP

Cropping System Nodule Nodule Plagr;()tal Soil N. Plant N
Number wt (mg) matter(g) mg/100g mg/100g
Yam-based
Yam/Maize/Mucuna 2.0 0.28 0.18 7.0 8.7
Yam/Maize/Lima 1.0 0.09 0.08 7.0 7.2
Yam/Maize/African 1.5 0.11 0.16 7.0 6.5
Yam bean
Cassava-based
Cassava/Maize/Mucu 1.0 0.20 0.18 7.0 8.6
na
Cassava/Maize/Lima 1.0 0.07 0.17 7.0 7.2
Cassava/Maize/Africa 1.0 0.05 0.17 7.0 6.5
n yam bean
Yam/Cassava-based.
Yam/Maize/Cassava/ 2.0 0.03 0.17 7.0 8.7
Mucuna
Yam/Maize/Cassava/ 2.0 0.19 0.16 7.0 7.2
Lima
Yam/Maize/Cassava/ 2.0 0.22 0.16 7.0 6.5
African yam bean
Sole Cropping
Mucuna pruriens 2.5 0.03 0.19 7.0 8.7
Lima bean 2.0 0.120 0.17 7.0 7.2
African yam bean. 2.0 0.22 0.18 7.0 6.5
LSD(0.05) 0.25 NS NS NS NS
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Dry Nodule weight & Nodule Number
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Figure 1. Relationship between mean nodule weight & nodule numbers for yam /cassava-based cropping
systems & sole cropping of the three landrace legumes

Dry nodule weight & fixed N(mg/plant)
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Figure 2. Relationship between mean dry nodule weight & Fixed N (mg/plant) for yam/cassava-based
cropping system & sole cropping of the three landrace legumes.
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Table 4: Mean value of fixed N, Symbiotic dependence (SD), Nodulation Efficiency (NE), and specific
activity as influenced by cropping systems.

Symbiotic Nodulation Specific Nodule
Cropping Systems Fixed N Dependence(SD) Efficiency(NE) Activity

(Nodule dry (Fixed
(Fixed N/Total wt.(mg)/(plt N(mg)/Nodule

(mg/plant) Plant N)*100 dry wt(g)) Dry wt(mg))
Yam-based:
yam/maize/Mucuna 57.1 57.44 24.82 0.34
yam/maize/lima 39.5 45.56 34 0.27
yam/maize/African yam
bean 45.2 50.05 36.76 0.28
Cassava-based:
Cassava/maize/mucuna 58.3 57.44 25.06 0.35
cassava/maize/lima 41.2 453 27.18 0.3
cassava/maize/African yam
bean 47.7 50.32 26.96 0.34
Yam/Cassava based :
yam/maize/cassava/Mucuna  52.8 57.02 21.51 0.38
yam/maize/cassava/lima 383 45.15 30.04 0.31
yam/maize/cassava/Ayb 44.2 50.05 30.56 0.36
Sole Cropping:
mucuna puriens 65.8 57.62 27.3 0.27
lima beans 47.5 45.63 32.63 0.25
African yam bean 54.2 56.47 34.47 0.27
LSD (0.05) 10.8 11.75 11.39 0.06

NB: SD= (Fixed N)/(Total Plant N) x100/1
NE = (Nodule dry weight /Plant)/(Plant dry Weight)
SNA =(Fixed N)/(Nodule dry Weight)

Discussion

Nodule Dry Weight and Nodule Number

Nodule formation was noticed within 4 WAP. Field records show that some nodules were green,
white or grey while some were pink or red when scratched with finger. The pink or red nodules are those
believed to have leghemoglobin and capable of N- fixation. Lindemann and Glover (1998) reported that
young nodules were white or grey and were not fixing nitrogen but as they grew they turned pink or reddish
in colour indicating that nitrogen fixation has started. Nodule dry weight and number decreased with
increasing numbers of plants population in each crop combination with the lowest in yam / cassava-based
cropping system. It may be that nodule weight and number are energy dependent. This agreed with the
report by Tang et al (2001) that phosphorus increased nodule number 35 WAP. However, nodule number
and weight could be as a result of legumes genetic character to have up-to a certain number if favoured by
environmental factors. Simple relationship exists between nodule dry weight and nodule number per plant
as they are indices of N — fixation (Vincent — Chandlar et al 1964; Oti and Agbim 2000a).
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Nodulation Efficiency (N.E) and Specific Nodule Activity (SNA).

These are derived technical expressions of the symbiotic permanence of the landrace legumes and
point out the effectiveness or otherwise of nodules and their relationship with fixed-N, Therefore, the
nodulation efficiency (NE) could be more dependent on the genetic inheritance of the legumes while
specific nodule activity (SNA) seems more an environmentally controlled factor since it was significantly
affected by the different cropping systems and the former was not. This view was shared by Oti and Agbim
(2000b) who reported, that nodulation efficiency tended to be more an inherent attribute of legumes while
specific nodule activity was more controlled by environmental factors
Total Dry Matter.

Dry matter accumulation is one of the measures of plant growth, (Noggle and Fritz 1983) and
reflects the relative growth rate as regards to net assimilation rate. Dry matter is a function of crop species
and soil fertility (Jones 1976; Oti and Agbim 2000(b}. The result suggests that inter-cropping system
influenced dry matter accumulation. The inter-cropping systems involving yam and cassava, which have
high demand for soil P and K (Ustimenko — Bakumovsky 1983, Onwueme and Sinha 1991), must have
affected adversely the performance and growth of the land race legumes. This agreed with the report by
Vincent — Chandlar et al (1964), Oti and Agbim (2000a) that low P in soils or its deficiency limits legumes
growth and performance in tropical soils. However, large quantities of dry matter were obtained from sole
cropping systems. This has its agronomic significance since total dry matter is one of the key factors in soil
nitrogen fixation (West and Wedin 1985).

Fixed — N and Symbiotic Dependence (SD)

The significantly high quantity of N-fixed by the sole planted legumes reflected the number of
nodules per plant, dry nodule weight and total dry matter content per plant. This observation agreed with
the results obtained by Ibeawuchi et al (2004), who reported that nodule weight, nodule numbers and total
dry matter are all indices of nitrogen fixation since they have either direct or indirect relationship. The high
nodule weight and number of mucuna planted sole in the trial and its ability to fix-high quantity of N in the
experiment is an indication of the importance of their relationship in N-fixation. This agreed with the report
by Miller et al (1982) who reported that nodule weight was a major contributing factor to N-fixation
activity while nodule numbers was important in its relationship with nodule weight. Symbiotic dependence
(SD) being a mathematical expression in percentage of the fixed-N per total plant nitrogen may not be a
dependable measuring technical attribute for nitrogen fixation potentials of the landraces. This observation
agreed with Oti and Agbim (2000b) who stated that symbiotic dependence is influenced by soil and may
not be a reliable indicator of screening the N— fixing potentials of legumes.

Conclusion:

Landrace legumes had been found to fix reasonable quantities of nitrogen in the soil and by
implication help to improve soil fertility. This will go a long way in reducing the use of chemical fertilizers,
thus sustaining our environments. Our farming environment is governed by high rainfall and temperature,
which encourages leaching and volatilization losses. The soil being a living body is dynamic and these
factors will not allow one to give accurately the N status of the soil at any particular point in time.
However, farmers are encouraged to practice intercropping with landrace legumes since they have been
found to fix large and economical amounts of nitrogen and dry matter which decay to sustain soil organic
matter content. Mucuna pruriens is a crop of the future and emphasis should be laid on its research as
human food and other endeavours of human life.
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Hemolysis production and resistance to fluoroquinolones among clinical isolates of Escherichia coli in
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Abstract: The activities of ampicillin, amoxycillin-clavulanic acid, gentamicin, tetracycline, nalidixic-acid,
ciprofloxacin, pefloxacin and ofloxacin against 82 clinical isolates of Escherichia coli were determined by
micro-dilution technique, according to NCCLS guidelines. Twenty two (27.3%) isolates were hemolytic, of
which 16 (72.7%) were from urine samples, while 60 (72.7%) were non-hemolytic isolates. The percentage
of resistance to quinolones - pefloxacin, ciprofloxacin, ofloxacin, nalidixic acid and amino-glycosides,
among both hemolytic and non-hemolytic isolates were not significant (P>0.05). However it is very
significant for the penicillins- ampicillin, amoxicillin-clavulanic acid, tetracycline and Cotrimoxazole.
(P<0.05). Thus we conclude that susceptibility pattern to quinolones, nalidixic acid and aminoglycosides by
E. coli is independent of the hemolysis factor since the level of resistance is not significantly different
between the two isolates. While the susceptibility to the penicillins, tetracyclines and Cotrimoxazole is
dependent on hemolysis factor since there is a significant difference between the sensitive hemolytic
isolates and the non hemolytic isolates. [New York Science Journal. 2008;1(1):13-16]. (ISSN: 1554-0200).

Keywords: Hemolysis, Resistance, Fluoroquinolones, Escherichia coli, southwest, Nigeria.

Introduction:

Resistance to fluoroquinolones in Escherichia coli is an increasing problem in Nigeria and other
countries. [Daini, 2005]. Most Escherichia coli isolates are normal, benign residents in the intestines of
animals. However, small percentages of E. coli are pathogenic and cause a variety of diseases ranging from
diarrhea to septicemia. The properties which allow pathogenic E. coli to invade infect, and damage host
cells are conferred by adhesins, toxins, and haemolysins. E. coli can produce several types of haemolysin,
including an extracellular protein (a-haemolysin), a cell-bound protein (B-haemolysin) and a haemolysin
expressed by nalidixic acid-resistant mutants (y-haemolysins). [Cavalier, 1984; Walton, 1969]. Several
mechanisms are known to determine this resistance in E. coli, including mutations in the topoisomerase (I
and IV) genes, and decreased accumulation because of outer membrane alterations and or the expression of
efflux pumps. [Everett, 1996].

In uropathogenic E. coli and other isolates that cause extra intestinal disease, the alpha
haemolysin, (hlyA) is a particularly important virulence factor [Beutin,1991] This haemolysin belongs to a
family of proteins called repeat-in-toxins (RTX) because of the tandem arrays of a nine amino acid repeat
with the consensus sequence [Weich,1988; Bauer, 1996]. While determining antimicrobial susceptibility in
our clinical laboratory we have often observed that majority of E. coli strains resistant to quinolones were
non-hemolytic. In this study therefore we intend, to establish the relationship of hemolysis with the levels
of resistance of E.coli strains to quinolones and determine whether strains of E.coli resistant to quinolones
that are hemolytic are from specific body fluid.

Materials and methods.
Bacterial strains

Eighty-two isolates from, urine, cerebrospinal fluid, peritoneal fluid, blood culture, wound
exudates were cultured for hemolysis testing from different patients referred to the clinical laboratory of the
Ladoke Akintola University of Technology Teaching Hospital, Nigeria, from October 2004 to December
2005 were evaluated.
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Susceptibility testing

Bacterial identification to susceptibility testing was performed by micro-dilution, according to
NCCLS guidelines. The following antimicrobial agents were studied: ampicillin, amoxicillin-clavulanic
acid, gentamicin, tetracycline, nalidixic acid, ciprofloxacin, pefloxacin and ofloxacin. Organisms were
considered resistant to the antimicrobial agents evaluated when the corresponding MICs were 16mg/ml for
ampicillin, 16.2mg/ml for amoxicillin-clavulanic acid, 8mg/ml for gentamicin, tetracycline and pefloxacin,
32mg/ml nalidixic acid and 2mg/ml ciprofloxacin and ofloxacin. These breakpoints allowed comparison of
susceptible versus non-susceptible (either intermediate or resistant) isolates, according to NCCLS
guidelines. [NCCLS, 1997]

Determination of hemolytic activity.

An organism was considered hemolytic when a clear halo was observed around isolated colonies
after overnight incubation. The organisms were considered -haemolysin producers when hemolysis was
observed on agar base containing sheep blood (5%, BioM¢érieux, Marcy 1' Etoile, France) but not when
containing human blood (5%).

Statistical methods.

The statistical significance of differences in resistance to antimicrobial agents between hemolytic
and non-hemolytic isolates was tested using the 2 test and (in the case of gentamicin) Fisher's exact test.
Differences were considered significant when P was <0.05

Results:

Among the eighty-two isolates tested for hemolysis 22 (26.8%) isolates produced hemolysis while
60 (73.2%) are non-hemolytic isolates. Of the hemolytic isolates 16 (72.1%) were isolated from the urine
samples, 4 (18.2%) from stool samples and 2 (9.1%) from blood samples. The resistance pattern among
both hemolytic and non-hemolytic isolates showed that 90.9%and 100% for ampicillin (P=0.06), 81.8%
and 100% for amoxycillin-clavulanic acid (P=0.004), 9.1% and 11.7% for gentamicin (P=1.00),81.8% and
98.3% for tetracycline (P=0.017), 31.8% and 40.0% for nalidixic acid (P=0.61), 31.8% and 24.0% for
ciprofloxacin (P=0.61), 18.2% and 38.3% for pefloxacin (P=0.11) 50.0% and 60.0% for co-trimoxazole
(P=0.46). Twenty two (26.8%) isolates were haemolytic on both sheep and human blood agar, suggesting
that these organisms produce -haemolysins. When compared, the percentages of resistance of both isolates
to quinolones- ciprofloxacin, pefloxacin, nalidixic acid, co-trimoxazole and gentamicin were not significant
statistically (P=0.61, 0.11, 0.61, 0.46 and 1.0 respectively) While the percentage resistance of the two
isolates to tetracycline, ampicillin and amoxicillin-clavulanic acid were statistically significant (P=0.017,
0.06 and 0.0042 respectively).

Table I: Showing the comparative resistance pattern of hemolytic and non-hemolytic isolates of Escherichia
coli to various antimicrobial agents.

Drugs Hemolytic isolates Non-hemolytic isolates P-value
N=22 (26.8%) N=60 (73.2%)
Sensitive (%) Resistant (%) Sensitive (%) Resistant (%)
Ampicillin 2 (9.1%) 20 (90.9%) 0 (0%) 60 (100%) P=0.06
Amo-clacid 4 (18.2%) 18 (81.8%) 0 (0%) 60 (100%) P=0.004
Gentamicin 20 (90.9%) 2 (9.1%) 53 (88.3%) 7 (11.7%) P=1.00
Tetracycline 4 (18.2%) 18 (81.8%) 1 (1.7%) 59 (98.3%) P=0.017
Nalidixic-acid 15 (68.2%) 7 (31.8%) 36 (60%) 24 (40%) P=0.61
Ciprofloxacin 15 (68.2%) 7 (31.8%) 36 (60%) 24 (40%) P=0.61
Pefloxacin 18 (81.8%) 4 (18.2%) 37 (61.7%) 23 (38.3%) P=0.11
Cotrimoxazole 11 (50%) 11 (50%) 24 (40%) 36 (60%) P=0.46

Amo-clavid = amoxicillin and clavulanic acid.
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Table II: Showing the body fluid distribution of hemolytic isolates of E. coli.

Source of body fluid No of samples with hemolysis.
Urine 16 (72.7%)
Blood 2 (9.1%)
Stool 4 (18.2%)
Cerebrospinal fluid Nil
Peritoneal fluid Nil
Wound swab Nil
Discussion:

Although several workers have reported various different properties of virulence of Escherichia
coli strains and their possible risk to health in humans [Wieler, 1998; Olowe, 2003] Hemolysis is one type
of virulence factor that assist in the pathogenesis of Escherichia coli both in man and avian [Reingold,
1999]. Expression of cytotoxicity by potential pathogens of Escherichia coli was also believe to have been
initiated by the presence of hlyA gene, which may be part of Pathogenicity island [Xin-Helai, 1999].

It is not known if resistance to quinolones and loss of haemolysis are caused by common or related
mechanisms or if these phenotypes are derived from independent mutations. Most clinical isolates of E. coli
resistant to quinolones are gyrA mutants [Everett, 1996]. The mechanisms responsible for the predominance
of non-haemolytic E. coli strains among those expressing resistance to quinolones are unknown.
Ciprofloxacin-resistant mutants (MIC of ciprofloxacin ranging from 0.03 to > 32 mg/L) derived in vitro
from haemolytic-susceptible isolates still produced haemolysis. These mutants are not related to the
previously described -haemolysin producers (selected in the presence of nalidixic acid) as they still
haemolyse human erythrocytes which agrees with the previous work of Martinez [Martinez, 1998]. The
relationship between haemolysin production and resistance to ofloxacin could not be evaluated, as all
strains were susceptible to ofloxacin. Our data for tetracycline are similar to those obtained by other
authors. But contrary to other authors our isolates showed a significant difference in resistance to
Gentamicin among haemolytic and non-haemolytic isolates. In fact, the few gentamicin-resistant strains in
our study were from both haemolytic and non-haemolytic. The only difference is that there are more
Gentamicin resistance in non-haemolytic than haemolytic, and the degree of resistance is not significantly
difference P=1.0 It was initially reported that most clinical isolates of E. coli resistant to quinolones are
gyrA mutants [Everett, 1996] and it is possible that altered super coiling of DNA in these mutants may
affect the expression of genes involved in haemolysis production. Another possibility is the existence of
pleiotropic mutations in quinolone-resistant E. coli strains that may interfere with the expression or activity
of haemolysin, as has recently been reported for mutations affecting the genes involved in
lipopolysaccharide synthesis. [Bauer, 1997] Our study shows that haemolysin is becoming pronounced
among our clinical isolates especially among the gram negative organisms which have led to increasing
development of resistant strains to the common antimicrobial agents that is currently available. Also the
study shows that haemolysin is less frequently produced by quinolone-resistant isolates of E. coli when
compared with the penicillin, tetracycline and co-trimoxazole even though the amino-glycosides have
superior sensitivity, with marked reduction in the production of haemolysin compared with the quinolones.
It is possible that resistance to quinolones may be indirectly attributable to the cost of the drug which has
reduced the drug pressure, consequently decreasing bacterial virulence, this finding agrees with the work of
Martinez [Martinez, 1999].

Further testing is required to fully determine hemolysis of Escherichia coli in various body fluids
as linked with antimicrobial resistance with more emphasis on the current trends of resistance development
to the quinolones.

The rates of quinolone resistance reported here are similar to those presented in other studies from
Spain, [Daini, 2005; Martinez, 1999] and higher than those of a previous study in our institution, [Olowe et
al unpublished communication] confirming the tendency to increased quinolone resistance during recent
years. Hariharan et al. have shown that resistance to co-trimoxazole, neomycin and tetracycline in E. coli
strains isolated from piglets with diarrhoea was less frequent among strains producing heat-labile
enterotoxin (LT) and haemolysin than among those lacking both factors, while the resistance to gentamicin
was more frequent in LT-haemolysin producers than among LT-haemolysin non-producers.

http://www.sciencepub.org/newyork 15 editor@sciencepub.net




New York Science Journal, Volume 1, Issue 1, January 1, 2008, ISSN 1554-0200

Corresponding author:

Olowe OA.

Department of Medical Microbiology and Parasitology,
College of Health Sciences,

Ladoke Akintola University of Technology, Osogbo, Nigeria

E-mail:-

olowekunle@yahoo.com

.Mobile phone: - 08033800026~ Fax: 035 —240110.

Reference

1.

10.

11.

12.

13.

14.

15.

Daini, OA, Ogbolu, OD, Ogunledun. A. Quinolones resistance and R- plasmid of some gram —
negative enteric bacilli. African Journal of clinical and experimental microbiology (Jan) 2005,
VOL 6,NOS 1

Everett, MJ, Fang Jin, Y., Ricci, V. & Piddock, LJV. Contribution of individual mechanisms to
fluoroquinolones resistance in 36 Escherichia coli strains isolated from human and animals.
Antimicrobial Agents and Chemotherapy (1996) 40, 2380-6

Cavalier, SJ, Bohach, GA & Snyder, IS. Escherichia coli x-haemolysin: characteristics and
probable role in Pathogenicity. Microbiological Reviews. (1984). 48, 32643

Walton, JR & Smith, DH. New haemolysin (7) produced by Escherichia coli. Journal of
Bacteriology. (1969). 98, 3045

Beutin, L The different hemolysis of Escherichia coli: Medical Micr6biology and Immunology.
(Berlin). (1991). 180, 167- 182.

Welch, RA & Pellet, S. Transcriptional organization of the Escherichia coli haemolysin genes.
Journal of Bacteriology. (1988) 170, 162230

National Committee for Clinical Laboratory Standards. (1997). Methods for Dilution
Susceptibility Tests for Bacteria that Grow Aerobically: Approved Standard M7-A3. NCCLS,
Wayne, PA.

Luis Martinez-Martinez., Felipe, Fernandez and Evelio J. Perea: Relationship between haemolysin
production to fluoroquinolones among clinical isolates of Escherichia coli: Journal of
antimicrobial chemotherapy: (1999) 43, 277-279.

Wieler LH, Anja Schwanitz, Elke Vieler, Barbara Busse., H, Steinruch, JB. Kaper and Baljer.
Virulence properties of shiga-toxin producing Escherichia coli (STEC) strains of serogroup 0118,
a major group of STEC pathogens in calves. Journal of Clinical Microbiology. (1998). June, 3 (6):
1604- 1607.

Olowe OA, Olayemi AB, Eniola, KIT, and Adeyeba AO. Actiological agents of diarrhea in
children under 5 years of age in Osogbo. African Journal of clinical and experimental
microbiology (2003).4 (3) 62- 66.

Reingold J, Starr. N, Maurer J, Lee MD: Identification of a new strains Escherichia coli she
haemolysin homolog in avian Escherichia coli. Veterinary microbiology. (1999) April (1) 66 (2):
125-35.

Xin-Helai, Su-Yan Wang and Bernt Eric: Expression of cytotoxicity by potential pathogens in the
standard Escherichia coli collection of reference (ECOR) strains. Microbiology (1999), 145, 3295-
3303

Martinez-Martinez, L, Paschal A, Jacoby GA, Quinolones resistance from transferable plasmid.
Lancet 1998; 351: 277-279.

Bauer, ME. & Welch, RA. Pleiotropic effects of a mutation in rfaC on Escherichia coli
haemolysin. Infection and Immunity (1997) 65, 2218-24

Bauer, ME & Welch RA. Characterization of an RTX toxin from enterohemorrhagic E. coli.
0157:H7. Infectious Immunology. 1996: 64: 165-171.

http://www.sciencepub.org/newyork 16 editor@sciencepub.net



mailto:olowekunle@yahoo.com

New York Science Journal, Volume 1, Issue 1, January 1, 2008, ISSN 1554-0200

Impact Of Industrial Effluents On Quality Of Segment Of Asa River Within An Industrial Estate In
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ABSTRACT: The impact of industrial effluent on water quality criteria of a river within Asa Dam
industrial estate, Ilorin was investigated. Physicochemical and bacteriological properties of samples of the
river were examined to determine the quality and extent of pollution. The effluents were found to cause
gross pollution of the river. Total hardness ranged between 51 and 175.5mg/l; while conductivity was
between 65 and 318us. Calcium and Magnesium ions varied between 33.7 and 102.3mg/l, and 3.5 and
57.1mg/1 respectively. E. coli was found in the samples and the coliforms counts were high. The major
sources of pollution were identified to be the direct runoff from the industries and refuse dumps within the
estate. [New York Science Journal. 2008;1(1):17-21]. (ISSN: 1554-0200).

KEYWORDS: Pollutants, Surface water, Asa Dam, Nigeria.

Introduction

Industrialization is considered the cornerstone of development strategies due to its significant
contribution to the economic growth and human welfare. It has become a yardstick for placing countries in
the League of Nations and an index of its political stature (FEPA, 1991). Industrialization, like other human
activities that impact on the environment, often results in pollution and degradation. It carries inevitable
costs and problems in terms of pollution of the air, water resources and general degradation of the natural
environment (Suflita ef al., 1983; Thomas et al., 1992).

Worldwide water bodies are the primary means for disposal of waste, especially the effluents,
from industries that are near them. These effluent from industries have a great deal of influence on the
pollution of the water body, these effluent can alter the physical, chemical and biological nature of the
receiving water body (Sangodoyin, 1991). The initial effect of waste is to degrade the physical quality of
the water. Later biological degradation becomes evident in terms of number, variety and organization of the
living organisms in the water (Gray, 1989). Often the water bodies readily assimilate waste materials they
receive without significant deterioration of some quality criteria; the extent of this is referred to as its
assimilative capacity (Fair ef al., 1971). The input of waste into water bodies therefore does not always
impact negatively on aquatic environment because of the self purification property of the water bodies.

Industries turn out wastes which are peculiar in terms of type, volume and frequency depending on
the type of industry and population that uses the product (Odumosu, 1992). Industrial waste is the most
common source of water pollution in the present day (Ogedengbe and Akinbile, 2004) and it increases
yearly due to the fact that industries are increasing because most countries are getting industrialized. The
extent of discharge of domestic and industrial waste is such that rivers receiving untreated effluent cannot
give dilution necessary for their survival as good quality water sources. The transfer of unfavorable releases
from industries is detrimental to human and animal health and safety (Sangodoyin, 1991). There is thus a
challenge of providing water in adequate quantity and of required quality to minimize hazards to human
health and conserve the water bodies and the environment.

Population explosion, uncontrolled urbanization and industrialization have caused a high rate of
waste generation in Nigeria (Rosegrant, 2001). Akpata (1990) pointed out that aquatic pollution problem in
Nigeria was increasing in scope and dimension. Olayemi (1994) identified that regular, unregulated
indiscriminate dumping of waste into water bodies worsen aquatic pollution. This study is intended to
assess the impact of industrial effluents on the surface water at Asa Dam industrial estate and its environs.
It also identifies common pollutants in the water. The impact is assessed in term of its physicochemical and
bacteriological quality.
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Materials and Methods
Study Area

The study carried out within the industrial estate located in Ilorin, North Central Nigeria (8° 28°N,
4° 38’E to 8° 31’N, 4° 40’E). It houses the major industries in the town: Global soap and Detergent,
Unifoam, 7*" Bottling Company, Tuyil pharmaceuticals and Nigeria Bottling Company. The study was on
Asa River, the major water body in Ilorin, its course enters the southern end of the industrial estate from
Asa Dam located south of the estate, and runs northwards through residential areas.

Sample Collection and Analysis

Duplicate grab samples of water were taken from five (5) points on the river: point of entry (PE),
three different points on the river within the estate (L;, L,, L3;) and point of leaving (PL). Samples were
collected using the conventional WHO (2004) methods. The pH of the samples was determined using a pH
meter. The colour, turbidity, calcium ion, total hardness, chloride, dissolved oxygen were determined using
standard methods. Bacterial count was determined using standard plate count (APHA, 1992). Bacterial
isolates were characterized and identified using Cowan and Steel manual (Collines et al., 1989; Barrow and
Feltham. 1995).

Results

The pH varied between pH 6.8 and 7.4, the highest pH was recorded at point L, and the lowest at
PL. Turbidity varied between 4.6 and 189 (NTU), the highest value was obtained at L, while the lowest
was obtained at PL. The colour varied between 153 and 1913 (Pt — Co), the highest value was obtained at
L, and the lowest at PE. The temperature ranged between 26- 29°C. The total hardness varied between 27
and 176 mg/l, Calcium and Magnesium hardness range from 62 to 338mg/l and from 9 to 73 mg/l
respectively. The conductivity ranged from 65 to 318 us, with the highest obtained at L; and the lowest at
PE. Variations in the pH, colour, turbidity, temperature, hardness and conductivity of the Asa River are
shown on Table 1.

The total solid content varied between 220 and 670 mg/l; the highest value was obtained at L2 and
the lowest at PE. The total suspended solid and total dissolved solids ranged between 172 and 445 mg/l and
48 and 225 mg/l respectively. The dissolved oxygen content ranged from 7 to 8 mg/l. The variations in the
total solids, total suspended solids and total dissolved solids as well as the dissolved oxygen content are
shown in Figure 1. The total bacterial count ranged between 3.0 x10* to 7.5 x10* cfu/ml; the highest values
was at L; and the lowest at L, (Figure 2). Twelve bacterial species were identified: Bacillus subtilis,
Citrobacter diversus, E. coli, Micrococcus albus, Micrococcus luteus, Proteus vulgaris, Pseudomonas
aeruginosa, Serratia sp, Shigella sp, Staphylococcus aureus, Streptococcus bovis and Streptococcus
faecalis. Their distribution is shown on Table 2.

Table 1: Physicochemical Characteristics of Asa Stream within the Estate

Parameters measured PE L L, L; PL
pH 7.1 7.3 7.4 7.2 6.8
Colour (Pt-Co) 153 211 1913 1740 182
Turbidity (N.T.U) 4.6 8 189 162 1.5
Temperature (°C) 28 26 27 29 27
Total Hardness (mg/1) 27 51 99 176 51
Calcium Hardness (mg/1) 16 21 74 85 21
Magnesium Hardness (mg/1) 12 30 25 91 30
Calcium ion (mg/1) 62 84 294 338 84
Magnesium ion(mg/1) 9 24 20 73 24
Conductivity (us) 65 73 299 318 85
Chloride (mg/1) 2 2 69 107 12
PE= Point of Entrance to Asa Dam Industrial Estate. L,= Stream Location One in the Industrial
Estate.
L,= Stream Location Two in the Industrial Estate. L;= Stream Location Three in the Industrial

Estate.
PL= Point of Leaving Asa Dam Industrial Estate.
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Table 2: Identity and Distribution of bacteria isolated from Asa Stream within the Industrial Estate

Organisms PE L, L, L; PL
Bacillus subtilis + + + + +
Citrobacter diversus + + + + +
E. coli + + + + +
Micrococcus albus + - - + +
Micrococcus luteus + - + + +
Proteus vulgaris + + + + +
Pseudomonas aeruginosa + + + + +
Serratia sp + - + + +
Shigella sp + - + + +
Staphylococcus aureus + + + + +
Streptococcus bovis + - - + +

Streptococcus faecalis + - + + +
PE= Point of Entrance to Asa Dam Industrial Estate. L;= Stream Location One in the Industrial Estate.
L,= Stream Location Two in the Industrial Estate. = L;= Stream Location Three in the Industrial Estate.
PL= Point of Leaving Asa Dam Industrial Estate.

DISCUSSION

The higher concentrations of most of the measured parameters at points within the estate over
values at the point of entry to the various points within the estate are suggestive of input of materials within
the estate. The turbidity is directly related to the amount of materials present in the water, this is observed
to be highest at the point within the estate after input of wastes from the industries. This is further
buttressed by the higher concentrations of total solids, total dissolved solids and total suspended solids,
which signify input of materials. Increased concentration of the measured parameters is probably due to the
effect of the pollutants released by the industries into the water body.

The divalent metallic cations: Calcium and Magnesium contribute to the total hardness of the
water (51 to 176mg/l). The water is hard and is thus largely unsuitable for direct use by communities that
use it for laundry work and bathing. Turbidity of the water increased greatly from 4.6 N.T.U at the point of
entry to 189 N.T.U for the water sample L, within the estate; this indicates an increase in the concentration
of suspended matters in the water sample. The subsequent reduction to 1.5N.T.U at the point of leaving is
indicative of self purification by the river (Gray 1989).

The river showed high bacterial count as is characteristic of water body receiving organic pollutant
(Olayemi, 1994). The presence of E.coli is a definite indication of faecal contamination (WHO, 2004). The
presence of the organism shows that the river can not be used directly as source of drinking water; it ranks
among water that requires auxiliary treatment. In addition some of the organisms encountered in the water
are potential pathogens contrary to the WHO (2004) recommendation that drinking water should be free of
pathogens.

The presence of some of the organisms suggests that materials were being added to the water from
other sources apart from the effluent. This is likely to be the refuse dumps within the estate. The dumps are
exposed and hence can be washed into the river during rains or material be carried from it to the water
during heavy winds. Summarily, water from Asa River requires elaborate treatment before it could be
suitable for domestic purposes.
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Abstract: The antimicrobial activities of amides: p-bromoacetanilide, acetanilide, nitrobenzamide and
benzamide were investigated using the Stokes Disc diffusion sensitivity technique and the pour plate
method. All compounds with the exception of benzamide exhibited both antibacterial and antifungal
activities. Furthermore, the presence of nitro and bromo substituent on the phenyl ring seem to augment the
antimicrobial activity. [New York Science Journal. 2008;1(1):22-26]. (ISSN: 1554-0200).

Keywords: Amides, Antimicrobial activity, Stokes Disc sensitivity technique, Pour Plate method.

1.0 Introduction:

Amides, RCONHR’ are known to play a pivitol role in molecular recognition, being important
components in Supramolecular chemical anion sensors' > technology. Furthermore, in nature, the selective
binding for substrates such as anion is achieved via the positional alignment of the amide hydrogen
bonds®’.While plant extracts’ and isolated pure natural products®” have been used for antimicrobial
activities, there are few reports of amides as antimicrobial agents®’.

This paper focuses on the antimicrobial activity of commercially available Aldrich amides:
acetanilide (1), p-bromoacetanilide (2), benzamide (3) and nitrobenzamide (4), Fig 1.0.

NHCOCH; CONH,

NHCOCH3
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1) @ 3) @)
Br

COOH

HN N

)

Fig. 1.0
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2.0. Experiments:

2.1: Reagents and materials:

The amides, solvents and BaCl,.2H,0 were purchased from Aldrich. The antibiotic Ciprofloxacin
and nystatin, Mueller Hinton agar, agar plates and microbial discs were purchased from the International
Pharmacy Association in Guyana. Bacterial and fungal culture were obtained from Mercy hospital as
necessary.

2.2. Preparation of Amide solution:
The amides were made to the appropriate concentration of 200 mg/ml in dichloromethane in a 25
ml round bottom flask and was sterilized by filtration through a 0.45 um membrane filter.

2.3 Preparation of Turbidity/opacity Standard (0.5 Mc Farland)

1% v/v solution of sulphuric acid was prepared by adding 1 ml of concentrated H,SO,4 to 99 ml of
distilled water and was mixed well.1.175% w/v solution of barium chloride was prepared (BaCl,.2H,0) by
dissolving 2.35 g of dihydrate barium chloride (BaCl,.2H,0) in 200 ml of distilled water and was mixed
well. To make the turbidity standard, 0.5 ml of the barium chloride solution was added to 99.5 ml of H,SO,
solution and was mixed thoroughly.The standard solution was dispensed into screw cap tubes as the same
type as those for the preparation of the test and control inocula.The tubes were tightly sealed and stored in a
dark room at room temperature (28-30°C). The turbidity was vigorously agitated on a mechanical vortex
mixer.

2.3. Source of microorganism:

For the bacterial organisms, both gram positive and gram negative bacteria were used. Gram positive
and gram negative bacteria can be differentiated in the physical appearance of their cell envelopes. Gram
positive and Gram negative bacteria used were Escherichia coli (ATCC 25922) and Staphylococcus aureus
(ATCC 25923) respectively. For the fungi, yeast of the Candida albicans (ATCC 1023) species were
investigated. These microorganisms were stored in a refrigerator at the microbiology laboratory of the
hospital.

2.4. Screening for Antimicrobial activities: Stokes Disc diffusion sensitivity technique.

Antimicrobial activities were investigated using Stokes Disc diffusion sensitivity and the pour plate
method.Using Stokes Disc diffusion sensitivity testing technique’ , an inoculum containing bacterial or
yeast cells was applied on Muller-Hinton agar plates. On each plate, a reference or control antibiotic
ciprofloxacin (CIPRO), 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic
acid (5) was also applied.The reference antibiotic disc contained 10mg of antibiotic/disc. For fungal tests,
nystatin was used. With the above testing technique, each disc was impregnated with the anticipated
antimicrobial amide at appropriate concentration of 200 mg/ml using a microlitre syringe. This was then
placed on a plate of sensitivity testing Mueller Hinton agar which was then incubated with the test
organism:Bacteria/fungi. Incubation was done at 37°C for 24 hr and 48 hr for the bacteria and Candida
albicans species respectively. The antimicrobial compound diffuses from the disc into the medium.
Following overnight incubation, the culture was examined for areas of no growth around the disc (zone of
inhibition). The radius of the inhibition zone was measured from the edge of the disc to the edge of the
zone.The end point of inhibition is where growth starts. Larger the inhibition zone diameter, greater is the
antimicrobial activities. It is anticipated through the antimicrobial activity of amide, no area of growth will
be induced around the disc.Bacteria or fungal strains sensitive to the antimicrobial are inhibited at a
distance from the disc whereas resistant strains grow up to the edge of the disc.

2.5. Pour Plate Method.

With the pour plate method, 1 ml of microorganism (bacteria or fungi) was first tested against 1
ml of the amide solution i.e a 1:1 ratio of the microorganism to amide.This was followed with varying
dilution of amide. This been 1:5, 1:10, 1:20 and 1:40 microorganism: amide concentration. The
microorganism was placed in sterile water and was compared against the 1.0 Mc Farland standard so as to
ensure that the turbidity exactly matches that of the standard. The density of the made up solution could be
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adjusted either by (i) adding more colonies or (ii) adding more sterile water. For each ratio, the solution
containing the microorganism and the amide solution were placed in vials and shaken vigorously so as to
ensure a uniform mixture.

After the made up (adding water to the agar), nutrient agar was placed in the autoclave at 120°C
for one and half hour, taken out and left to semi cool in a sterilized environment and then poured into 100
mm sterile glass plates with an even depth of 4mm on a level surface The mixture of microorganism and
amide solution was vigourously shaken and then placed into the liquid, almost cool agar. A sterile glass rod
was used to uniformly stir the mixture into the nutrient agar and left to harden or solidify in the glass plate.
While this process is taking place, a 96% alcohol flame was used and the environment was sterilized with
bleach and alcohol.

The inoculated plates were incubated for 48hrs at 37°C in an inverted position (lid on bottom) to
prevent collection of condensation on the agar surface. Unless the surface is dry, it will be difficult to
obtain discrete surface colonies. The plates were examined for the appearance of individual colonies
growing throughout the agar medium. The number of colonies were counted so as to determine how
effective the amides were antibacterial and antifungal.

3.0. Results and Discussion: Interesting results were obtained as shown in Table 1.0 — 5.0.

Table 1.0 Antimicrobial activity of amides as shown by the inhibition zone diameter.

Gram-negative | Gram-positive Compounds Yeast (candida Control disc
Bacteria, Area Bacteria, Area (1)-(4) species) Area
of inhibition. of inhibition. of inhibition.
17 mm 15 mm Compound 1 12 mm 22 mm
21 mm 19 mm Compound 2 11 mm 21 mm
No inhibition No inhibition Compound 3 No inhibition 19 mm
22 mm 17 mm Compound 4 14 mm 22 mm

Compound (1), acetanilide and compound (2) induced an inhibition zone of 15 mm and 19 mm for
gram positive bacteria, Escherichia coli respectively whereas inhibition zone of 17 mm and 21 mm were
observed for compounds (1) and (2) against gram negative bacteria, Staphylococcus aureus respectively.
For compound (4), nitrobenzamide, inhibition zone of 17 mm and 22 mm were obtained against gram
positive and gram negative bacteria respectively. Compound (3), benzamide produced no inhibition zone
on both gram positive and gram negative bacteria. Thus, compound (3) cannot be used as an antimicrobial
compound. Both compounds (2) and (4) with electron withdrawing groups such as bromo and nitro exhibit
a greater degree of inhibition against bacteria. For example, compound (2) and (4) induced zones of
inhibition of 2Ilmm and 22mm respectively against gram negative bacteria. Compound (1), (2) and (4)
induced a smaller zone of inhibition against the fungal species, candida albicans. These been 12 mm,
11mm and 14 mm for compound (1), (2) and (4) respectively. It is interesting to note that compound (4)
bearing a nitro group seem to produce the largest inhibition against gram negative bacteria and fungal
strain. Again compound (3) produce no degree of inhibition on the fungal strain. These results are all
summarized in Table 1.0. Pour plate results are summarized in Table 2.0-5.0.

Antimicrobial activity of amides as investigated using the pour plate method.

Table 2.0. compound 1.0
Bacteria Fungi Time(hrs) | Dilution(microorganism:amide) | Observations

S. aureus C.albicans 48 1:1 No organism
grown

S. aureus C.albicans 48 1:5 No organism
grown

S.aureus C.abicans 48 1:10 No organism
grown

S.aureus C.albicans 48 1:20 Few colonies seen

S.aureus C.albicans 48 1:40 Moderate amount
of colonies seen
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Table 3.0, Compound 2.

Bacteria Fungi Time (hrs) Dilution Observations
(microorganism:amide)
S. aureus C.albicans 48 1:1 No organism
grown
S. aureus C.albicans 48 1:5 No organism
grown
S.aureus C.abicans 48 1:10 No organism
grown
S.aureus C.albicans 48 1:20 Moderate colonies
seen
S.aureus C.albicans 48 1:40 Moderate colonies
seen
Table 4.0. Compound 3.
Bacteria Fungi Time (hrs) Dilution Observations
(microorganism:amide)
S. aureus C.albicans 48 1:1 Few colonies seen
S. aureus C.albicans 48 1:5 Few colonies seen
S.aureus C.abicans 48 1:10 Moderate colonies
seen
S.aureus C.albicans 48 1:20 Large colonies
seen
S.aureus C.albicans 48 1:40 Large colonies
seen
Table 5.0. Compound 4.0
Bacteria Fungi Time (hrs) Dilution Observations
(microorganism:amide)
S. aureus C.albicans 48 1:1 No organism
grown
S. aureus C.albicans 48 1:5 No organism
grown
S.aureus C.abicans 48 1:10 No organism
grown
S.aureus C.albicans 48 1:20 Few colonies seen
S.aureus C.albicans 48 1:40 Moderate amount
of colonies seen

The pour plate method indicates that as the concentration of the amide decrease (increasing
dilutions) whilst the concentration of microorganism remaining constant, the number of colonies increase
i.e the antimicrobial properties of the amide decrease with decreasing concentration of the amide.

All compounds show their strongest antimicrobial activities (i.e no organism growth or zero

colonies) when the ratio of microorganism to amide is 1:1 and 1:5, Table, 2-5 Compound (1), (2) and (4)
showed no organism growth at microorganism: amide ratio of 1:1, 1:5 and 1:10. With
microorganism:amide ratio of 1:20 and 1:40, compound (1), (2) and (4) showed identical results. Thus, the
results obtained via the pour plate method mirror that obtained via the disc diffusion method for compound
(1), (2) and (4). Also, the pour plate method results for compound (3) also mirror those obtained via the
disc diffusion method. For compound (3), colonies were seen at micro organism/amide ratio of 1:5, 1:10,
1:20, 1:40. These been few, moderate, large and large. With the exception of (3), no colonies were seen for
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compound (1), (2) and (4) at microorganism:amide ratio of 1:1. These results strongly suggest that
compound (3), benzamide, clearly is not an antimicrobial.

Conclusion:

In conclusion, the results obtained via the the disc diffusion and pour plate method support each
other. Thus, based on the above, compounds (1), (2) and (4) can be used as antibacterial agents against
gram positive bacteria and gram negative bacteria and as an antifungal agents against yeast or useful in the
future design of drugs. It is anticipated that well designed macrocyclic amides will produce more potent
results.
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ABSTRACT: Roots and leaves anatomical features of Hibiscus rosa sinensis and Abelmoschus esculenta
found in different parts of Imo State Nigeria were studied with the aid of a light microscope. The aim is to
ascertain the taxonomic importance of roots and leaf anatomical features in establishing intraspecific
relationship among these taxa. Result obtained showed presence of long chain and numerous epidermal
calls in Hibiscus rosa seninsis while they are short chains small and numerous in Abelmoschus esculenta.
Similarly the xylem vessels are numerous and circular in Hibiscus rosa seninsis while they are few and
cuboidal in Abelmoschus esculenta. Furthermore in the leaf anatomy of Hibiscus rosa seninsis the central
cells are large with dark stained calcium oxalate crystala while in Abelmoschus esculenta the mesophyll
layer is made up of 3 — 4 layers of regular shaped cells. An analysis of the root and leave anatomical
features studied showed that these taxa possessed vital characteristic that could be attached to other
taxonomic information and used in their description hence the biosystematic implication of this finding
have been discussed in the light of the current literature. [New York Science Journal. 2008;1(1):27-32].
(ISSN: 1554-0200).

KEYWORDS: Anatomy; Hibiscus rosa sinensis; Abelmoschus esculenta; Malvaceae

INTRODUCTION

The plants Hibiscus rosa sinensis and Abelmoschus esculenta belong to the Subkingdom
Tracheobionta (vascular plants); Division magnoliopsida and family malvaceae Tiadak, 1979, Green sill
1976 and stern 2001).

The family malvacaea is one of the most important families consisting of 82 genera and 1,500
species with Hibiscus over 200 species, sida 200 species, ablition 190 species and malva 40 species. The
family is world wide in distribution but is mostly represented in the tropical and subtropical region.
Members may be herbs, shrubs or trees with mucilage.

Leaves of the family may be simple, alternate, stipulate, petiolate, palmatified (as in cotton) or
multifoliate as in silk cotton. Inflorescence is solitary as in cymes though occasional they are in panicle
raceme, regular polypetalous, bisexual, hypogynous, conspicuously mycilaginous, with a whorl of
bracteoles known as epicalyx except in (Ablition and sida). The pollen grains are large and spiny;
placentation is axile with the style passing through the staminal tube.

The fruit could be capsule in the cotton plant or a schizocarp as in Abutilon and Althaea rosea, the
seed is endospermic (Vidyarthi and tripathi, 2002).

Hibiscus rosa sinensis is an evergreen shrub growing up to 2.5 inches high. It is a tender perennial
plant and it prefers light (sandy) medium (loamy) and heavy (clay) soils. The plant prefers neutral and basic
soils and cannot grow in shade (Burkill, 1995). Similarly Abelmoschus esculenta grows best in warm
climates with a minimum temperature of 18°c. The plant is known and called different names in Nigeria
such as Okra (Igbo name) Etighi in Efik, Kabewa in Hausa and Ila in Yoruba land (Harpert 1977). It can
grow up to 1.8m in height depending on the variety as long as the soil is not water logged. The stem is erect
and hairy and leaves are also hairy with long leaf stalk (Azah 1968). Hibiscus rosa sinensis and
Abelmoschus esculenta have been found to possess wide range of uses to mankind ranging from economic,
medicinal and agronomic. The young leaves Hibiscus rosa sinensis are most times used as substitute for
spinach in most parts of eastern Nigeria. The fibre is used for coarse fabrics, nets and paper making
(Akroroda 1985). The essential oil in the seed has a strong antispasmodic effect and has been successfully
used to ease the pains for intestine pile or kidney colic. The flower extract is used internally in the
treatment of excessive and painful menstruation, veneral diseases and to promote hair growth (Burkill
1995). Abelmoschus esculenta on the other hand is also used for variety of purposes e.g., the stem is used as
paper manufacturing, the unripe fruits are used as vegetable while the sauces or soup used in active cooking
known as palaver in Sireerleone is got from the leaves and fruits of Abelmoschus esculenta (Greenisill,
1976).
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Despite the numerous economic, medicinal and agronomic importance of Hibiscus rosa sinensis
and Abelmoschus esculenta, there is absence of a clear taxonomic criteria especially in root and leaf
anatomy to delineate these two taxa. The probable lack of anatomical (roots and leaf). Information on these
two taxa does not make them irrelevant considering the various roles anatomy has played in taxonomic
delieanation of species (Schewell 1957). Contributions on the anatomy of plants of various areas includes
the works of Nwachukwu and Mbagwu, 2007 in Eight Indigofera species, Mbagwu and Edeoga in Vigna,
Okoli in Telfairia. Further contributions of anatomical features in systematics are the works of
Curcibitacaea and Metcalfe and chalk 1950 in selected Dicotyledons.

This investigation therefore reports the root and leaf anatomical characters in Hibiscus rosa
sinensis and Abelmoschus esculenta as observed with a light microscope. This investigation further
assesses the relevance of these anatomical features (root and leaf) in deducing similarities and differences
among the taxa studied as well as utilizing the anatomical characters obtained from these two taxa for the
systematic grouping and characterization of the two taxa.

Materials and Methods

Section of mature and fresh roots and leaves of Hibiscus rosa sinensis not longer than 1 x0.5cm
each of the two taxa colleted from the cultural garden of IMSU and Songhi farms Nekede Owerri-West
Local Government in Imo State were put into labeled vials and fixed in FAA (1:1:18). 40% formaldehyde,
70% ethanol v/v for at least 72 hours. These were then rinsed in several changes of distilled water and
passed through different alcohol series (30, 50, 95 and 100%). The dehydrated materials were infiltrated
with wax by passing through different proportions of alcohol and chloroform gradually replaced the
alcohol; pure chloroform and wax were added in the bottles. The idea was to gradually infiltrate the tissues
with wax which would be hard enough to microtomy. The metal mould, were later removed and the
specimens within the wax cube were trimmed and section on Reichert rotary microtome at 20 — 24cm. The
ribbons were placed on clean slides smeared with a film Haupt’s albumen and allowed to dry and drops of
water added prior to mounting.

Drops of alcian blue were put on the specimen for five minutes, washed off with water and counter
stained with safranin for two minutes, then dehydrated in a series of alcohol 50%, 70%, 80%, 90%,
xylene/absolute alcohol solution (i.e. 1:3 and 1:1 v/v) and pure xylene at intervals of a few seconds and
mounted in Canada Balsam. Photomicrographs were taken from the slides using a Leitz Wetzlar artholus
microscope fitted with a vivitar v-335 cmera.

Result

The anatomical features of the root and leaf of Hibiscus rosa sinensis and Abelmoschus esculenta
investigated are summarized in Tables 1 and 2 and illustrated in (Figs la — b and 2a — b). The root
epidermal layer of the two taxa studied shows that the epidermal cells are in form of short chains (kioned)
small and numerous in Hibiscus rosa sinensis while they are of long chains big and numerous in
Abelmoschus esculenta (Fig. la — b). Similarly the cortex tissue show the presence of small sized
parenchyma cells in Hibiscus rosa sinensis while in Abelmoschus esculenta the parenchyma cells are
bigger in size. Both taxa show presence of angular collenchyma. The xylem vessels are numerous circular
in shape and are radially grouped in Hibiscus rosa sinensis while they are few and cuboidal in shape in
Abelmoschus esculenta (Fig. 1a — b). The root anatomy of both taxa studied shows presence of calcium
oxalate crystal in the cortex region of the two taxa though the crystal are not stained in Hibiscus rosa
sinensis while they are dark stained in Abelmoschus esculenta (Fig. 1a—b).

Furthermore the leaf anatomy (Fig. 2a — b) of both taxa studied show variations in Hibiscus rosa
sinensis, the mesophyll which is confined to the center of the lamina is composed of 4 — 6 epidermal layers
of cells and are irregular in shape while in Abelmoschus esculenta the mesophyll layer though confined to
the centre of the lamina is composed of 3 — 4 epidermal layers of cells and are regular in shape (Fig. 2a —
b). There are also well developed selerenchymatous and parenchymatous cells and calcium oxalate crystal
in the leaves of the two taxa studied.
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Fig 1a: 1.5 of the Root of Hibiscus vosa senensis

Fig 1b: T.S of the Root of Abelmosclus esculentus
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Fig 2a:  T.Sof the Leaf of Hibiscus rosa senensis

Fig 2b: T.5 of the Leaf of Abelmosclus esculentus
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Table 1: Anatomical Characters of the Roots of the two taxa studied.

Characters Hibiscus rosa senensis Abelmoschus esculenta
Epidermal cells Short chains, small Long chain, big
Parenchyma cells Small in size Big in size
Number of crystals 3 2

Xylem vessels

Numerous, circular in shape

Few, cuboidal in shape

Collenchyma cells Angular Present Angular
Xylem fibres Present Absent
Metaxylem Many Few

Pith Present Present

Phloem Present Present

Stains of Oxalate

No stain of Oxalate

Dark stain of Oxalate

Table 2 Anatomical Characters of the Leaves of the two taxa studied.

Characters

Hibiscus rosa senensis

Abelmoschus esculenta

Nature of central cells

Large with dark stained contents
of Calcium Oxalate

Large without stains of Calcium

Oxalate

Mesophyll 4 — 6 layers with irregular shape 3 — 4 layers with regular shapes
Xylem vessels Very big and numerous Very small and few
Sclerenchymatous and Well developed Well developed
Parenchymatous
Crystals Present Present
Crystals Present Present
Phloem Present Present

Discussion

The Hibiscus rosa sinensis and Abelmoschus taxa investigated possesses features in their root and
leaf anatomy that could be vital in their description and in their taxonomy. The variation in the epidermal
cells: Short chains, small and numerous in Hibiscus rosa esculentus and long chains, big and numerous in
Abelmoschus could be used to separate these two taxa. The mesophyll layer which is irregular comprised of
4 - 6 layers in Hibiscus rosa sinensis and regular with 3 - 4 layer in Abelmoschus esculenta could further
strengthen the difference among the two taxa (Fig. 1a - b and Fig. 2a - b) This observation is inline with the
work of Okoli (1987), Edeoga and Okoli (1997, 2001) who used both the root and leaf anatomical features
in the family Cucurbitaceae and Dioscoraceae in establishing relationship among taxa. The reported small
sized paranchyma cells of root anatomy in Hibiscus rosa sinensis and bigger sized cell in Abelmoschus
esculenta is not strange since Nwachukwu 2005 had reported that cells of parenchyma vary greatly in size,
shape and could also be elongated or lobed. The parenchyma cells are metabolically active and are
modified for photosynthetic and secretary function. The nature of xylem vessels in both taxa, are very big,
numerous and circular in shape in Hibiscus rosa sinensis further separates it from the very small few and
ovoid in shape xylem cells in Abelmoschus esculenta. This observation is equally significant since no
previous work has been reported on the root and leaf of the two taxa studied. Hence this variation in
vascular bundle types among the taxa could be used to distinguish them (Fig. 1a - b) similarly variations in
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other features of the roots and leaves of the plants studied Table 1 and 2 could further be used to separate
this taxa, while the presence of Protoxylem, Metaxylem, Crystals, Angular collenchyma cells in both taxa
studied are typical of most dicot plants. This study is therefore based on the principles that root and leaf
anatomy has played a major role in the identification, characterization and delimination of plants. Hence
the need to incorporate information from root and leaf anatomy with data derived from other botanical
disciplines remains vital when formulating conclusions on the systematic of the taxa investigated.
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Abstract: Introduction: Usefulness of laser angioplasty for endovascular surgery was recognized
especially for patients having short segments of severe atherosclerotic changes in vessels. Acute thrombotic
occlusion of arteries and veins is the leading causes of death worldwide. Difference of temperature
increasing in normal and atherosclerotic arteries after the lasing is not clearly established. Materials and
Methods: NZW rabbits were induced to atherosclerosis with balloon deendothelialization and feeding a
high cholesterol diet (1%) for 9 months. The thermal couple was induced to rabbit aortas (control n=9;
atherosclerotic n=12) wrapped by rabbit skin and the temperature of artery was measured during lasing
with different energies of 2, 3, 4, 5 W. Results: There is linear relationship between the temperature and
lasing energy (r=0.99, p<0.0005). After 2, 3, 4, 5 W lasing, the temperature of atherosclerotic rabbit arteries
was 2.63, 4.18, 6.98 and 9.40°C higher than the temperature of normal rabbit arteries. Conclusions: Laser
angioplasty for endovascular surgery was a useful procedure but there is a significant higher temperature
increasing after lasing. Consequently, this method should be recommended especially for high-risk patients
with atherosclerosis. [New York Science Journal. 2008;1(1):33-42]. (ISSN: 1554-0200).
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Introduction

Over one million patients present yearly with cardiovascular events in the United States.
Vulnerable plaques are responsible for development of unstable and acute cardiovascular syndromes.
Extensive data from investigations in other fields have demonstrated that the laser can alter collagen
structure as shown for skin resurfacing and from our recent work on thermal coagulation of collagen in the
arterial wall. The problem of ischemic heart disease is widely prevalent. These patients have heart attacks
and unstable angina symptoms. Although various medical and technological advances have reduced the
mortality, many patients continue to die suddenly from coronary artery disease because of vulnerable
plaques (Lipinski et al, 2004; Schaar et al, 2004; Vink et al, 2003).

The pathology of vulnerable plaque has demonstrated it to be composed of a rich lipid core
covered by a thin collagen cap. However, recently inflammatory cell activity has been shown to participate
in weakening the collagen cap by producing enzymes that digest collagen (Bhatia et al, 2003; Hartung et al,
2004). After heart attacks, vulnerable lesions are noted to have ruptured collagenous caps leading to
exposure of the lipid core to the circulating blood causing thrombotic occlusion of the artery (Virmani et al,
2002). Although investigations have demonstrated that the vulnerable plaque can be detected, it is not clear
what type of intervention will alter its course to rupture (Shah, 2003).

The temperature elevation is critical problem for the laser clinical practice. Temperature difference
between atherosclerotic plaque and healthy vessel wall is related to clinical instability. It is correlated with
systemic markers of inflammation and is a strong predictor of adverse cardiac events after percutaneous
interventions. Thermography is the first in a series of novel "functional" imaging methods and is moving to
clinical trials (Madjid et al, 2002). Usefulness of laser angioplasty for endovascular surgery was recognized
especially for patients having short segments of severe atherosclerotic changes in vessels. Acute thrombotic
occlusion of arteries and veins is the leading causes of death worldwide. Difference of temperature
increasing in normal and atherosclerotic arteries after the lasing is not clearly established. The objective of
this proposal is to use laser radiation to stabilize vulnerable plaques by altering their collagen structure, and
detect the temperature after lasing.
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Materials and Methods

Bench Studies: In this project we have established the technique that will be used in the rabbit
model by in vitro testing. A 300 pm core optical fiber was placed in the flush channel of a balloon
angioplasty catheter (Figure 1). The argon ion beam was noted to diffuse via the crystalloid fluid filling the
balloon and lucent balloon walls. Using a single perfusion chamber, segments of both normal and
atherosclerotic aorta were irradiated. Thermocouples were placed on the arterial wall surface while the
balloon catheter was advanced into the perfusion chamber via a t-connection. The balloon was inflated and
the argon laser activated at various powers and temperatures measured on the arterial wall surface (Figure
2).

Figure 1. A standard angioplasty balloon catheter was used with a 300 um optical fiber centered within the
balloon. Argon ion laser irradiation can be seen as a bright light diffusing around the body of the inflated
balloon.

zaline
bath thermal
couple
Balloon |
|
Tos e _{M
la=er
R T, .
/ — — ——
optical E—
fiber rabhit ﬂ:"_‘s
aorta 1ng

Figure 2. Sectional view of a single organ perfusion chamber. The balloon catheter is seen advanced into
the lumen of the rabbit artery. Thermal couples are placed on the surface to measure temperature and these
are held in place using umbilical tape.

Temperature rise on the arterial surface was proportional to the laser energy delivered via the
balloon. Following irradiation the balloon material was left intact. Figure 3 is an example of the
temperature rise and peak over about 60 seconds at five power levels (2, 3, 4, 5, 5.5W). After the study, the
rabbit aortas are perfusion fixed and stored for histological analysis using light and electron microscopy.
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Ar+ Laser Irradiation of Atherosclerotic
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Figure 3. Temperature curves measured at the surface of the rabbit abdominal aorta during Ar' laser
irradiation. These measurements were performed in a bath at 23°C.

If the bath temperature was 37°C then there was a higher target of temperature achieved using
lower laser energy. Also, the temperature profile formed a plateau with a more consistent temperature
profile (Figure 4). These data will guide how we will implement the laser delivery in the rabbit
experiments. While under general anesthesia, the rabbit body temperature will be monitored and a warming
pad used to maintain a 37°C body temperature.

In vivo Rabbit Studies: New Zealand white (NZW) rabbits are made atherosclerotic by feeding a
high cholesterol diet (1%) and balloon deendothelialization. After maintaining the cholesterol enriched diet
for 4 months, rabbits will be ready to undergo pharmacological triggering to induce myocardial infarction
and platelet rich thrombus on the aorta. Presently, two rabbits were made atherosclerotic and their aortas
used in the bench top studies to determine the lasing parameters for the in vivo study described above. We
have already demonstrated in the above experiments that we can raise the arterial wall temperature to levels
that will cause cross-linking of collagen in the arterial wall. These are the same temperatures we had used
in prior reports using other laser devices (i.e. laser activated thermal probes).

Currently, ten NZW rabbits are being fed an atherogenic diet and will undergo balloon
deendothelialization in two weeks according to the protocol. Prior to triggering, balloon angioplasty of the
mid-abdominal aorta with associated laser irradiation will be performed in a group of five rabbits and only
a sham using the balloon without irradiation will be performed in the remaining five rabbits. Another group
of ten rabbits will be staggered to conduct the same study and prepared two months after the first group was
begun.

The thermal couple was induced to rabbit aortas (control n=9; atherosclerotic n=12) wrapped by
rabbit skin and the temperature of artery was measured during lasing with different energies of 2, 3,4, 5 W.
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Ar+ Laser Irradiation of Atherosclerotic
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Figure 4. Temperature curves measured at the surface of the rabbit abdominal aorta during Ar" laser
irradiation. These measurements were performed in a bath at 37°C to simulate the body temperature. The
bath at 37°C provides a more stable thermal environment for the arterial wall.

Results

If our hypothesis that lasing of the arterial wall that cross links the collagen to stabilize the plaques
were correct we would expect to see a significantly reduced number of pharmacologically triggered
thrombi in the section of the aorta that was treated. We know from earlier studies that most of the thrombus
occurs in the mid abdominal aorta. Thus, we will select that section of the aorta to conduct our preliminary
laser-balloon treatment sites.

1. Temperature Measurement in vitro

In this project, we measured the temperature with the thermal camera. First, the temperature of
isolated aorta was measured using a thermal camera. There was a linear relationship of the energy and
temperature (r=0.99; p<0.0001). After 3, 4, 5 W lasing, the temperature of atherosclerotic rabbit arteries
was 1.87°C, 2.99°C, and 4.96°C higher than the temperature of normal rabbit arteries (p<0.001) (Figure 5).

Second, we measured the temperature of the aortas wrapped with rabbit skin using a thermal
couple. There was a linear relationship of the energy and temperature (r=0.99; p<0.001) in this
measurement either. After 2, 3, 4, 5 W lasing, the temperature of atherosclerotic rabbit arteries was 2.63°C,
4.18°C, 6.98°C and 9.40°C higher than the temperature of normal rabbit arteries (Figure 6).

Third, we measured the temperature of the aortas wrapped with Nu Gauze plain packing strip
using a thermal couple. There was a linear relationship of the energy and temperature (r=0.99; p<0.001) in
this measurement either. There was no significant temperature difference between normal aorta and
atherosclerotic aorta (Figure 7).
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The temperature of the aorta with rabbit skin wrap measured by thermal camera was 8-20°C
higher than the temperature measured by thermal couple (8.05°C, 11.58°C and 15.00°C after 3, 4 and 5 W
lasing respectively for normal arteries; 10.37°C, 15.57°C and 19.45°C after 3, 4 and 5 W lasing respectively
for atherosclerotic arteries) (Figure 8).

Using the thermal couple, the temperature of aorta wrapped with rabbit skin was higher that the
temperature of aorta wrapped with Nu Gauze plain packing strip (Figure 9).

The temperature distribution of rabbit aorta during 5 W argon lasing is shown in Figure 10. The
temperature peak is about located in a 15 mm length of the artery during the lasing.
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Figure 5. Temperature measurement of rabbit aorta by thermal camera.
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Figure 6. Temperature measurement of rabbit aorta with skin wrap.
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Figure 7. Temperature measurement of rabbit aorta wrapped with clothes tape.
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Figure 8. The temperature of the aorta with rabbit skin wrap was 8-20°C higher than that of without rabbit
skin wrap (8.05°C, 11.58°C and 15.00°C after 3, 4 and 5 W lasing respectively for normal arteries; 10.37°C,
15.57°C and 19.45°C after 3, 4 and 5 W lasing respectively for atherosclerotic arteries).
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Figure 9. Comparison of the temperature of lased rabbit aortas (4 W Ar+) wrapped with Nu Gauze plain
packing strip and rabbit skin. The result shows that the temperature of the artery wrapped with skin is

higher than that of the artery wrapped with strip.
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Figure 10. Temperature distribution on rabbit aorta during argon lasing by 5 W. The artery is lased for 30
sec and the total length of the cures is 30 mm.
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2. Temperature Measurement in vivo

In this project, we measured the temperature in vivo with the thermal couple. The rabbit abdomen
was opened under general anesthesia and rabbit aorta temperature was measured in vivo.

With 3.5 W argon lasing, the temperature will be elevated to the peak from 45 sec lasing (Figure
11). It is highly correlated between laser energy and rabbit aorta temperature (r=0.95; p<0.0001) (Figure
12).

Laser Heat Aorta in vivo (Ar® 3.5 W)
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Figure 11. Temperature measurement in vivo for rabbit aorta after lasing by argon laser (3.5 W).
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Figure 12. Temperature measurement in vivo for rabbit aorta after lasing by argon laser with different
energy.
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Discussion

According to the report of Madjid et al in 2002, areas with lower pH had higher temperature, and
areas with a large lipid core showed lower pH with higher temperature. They also developed a
thermography basket catheter and showed in vivo temperature heterogeneity in atherosclerotic lesions of
atherosclerotic dogs and Watanabe rabbits. Thermal heterogeneity was later documented in human
atherosclerotic coronary arteries in Madjid’s group. Temperature difference between atherosclerotic plaque
and healthy vessel wall is related to clinical instability. It is correlated with systemic markers of
inflammation and is a strong predictor of adverse cardiac events after percutaneous interventions. It may be
useful for a variety of clinical and research purposes, such as detection of vulnerable plaques and risk
stratification of vulnerable patients (Madjid et al, 2002).

Arteriosclerosis is an inflammatory disease. Inflammatory processes play a role in the initiation of
plaque development and the early stages of the disease as well as in complex plaques and complications
such as intraarterial thrombosis. A method to detect inflammation in coronary arteries has the potential to
characterize both local and systemic activation of arteriosclerotic plaque disease. It could help to define in
more detail what constitutes a vulnerable plaque or vulnerable vessel and thus improve the prediction of
acute coronary syndromes. Intracoronary thermography records a cardinal sign of inflammation. Heat is
probably produced by (activated) macrophages. Experimental work has suggested that thermal
heterogeneity is present in arteriosclerotic plaques and that increased temperature is found at the site of
inflammatory cellular-macrophage-infiltration. Preliminary experience in patients undergoing coronary
angiography has demonstrated that it is safe and feasible to perform intracoronary thermography using
various systems. A graded relationship between thermal heterogeneity and clinical symptoms has been
reported, with the greatest temperature elevation in acute myocardial infarction. Increases in thermal
heterogeneity appeared to be associated with a comparably unfavorable long-term prognosis. Intracoronary
thermography has the potential to provide insights into location and extent of inflammation as well as the
prognostic consequences. Currently, this novel method and the underlying concepts are extensively
evaluated (Schmermund et al, 2003).

The detection of temperature during laser execution is important to monitor the laser effect. In this
study, we have developed the technique with thermal couple to detect the temperature during laser
angioplasty in vivo. We propose to use laser and laser-thermal techniques in an atherosclerotic rabbit model
to demonstrate a reduction in the plaque disruption and thrombosis. This could be translated to applications
in humans with lesions that can cause heart attacks. Laser angioplasty for endovascular surgery was a
useful procedure but there is a significant higher temperature increasing after lasing. Consequently, this
method should be recommended especially for high-risk patients with atherosclerosis.

Laser angioplasty for endovascular surgery was a useful procedure but there is a significant higher
temperature increasing after lasing. Consequently, this method should be recommended especially for high-
risk patients with atherosclerosis.
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Effects Of Intercropping On Root-Gall Nematode Disease On Soybean (Glycine max (L) Merril)
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ABSTRACT: Six intercrops (maize, melon, okra, Telfairia, Amaranthus and pepper) were tested for
control of root-gall nematode disease on soybean in a loamy sand soil naturally infested with Meloidogyne
javanica. The experiment was laid out in a randomized complete block design replicated four times.
Results based on root-gall indices and number of juveniles (J,) recovered from roots and rhizospheric soil
showed that intercropping soybean with Telfairia, pepper and Amaranthus effectively suppressed infection
on soybean roots. Okra, maize and melon intercropped with the soybean aggravated root-gall damage and
caused yield reductions. [New York Science Journal. 2008;1(1):43-46]. (ISSN: 1554-0200).

Keywords: Disease, intercrop, nematode, root-gall, soybean, Owerri, Imo State, Nigeria.

INTRODUCTION

Soybean is the cheapest source of dietary plant protein (Judd, 1970). It produces the highest yield of
protein per unit land area and has the ability to succeed on nearly all soils (Perman, 1982). The crop is
usually grown sole and suffers a great deal of nematode damage which has led to some farmlands being
abandoned to some parasitic nematodes (Lehman, 1978). Total crop failure in soils heavily infested with
root-gall nematode (Meloidogyne spp) has also been reported (Agu, 2006). A number of control methods
and practices have however, been developed. These included: inclusion of non-hosts in rotation sequence
(Adesiyan et al, 2000), introduction of resistant varieties (Odihirin, 1981); heat and chemical treatments
(Adesiyan et al, 2000); use of biological control agents (Adesiyan, 1985) and the use of organic manures
(Egunjobi and Onayemi, 1981 and Amosu, 1981). The success and adoption of any one of these methods
however depends mainly on the level of expertise and socio-economic conditions of the farmers.

In Nigeria, root crops, cereals, legumes and vegetables are grown together in mixtures in various
combinations. Besides yield advantages (Wahua et a/, 1981) mixed cropping systems also provide an
effective strategy in controlling nematode pests of agricultural crops (Idowu and Fawole, 1991). This is by
intercropping a susceptible crop with non-host crops. Information on crop mixtures for effective control of
soybean root-gall nematode is lacking. This study was therefore concerned with the evaluation of different
soybean based intercrops for effective control of root-gall nematode disease on soybean.

METHODS

The study was conducted at the Teaching and Research Farm of Federal University of Technology,
Owerri, located between latitudes 5° 20°N and 5° 27°N and longitude 7° 00’E. The soil was loamy sand
(84.08% sand; 12.56% clay and 3.36% silt) and naturally infested with root-gall nematode, Meloidogyne
Jjavanica. By sieving and Bearmann’s funnel technique (Viglierchio and Schmitt, 1983), the nematode
population density in the soil was estimated.
Before planting, the land was cleared and made into mounds (2 x 1 m) according to farmers’ practice and
laid out in a randomized complete block design with four replications on a 20 x 25 m plot size. Soybean cv.
TGX 813-6D, moderately susceptible to M. javanica (Awolola, 1987); Okra cv. Awgu early; melon cv Red
Queen, Telfairia occidentalis, maize cv. FARZ 7; pepper cv. Nsukka yellow and Amaranthus cruentus
were combined as follows: soybean/melon/maize/okra; soybean / maize / okra / Amaranthus; soybean /
pepper / Telfairia / Amaranthus; soybean / melon / Amaranthus / pepper; soybean / Telfairia / maize /
melon; soybean / pepper / Telfairia / okra and interplanted the same day on the mounds using the sole
populations of each (soybean, 240,000; okra, 37,037; melon, 10,000; Telfairia, 10,000; maize, 20,000;
pepper, 17,778 and Amaranthus, 222,222 / ha, (Unanma et al/, 1991). In each crop mixture, soybean was
sown 2 seeds / hole on crest and the intercrops planted 15 cm away from soybean and in alternate
arrangement. Mounds planted with sole soybean served as control.

43


mailto:cmagu2001@yahoo.com

New York Science Journal, Volume 1, Issue 1, January 1, 2008, ISSN 1554-0200

Table 1: Host status of intercrops collected from around M. Javanica infected soybean

Intercrop Mean root-gall indices Host status to
0-4 M. Javanica
Okra cv. Awgu early 4.00 highly susceptible
Melon cv. Red Queen 3.10 moderately susceptible
Telfairia occidentalis 0.20 resistant
Maize cv. FARZ 7 2.90 moderately susceptible
Pepper cv. Nsukka yellow 0.00 highly resistant
Amaranthus spp 0.00 highly resistant
LSDy s 1.00
Table 2: Root-gall indices, number of M. javanica juvenile (J,) recovered from roots and
rhizospheric soil of soybean alone and in association with other intercrops
Soybean root-gall Juvenile (J,) population
Crop mixture 1(1:’d_1c:)s /2g root system /200 cm” soil
S/P/T/A 0.40 0.00 44.00
S/P/T/O 2.20 48.00 66.00
S/Me/A/P 3.20 188.00 148.00
S/T/M/Me 4.00 296.00 338.00
S/M/O/A 4.00 322.00 336.00
S/Me/M/O 4.00 350.00 402.00
Soybean sole (control) 3.00 174.00 152.00
LSDy 05 1.20 56.02 69.31
S = soybean; P = pepper,; T = Telfairia; A = Amaranthus; O = Okra, Me = melon; M = maize
Table 3: Soybean yields as affected by intercrops and root-gall nematode infection
Mean Mean soybean yields
Crop soybean Number of Shoot weights Grain  Root dry
mixture  rootgall (gm) ield ight
indices yie weights
0 —4) Pods/plant Seeds/pod Fresh Dry (ton/ha) (gm)
S/P/T/A 0.40 21.39 3.64 10.10 3.02 3.80 9.18
S/P/T/O 2.20 15.37 3.75 10.00 3.85 3.00 10.20
S/Me/A/P 3.20 13.61 2.99 9.30 3.60 2.60 13.87
S/T/M/Me 4.00 10.80 223 8.80 4.63 2.10 16.14
S/M/O/A 4.00 9.73 2.80 8.60 4.70 1.90 15.92
S/Me/M/O 4.00 10.75 1.39 8.70 6.99 1.20 18.32
LSDg s 1.20 3.94 1.61 0.50 2.08 1.00 3.47

S = soybean; P = pepper; T = Telfairia; A = Amaranthus; O = okra, Me = melon;, M = maize

Compound fertilizer NPK 15:15:15 at 400 kg/ha was applied after first hoe-weeding (i.e. 3 weeks after
planting) and second weeding done 10 weeks after planting. Twelve weeks after planting the crops were
carefully lifted from soil and the crops separately washed free. The roots were examined and rated for galls
on a scale of 0 to 4 according to Ogubji (1981) in which 0 = no infection (no galls present); 1 = rare
infection (1 — 3 galls present); 2 = light infection (4 — 10 galls present); 3 = moderate infection (11 — 30
galls present) and 4 = severe infection (= 30 galls present). Juveniles second stage (J,)/2 g of plant root
system were extracted by the jar incubation method (Ayoub, 1977). Juveniles/120 cm® of soil were also
extracted using a modified Bearman funnel technique (Tray method) (Hooper, 1969). The nematodes from
roots and soil were counted using a dissecting microscope.

Data collected on soybean also included: number of harvested pods/plant, number of grains/pod; shoot
weights (fresh and dry); grain yield/ha and root dry weights. These data were subjected to analysis of
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variance (Steel and Torrie, 1981) and significant differences between means separated by Fisher’s least
significant difference method (Fisher, 1948) at P = 0.05.

RESULTS AND DISCUSSION

Crops roots rated for galls showed that the intercrops differed in host status to M. javanica (Table 1)
and can be grouped as follows: (i) highly susceptible: okra; (ii) moderately susceptible: maize and melon;
(iii) resistant: Telfairia and (iv) highly resistant: pepper and Amaranthus. The intercrops influenced root-
galling on soybean (Table 2). Severe root-galls occurred on soybean plants intercropped with okra, maize
and melon; also with Telfairia, melon and maize as well as with maize, okra and Amaranthus. Moderate
root-galls occurred on the soybean when intercropped with melon, Amaranthus and pepper. Pepper,
Amaranthus and Telfairia intercrops suppressed gall formation on the soybean.

These results showed that okra, maize and melon are not good crop associates with soybean in M.
javanica infested soils. This observation agrees with Bridge (1978) who noted that planting susceptible
crops alongside yam plants could increase nematode population density and the severity of damage by root-
gall nematode (M. incognita) on yam plants. Atu and Ogbuji (1986) also reported that susceptible
intercrops planted on yam mounds resulted in greater root-gall damage on the harvested tubers.

Rare root-galls on soybean caused by resistant pepper, Amaranthus and Telfairia intercrops was
because these intercrops prevented nematode population increase around the soybean plants (Table 2).
Fawole and Mai (1979) reported that gall indices corresponded with nematode population density.

Soybean yields varied with galling responses at different crop mixtures (Table 3). Significantly higher
number of pods/plant were produced by soybean plants intercropped with pepper, Amaranthus and
Telfairia with low gall index. Grain yield (tons/ha), fresh shoot weight and number of grains/pod
consistently decreased with increases in galling response at the various crop mixtures. These decreases
were significant on soybean plants intercropped with two or more of the intercrops susceptible to the root-
gall nematode (M. javanica). This was due to significant increases in galling response at significantly
increased nematode population attacking the soybean (Table 2). Galls are known to decrease the uptake of
minerals, especially, N, P and K (Trudgill, 1987) and also do not translocate adequate water and nutrients
to vegetative organs for photosynthesis (Otiefa and Elgindi, 1962).

Soybean root dry weights increased as galling response increased with increasing number of intercrops
susceptible to the root-gall nematode (Table 3). This was because of the weight gain on the main roots
caused by galls. Agu (2002) found that galled roots represented most of the total weight of the root system.

From this study, it is obvious that root-gall nematode disease on soybean can be effectively controlled
and good grain yields obtained in M. javanica infested soils if Telfairia, pepper and Amaranthus were used
as intercrops. Telfairia, pepper and Amaranthus are therefore recommended as intercrops for effective
control of soybean root-gall nematode disease in soils infested with M. javanica.
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How S-S’ di quark pairs signify an Einstein constant
dominated cosmology, and lead to new inflationary cosmology
physics.

A. W. Beckwith

ABSTRACT
We review the results of a model of how nucleation of a new universe occurs,

assuming a di quark identification for soliton-anti soliton constituent parts of a scalar
field. Initially, we employ a false vacuum potential system; however, when cosmological
expansion is dominated by the Einstein cosmological constant at the end of chaotic
inflation, the initial di quark scalar fieldis not consistent w.rt a semi classical
consistency condition we analyze as the potential changes to the chaotic inflationary
potential utilized by Guth . We use Scherrer's derivation of a sound speed being zero
during initial inflationary cosmology, and obtain a sound speed approaching unity as the
slope of the scalar field moves away from a thin wall approximation. All this is to aid in a
data reconstruction problem of how to account for the initial origins of CMB due to dark
matter since effective field theories as presently constructed require a cut off value for
applicability of their potential structure. This is often at the cost of, especially in early
universe theoretical models, of clearly defined baryogenesis, and of a well defined
mechanism of phase transitions.

[New York Science Journal. 2008;1(1):47-91]. (ISSN: 1554-0200).
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1. INTRODUCTION
As of June 2005, an effort was made to combine reconstruction of data gathering

techniques with the requirement of the JDEM dark matter-dark energy search for the
origins of dark matter in the early universe'. This has, among other things, lead to
methodologies being presented which could shed light as to the initial formation of scalar
potentials which could contribute to CMB background radiation. In doing so, it was noted
that initial dimensions, as postulated by Quin, Pen, and Silk® presented evidence as to

how three extra dimensions play a role in explaining how at very short distances gravity

would have a r~® spatial behavior dependence in force calculations. We do believe that
in the initial stages of cosmic inflation, that space, indeed had additional dimensions and

that the dimensions play a role as far as nucleation of a new universe.

We have, therefore, written up how to reconstruct potentials, using the methodology
presented by Kadota et al®, but we also think that it is important to pick out properties of
the potential in question with respect to early universe models, since CMB data as
presently configured is too imprecise to get anything other than the standard FRW flat
space metric, 1000 or so years after the big bang. So being the case, we have constructed
a list of properties of what an early universe potential system, composed of di quark
constituents in order to help researchers investigate CMB data more accurately for very

early universe configurations.

I1. ORGANIZATION OF THE PAPER

Appendix I, parts A and B highlights what can be said about typical data
reconstruction for early universe potential systems. Appendix Il initiates setting up three

regimes for an evolving potential model leading to chaotic inflation, in line with Dr.
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Guths quartic potential system. Appendix Il presents what is done with instanton
models of what is called in the literature, QCD balls*, for initially stable di quark pairs
which we believe are the building blocks for a false vacuum nucleation of initial baryonic
states of matter. Afterwards, in the main text of this document, | examine the break down
of what Bunyi and Hsu of the U. of Oregon call a semi classical approximation®, but
which I call a consistency condition for di quark pair contributions to Guth style chaotic
inflation. In making this consistency evaluation, | then refer to in Appendix 1V, part A
and B how and why the initial wave functionals used in forming this semi classical
evaluation are formed. This uses the results of two accepted world press scientific
articles, one published in IJMPB °, and also another accepted already for publication in
Modern Physics Letters B ’, which describe necessary and sufficient conditions for a

false vacuum based construction of Gaussian wave functionals, which then have, due
to the very short distances involved, a discrete state presentation which is then used

in an inner product evaluation of potential systems.

It is interesting to note that the semi classical (consistency) condition so outlined in
the main text works best initially for a modified driven washboard potential system,
which is integrated over six dimensions, in line with Silks presentation as to the
importance of higher dimensions being very significant for extremely small spatial
dimensions. This is given more structure in Appendix V. | do believe that this is no
accident, and is congruent with the Calabi Yau conjecture in string theory with the
curling up of higher spatial dimensions, which after a certain phase in inflation no longer

contribute significantly to the chaotic inflation paradigm presented by Guth®,
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How does this bend in with more observational techniques as given by astrophysics
researchers? Early universe nucleation is too small a region of space for typical action
integral arguments to be effectual. So | have presented an alternative, as given in
Appendix VII, which I do believe is able to give a new structure as to how to consider
the flux of particles from a cosmic nucleation stand point’. In addition, the initial
configuration of matter states would not be treatable by the Einstein cosmological
constant. But that the evolution of di quark states can, after the onset of inflation, evolve
into an Einstein cosmological constant dominated epoch, as given by an argument based
upon a modified Scherrer k essence argument. This argument is important, and is in the
main text of this document. All of this has been presented in PANIC 2005, and will be

included in the AIP proceedings of that conference™.

This last step depends upon a break down of a thin wall approximation. I do believe
that this is consistent with the quantum fluctuations of momentum discussed in the paper
written by R. Aloisio™ et al, about deformed special relativity and its relations to a

supposed quantum gravitational background.

Finally, | make direct connection with Venzianos'? postulates as to the links between
Planck scale length, a scalar field term, and a wavelength approximately in sync with the
initial scale of a nucleating universe. | suggest here that the initial cosmic nucleation
diameter was of the order of Planck Length, and subsequently radically expanded

afterwards, in a result consistent with cosmic inflation.

The initial impetus for making this effort was due to the following conundrum. As is

commonly known in cosmology circles, one would expect a flat Friedman — Walker
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universe after 60 e-foldings, but beforehand one could expect sharp deviations as to flat
space geometry. The moment one would expect to have deviations from the flat space
geometry would closely coincide with Rocky Kolb’s model for when degrees of freedom
would decrease from over 100 degrees of freedom to roughly ten or less during an abrupt
QCD phase transition™. As was mentioned by Joe Lykken , the CMB model should yield
a distinct “signal’ which is lending toward a non flat cosmological metric space potential
which can be seen to be initiating a phase transition at about the end of the 60 e-folding
regime of cosmological expansion'*. My own model is useful for such QCD phase
transitions; while Kenji Kadoka’s potential reconstruction scheme is not specific as to a
UNIQUE potential structure. It would be enough in itself to try to combine the two
techniques as to go before the thousand year mark Kenji mentioned as to data sets
permitting potential reconstruction, and to find evidence as to CMB background as to the
initial phases of CMB generation leading to the datum Kolb mentioned as to the decrease
in cosmic microwave radiation to its present value as a result of a QCD phase transition

in the expansion of the early universe.

I11. BRIEF RE CAP OF QINS EXTRA DIMENSIONS FROM DARK
MATTER ARTICLE, PLUS THE EVOLVING POTENTIAL SYSTEM
ACCOMODATING DI QUARK SCALAR FIELDS

As mentioned, Quinn’s article’ gives a new force law, with respect to distances at or
below Inm in length. As presented in the article '°, this appears to be a verification of the
existence of small but non infinitesimal extra dimensions. The key assumption which was

used in their paper was a force law of the general form for distancesr << R:

.GMm

2+n

r

F=a (3.1)
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Here, « is a constant with dimensions[length]", G is the gravitational constant, and M

and m are the masses of the two particles and.« = R" was set , while the value of n was,
partly to fit with an argument given by Volt and Wannier™ that the quantum mechanical
cross section for collision is twice the corresponding classical value, if one assumes a
central force field dependence of r= This all together, if one assumes that initially r is
of the order of magnitude of Planck’s length I, would lead to extremely strong pressure
values upon the domain walls of a nucleated scalar field initial states, which I claim
would lead to a quite necessary collapse of the thin wall approximation. This collapse of
the thin wall approximation set the stage for an Einstein constant dominated regime in
inflation, if one adheres to a version of Scherrer’s K essence theory™results for modeling
the di quark pairs used as an initial starting point for soliton-anti soliton pairs(S-S’) in the

beginning of quantum nucleation of our universe.™

We should note that Appendix | as given gives a necessary and sufficient condition for
constructing a potential system, initially in the false vacuum mode of potential, due to a
pop up of a di quark state™®. Here, for reasons of scale, we set M » as a Planck mass, and
the 2" mass, m, as considerably smaller. The scalar field term ¢ is constructed in terms
of di quarks , in line with the soliton- anti soliton (S-S’) used in the two accepted articles
using similar constructions in IIMPB, etc ®’, and ¢" is, here, picked in terms of the limits
of quantum fluctuations of a scalar field, in line with Guths model of chaotic inflation®’.

Furthermore we write the potentialsV,, V,, and V, in terms of S-S’ di quark pairs

nucleating and then contributing to a chaotic inflationary scalar potential system®®,
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V,(¢)= M, -(1—cos(¢))+m7(¢—¢*)2 (3.2a)

2
V,(4)~ W2) m'y: (3.2b)
Vy(4) = (1/2)- m?p? (3.20)

The difference between these potentials becomes extraordinarily important in considering

how the nucleating universe system evolves in time from the onset of the big bang itself.
Furthermore, as a convenience, | have bench marked the ¢" term via the following

procedure. We consider if and when we have classical and quantum fluctuations

approximately giving the same value for a phase value of *’

1

1 3 1 3
L (3 Y M2 3 i M2
=2 |".2r M LA b 3.3
¢ (16%) ! P—>(16-ﬂ'j mg (33)

where we have set M, as the typical Planck mass which we normalized to being unity
in this paper for the hybrid false vacuum — inflaton field cosmology example , as well as

having set the general evolution of our scalar field as having the form of *’

~ m
N Ty

This then permits us to look at how consistent having a di quark model, with a thin wall

t (3.4)

approximation is, with the evolving potential system, given above. It is important, since
we are finding that having the additional dimensions specified in the beginning permits
us to have a more physically consistent picture of how the phase transition to an Einstein
constant dominated cosmology occurs in the first place. This is especially relevant from

going from the 1% to the 3" potential given above. Appendix I11 presents what is done
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with instanton models of what is called in the literature, QCD balls*, for initially stable di

quark pairs, which is what we are assuming with this construction of ¢, and we can use

to obtain S-S’ type pairs which are then used to construct wave functional representation
of early universe states. This is in part based upon Appendix 1V, part A and B on how
and why the initial wave functional used in forming this semi classical evaluation are
formed. This uses the results of two accepted world press scientific articles, one
published in 1JMPB °, and also another accepted already for publication in Modern

Physics Letters B 7. The important thing to consider here, though is that we are
looking at understanding the existence of the phase transformation from the first to
the third potential occurs, and what it says about the formation of conditions

relevant toward an Einstein constant dominated cosmology

IV: CRITERIA USED BY BUNYI AND HSU, WHICH WE CALL A
CONSISTENCY CONDITION REFLECTING THE OCCURANCE
OF A PHASE TRANSITION.

Let us first consider an elementary definition of what constitutes a semi classical
state. As visualized by Buniy and Hsu,” it is of the form|a) which has the following

properties:
i) Assume (affja) =1
(Where 1 is an assumed identity operator, such that 1|a)=|a})

i) We assume that |a> is a state whose probability distribution is peaked about a

central value, in a particular basis, defined by an operator Z

a) Our assumption above will naturally lead, for some n values

(alz"|a) = ((a|z]a))" (4.1)
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Furthermore, this will lead to, if an operator Z obeys Eq. (4.1) that if there exists another

operator, call it Y which does not obey Eq. (4.1), that usually we have non commutativity

[Y,z]#0 (4.2)
Buniy and Hsu® speculate that we can, in certain cases, approximate a semi classical
evolution equation of state for physical evolution of cosmological states with respect to
classical physics operators. This well may be possible for post inflationary cosmology;
however, in the initial phases of quantum nucleation of a universe, it does not apply. We

do this with a potential system, with S-S’ di quark constituents we model via using™®

¢ = r -[tanh b(x — x, ) + tanh b(x, — x)] (4.3)
We can, in this give an approximate wave function as given by a discretized version of

the wave functional given for the first potential system as in Appendix 1V, B:

v =c,-exp(-a - ¢(x)) (44)

Then we can look to see if we have®™®

N
[.fy/-vi-l//#;z-xz-dx} = [y-M]" -y -4 7x7 - dx (4.5)

X,

a a

i=1,2,3

This was later generalized, in the initial phases of nucleation for the 1% potential system

as being, in six initial dimensions

a

N
[Iw-vi-w-4ﬂ-xs-de Ejy/-[\/i]“-y/-4-;z-x5-dx (4.6)

i=1
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In addition, the analysis of how to work with a ratio of the values of the left and right
hand sides of eq (4.5 and (4.6)as a way of looking at the consistency of what has been

called the semi classical approximation would lead to analyzing

N
Uy/-vi XA -dx]

@, (ratio) =" (4.7)

[y -M]'y x> -dx

Xa

i=1,2,3

The first coefficient, i, denotes which potential system is picked, and ranges in value
from 1 to 3. The second coefficient, n, is either 0 or 3, depending upon what
dimensionality is assumed for this problem. The third coefficient, N, is freely ranging in
values from 1 up to 100. I as a convenience often worked with N= 9. This eventually led
to the calculations of Appendix V, which highlight the importance of higher

dimensionality in the initial stages of nucleation, for the first potential system.

Assuming that this is a valid initial dimensional approximation, we did the following

for the three potentials.

a. Assumed that the scalar wave functional term was decreasing in ‘height’ and
increasing in ‘width” as we moved from the first to the third potentials. ¢ also had
a definite evolution of the domain wall from a ‘near perfect’ thin wall
approximation to one which had a considerable slope existing with respect to the

wall.

b. We also observed that in doing this sort of model that there was a diminishing of

magnitude from unity for Eq. (4.7) for large N values, regardless if or not the thin
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wall approximation was weakened as we went from the first to the third potential
system. In doing to, we also noted that even in Eq. (4.7) for the first potential,
Eq. (4.7) had diminishing applicability as a result for decreasing b values in
Eq. (4.3), which corresponded to when the thin wall approximation was least
adhered to.

We also observed that for the third potential, that there was never an overlap in value
between the left and right hand sides of Eq. (4.5) and Eq. (4.6), regardless of whether the
thin wall approximation was adhered to. In other words, the third potential was least
linkable to a semi classical approximation of physical behavior linkable to a physical
system, while Eq. (4.5) and Eq. (4.6) worked best for a thin domain wall approximation
to Eq. (4.4) in the driven sine Gordon approximation of a potential system. In all this, we

assumed that the small perturbing term added to the (1—cos(¢)) part of EqQ. (3.2a) was a

physical driving term to a very classical potential system (1—cos(¢)) which had a

guantum origin consistent with the interpretation of a false vacuum nucleation of the sort
initially formulated by Sidney Coleman.® Furthermore, as we observed an expanding
‘width” in Eqg. (4.3), the alpha term in Eq (4.4) shrank in its value, corresponding to a
change in the position of constituent S-S’ components in the scalar field given in this

model. The S-S’ terms roughly corresponded to di quark pairs.

c. Chaotic inflation in cosmology is, in the sense a quartic potential portrayed by
Guth," a general term for models of the very early Universe which involve a short
period of extremely rapid (exponential) expansion; blowing the size of what is
now the observable Universe up from a region far smaller than a proton to about
the size of a grapefruit (or even bigger) in a small fraction of a second. This
process smoothes out space-time to make the Universe flat, but is not in the model
presented linkable in the chaotic inflationary region given by the third potential to

any semi classical arguments. The relative good fit of Eq. (4.7) for the first
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potential is in itself an argument that the thin wall approximation breaks down
past the point of baryogenesis after the chaotic inflationary regime is initiated by
the third potential as modeled by Guth."’

Since we have established this, we should then attempt to consider if the higher
dimensional physical state relevant to the 1% potential system are countable. Yes they are,
but not by ordinary least action principal arguments'. | give a variant of what could be
analyzed in Appendix VI, after stating that the earlier least action counting algorithms
referenced in Appendix VI (summary of Garrigas work)? is not germane to such a small
scale physical system. This then leads to to consider what the evolving state of di quark
pairs says about , from a Scherrer k essence stand point of how the evolution to Guth
chaotic inflation, as given by the third potential corresponds to the rise of an Einstein

constant dominated inflationary cosmology™.

V.HOW DARK MATTER TIES IN, USING PURE KINETIC K
ESSENCE AS DARK MATTER TEMPLATE FOR A NEAR THIN
WALL APPROXIMATION OF THE DOMAIN WALL FOR ¢

We define k essence as any scalar field with non-canonical kinetic terms. Following

10,21,22

Scherrer, we introduce a momentum expression via

p=V(4)-F(X) (5.1)

where we define the potential in the manner we have stated for our simulation as well as

Set10,21,22
1 u
X =E.v#¢ Ve (5.2)
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and use a way to present F expanded about its minimum and maximum?*+??

F=F,+F,-(X=X,) (5.3)
dF
where we define X, viaFy ‘x:xo =X =0, as well as use a density
X=X,
function'®*%?
p=V(¢)[2-X -F, —F] (5.4)

where we find that the potential neatly cancels out of the given equation of state so'?"%

pP__ F
p 2-X-F,—F

W (5.5)

as well as a growth of density perturbations terms factor Garriga and Mukhanov®® wrote

as

C2_(ap/ax) F,
(8p/OX) Fy +2-X-Fyy

(5.6)

where F,, =d?F/dX?, and since we are fairly close to an equilibrium value, we pick a

value of X close to an extremal value of X,."%*%

X =X, +2, (5.7)

where, when we make an averaging approximation of the value of the potential as very
approximately a constant, we may write the equation for the k essence field as taking the

form (where we assumeV, = dV (¢)/ dg)
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(Fy +2-X-Fy )¢ +3-H-F, -g+(2-X-F, —F)-\\//—¢EO (5.8)
as approximately

(Fy +2-X-Fy )-¢+3-H-F, -4=0 (5.9)
which may be re written as'%?"%

(Fy +2-X-Fy )- X +3-H-F, -X =0 (5.10)

In this situation, this means that we have a very small value for the growth of density

pertubations'%?!22

) 1 1

Cs = — —— = (5.11)
142 (X, +5,)- U/ E,) 1+2.[1+x~0j
.80
when we can approximate the kinetic energy from
0,01 ero)=( 2 2] wor = o - { L) 5110
“ c ot dx

and, if we assume that we are working with a comparatively small contribution w.r.t. time

variation but a very large, in many cases, contribution w.r.t. spatial variation of phase

2

1| o s
Xolm=|—| >¢ 5.11b
Xol =5 55| >>% (5.11b)
0<CZr¢" <<l (5.12)
Ang 1020
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-1

P
p .. F _
1-4- (X, +&,)| —2 .
( 0 50) (F0+F2'(Eo)2 €9

=
I

[
i

J ~0 (5.13)

We get these values for the phase ¢ being nearly a box, i.e. the thin wall

approximation for b being very large in Eq. (4.3); this is consistent with respect to

Eq. (5.13) main result, with w=— = 0 = treating the potential system given by the first

P
2
potential (modified sine Gordon with small quantum mechanical driving term added) as a

semi classical system leading to Eq. (4.7) nearly being unity. This also applies to the

formation of S-S’ pair formation due to the di quarks as alluded to in Zhitinisky’s'®
formulation of QCD balls with an axion wall squeezer having a ‘thin wall’ character.
When we observed
2
1| 0¢ 112, 2

Xole=|—| =2=10,(x+L/2)+05, (x-L/2 5.14
with

S, (xtL/2)——>0 (xtL/2) (5.15)

as the slope of the S-S’ pair approaches a box wall approximation in line with thin wall
nucleation of S-S’ pairs being in tandem with b — larger. Specifically, in our
simulation, we had b — 10 above, rather than go to a pure box style representation of

S-S’ pairs; this could lead to an unphysical situation with respect to delta functions giving

infinite values of infinity, which would force both C? and WEB to be zero for
P
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2
|X ~ X |;l 9 — oo if the ensemble of S-S’ pairs were represented by a pure thin
72 | ax

wall approximation,® i.e., a box. If we adhere to a finite but steep slope convention to

P

modeling both C? and w=-—, we get the following: When b>10 we obtain the
Yo
conventional results of
-1
1_4.%0 %0
I:2

and recover Scherrer’s solution for the speed of sound %%

ClZ= -0 (5.17)

(If an example F, —10°,&, —»107, X, —10%). Similarly, we would have if b — 3 in

Eq. (4.5)
-1
We——— 5] (5.18)
1_4. XO .80
Fz

and

» 1
Cl~ -1 (5.19)
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if F, >10° ,&, —107. Furthermore |X,| — a small value, which for b — 3 in Eg. (5)

would lead to CZ ~1, i.e., when the wall boundary of a S-S’ pair is no longer

approximated by the thin wall approximation. This eliminates having to represent the

initial state as behaving like pure radiation state (as Cardone® postulated), i.e., we then

2

. 1 ~
recover the cosmological constant. When |X | ~ > 2—¢ >> g, no longer holds, we can
X

have a hierarchy of evolution of the universe as being first radiation dominated, then dark

matter, and finally dark energy.

2

If [X ~ X, ;% 2—¢ — oo, neither limit leads to a physical simulation that makes
X

sense; so, in this problem, we then refer to the contributing slope as always being large

but not infinite. We furthermore have, even with w=-1

Cl=1—— 51 (5.20)

bl-3

indicating that the evolution of the magnitude of the phase ¢ — &* corresponds with a

reduction of our cosmology from a dark energy dark matter mix to the more standard
cosmological constant models used in astrophysics. This coincidently is when the semi

classical evaluation involving S-S’ di quark pairs breaks down, as given by Eq. (4.7)
being much smaller than unity and corresponds to the b of Eq. (4.3) for ¢ — £ being

quite small. It also denotes a region where there is a dramatic reduction of the degrees of

d?*® so that we can then

freedom of the FRW space time metric, as Kolb postulate
visualize cosmological dynamics being governed by the Einstein constant at the

conclusion of the cosmological inflationary period
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VI: CONCLUSION
Veneziano’s model ? gives us a neat prescription of the existence of a Planck’s length

dimensionality for the initial starting point for the universe via:

15/25 = Glonuee =€ (6.1)
where the weak coupling region would correspond to where ¢<<-1 and A is a so
called quanta of length, and 1, =c-t, ~10*cm. As Veneziano implies by his 2™
figure ° , a so called scalar dilaton field with these constraints would have behavior seen
by the right hand side of his figure one, with theV(¢)—>g+ but would have no
guaranteed false minimum ¢ — ¢. < ¢ and no V(g ) <V (¢, ). The typical string models
assume that we have a present equilibrium position in line with strong coupling
corresponding to V() - V(¢ )~ &" but no model corresponding to potential barrier

penetration from a false vacuum state to a true vacuum in line with Coleman’s

presentation.>?° However, FRW cosmology? will in the end imply

t, ~107* seconds => size of universe ~107?cm (6.2)

which is still huge for an initial starting point, whereas we manage to in our S-S’
‘distance model’ to imply a far smaller but still non zero radii for the initial ‘universe’ in
our model.

We find that the above formulation in Eg. (6.1) is most easily accompanied by the
given S-S’ di quark pair basis for the scalar field used in this paper, and that it also is
consistent with the initial scalar cosmological state evolving toward the dynamics of the

cosmological constant via the k essence argument built up near the end of this document.
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Furthermore, we also argue that the semi classical analysis of the initial potential system
as given by Eg. (4.7) and its subsequent collapse is de facto evidence for a phase
transition to conditions allowing for CMB to be created at the beginning of inflationary
cosmology.

We are fortunate as shown in Appendix V that for determining the relative good fit
of Eq. (4.7) that the relative domain walls slope of the initial phase given by Eq. (4.5)
was not terribly significant, for the first potential system, which dove tails with Eq. (4.1)
merely pushing out the domain walls, as a primary effect, for a driven sine Gordon type
modeling of false vacuum nucleation. As ,mentioned earlier, this was actually heightened
by the extra dimensionality as alluded to by the power law relationship in Eq. (4.1)
making an almost perfect equality between the left and right hand sides of Eq. (4.7). That
the ratio Eq. (4.7) in Appendix V had varying values, showing different degrees of break
down of this relationship for the 2" transitional potential, due to differences in
dimensionality and slope of the scalar field as given by Eq. (4.3) is probably due to this
representing the abrupt loss of numbers of degrees of freedom Rocky Kolb has
mentioned as part of a phase transition. Needless to say though, as we evolve toward the
Einstein cosmological constant era and chaotic inflation, as given by the 3™ potential, we
should keep in mind very real limits as to the comparative sharpness of the slope of the
scalar field as given by Eq. (4.3)

K essence analysis argues against making b in Eq. (4.3) too large, i.e., if we have a
‘perfect’ thin wall approximation to our S-S’ di quark pairs, we will have the unphysical
speed of sound results plus other consequences detailed in the k essence section of the

document which we do not want. On the other hand, the semi classical analysis brought
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up in the section starting with Eq. (4.5), Eq. (4.6) and summarized by Eq. (4.7) shows us
that a close to the thin wall approximation for S-S’ di quark pairs gives an optimal fit for
consistency in the potential with the wave functions exhibiting a thin wall approximation
‘character’. It is useful to note that our kinetic model can be compared with the very
interesting Chimentos *’purely kinetic k —essence model, with density fluctuation
behavior at the initial start of a nucleation process. The model indicate our density

function reach p = constant after passing through the tunneling barrier as mentioned in

our nucleation of a S-S’ pair ensemble. This is when the Einstein constant becomes
dominant and that the semi classical approximation in Eq. (4.7) for a domain wall at the
time the comparative thin wall approximation S-S’ pair ceases to be relevant.

Our initial attempt here very likely should be re visited, especially if the sort of brane
world objects referred to by Trodden et a® are used in a future calculation for initial
nucleation states. However, this should all be done to re calibrate how to fill in the CMB
contribution toward reconstruction of a suitable class of potentials which could shed light
not only on the origins of baryogenesis, in early universe models, but also in determining
how dark matter-dark energy could contribute to the formation of initial inflationary
cosmology parameters. The hope is that if suitable data reconstruction methodology is
obtained and refined, that one could as an example determine how the initial physical
fundamental constants could be set as they are, as well understand how dark matter-dark
energy contribute to the initial origins of CMB itself This also would allow us to improve
upon the particle flux from nucleation argument we used, using Gongs % approximate
construction in order to get around limitations in least action principles due to tiny spatial

dimensions.
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[Insert figures 1a, 1b, and then figures 2a, 2b with captions here]

Furthermore, we should note that these nucleation configurations fit in well with the

following model of false vacuum nucleation.

[Insert figure 3 with caption here]

This is in line with the first specified potential as given in Eq. (3.2a) which we claim
eventually becomes in sync with Eq. (3.2c). Further progress in investigating this
phenomenology should take into account the datum so mentioned in the text, about the
original multiple dimensions in the initial phases of a nucleating universe, which
subsequently are reduced as the scalar potential evolves toward the chaotic potential
given in Eq. (3.2c). This should permit us to be able to reconstruct potentials far closer to
the big bang itself, than the 1000 or so year limit alluded to by Dr. Kadota in his May
2005 Pheno talk given in Madison, Wisconsin®®. This in its own way will entail
considerable additional analytical work, along the lines first specified by Edmund J.
Copelan et al. in their ground breaking tome on potential reconstruction techniques
applied to cosmology®® .1t is worthwhile to note that the orientation of my white paper
was in unifying certain techniques, and methodology of what is known in the literature as
QCD balls in an instanton configuration to use data reconstruction in order to obtain
information on dark matter physics. In doing so, | wound up using a lot of ideas, as was
done by other physicists considering early universe nucleation models, from condensed
matter physics. The emphasis though of the presented concept was in setting up a
template as to examine what actually constitutes dark matter. This should be what future

inquiry should be directed toward.
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Figure captions

Fig 1a,b: Evolution of the phase from a thin wall approximation to a more nuanced

thicker wall approximation with increasing L between S-S’ instanton components. The
‘height’ drops and the ‘width’ L increases correspond to a de evolution of the thin wall
approximation. This is in tandem with a collapse of an initial nucleating ‘potential’

system to the standard chaotic scalar ¢° potential system of Guth. As the “hill’ flattens,

and the thin wall approximation dissipates, the physical system approaches standard

cosmological constant behavior.

Fig 2a,b: As the walls of the S-S’ pair approach the thin wall approximation, a

normalized distance, L=9— L =6 — L = 3, approaches delta function behavior at the
boundaries of the new nucleating phase. As L increases, the delta function behavior
subsides dramatically. Here, the L=9<«> conditions approaching a cosmological
constant. L= 6 <> conditions reflecting Scherrer’s dark energy-dark matter mix.
L =3 < approaching unphysical delta function contributions due to a pure thin wall

model.

Fig 3: Initial configuration of the domain wall nucleation potential as given by
Eq. (4.4a) which we claim eventually becomes in sync with Eq. (4.4c) due to the phase
transition alluded to by Dr. Edward Kolbs model of how the initial degrees of freedom

declined from over 100 to something approaching what we see today in flat Euclidian

space models of space time (i.e. the FRW metric used in standard cosmology)
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APPENDIX IA: INITIAL STATEMENT OF KADOTAS POTENTIAL
RECONSTRUCTION METHODOLOGY

Kenji Kadota of FNAL in Pheno 2005 *° and also in arXIV * talked of comparing

! 2 /4
two graphs, one with a combination of scalar potential terms {3[Vj -2 7] against

[(5)] (Mpc) with a graph of

m( j) against mode numbers. Here, in this situation,

m(j) = linear combination of {P(j)} (1a)
And when we set t.,, = the demarcation of the end of time for the inflation, for a scale

factor a leads to

__tENDd_t!
&= a(t) (1b)

In this situation, the {P(j)} refer to pixel data slices which show up in

(-

We should identify the left hand side of equation 2 with the derivative of a function G(&),

} Zp. (In¢) 2)

i.e.

Z p; - B;(In¢) (2a)

This is when Kadota et al defined

B,(In&)= {t with a value of Liff Iné& <In&<Iné, (3)
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In the most recent arXIV article, Kadota defined a procedure as to how to identify useful

entries as to acceptable {P(j)} values as to a simplified scalar potential structure which is

2
V(¢) = (Vo -e”"""")))- tH- c.e o) J for a perturbation centered at ¢ = @, where this has

|ﬂ|, c<<1], |V| >>1 | so then after Kadota defined

p=2-In& (4)

so one could write

@ =A-In&, (5)
He, Kadota, obtained graphical behavior as seen in his fig 8 and fig 9 of his arXIV
article®. An even simpler situation graphically emerged when Kadota set the left hand
side of Eq. (1a) equal to a constant which permitted him, using EQ. ( 2 )and EQ. (3 )above

to give constant values to the [; pixels, which was equivalent to his figure 7 which was for a
potential system leading to a constant spectral index value, n when he defined via linking n —
1 to the derivative with respect to k of an expression of the primordial power spectrum P(k)
via

_dp(k)
n-1= W (6)

Here, in this situation we have that if we interpret %(1) as an order of magnitude constant

of about 1 < (1) < 10. We should also note that often (1) is often set very close to 1

itself.
k=9(1)-a-H=a-H ()
The exact particulars of the power spectra P(k) are in Kadoka’s well written arX1V

paper, but it suffices to say that the natural logarithm of the power spectra P(k) is equal
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to an integral over £ values from zero to infinity, with part of the integrand involving a
so called ‘window function’ times the power spectra P(k), for G(k) of equation 2.2a
above. | do believe one can say the following:

Kenji Kadoka’s methodology permits the general reconstruction of potentials as up to
about 1000 years after the big bang. The issue at stake though is if or not re constructive
methodology using some of these same methods could be countenanced going up to the
end of the 60 e-folding period commonly viewed as the demarcation between flat and
curved space, with a curved space milieu being the regime of active nucleation of our
universe. This would entail, among other things, finding traces in CMB data of the initial

signature of the big bang itself and tying it into a QCD style phase transition.

APPENDIX | B: USING JDEM ANALYSIS OF DATAWITH THIS
BUILT UP POTENTIAL SYSTEM, WITH KADOTAS POTENTIAL
RECONSTRUCTION PROCEDURES

The first step would be to refine the analytical algorithms to, give reliable data inputs

into the right hand side ** of di—g) =>"p;-B/(In&), where the left hand side of this

equation actually could use, in a modified format the procedure given in Eq (3.2a) to

Eq (3.2c) of the main text , and this done to obtain a match up of the acceptable p,

entries with CMB data.

This would entail use of Monte Carlo simulations as well as far more developed analysis

of how to obtain acceptable p, entries in a more realistic manner than the toy problem
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analyzed by Kadoka’s toy problem®*° example which he presented in fig 7 of his arXIV
article®.

Afterwards, once acceptable procedures are outlined as to finding acceptable p, entries

for potentials other than the potential given by Kadoka’s test scalar potential given as

V(p)= (\/O .el‘(‘/ﬁ—%)), b+ c. e_V'(¢—¢0)2J 1)
The potential reconstruction | believe could be greatly aided by some of the initial
effective contributions of extra dimensionality and of side effects of the baryogenesis
mentioned in the formation of our early universe potential nucleation model The idea
would be to find ways to obtain data sets via techniques most congruent to reliable
potential reconstruction of the early inflationary cosmos. Before the 1000 or so year limit
specified by Kenji Kadota in discussions I had with him at Pheno 2005 *°.

If finding acceptable match up of data sets with how to reconstruct a complicated
potential beyond the one given by Eq (1) above was completed in general. Then one
would face a discussion with manufacturers of the satellite used for dark matter searching
as to tailor made electronics which would be acceptable for obtaining sufficient data sets.
| am assuming that this investigation would be one out of many being used in the

upcoming satellite mission.
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APPENDIX II: LINKS TO THE POTENTIAL SYSTEM USED FOR
COSMOLOGICAL NUCLEATION

V, -V, -V,
dlincrease)< 2-7 — ¢(decrease)<2-7 > p~¢* (1)
t<t, -S>ttt +0-t —>t>>t,

We described the potentialsV,, V,, and V, in terms of S-S’ di quark pairs nucleating and

then contributing to a chaotic inflationary scalar potential system.

Vi(9)="00 -1 cos() + (g4 (22)

v,(g)~ L2 M (2b)
L+ A 4°)

V,(¢)~ (1/2)- m?¢? (20)

APPENDIX 111: INCLUDING IN NECESSARY AND SUFFICIENT
CONDITIONS FOR FORMING A CONDENSATE STATE AT OR
BEFORE PLANCK TIME t,

For a template for the initial expansion of a scalar field leading to false vacuum
inflationary dynamics in the expansion of the universe, Zhitnitsky’s™ formulation for how
to form a condensate of a stable soliton style configuration of cold dark matter is a useful
starting point for how an axion field can initiate forming a so called QCD ball.
Zhitnitsky” uses quarks in a non-hadronic state of matter that, in the beginning, can be in
di quark pairs. A di quark pair would permit making equivalence arguments to what is
done with cooper pairs and a probabilistic representation as to find the relative ‘size’ of
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the cooper pair. We assume an analogous operation can be done with respect to di quark
pairs. In doing so, calculations® for quarks being are squeezed by a so called QCD phase
transition due to the violent collapse of an axion domain wall. The axion domain wall
would be the squeezer to obtain a so called S-S’ configuration. This presupposes a
formation of a highly stable soliton type configuration in the onset due to the growth in

baryon mass

M, ~B®**® (1)

This is due to a large baryon (quark) charge B which Zhitnitsky* finds is smaller than
an equivalent mass of a collection of free separated nucleons with the same charge. This
provides criteria for absolute stability by writing a region of stability for the QCD balls
dependent upon the inequality occurring for B.> B, (a critical charge value)

oM,

m, >
NTooB

(@)

He®® furthermore states that stability, albeit not absolute stability is still guaranteed for

the formation of meta stable states occurring with

1<<B<B, 3)
If we make the assumptions that there is a balance between Fermi pressure P, and a

pressure due to surface tension, with o being an axion wall tension value* so that

_ 20 _ :_9
)= 0

This pre supposes that Q is some sort of thermodynamic potential of a non interacting

Fermi gas, so that one can then get a mean radius for a QCD ball at the moment of

formation of the value, when assuming ¢ ~.7, and also setting B ~ B, oc 10" so that
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8- 7o

~ 413 1/3
REROE(C B j ®)

If we wish to have this of the order of magnitude of a Planck length |, then the axion

domain wall tension must be huge, which is not unexpected. Still though, this pre

supposes a minimum value of B which Zhitnitsky” set as

B ~10% (6)

We need to keep in mind that Zhitnitsky* set this parameterization up to account for a
dark matter candidate. I am arguing that much of this same concept is useful for setting
up an initial condensate of di quark pairs as, separately S-S’ in the initial phases of
nucleation, with the further assumption that there is an analogy with the so called color
super conducting phase (CS) which would permit di quark channels. The problem we are
analyzing not only is equivalent to BCS theory electron pairs but can be linked to
creating a region of nucleated space in the onset of inflation which has S-S’ pairs. The
S-S’ pairs would have a distance between them proportional to distance mentioned

earlier, R,, which would be greater than or equal to the minimum Planck’s distance value

ofl,. The moment one would expect to have deviations from the flat space geometry

would closely coincide with Rocky Kolb’s model for when degrees of freedom would
decrease from over 100 degrees of freedom to roughly ten or less during an abrupt QCD
phase transition®. The QCD phase transition would be about the time one went from the

first to the second potential systems mentioned above.
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APPENDIX IV A: WAVE FUNCTIONALS USED IN THIS MODEL
AND THEIR ANALOGIES TO BLACK HOLE NUCLEATION

This idea of pair creation arose once again in a later context in an article by Dias and
Lemos called “Pair creation of black holes on a cosmic string background’ where the so
called “amplitude’ for the propagation from ‘nothing’ to a three dimensional surface

boundary X was given by the wave function **( wave functional ):

w(hy. A)=[dlg,]-d[A] exp(- 1(g,. A)) (1)
where h; and A are the induced metric and electromagnetic potential on the boundary
> =0M of a compact manifold M , and 1(g,,,A,) is the Euclidian action , with d[g,, ]
and d[A, ] measures of the metric g,, and the Maxwell field A, . Diaz and Lemos

further state that a semi classical instanton approximation allows us to state that dominant
contributions to the path integral come from metrics and Maxwell fields where are near
the solutions which extremalize the Euclidian action and satisfy boundary conditions. So
if we have this process, we may construct a wave function that that denotes the creation

of a black hole via

Vinst = B- eXp(— Iinst) (2)
where B is a one loop contribution from quadratic fluctuations in the fields, 521, and
l.. IS the classical action of the gravitational instanton that mediates the pair creation of

black holes. Similarly, the wave function which describes the nucleation of a dS de Sitter

space from nothing is:

Was < exp(=lg) (3)
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where | = —S'—Z is the action of the S* gravitational instanton which according to

Lemos ‘mediates’ this nucleation. So , then the nucleation probability of the dS space

from nothing and then the dS space with a pair of black holes from nothing is given by
lwes|” and |y, |* respectively. This then allows us to state then that if we take the ratio

of these two probabilities that we obtain the pair creation rate of black holes in the dS

background as

C=n-exp(-2-1,, +21) (4)
For the Bogomol’nyi inequality approach®’ we modify a de facto 1+1 dimensional
problem in condensed matter physics to being one which is quasi one dimensional by

making the following substitution, namely looking at the Lagrangian density ¢ to having

a time independent behavior denoted by a sudden pop up of a S-S’ pair via the

substitution of the nucleation “pop up’ time by®’

[dr-dx-g >t - [dx-L 6)

where t, is the Planck’s time interval. Then afterwards, we shall use the substitution of

fi=c=1 so we can write

W ocC -exp(—ﬂ-IL dX) (6)
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PPENDIX IV B: REDUCING THE GIVEN WAVE FUNCTIONAL TO
HAVING GAUSSIAN FUNCTIONAL BEHAVIOR

We wish to give an argument as to how we obtain ®’

¥ )] e = i -exp{— J‘dxa[(/ﬁ_ (x)- ¢O(x)ﬂ, (1)

Ci,f

In both cases, we find that the coefficient in front of the wave functional in Eq. (1) is
normalized due to error function integration

This is due to
We also found that in order to have a Gaussian potential in our wavefunctionals that we

needed to have in both interpretations

@ = AEgap =V, (¢F )_VE (¢T ) (2)
where for the Bogomol’nyi interpretation of this problem we worked with potentials

(generalization of the extended Sine-Gordon model potential) ®”

Ve =C,{p—4,) —4-C,-¢-¢-(6— ) +C,-(¢7 — %) 3)

We had a Lagrangian® we modified to be (due to the Bogomil’nyi inequality)

LE2|Q| + %'(¢0_¢c)z'{} (4)

with topological charge |Q|—>0 and with the Gaussian coefficient found in such a

1,3,10

manner as to leave us with wave functionals we generalized for charge density
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transport .This same Eq. (1) was more or less assumed in the Gaussian wavefunctional

ansatz interpretation while

¥ [609] s, =
‘. -exp{— Jax a[¢c -4, (x)ﬂ N ©)

c, -exp(— a, -J'di[qﬁT ]2) =W

and

()],
= c-expla [dx[g, (- 4 F | ©)

C - eXp(_ 24 'J-di[% ]2) = Pinital

APPENDIX V: EXTRA DIMENSIONS AND THE BREAK DOWN OF
THE SEMI - CLASSICAL APPROXIMATION.THIS IS AN
ILLUSTRATION OF THIS CONCEPT, AND NOTHING MORE

Here, 1 used equation 4.7 of the main text. For the first potential system, if we set

xb=1, xa=- 1, and b = 10. (a sharp slope) for the scalar field boundary we have.

373
o =2t
! 1)
This assumes a Gaussian wave functional of
v (9 = expl—a-4(x) )
As well as a power parameter of
v:i=9 (3)
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Also, we are using, initially, a phase evolution parameter of

(¥ :=n-[tanh[b-(x — xa)] — tanh [b-(xb — X)]]
The first potential system is re scaled as

1 1 2
V() = 5-(1 — cos(¢(x)) - 2—00-(¢(x> - )

In addition, the following is used as a rescaling of the inner product

cl:=

(30 3
| (exp(—a-¢(x)))2-%x5dx

-30

30
3
c2:= ( (exp(—oc~¢(x)))2-%~x5-(V](x))v~|cl| dx

-30

30
3
c3 = [ (exp(—oc‘d)(x)))z‘%'X5'V](X)'|01| dx

J

-30

c3b = C—Z
c3

Here,

C3b=.999

For the 2" potential system, if we assume a sharp slope, i.e. b1 = b = 10, and

()’

VX = L .
1+ .00000%(da(x))
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da(x) := n-[tanh [bl-(x — xa)] — tanh[b1-(xb — X)]]

and a modification of the ‘Gaussian width’ to be

al:= i;
30

We do specify a denominator, due to a normalization contribution we write as

cla:=

3
J (exp(—a 1-¢a(x)))2-%-x5 dx
-30

30
3
4= [ (exp(—a1~q:a(x)))2~%-XS-(VZ(X))V-|cla| dx

J

-30
In addition:

v

30
3
C5 = [ (expl-0-4a(%))* 2=V |c1al dx

J 3

-30

We then use a ratio of

4
c5b = «
c5

Here, when one has the six dimensions, plus the thin wall approximation:

C5b = 2.926E-3

When one has three dimensions, plus the thin wall approximation
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30
1

c6 :=J| (exp(—cx1~¢a(x)))2-n75-x2-(V2(x))V- |c1b]| dx

- 30 (18)
30 Y
( ) ]
7= J (exp(—a-4(x))) ~n75~x2-V2(x)~|clb| dx
- 30 (19)
c7b = %
= (20)
This leads to
c7b =.019 (21)

When one has the thin wall approximation removed, via b1 = 1.5, one does not see a
difference in the ratios obtained.
For the 3" potential system, which is intermediate between the 1% and 2™ potentials

if the b1 = b = 10 value is used, one obtains for when we have six dimensions

al:= EIE
(22)
As well as
2
V2R = % (¢(0) :
1+ .5(¢a(®) (23)
(When we have six dimensions)
C5b =0.024 (24)

(When we have three dimensions)
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C7b =.016

(25)

So, then one has C5b =.024, and C7b = .016 in the thin wall approximation

When b1 = 3 (non thin wall approximation)

C5b =.027

(Six dimensions)
C7b=.02

(Three dimensions)

Summarizing, if

1 1 2
VA(X) = 3(1 — cos(9(x)) - ﬁ~(¢(><) - ) w1
2

v - L (80) 3

1+ .00000%(¢a(x)) V3

2

VR = é _ (&) 3

1+ 5(¢a(9) —\/?2

One finally obtains the following results, as summarized below

(26)

(27)

(28)

(29)

(30)

b=b1=10 bl=3 bl=1
V1 (6dim) C3b =.999 No data No data
V3 (6 dim) C5b = 2.926E-3 No data C5b = same value
V3 (3 dim) C7b =.019 No data C7b = same value
V2( 6 dim) C5b = .027 C5b = .024 No data
V2 (3dim) C7b= .02 C7b = .016 No data
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APPENDIX VI: DECAY RATES, AND COSMIC NUCLEATION, I.E.
PRESENTING A NEW WAY TO OBTAIN INITIAL EVOLUTION
OF THE HUBBLE PARAMETER AND A RATE EQUATION

Garriga *, assuming a nearly flat De Sitter universe also came up with an expression

for the number density of particles per unit length (time independent)

nzi-1/M2+e-E—"2-exp(—S ) (1)
2.7 H?2 :

where for our purposes we would set

M<M, >1 (2)
We prefer instead to use an estimation of a nucleation rate per Hubble volume per

Hubble time?®

e(t)s%_l(t)4)zl (3)

to show the influence an evolving Hubble parameter would have , in early times, without
the complexity of predicting the S. (a Euclidian action integral) which would be in our
example a D+1 dimensional space knocked down to being quasi 1 dimensional in
‘character’ . We assume, also, rescaling of Planckian length to be unity where
h=c=G=1.

This leads to, then

APPENDIX VII: PREDICTING HOW A SCALE FACTOR EVOLVES
IN THE BEGINNING OF INFLATIONARY COSMOLOGY

I wish now to look at how the scale factor,a, changes in time, in a manner we view
which will enable us to delineate Hubble parameter variations in the first few moments

after creation. In doing this, we can note the typical value** (as given by Dodelson)
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a(t)E ag 'EXp(HB(t_tB )) (1)
with a; ,H; and t; being scale factor, Hubble parameter, and time values at the end of

an inflationary period of expansion. Needless to say, in doing this, we are not obtaining
values of what the scale factor and Hubble parameter could be at the onset of inflation,

which is a situation we wish to remedy. So we set

ao =ag eXp(H B(tP —tg )) (2)

and afterwards approximate the evolution of phase after time t, via use of

b= t2d (oY) s % ] ©)

If we assume that 50 = 5, ,and that the time factors are small, we can state

m_ & 4)
V127G o

as an order of magnitude estimate for the initial value of our scale factor at the beginning
of inflation. So being the case, we move then to obtain a value for the initial evolution of

the Hubble parameter via use of conformal time, with an Einstein equation

;}5+2-a-H-¢3+a2-m2(¢—¢*):0 (5a)

where the conformal time we write as

~ 1
ty——— 5b
a(t)-H (5b)
which may be re written using ordinary time as
§+3-H-g+m?(p-9')=0 (5¢)
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which would lead to < (t)= %ﬂ(t)“)zl 2 implying a nucleation rate evolution along

the lines of
~ \-1 ~ 2 . ~
H ;1.(&] +(ﬂjm_.(1_¢ .exp(ﬂ.f)J (6)
3 \«a a) 3 P, a
implying
Aoty +8-1) = H*(tp +5-1) (7)

which for small times just past the initial value of t =t, + 5 -t leads to a nearly stable but

increasing rate of the Hubble parameter right after a nucleation of a universe. This also
leads to a phase change in behavior which | claim is motivated by the pre Planck time

value of the Hubble parameter being set by (for times t <t,)

87 6 v(g)—>2E V() ®)

H2=—=—
3 3

with the potential given by a washboard potential with a small driving potential

proportional to (¢—¢*)2 which blends into Guths chaotic inflationary model for times

t, +0-t.
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