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Macroinvertebrates as Indicators of The Water Quality of an Urbanized Stream, Kaduna Nigeria 
 

1 Emere M. C., 2 Nasiru C. E 
 

1. Department of Biological Sciences, Nigerian Defence Academy, Kaduna, Nigeria 
2. Department of Zoology, Ambrose Alli University, Ekpoma, Edo state, Nigeria, ekibrai@yahoo.com 

 
ABSTRACT: A survey was conducted from March to September, 2005 on a fourth order perennial 
Northern Nigerian stream to evaluate the water quality using the macrobenthic invertebrate community of 
the bankroot biotope. Physico-chemical variables were determined using standard methods. A total of 1304 
macroinvertebrates were recovered. Twenty-seven taxa were recorded. The higher number of taxa (23) was 
recorded at station 2. The abundance of individuals was highest at station 3. The presence of low densities 
of pollution tolerant macroinvertebrate groups, the deteriorating water quality and the physco-chemical 
conditions of the water during the dry season months was a reflection of organic pollution stress caused by 
decomposing domestic refuse and inorganic fertilizer washed into the stream by irrigation. [Nature and 
Science. 2009;7(1):1-7]. (ISSN: 1545-0740).  
 
KEYWORDS: Macroinvertebrates, water quality, urbanized stream, Kaduna  
 
INTRODUCTION 

Most major cities contain a number of waterways such as bays, harbors and rivers together with a 
small network of small streams. In Nigeria most of these streams have been subjected to an increasing 
pollution load from contaminated urban run-off water originating from industrial, agricultural, residential, 
commercial and recreational areas and institutions such as schools and hospitals (Adakole and Annune, 
2003). Ogbogu and Hassan (1996) pointed out the effects of contaminants usually flushed into streams 
especially in areas of high human activities. 

Macroinvertebrate organisms form an integral part of an aquatic environment and are of ecological 
and economic importance as they maintain various levels of interaction between the community and the 
environment (Anderson and Sedel, 1979). According to Marques et. al. (2003) knowledge of the structure 
of the benthic macroinvertebrate community provides precise and local information on recent events, which 
can be seen in their structuring. The use of invertebrates and fish as bioindicators of water quality has been 
advocated by several researchers (Victor and Ogbeibu, 1985; Ofojekwu et. al., 1996; Edokpayi and 
Osimen, 2001; Adakole and Annune, 2003).  

The Barnawa stream is the main drainage system of most parts of Barnawa, an urban settlement in 
Kaduna metropolis. Although it is not a major river for fisheries activities because of its size it is the major 
effluent receiving stream in Barnawa as many gutters are linked to it. It is also used in the irrigation of 
crops as well as source of drinking water for cattle during the dry season. As a river-let of river Kaduna 
(Beecroft, 1987) it has a significant contribution to its discharge and consequently its pollution load. The 
present study examines the effects of various activities associated with urban settlement on some water 
quality parameters and the macrobenthic invertebrate composition of the Barnawa stream. 
 
MATERIALS AND METHODS 
STUDY AREA  

The Barnawa stream is located in the southern part of Kaduna Metropolis (Longitude 7050’E and 
Latitude 10050’N) about 645 meters above sea level. The stream takes its source within the Kalapanzy 
(Artillery) barracks in Kaduna south and joins other river-lets, which empty into River Kaduna (Mallo, 
2001). It is a shallow, fast flowing stream. The area is characterized by flat land surface and easily worked 
sandy loam soil. The climate of Kaduna is tropical with a distinct rainy season (late April to October) and 
dry season (October to May) (Beecroft et. al., 1987). The vegetation is guinea savanna, which has been 
cleared but only relic shrubs of Isoherlinia doka and few grasses are still striving. 

The major human activity in the catchments area is dry season farming. Heaps of garbage, human 
excreta and cattle dung were found on slope of the bridge across the stream and these present ugly sites at 
various spots along the stream. Three sampling stations along a 2.5km stretch were chosen for the study. 
Station 1 is about 1km from the source. Here the stream is wider than deep. Heaps of refuse were seen by 
the sides of the bridge across the stream, with the decomposing refuse emitting foul smell around the 
catchments area. The vegetation is mainly grasses and creeping plants and there was no farming activity at 
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this station. Station 2 is about 500m from station 1. Human activities here include farming and washing of 
implements. Bankroot biotope included maize, vegetable crops like spinach, tomato, okra and herbaceous 
weed. The stream here is relatively wide. Station 3 is about 1km from station 2. The stream  

Channel at this site is narrow and fast flowing. Mango trees, grasses and relic shrubs shade this 
area. The substratum is sandy loam soil. A mechanic workshop and block molding industry are located 
close to this station; Human activities include washing of block molding implements and motor spare parts. 
 
SAMPLE COLLECTION AND ANALYSIS 

Samples were taken at fortnightly intervals over a period of seven months (March – September, 
2005) between 0900 hours and 1500hours from the sampling stations, Macrobenthic invertebrate fauna 
were collected by the kick method (Lenat et. al., 1981; Victor and Ogbeibu, 1985). All invertebrates were 
killed in the field using small quantities of 40% formaldehyde and later preserved in 70% ethanol for 
further examination. Further analyses carried out in the laboratory include sieving (mesh size 1.4mm – 
250mm), counting and sorting under suitable magnifications (7-40x). The macrobenthic invertebrates were 
identified using manuals of Pennak (1953); Needham and Needham (1962); Victor and Ogbeibu (1985); 
Egborge (1995). 

Water samples for physico-chemical studies were also collected from stations 1, 2 and 3. 
Temperature, pH and conductivity were determined in the field using a portable pH/EC/TDS/temperature 
meter model H1-991301 while dissolved oxygen and Biochemical oxygen demand were determined by 
titration (APHA, 1985). 

Water quality for each station was determined using the diversity (d) indices of Margalef.  
Magalef’s water quality index >3.0 indicates clean condition; values <1.0 indicate severe pollution and 
intermediate indicate moderate pollution (Lenat et. al., 1981). 

All statistical procedures where appropriate were adopted from Zar (1984). SPSS 6.5 applications 
and Excel (Genstat release 4.03 packages) were used to calculate the two-way analysis of variance 
(ANOVA). 
 
RESULTS  

A summary of the physical and chemical parameters of the study area is given in Table 1. The 
mean, minimum and maximum values and the standard errors are shown. The water temperature followed 
closely that of the ambient temperature. Alkaline pH was recorded (pH between 8.5-8.7) during the dry 
season months. However the pH reduced from neutral to slightly acidic (5.3-7.0) during the rainy season 
months (July-September). The conductivity was lowest at station 1 and increased downstream. The highest 
conductivity value (63.0μScm-1), was recorded at station 2. Dissolved oxygen was low during the study 
period (0.00-3.60mgL-1) while the BOD ranged from 0.00-2.00mgL-1.  

The overall macrobenthic invertebrate composition, abundance and distribution in the study 
stations are summarized in table 2. Twenty-five taxa were identified from a total of 1304 individuals 
collected. Station 1 had 18 taxa, while stations 2 and 3 had 23 and 15 respectively. Also, station 1 
contributed the highest (46.90%) of the total number of individuals and the least number of taxa (15) 
recorded (Table 2). A summary of the relative contribution of the major invertebrate groups to the overall 
macrobentthic population at the different stations is presented in Table 3, figure 1 . Station I was dominated 
by mollusc represented by Bulinus and Biomphalaria species while dipteran families dominated stations 2 
and 3. The variations in taxa and number of individuals between stations were not significantly different 
(P>0.05). Aquatic insects represented 68.00% of all taxa and 65.97% of all individuals. Coleptera, Diptera, 
plecoptera and odonata mainly represent them. Three species of Annelida; Tubifex, Nais, and Glassiponia 
were recorded in all stations, but the fourth species Stylaria was absent at station I. Crustacea was poorly 
represented by a single taxon (Astacidae) in this study. Dipterans were dominated by Chironominae and 
Tanypodinae families, out of which Chironomus was the most abundant. Simulium, Pentaneura and 
Anopheles species were restricted to station 2. Two individuals of Pseudocleon species poorly represented 
Ephemeroptera.The indices of general diversity (H), evenness (E) and dominance calculated for the three 
stations are presented in table 4. Although diversity was higher at station 2 evenness and dominance were 
higher at station 1 and 3 respectively. 
DISCUSSION 

The physical and chemical properties of the stream showed some variations. However, there was 
no significant difference between the stations studied. Slight longitudinal variation in water level was 
observed. The water level of aquatic ecosystem is usually influenced by the rainfall pattern of the drainage 
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basin (Ikusima et. al., 1982). Alkaline pH and low conductivity was recorded in all stations. High pH has 
been reported for most fluvial (Beecroft et. al., 1987; Emere, 2000; Adakole and Annune, 2003) and 
Lacustrine ecosystems (Ufodike and Garba, 1992; Kemdirim, 2005) in Northern Nigeria. This may be due 
to the granite, which forms the basement rock of these water bodies. The low conductivity in this stream 
places it in class 1 of Talling and Talling’s (1965).  

Classification of African waters (the most dilute waters of conductivity < 600 mhoscm-1): this 
class of water is said to be poor in nutrients. 

 The low dissolved oxygen concentration recorded agreed with values reported for some Nigerian 
waters (Ofojekwu et. al., 1996; Bukar 2006 unpublished). The dissolved oxygen values revealed anoxic or 
septic condition during the dry season   within the study period. Such low oxygen saturation has been 
reported in River Kaduna in dry season months when there was little or no flow (Beecroft, 1987; Emere 
2000). Low dissolved oxygen has been reported to be deleterious to most aquatic fauna. Based on BOD 
classification of streams: unpolluted (BOD < 1.0mgL-1), moderately polluted (BOD between 2-9mgL-1) and 
heavily polluted (BOD > 10mgL-1) (Vowels and Connel, 1980), the stream was moderately polluted during 
the study period. 

The 27 taxa comprising of 1304 individuals recorded was low when compared with over 55 taxa 
reported for tropical streams (Victor and Ogbeibu, 1985; Edokpayi et. al., 2000; Ogbeibu 2001; Adakole 
and Annune, 2003). The low species diversity could be due to some physico-chemical conditions like fast 
flow, high pH, low dissolved oxygen and low conductivity of the water. Odum (1971) had reported that 
diversity tends to be low in physically controlled systems. These factors probably caused disruption of life 
cycle, reproductive cycle, food chain and migrations or imposed physiological stress on even the tolerant 
macroinvertebrates (Adakole and Annune, 2003). 

 The taxonomic breakdown of the macrointerbrates indicated the dominance of arthropods in 
species richness followed by mollusc and annelids. Biomphalaria was the dominant mollusc. Among the 
arthropods aquatic beetles (Coleoptera), and dipterans, which include the rattail maggot (Eristalis), Culex 
Coatate pupa and Chironomus species occurred in all stations. Gaufin (1973) reported that most aquatic 
beetles can renew their oxygen supply directly from the atmosphere, they are thus unaffected by oxygen 
depleting wastes while others possess special adaptations for obtaining oxygen (Marques et. al., 2003). All 
the macroinvertebrates reported in this study during the dry season months belong to the tolerant classes in 
water bodies, which indicate organic pollution. However, these groups did not show the expected pattern of 
opportunistic population, that is, few species and large number of individuals (Ogbeibu, 2001; Marques, 
2003). This suggests that there maybe other factors, which caused oxygen depletion such as oxidation of 
iron, accumulation of sediment or inorganic fertilizer from irrigation run-off. Few species of Odonata and 
Ephemeroptera which are fauna associated with clean water quality were recovered only during the rainy 
season months. This could be due to dilution during the rains, which caused some improvement in the 
water quality. The occurrence of stonefly, though low in number was the only sensitive class present during 
the dry season. Since most species of stoneflies are clean water species (Gaufin, 1973), it is possible that 
this species occupied in a niche where the oxygen concentration was higher than values recorded for the 
stream. 
 
 Table 1. Summary Of Some Physical And Chemical Conditions Of The Barnawa Stream Study Stations 
(March-September, 2002)  

Stations 
 1 2 3 
PARAMETERS Mean ±SE  Min. Max  Mean ± SE  Min.    Max.  Mean ± SE  Min.       Max. 
Air temperature 
(0C) 

28.5± 1.00  26.0 32.0  27.5 ± 0.8  24.0   32.0 28.0 ± 0.7  25.0       31.0 

Water Temp. (0C) 27.5 ±0.72 25.0 32.0 27.4 ±1.00 24.0   31.8 26.5 ± 1.11 22.0        31.0 
Conductivity  
(μScm-1) 

34.5±2.54 32.0 39.0 52.7±1.11 42.0   63.0 54.3 ± 3.6 48.0        56.0 

pH 7.0 5.3   8.7 7.6 6.6      8.7 7.7 6.7          8.7 
Dissolved oxygen 
mgL-1 

1.58 ± 0.98 0.00 3.0 1.25 ± 0.62 0.00    2.1 2.50 ± 1.5 0.50        3.60 

B O D (mgL-1) 1.48 ± 0.28 0.00 1.68 0.67 ± 0.60 0.00    1.5 1.15 ± 0.30 1.15        2.00 
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Table 2. Overall Abundance And Distribution Of Macrobenthic Invertebrates At The Study Stations In 
Barnawa Stream (Feb. To Sept., 2005) 

                                    Stations 
 1 2 3 Total 

MOLLUSCA     
Bulinus spp 12 8 2 22 

Biomphalaria 58 12 8 78 
Physa spp - 8 - 8 

COLEOPTERA     
Sphaerodema 10 12 2 24 
Hydrous sp 2 8 2 12 

Phihydrus sp 10 2 4 16 
DITERA     

Enstalis larvae 6 16 14 36 
Simulium - 8 - 8 

Chironomus 15 143 405 563 
Pentaneura - 40 - 40 

Coatate pupa 4 16 18 38 
Chronomus pupa 6 21 21 48 

Pupa type 1 10 - - 10 
Anopheles larva - 4 - 4 
HEMIPTERA     

Notonecta - - 1 1 
PLECOPTERA   - 4 

Neoperla 2 6 - 8 
Brachythermis 12 2 - 14 

ODONATA (ZYGOPTERA)     
Coenagrion - 18 - 18 

Aeschna  - - - 
Pseudagrion 3 3 6 12 
Enallagma - 6 - 6 

EPHEMEROPTERA 
(Pseudocleon) 

 
2 

 
- 

 
- 

 
2 

CRUSTACEA     
Astacidae 20 11 6 37 

ANNELIDA POLYCHAETA     
Tubifex 40 10 12 62 

Nais 9 24 63 96 
Stylaria - 66 45 111 

HIRUDINEA     
Glossiphonia 10 16 4 30 

TOTAL 232 460 612 1304 
PERCENTAGE 17.8% 35.3% 46.9% 100% 

    
      
 
 
 
 
 
 
 
 
 



Nature and Science, 2009;7(1), ISSN 1545-0740, http://www.sciencepub.net, naturesciencej@gmail.com 
 

 
Table 3. Percentage Contribution Of Major Invertebrate Groups In The Barnawa Stream, March To 
September 2005. The Values Are Percentages; ≥15% Dorminant; ≥ 5% To < 15% Subdominant  

Taxa Staion1 Station2 Station3 Overrall 
MOLLUSCA 5.37 2.15 0.77 8.29 

COLEOPTERA 1.69 1.69 0.61 3.99 
DIPTERA 3.14 19.00 35.10 57.24 

PLECOPTERA 1.07 0.61 - 1.68 
ODONATA 0.38 2.07 0.46 2.91 

EPHEMEROPTERA 0.15 - - 0.15 
CRUSTACEA 1.53 0.84 0.46 2.83 
ANNELIDA 4.52 8.89 9.20 22.61 

 
 

 
Table 4. Diversity Of Invertebrates In The Study Stations Of Barnawa Stream, March-September 2005 

Stations 
 1 2 3 
 n = 14 n = 14 N = 14 

No. of Taxa 18 23 15 
No. of Individuals 232 460 612 

Margalef’s diversity (d) 3.12 3.56 3.24 
Evenness (E) 0.173 0.156 0.146 

Dominance (D) 0.03 0.12 0.22 
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Figure 1. Relative contribution of the major macro invertebrate groups in the Barnawa stream, March to 

September, 2005. 
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Abstract: Several researchers have identified capacity building is essential for sustainable development of 
the farming community in developing countries. It is assumed that improvement of the capacity depends on 
physical, technical and managerial skills of the farmers at different stages of their life, which has not yet 
studied for developing countries. The study found that children of the marginal and small farmers engage 
earlier in assisting physical activities in farming than medium farmers in Bangladesh because they have less 
opportunity to educate their children. Majority of the marginal and small farmers are well ahead in 
improving physical and technical skill at a high level than the medium farmers and therefore, they enter 
into the Gehilfen stage of capacity building. Moreover, they have started to build these skills independently 
at the early age of their farming. Medium farmers are, on the contrary, reluctant to engage independently in 
farming activities than the marginal and small farmers. None of the farmers enter into Meister stage of 
capacity building. The study also found that physical skill is the dominant factor followed by technical skill 
for increasing capacity of the farmers in Bangladesh. The marginal and small farmers could make 
agricultural productivity better than the medium farmers owe to skill development. [Nature and Science. 
2009;7(1):8-16]. (ISSN: 1545-0740). 
 
Keywords: Capacity building, life stage, physical skill, Bangladesh 
 
Introduction 

Capacity is often defined in terms of ability and performance. For example, the United Nations 
Development Program (UNDP) defines capacity as `the ability to perform functions effectively, efficiently 
and sustainably` (UNDP 1997). This definition of capacity can also be used in agricultural production 
activity. Agricultural production activity comprises of physical involvement, application of technical 
knowledge, procurement efficiency of raw materials, efficient management of land and labor, short term 
and long term farm development plan, financial management using accounting knowledge, and efficient 
management of assets and property. Therefore, how efficiently a farmer can perform these activities 
determines his capacity to do the job. Capacity building is associated with increment in these activities or 
performance through transformation process of different activity.  

In the present study capacity building is associated with efficient performance of different 
agricultural activities to increase agricultural production in a further extent. Efficient performance of a 
different agricultural activity is a dynamic process instead of static one. For example, younger farmers may 
concern about the technology of different crop production such as appropriate planting time, requirement of 
irrigation, usages of organic and inorganic matter, harvesting methods along with involvement of physical 
skill. Middle aged farmers may think about the marketing strategy, efficient management of financial 
resources along with receiving and payment of credit, development of short term and long term farm 
planning etc. Therefore farmers build their capacity in different stages of life. According to the German 
literature there are three stages of capacity building for the farming activity. The stages are Lehrling, 
Gehilfen and Meister. The farmers, who have high skill in the technical aspect along with efficient 
performance of physical activities, are in Lehrling stage. The farmers who have high capability of cash, 
capital and production management are in Gehilfen stage. The farmers are in Meister stage; they can 
analyze their farming activities well, can do long term financial management in efficient way, and have 
capacity to manage assets and property efficiently, and ability to prepare short and long term farm 
development plans. Some farmers achieve successfully high level of capacity building arriving at Meister 
stage and some farmers achieve low level with Lehrling stage. Different literatures published in German 
and Japanese language show that many farmers in developed country are in Meister stage. However, there 
are no literatures found for the farmers of developing countries regarding in which stage of capacity 
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building they are. Therefore, present study is undertaken to determine capacity building by life stage for the 
farmers in Bangladesh as a representative of developing country.  

In developed countries like Germany and Japan agriculture is mostly capital intensive because of 
using heavy machines like tractor, combined harvester or greenhouses. For using these machines or plants 
farmers need huge capital and they have to borrow capital from different financial institutions like banks, 
agricultural cooperatives etc. For receiving and payment of huge amount of loan farmers need to have 
financial management skill. The economy of Bangladesh is still dominated by agriculture sector. Around 
19.6% of gross domestic product comes from agriculture (BBS 2006) in which crop and horticulture 
contributed 11.5% (BBS 2006). Among total labor force 48.1% employed in agriculture sector (BBS 2006). 
Approximately 79.4% farmers are landless (≤0.20ha), marginal (0.20ha to ≤0.40ha) and small farmers 
(0.40ha to ≤1.00ha) along with a dependency ratio of 3.60 and family size 5.19 (BBS 2007). Of them 
25.2% are landless, and 31.4% are marginal farmers. With this salient feature the present study will also 
identify the current situation of Bangladesh agriculture whether it is capital or labor intensive and at which 
stage of capacity building he/she is.  

There are some researches available in which managerial ability is found an important factor for 
improving efficiency of farming. Johanson (2007) empirically estimated the impact of personal aspects and 
decision making characteristics on farm level efficiency, in a sample of Swedish dairy farms. Individual 
beliefs of a person which can influence his decision are taken as a personal aspect. Öhlmer (1998) and 
Öhlmer et al. (1997) found a connection between the ability of a farmer and his or her locus of control i.e. 
individual beliefs. Rougoor et al. (1998) considered managerial capacity as consisting of both personal 
aspects of the manager (in terms of drives and motivations, abilities and capabilities, and biography) which 
affect decision making and which in turn affects the performance of a farmer. Solano et al. (2006) studies 
the impact of a series of biographical variables and decision making profiles, as a representative of the 
managerial capacity of the farmers, on the management and performance of their farm. They found that 
managerial capacity positively influences the performance of the farm. Trip et al. (2002) measured 
managerial efficiency for the commercial greenhouse growers. They considered decision making process as 
reflected by producers` goal, planning, data recording and evaluation. Kularatne and Takeya (2005) 
examined the management factor in relation to perennial crops or measured the implementation process to 
evaluate the management. There are no analytical studies found so far which considered physical, technical 
and managerial skill as factors for estimating capacity building of the farmers in developing countries. 
Therefore, the present study is focused on two aspects. First, determination of capacity building by life 
stage for the farmers in Bangladesh and second, identifying some factors which affect capacity building of 
the same farmers. It is expected that the findings of the study have some potentials to add some important 
knowledge on existing literature of capacity building study.  

 
Methodology 
Sample selection and data collection 

Comilla, Bogra and Jessore districts of Bangladesh are selected as study areas for the present 
research. From these three districts 46 marginal farmers, 36 small farmers and 18 medium farmers were 
chosen by random sampling as samples. The data were collected using a pretested interview schedule 
through face to face interview. 

 
Regression analysis 

A multiple linear regression analysis was used to identify factors affecting capacity building of 
vegetable farmers in Bangladesh. The regression model is as follows (Gujarati, 2001). 
 

Yi = β0 + β1X1i + β2X2i + β3X3i + β4D1i + β5D2i 
 

Where, Yi = Total return from vegetable production of ith farm, X1i = Physical skill score of ith 
farm, X2i = Technical skill score of ith farm, X3i = Managerial skill score of ith farm, D1i = Communication 
skill dummy for ith farm (1 for mobile phone using, 0 for otherwise), D2i = Communication skill dummy for 
ith farm (1 for using broadcast media, 0 for otherwise). Interpersonal communication is taken as base for 
using dummy variables. 
 
Definition and measurement of variables 

Considering the German concept of capacity building farmers need to develop their physical, 
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technical and managerial skill. In this study physical skill is comprised of physical involvement of labor 
doing several agricultural activities and knowledge on doing these activities. Physical involvement of labor 
is divided into three parts; (1) land preparation, (2) Intercultural operation and (3) harvest and post harvest 
activity. Land preparation includes: ploughing, seed bed preparation, sowing/transplanting. Intercultural 
operation includes: establishment of bamboo stack/plastic net, fertilizing, irrigating, hilling, weeding, 
spraying pesticides. Harvest and post harvest activity includes: harvesting, handling, and grading. Technical 
skill includes use of recommended dose of seed/plant following required spacing, different kinds of 
chemical fertilizer with organic matter, application of required irrigation water, use of integrated pest 
management and spraying of plant protection chemicals at tolerance level. Managerial skill comprises of 
marketing skill, short term farm planning, labor management and financial management.  

Marketing skill includes selling of products at wholesale market with appropriate grading, 
collection of spot price information using mobile phone. Marginal and small farmers usually make short 
term farm planning for one year only because they lease lands from medium and large farmers. Medium 
and large farmers are almost keeping them absent from farming and they do not make any farm plan for a 
long term. Labor management includes employment of family and hired labor in different activities, 
determination of wage rate. Farmers have no book keeping experience to prepare day book, balance sheet 
and profit & loss statement. Therefore, financial management includes rough estimation of income and 
expenditure from farming, receiving and payment of loan. Capacity building by life stage is determined 
differently in two stages; first, how and when family members of a farm assist the farmer in different 
farming activities and second, how and when a farmer operate different farming activities independently by 
his/herself. 

The dependent variable of the multiple regression analysis is measured in monetary terms to 
avoid an aggregation problem. Some vegetables are sold in number of pieces and some of them are sold in 
weight basis. Therefore, total return is used in monetary terms instead of physical quantity as a dependent 
variable. The farmers consume a portion of their vegetable products by themselves, distribute some 
portions to the relatives and sell the balance to the markets. Therefore, total return is calculated by 
aggregating the market values of consumed, distributed, and sold quantities. There is a positive relationship 
between total return from vegetable cultivation and capacity building of a farmer (Kamruzzaman and 
Takeya 2007). Therefore, total return is used as a proxy of capacity building for estimating the multiple 
regression model.  

Physical skill score = Capability of physical involvement in jth activity + technical knowledge on 
jth activity. Thirteen agricultural activities are considered in this study where physical involvement is 
necessary along with technical knowledge. At first how many hours of physical involvement required for 
each activity are calculated and then average hours needed for each activity along with standard deviation 
are calculated for the samples of the study. High physical involvement is determined as; less than (average 
– 1/2 of standard deviation), medium as; within (average ± 1/2 standard deviation) and low as; greater than 
(average + 1/2 standard deviation). High, medium and low involved scored as 3, 2 and 1 respectively for 
each activity. Technical knowledge for each activity divided into two categories; low and high. If the farmer 
has adequate technical knowledge then a score of 2 is given and if inadequate then 1 is given. Therefore, a 
maximum of 65 and a minimum of 26 score can be obtained from 13 activities by each farmer for 
evaluating his physical skill. 

Technical skill is calculated as; if a farmer follow recommended practice for transplanting, 
fertilizer application, irrigation water applied, integrated pest management, weeding and spraying of plant 
protection chemicals then a score of 2 is given for his high technical skill and if a farmer does not follow 
recommended practice for these activities then a score of 1 is given for his low technical skill. With this 
idea a farmer can obtain a maximum score of 12 and a minimum of 6.  

Managerial score calculated as; if a farmer makes short term farm planning, grades their product 
according to size and shape, distributes labor according to their skill, receives loan, pays the loan in due 
time, maintains income and expenditure statement then a score of 2 is given, if they do not do it then a 
score of 1 is given. In addition, a score of 3, 2, and 1 is given if a farmer sells his product to the wholesale 
market, intermediary and local market respectively. Therefore, a farmer can obtain a maximum score of 15 
and a minimum of 7. Communication skill is separated from managerial skill, because it is assumed that 
communication skill has a vital role in earning total return from farming. Therefore, high communication 
skill is treated for a farmer if he uses mobile phone for buying raw materials and selling his products, and 
obtains a score of 3 for his high communication skill, if a farmer uses broadcast media and interpersonal 
communication for this purpose then he obtains a score of 2 and 1 respectively.  
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Categorization of level of skill 

Technical and managerial skills as well as the physical skill are categorized into three groups 
according to their scores obtained. Those whose score is ≥0.5 standard deviation below the mean score are 
categorized as “low” in each skill. Farmers whose score is ≤0.5 standard deviation on either side of the 
mean are categorized as “medium” in each skill and farmers with ≥0.5 standard deviation above the mean 
are categorized as “high” in each skill. 
 
Results and discussion 
Intensity of farming  

Majority of rice farmers used human labor for conducting several agricultural activities for rice 
production. Of the farmers, marginal and small farmers used more than 50% of their total cost of rice 
production for human labor (Table 1). Among these farmers, around 40% of total cost was covered by the 
family members of marginal and small farmers whereas only 14% was shouldered by family labor for 
medium farmers. Power tillers are used for ploughing of land by the medium farmers and a small portion of 
marginal and small farmers used a power tiller hiring from other farmers for ploughing of their land. 
Therefore, most of the agricultural activities are still depended on human labor which indicates labor 
intensive farming is still dominated in Bangladesh. However, in Japan, only 36.4% of total cost of rice 
production is covered by labor cost (MAFF 2005) and in Germany only 10% of total cost of agricultural 
production is covered by labor cost (FMFACP, 2006). 
 
 

Table 1. Cost of rice production (per hectare) across different category of farmers  
Unit: Taka 

Marginal Small Medium Input use 
Cost % Cost % Cost % 

Family labor (A) 10780 40.4 11550 40.2 4950 14.0 
Hired labor (B) 3190 11.9 3630 12.6 6980 27.4 
Human labor (A+B) 13790 52.3 15180 52.8 14630 41.5 
Animal/Mechanical power 3750 14.0 3920 13.6 7450 21.1 
Seed 1470 5.5 1520 5.3 1745 4.9 
Fertilizer 4850 18.2 5050 17.6 6370 18.1 
Irrigation 2210 8.3 2450 8.5 4250 12.0 
Plant protection 450 1.7 625 2.2 840 2.4 
Total cost 26700 100.0 28745 100.0 35285 100.0 
Total return 44658  47521  58750  
BCR 1.67  1.65  1.66  

Source: Collected data by authors from interviews. Data in all tables and figures are the same as Table 1. 
 
 

Vegetable production in Bangladesh is more labor intensive than rice because around 68% of the 
total cost of vegetables was covered by human labor for the marginal and small categories of farmers 
(Table 2). Majority of labor comes from family source for them. Medium farmers also have to spend 
around 58% of total cost for human labor, but a significant portion of human labor is used on hired basis for 
vegetable production. Because, family members of medium sized farms engaged themselves in non-farm 
business and in service out of agriculture. Vegetable production is also highly labor intensive compared to 
developed countries like Japan where, 40.6% of total cost is covered by labor for upland vegetable 
production (MAFF 2005).  
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Table 2. Cost of vegetable production (per hectare) for different categories of farmer 
Unit: Taka 

Marginal Small Medium Input use 
Cost % Cost % Cost % 

Family labor (A) 27515 53.4 27726 52.7 7012 11.0 
Hired labor (B) 7264 14.1 7738 14.7 29975 47.2 
Human labor (A+B) 34779 67.5 35464 67.4 36986 58.2 
Animal/Mechanical power 3197 6.2 3305 6.3 9832 15.5 
Seed 955 1.9 946 1.7 1103 1.8 
Fertilizer 8329 16.2 8448 16.0 9972 15.7 
Irrigation 2357 4.6 2464 4.7 3242 5.1 
Plant protection 1886 3.7 2006 3.8 2439 3.8 
Total cost 51504 100.0 52632 100.0 63575 100.0 
Total return 197934  178835  130927  
BCR 3.85  3.42  2.06  

 
Involvement of labor for vegetable cultivation 

Vegetable production is labor intensive. It shows high profitability (Sahabuddin and Dorosh 
2002) and high correlation with capacity building ability (Kamruzzaman and Takeya 2007). Therefore, 
vegetable farmers are considered for this study to determine their capacity building by life stage. The 
results show that 2650, 2702 and 2818 hours of labor are engaged in per hectare of vegetable production for 
marginal, small and medium farmers respectively (Table 3). There are thirteen farming activities identified 
which requires human labor to be employed for vegetable production. Among these activities weeding and 
harvesting are the most labor intensive job. Because farmers have to uproot each individual weed around 
the plants and harvesting is done periodically depending on the maturity stage and high price getting 
opportunity. Therefore farmers have to develop their physical skill to perform well in the thirteen farming 
activities. It is assumed that farmers can build their capacity if they develop their physical skill at an early 
stage. 

 
Table 3. Labor involvement (hours/ha) in different farming activity across farm category 

 Marginal Small Medium 
Land preparation 66 69 75 
Seed bed preparation 59 59 67 
Sowing/transplanting 170 173 180 
Bamboo stack/net 38 40 44 
Irrigation 158 162 173 
Fertilizer 66 69 75 
Weeding 960 966 980 
Spraying pesticides 43 46 51 
Harvesting 706 715 729 
Handling 122 127 141 
Grading 124 132 144 
Carrying 90 94 103 
Total 2650 2702 2818 

 
Capacity building by life stage 

Family members of the marginal and small farmers begin to assist the farmer in different farming 
activity at the age of 12.0, whereas medium farmers begin at the age of 15.5 (Table 4). Marginal and small 
farmers face disadvantages in terms of their limited resource base and small scale operations for producing 
of diversified crops, therefore family members of these groups of farmers engaged earlier in different 
farming activities to build up their capacity to earn additional income. Whereas, family members of the 
medium farm category are less interested to do farming business and their tendency is to do non-farm 
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business and engage in service sector for earning more income. They also treated farming activity as an 
activity for poor people and they tried to maintain their social status not by doing farming but doing some 
non-farm business. Another reason is that younger family members of the medium farmers are usually go to 
high school and they also tend to think that agricultural activities is for the poor people who are irrational 
and they should engage in agricultural activities for its better performance. The medium farmers mostly 
used hired labor and machines for their agricultural activities and therefore, some of their family members 
started to assist the farmer a little later than marginal and small farmers.  

 
Table 4. Physical involvement of vegetable farmers in different farming activity across farm category 

Marginal Small Medium Activity 
Mean Range Mean Range Mean Range 

Land preparation 14.4 12.5-17.5 15.3 12.8-17.0 16.4 15.5-17.3 
Intercultural operation 15.1 12.5-18.1 16.7 15.1-18.5 18.0 17.0-18.5 
Harvest and post harvest 15.3 13.0-19.8 16.2 14.3-17.3 17.3 16.8-18.5 

Marketing 15.7 12.0-18.0 18.1 13.5-20.0 18.8 17.0-21.0 
Farm planning 18.5 16.0-21.3 19.9 17.0-21.7 21.5 20.3-22.7 
Accounting 19.9 17.0-23.0 21.3 18.5-24.0 24.4 22.5-25.5 

 
Similar trend is found for these groups of farmers when they started different farming activity 

independently (Fig. 1). The result shows that majority of the marginal and small farmers are well ahead in 
Gehilfen1 stage of capacity building than the medium category. Because, resource poor marginal and small 
farmers have to do their farming for meeting up their subsistence need and to improve their standard of 
living by increasing capacity of farm production.  
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Note: LP = Land preparation, IO = Intercultural operation, HPH = Harvest and post harvest activity, MKT 
= Marketing, SFP = Short term farm planning, LM = Labor management, FM = Financial management 
 

The result also shows that farmers cannot enter into the Meister stage because marginal and 
small farmers cannot make long term farm development and financial management plan, maintenance of 
assets and properties etc. The marginal and small farmers have a small piece of owned land and they have 
to lease some lands from medium and large farmers. When they lease lands they cannot make a long term 
plan because land owners can take lands any time for their own purpose. Moreover, farm development plan 
requires specialized education in agriculture but the farmers in Bangladesh have no formal education at 
agricultural high school or college. The long term financial management plan also requires specialization in 
farm business management which is absent for the farmers in Bangladesh. Almost 80% of the farmers 
cannot use heavy machines like tractor, combined harvester, greenhouses because of their very limited 
resources. Therefore, farmers in Bangladesh can hardly enter into the Meister stage of capacity building.  
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Factors affecting capacity building 

Physical and technical skill score is higher for marginal and small farmers than medium farmers 
(Table 5). Family members of the marginal and small farmers utilized their labor very efficiently because of 
their limited resource base. They participated in some training programs on how to produce vegetable in a 
scientific way, how to manage soil fertility, how to do integrated pest management etc given by department 
of agricultural extension or non-government organizations. Therefore, they have some technical knowledge 
on agricultural production which increases their technical knowledge base along with technical skill.  

 
Table 5. Average score of physical and technical skills for the farmers across farm category. 

Skills Marginal Small Medium 
Physical 56.5 (12.6) 52.0 (13.6) 33.9 (7.6) 
Technical 10.5 (2.2) 9.5 (2.1) 6.8 (1.0) 
Managerial score 13.4 (2.5) 12.1 (2.8) 9.0 (2.0) 

Note: Maximum value for physical, technical and managerial score is 65, 12, and 15 respectively. Figures 
in the parentheses indicate respective standard deviation. 
 

Regarding physical skill 67.4% of marginal and 58.3% of small farmers have high skill, whereas 
there are no medium farmers who have high skill (Table 6). Technical skill level was also high for marginal 
farmers (67.4%) followed by small farmers (44.4%). The tendency is also similar for managerial skill. The 
marginal and small farmers devoted themselves in farming activities to sustain their life using very limited 
resources. They have utilizes their family members owe to skill development to have high physical and 
technical skill of farming activities. Though physical and technical skill score is higher for marginal 
farmers than small and medium farmers but there is an increasing tendency of having high skill for small 
farmers also.    

 
Table 6. Distribution of different categories of farmers by physical, technical and managerial skill level. 

Marginal Small Medium 
Skill level 

Count % Count % Count % 

Physical skill 

Low 12 26.1 11 30.6 15 83.3 

Medium 3 6.5 4 11.1 3 16.7 

High 31 67.4 21 58.3 0 0 

Technical skill 

Low 12 26.1 12 33.3 17 94.4 

Medium 3 6.5 8 22.2 1 5.6 

High 31 67.4 16 44.4 0 0 

Managerial skill 

Low 10 21.7 11 30.6 14 77.8 

Medium 5 10.9 11 30.6 4 22.2 

High 31 67.4 14 38.9 0 0 

 
The result of multiple regression analysis shows that if physical score increase by 1 point then 

total return from vegetable production increases by Tk. 1762 (USD 25). The result also shows that mobile 
phone users for buying raw materials and selling products have a possibility of earning Tk. 18082 (USD 
262) than the farmers who use interpersonal communication for this purpose (Table 7). The result also 
shows that physical skill is the most important factor with a standardized value of 0.58 for increasing total 
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return than technical skill (0.21) and high communication skill dummy (0.20). The managerial skill factor 
does not show any significant factor for increasing total return. In earlier discussion we saw that vegetable 
production is highly labor intensive and it needs physical involvement of labor with some technical 
knowledge. The farmers also need to have some ideas on recommended practice of some agricultural 
activities which is defined as technical score also vital for increasing vegetable production. Communication 
skill also shows a significant role in increasing total return because farmers can sell their product at a high 
price prevailing in the market through mobile phone and broadcast media. Managerial skill in the study 
area can not play an important role because farmers do not use machines, greenhouses for vegetable 
production. Moreover, they cannot make any long term farm development plan because of lease lands from 
the large and medium farmers, and medium farmers are almost out of farming business, engaging in 
non-farm business. Therefore, it can be concluded that physical skill is the dominant factor for increasing 
capacity building of the farmers in terms of earning total return. 

 
Table 7. Factors affecting capacity building of the farmers in the study area 

Variable Coefficient Standard value Sig. level 
Constant 38042.4   
Physical skill 1762.3 0.58 8.16 
Technical skill 3808.8 0.21 2.48 
Managerial score 552.5 0.04 0.74 
High communication skill dummy 18082.0 0.20 4.54 
Medium communication skill dummy 5595.5 0.05 2.22 

R2 is 0.98 and F-value is 1734 with 5 and 94 degrees of freedom. 
 
Conclusion 

The findings of the present study revealed that some of the farmers in Bangladesh are in the 
second stage (Gehilfen) of capacity building and there is a minimum possibility to enter into final stage 
(Meister) of capacity building. Majority of Marginal and small farmers are well ahead in entering into the 
second stage of capacity building than the medium farmers. The study also identified that physical skill is 
the dominant factor for increasing capacity in vegetable production for the farmers. Therefore, marginal 
and small farmers could make agricultural productivity better than the medium farmers owe to skill 
development. This sort of studies has not yet done by any researchers for the developing countries. 
Moreover, the findings of the present study is based on the characteristics of Bangladeshi farmers, therefore, 
there is a possibility of including more developing countries to verify the present findings. 
Significance of the study:  

Different literatures published in German and Japanese language show that many farmers in 
developed country are in Meister stage. However, there are no literatures found for the farmers of 
developing countries regarding in which stage of capacity building they are. Therefore, present study is 
undertaken to determine capacity building by life stage for the farmers in Bangladesh as a representative of 
developing country. Furthermore, There are no analytical studies found so far which considered physical, 
technical and managerial skill as factors for estimating capacity building of the farmers in developing 
countries. Therefore, the present study is focused on two aspects. First, determination of capacity building 
by life stage for the farmers in Bangladesh and second, identifying some factors which affect capacity 
building of the same farmers. It is expected that the findings of the study have some potentials to add some 
important knowledge on existing literature of capacity building study. 
 
Note: 1Lehrling, Gehilfen and Meister are the established stages of capacity building in developed 
countries like Germany and Japan. Farmers of those countries have to pass an examination with some 
designated experience to enter into next stage from the previous one. In Bangladesh, there are no formal 
licensing systems of capacity building by life stage like Germany and Japan. Therefore, it is hypothesized 
that the farmers who have high physical and technical skills are entering into the Gehilfen stage of capacity 
building from Lehrling stage. 
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Abstract: A laboratory study was conducted to monitor the ground water quality of selected sites of 
Ghazipur city by examining the various physico-chemical parameters like pH, T.D.S., D.O.& CO2  etc.. A 
comparision with ICMR standard shows that the water is nearly suitable for drinking purpose, the DBPs 
(Disinfection by products) analysis is required to corroborate the present study. [Nature and Science. 
2009;7(1):17-20]. (ISSN: 1545-0740). 
 
Key words: Physico-chemical parameters, Water characteristics, Ground water analysis, Potable water. 
 
1. Introduction 

Ground water is ultimate, most suitable fresh water resource with nearly balanced concentration of 
the salts for human consumption. Over burden of the population pressure, unplanned urbanization, 
unrestricted exploration policies and dumping of the polluted water at inappropriate place enhance the 
infiltration of harmful compounds to the ground water. Studies regarding the ground water quality analysis 
has been made by many authors like B. K. Gupta and R. R. Gupta (1999), M. Rajasekara et al. (2005), M. 
R. Rajan and I. Paneerselvam. (2005), S. B. Thakare et al. (2005), Shikha Bisht et al.(2007).They 
concluded that it is the high rate of exploration then its  recharging, inappropriate dumping of solid as well 
as liquid wastes, lack of strict enforcement of law and loose governance are the cause of deterioration of 
ground water quality. Municipal Corporation of Ghazipur facilitates the drinking water in limited area, in 
alternate to this people keeps option as hand pumps and jet pumps etc. from last few years it has been seen 
that the water quality of the alternative sources like hand pumps, wells has been deteriorating and its 
responses are in the form of yellowish and uncommon odor of the water people in this area using chlorine 
tablets for disinfect the drinking water. The objective of this work is to assess the quality of drinking water 
in Ghazipur city.  
 
2. Materials and Methods: 
2.1 Study area: 

The experiment was conducted at Deptt. of Environmental Science, P.G.College,Ghazipur. This is 
suburban area and district head quarter, located in the eastern gangetic plain of the Indian sub continent at 
25019`and 25054`N latitude, 8304`and 83058`E longitude and 67.50 m above the sea level. The coldest 
months here are December-January and the hottest months are May-June. The Temperature varies from 5°   
to 17° centigrade in winters and 30°    to 42°   in summers. But some times winter temperature ebbs to 3° C 
and summer temperature shoots up to 45° C. In the summers, which begin from March and last till Mid 
June the temperature starts rising and sometimes it reaches 45° C. The annual rainfall in the district was 
between 800 mm. and 1200 mm and in 1997 the rainfall was 1034 mm. On the average there are 49-55 
rainy days ( days with rain fall of 2.5 mm or more ) in a year in the district July and September the relative 
humidity are high being over 70 %. During the Post-Mansoon and winter season the humidity is high in the 
morning. By summer, the relative humidity become very low i.e. less than 25 %.Anonymous (2007).It 
having 25 wards with some extension areas of the city five sites are selected for the study as mentioned in 
Fig.:-1 Map View. The average boring depth of the city is 45-60 meter  
 
2.2 Sampling and sampling sites: 

A fluorinated plastic bottle of capacity 2 litre has been used to collect the sample, before sampling 
evacuation of the stored water in the pipelines has been made to take the fresh ground water sample the 
selected sampling sites are populated and urban areas of the city depicted in the Fig.:1 A map view of 
ghazipur city as site 1 to 5.The sampling has been carried out in the month of April year 2007. 
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Figure 1:  A map view of study site Ghazipur city. 
 
 
 
2.3 Methodology: 

pH was measured with the help of pH meter (Model no. 101 E) of Electronic India , standardized 
with pH buffer 4,7 and 9.2. TDS was estimated by evaporation method at 1800C, Alkalinity, Hardness, 
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D.O., Chloride, CO2 and all parameters were analyzed by standard procedure mentioned in APHA (1995). 
The elemental analysis carried out by digital flame photometer. 
 
2.4 Statistical analysis: 

The data were subjected to one way ANOVA analysis of variance using SPSS ver. 10 software 
Ducan’s multiple range test performed to test the significance difference among the treatments. 
 
3. Result:  
 
Table 1: Reading of water quality parameters at different sites in Ghazipur city.  
   
     Parameters         S1                 S2                S3               S4              S5             ICMR 
                                                                                                                        
 
      pH               7.4±.00c       7.2±.00c      6.8±.12d    8±.11b        8.3±.00a      7.0-8.5      
 
      T.D.S.         200±6.5c      175±2.5d    145±2.8e    225±2.8b    245±7.6a       500 
 
      T. H.            256±.1c       235±.11d    240±4.04d  266±1.15b  304±3.05a      300 
     
      Cal. Hard.   108±.11c       99±.7d       106±2.3c    140±.35b    158±3.05a           - 
 
       D.O.          3.4±.005e     4.1±.006b     3.6±.00d     4±.00c        5±.00a           4-6 
 
       Cl               78±.30e       100±1.5b      83±1.1d     91±.57c      106±.17a       200 
 
       Alk.           120±.10b      140±7.5a    110±5.77b   140±.17a    149±1.7a        200 
 
       Co2           7.42±.009c   7.84±.003a 7.92±.002a 7.02±.002d  7.67±.00b        - 
 
        Na            23±.17b       28±.005b        25±.00b    42±6.7a       46±2.3a             - 
 
        K              4±.00e        4±.00d            6±.00c      8±.00b        10±.00a           75 
     
Different letters in each group shows significant difference at P<0.05 levels.(Mean ± stand. error) 
S1- Rauza, S2-AamGhat, S3-Vishweshwar Ganj, S4-Shastri Nagar, S5-GoraBazar. 
 
4. Discussion: 

The value of pH range among 6.8 to 8.3. It is in the prescribed limit of ICMR. A little bit increase 
in pH level may depress the effectiveness of the disinfectants like chlorinations thereby requiring the 
additional chlorines.  The value of total dissolved solid ranges from 145-245 mg/l all the values of total 
dissolved solid is in the prescribed limit of ICMR it is due to high dissolved salts of Ca, Mg and Fe it 
requires specific cation and anion analysis. Total hardness ranges from 235-304 mg/l, total hardness is with 
in the prescribed limit of ICMR except the site-5 which is 304 it fall in hard water category it means it 
contains appreciable amount of Calcium and Magnesium ions. Calcium hardness ranges from 99-158 mg/l. 
Dissolved Oxygen ranges from 3.4-5 mg/l, D.O. indicating the nearly pure symptoms. Chloride content is 
78-106. Chloride content is also in the limit of ICMR. Alkalinity ranges from 110-149 mg/l. Alkalinity is 
the cause of carbonate and bicarbonate ion and its salts. It is in the prescribed limit of ICMR. Cabon 
dioxide content is from 7.02-7.92 ppm. According to Henry’s law the gaseous dissolution has been 
determined by partial pressure of gases, soluble salt content and ambient temperature.  Increase in CO2 
content may be by high dissolved salt contents. One more possibility is there that is the degradation of 

 19



Nature and Science, 2009;7(1), ISSN 1545-0740, http://www.sciencepub.net, naturesciencej@gmail.com 

 

 20

DOC (dissolved organic carbon).Higher DOC on post disinfectant application causes some DBPs 
(Disinfection byproducts) like THM (Trihalomethanes),HAA (Haloaceticacids) etc. Some of them are 
potential carcinogens, and a short-term exposure can lead to dizziness, headaches, as well as to problems 
associated with the central nervous system. so it is more relevant for those areas where OM contaminations 
are high with high use of disinfectants. Quality of ground water under study is nearly fit for drinking 
purpose, but it is recommended that ground water analysis should be carried out from time to time to 
monitor the rate and kind of contamination along with analysis of DBPs to corroborate the present study. 
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ABSTRACT: Field experiments were conducted in 2005 in the Experimental Farm Station of the 
University of Agriculture. Makurdi, Nigeria to evaluate the performance and genetic diversity of some 
upland rice accessions.  Preliminary results indicates highly significant (P<0.01) differences on all traits 
studied except for grain length, grain width, grain length/width ratio and 1000 grain weight, indicating 
genetic diversity among these accessions.  Grain yield ranged between 0.54 t/ha (TOX 1870-30-102) and 
3.7 t/ha (TOX 1010-21-5-124).  Genotypic coefficient of variability (GCV) was generally lower than 
phenotypic coefficient of variability (PCV).  Days to 50% heading, days to maturity, flag leaf area, panicle 
weight, panicle length, number of branches/panicle, number of seeds/panicle, grain weight/panicle and 
seed yield showed very low differences between their PVC and GCV values.  Also these traits had high 
estimates for heritability and genetic advance.  Genotypic correlation analysis of yield with other traits 
revealed that yield had a significantly positive correlation with flag leaf area, number of tillers, number of 
panicles, panicle weight, panicle length, number of branches/panicle, number of seeds/panicle and seed 
weigh/panicle, grain length and 1000 seed weight.  The direct and indirect effect of the rice traits on yield 
was assessed.  The implications of these results for varietal recommendations and crop improvement are 
highlighted. [Nature and Science. 2009;7(1):21-27]. (ISSN: 1545-0740). 
 
Keywords: Diversity; Coefficient of variability; Heritability; Genetic advance; Correlation; Path 
coefficient  
 
INTRODUCTION 
 Rice in Nigeria is the sixth major crop in area cultivated after sorghum, millet, cowpea, cassava 
and yam (FAO, 1994).  It is grown in four major rice growing environment: Upland, rainfed lowland, 
irrigated lowlands, and deep water.  Singh et al., 1997.  Rainfed upland is the major rice growing ecology 
in West Africa, accounting for nearly 60% of the total regional rice area.  In Nigeria, upland rice comprises 
around 32% of the total rice area (Singh et al. 1997). 
 Chaudhary and Nanda (1986) estimated 4.6 million ha as potential areas for rice cultivation in 
Nigeria.  The rice area has increased tremendously since 1989. The average annual growth rate from 1983 
to 1992 was 14.2% (WARDA 1996) due to ban on importation in 1986.  There is still vast potential for 
increasing the rice area; especially for upland ecologies. 
 Rice production increased from 0.94 million tonnes to 2.54 million tonnes in 1994 (Singh et al., 
1997).  This increase is however due to mark expansion and not increased productivity per unit area, which 
remain around 1.5 t/ha. 
 Rice consumption is on increase, the annual growth rate in rice consumption average 7.7% from 
1983 to 1992 (Singh et al., 1997).  To meet up with this about 0.35 million tonnes valued at 91 million US 
dollars was imported in 1993 (Singh et al, 1997).  Local production has not met the demand due to lack of 
adequate suitable flood plains and unavailability or affordable irrigation facilities to the local farmers, 
hence limiting lowland rice area expansion in addition to other bio physical constraints.  Also human health 
risk poses important constraints to rapid development of the lowland areas. 
 Increase in rice production can only be achieved through area expansion and increase yield per 
unit area by employing high yielding varieties.  To sustain local production and rice area expansion the 
potential of upland rice varieties to fit into the length of growing period, and it’s cultivation ease (requiring 
less land clearance) has to be utilized. 
 Rice varieties had been evaluated in the country across rainforest and the Sudan Savanna agro-
ecological zone (Kehinde et al., 1989).  Vange et al., 1999; 2000, studied lowland rice genotypes in the 
Southern Guinea Savanna zone.  Such evaluation Offers Scientist opportunity to select varieties/lines that 
are promising for breeding purpose or for on-farm farmers participatory varietal selection (a dual 
mechanism for obtaining feed back on farmers preferences in new rice varieties) and for technological 
transfer.  These form the objective of this present study. 
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MATERIALS AND METHODS 
 Field experiments were conducted during 2005 cropping seasons at the Experimental Farm of the 
University of Agriculture, Makurdi (7.40oN, 8.37oE, altitude 106.m) Nigeria. Prior to the experimentation, 
soil analysis of the site was done (83.5% sand, 8.6% silt, 7.7% Clay and Bulk density 1.40 with pH (H20) 
6.19, 13.12% organic matter and 0.09% total N).  Total rainfall data during the crop season June, to 
November, 2005 was 872.70 mm. 
 Upland rice varieties obtained from International Network for Germplasm Evaluation (INGER) 
Africa, West Africa Rice Development Association (WARDA) and National Cereal Research Institute 
(NCRI) Badeggi-Nigeria were laid in a Randomised Complete Block Design in 4 replications with plot size 
of 12m2/plot. 
 The experimental site was ploughed and harrowed twice before seeding.  The seeds were 
broadcasted (farmers most adopted seeding method) at 50kg/ha (60g/plot).  Fertilizer was applied at 75Kg 
N, 60 Kg P and 60 kg K in 3 split doses at 2nd harrowing, 5th week after planting and at panicle initiation 
with NPK 15:15:15 for the first 2 doses and Urea (46N:0:0) at top dressing.  Weeds were controlled 
manually by weeding at 4 weeks after planting and subsequently as the weeds appear. 
 The observations were recorded from 5 random plants from each plot.  The characters studied 
were grain yield, panicles/m2, 1000-grain weight, grain weight/panicle, Total number of panicles branches 
(both primary and secondary branches), production tillers (%), plant height, days to 50% heading and days 
to maturity. 
 All data were subjected to analysis using relevant analysis of variance according to Steel and 
Torrie (1980), means were separated with List significant Difference (LSD) at P≤0.05. 
Genotypic and phenotypic variance was estimated by the formulae suggested by Singh and Chandhary 
(1977), while broad since heritability was estimated on a replicated plot mean basis according Burton and 
De Vane (1953).  Also genetic and phenotypic coefficient of variability was estimated according to Burton 
and De Vane (1953).  The estimated genetic Advance was estimated using the formula given by Allard 
(1960) at 50% selection intensity.  Path coefficient analysis and genotypic correlation between yield and 
yield components was computed. 
 
 
RESULTS AND DISCUSSION 

The genotypes showed significant genotypic variation for all traits studied except for  grain 
length, grain width, grain length/width ratio and 1000-grain weight (Table 1).  This indicates wide 
variability among genotypes especially for the traits that are significant thus genetic improvement through 
selection could be promising.  Singh et al., 1986, reported genetic variability in 98 upland rice cultivars 
they studied with respect to seedling height, days to 50% flowering, culm angle, leaf angle, leaf length, 
plant height (cm), panicle length (cm), shealth length (cm), tillers/plant, grains/panicle and grain yield (g). 
Mehetre et al., 1994, reported similar findings on upland rice they studied. 

The mean values are presented in Table 2.  TOX 1010-21-5-12-4 (TOX 1010) had the highest 
yield of 3.70t/ha. TOX 1010 also had the highest panicle length, number of panicles/m2 seed 
weight/panicle, grain length and grain width with high 1,000-grain weight, and number of seeds/panicle, 
and panicle weight.  Similar trend were obtained for ITA 315, WAB 36-34-FX, ITA 150, and WAB 96-1-1 
that had grain yield of 2.67, 2.63, 2.09, 2.08 t/ha respectively. 

TOX 1870-30-102 gave the lowest yield of 0.54t/ha, the lowest 1000 grain weight, and generally 
low seed weight per panicle, panicle weight and panicle length. WARDA (1990) reported avenge yield of 
2211kg/ha and 1738kg/ha for WAB-56-104 and WAB 6-125 in their replicated on Station yield trials. 

The results of the phenotypic coefficient of variability (PVC) and genotypic coefficient of 
variability (GCV) revealed that PCV was generally higher than the GCV in the genotypes studied (Table 
3).  The difference was low for Days to 50% heading, panicle length, no of Branches/Panicle, No of 
seeds/panicle, and weight of seeds per panicle.  Seed yield had a moderate amount of difference between 
PCV and GCV, while plant height had a considerable high difference between PCV and GCV.  These 
results implies that traits with low difference in PCV and GCV shows that variability is due more to 
genetic cause.  Heritability and Genetic advance estimates was observed to be high for Days to 50% 
heading, Days to maturity, flag leaf area. Panicle weight, panicle length, No of branches per panicle, no of 
seeds/panicle, seed weight/panicle at seed yield (Table 3).  High heritability coupled with high Genetic 
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advance observed for these traits indicates a predominance of additive gene effects.  Vange and Ojo 1997 
reported similar results in lowland rice genotypes. 

The results of the path coefficient analysis and genotypic correlation of yield with other traits 
revealed generally that, the genotypic correlation estimates was positive and significantly correlated with 
flag leaf area, number of tillers, number of panicles, panicle weight, panicles length number of 
branches/panicle, number of seeds/panicle, seeds weight/panicle, grain length and 1000 seed weight.  
Number of tillers (0.30174), number of panicles (0.28615), panicle weight (0.27933), and seed weight per 
panicle (0.2294) had positive high direct effect on yield while Flag leaf area (0.17938), grain length 
(0.16251) and 1000 seed weight had direct effect on yield.  Number of tillers had high positive indirect 
effect via number of panicles while panicle weight had indirect effect on yield via panicle length, number 
of panicle branches, number of seeds per panicle and seed weight per panicle.  These traits can serve as 
indicators in selecting for high yield in the material studied.  Ramalingam et al. (1993) assert that traits that 
have high positive correlations, very high direct effects and positive indirect effects on yield through many 
traits should be emphasised for selecting yield. Panicle length, number of panicle branches, number of 
seeds per panicle hand negative direct effect on yield.  While days to 50% heading, Days to maturity, and 
productive tillers seem to have limited practical usefulness as indicators for selecting high yield in these 
genotypes.  Chauhan et al. (1986), Suarez et al. (1989), Vange et al. (1999; 2000) reported similar results.  
 In conclusion: TOX 1010, WAB 36-34-Fx, and WAB 96-1-1 appear promising while Number of 
tillers, number of panicles, panicle weight, seeds weight/panicle, number of seeds/panicle could be use for 
indirect selection criteria for grain yield improvement. 
 
 
 
Table 1: MEANSQUARES FROM ANALYSIS OF VARIANCE FOR AGRONOMIC TRAITS, YEILD 

AND YIELD COMPONENTS OF 19 UPLAND RICE GENOTYPES 
Sources of Variation Replications Genotypes Error F pr. 

Df 3 18 54  
Days to 50% Heading 45.14 298.79** 8.94 < 0.001 
Days to Maturity 47.63 295.87** 9.05 < 0.001 
Plant Height (cm) 475.8 219.20** 101.90 < 0.016 
Flag Leaf Area (cm3) 66.64 741.83** 97.10 < 0.001 
No. of Tillers/M2 427.2 1429.6** 357.8 < 0.001 
No. of Panicles/M2 508.3 883.1** 308.5 < 0.001 
Productive Tillers (%) 149.09 280.12** 46.28 < 0.001 
Panicle Weight (g) 0.715 2.685** 0.424 < 0.001 
Panicles Length (cm) 2.74 41.528** 4.235 < 0.001 
No. of Branches/Panicle 1.93 38.00** 6.672 < 0.001 
No. of Seeds/Panicle 296.7 5623.5** 541.5 < 0.001 
Seeds Weight /Panicle (g) 0.497 1.8819** 0.345 < 0.001 
Grain Length (mm) 0.27 0.484 0.287 0.072 
Grain Width (mm) 0.0695 0.0771 0.107 0.777 
Grain Length/Width ratio  0.154 0.1299 0.1932 0.822 
1000 Grain Weight (g) 44.11 45.86 31.81  0.150 
Seed Yield (t/ha) 0.285 2.903** 0.788 < 0.001 
** = significant at P = 0.01 
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WAB 96-1-1 NCRI 83 118 89.8 107.

6 

97.2 88 98 3.4 23.8

5 

13 159 2.45 9.55 3.0

0 

3.1

8 

23.3 2.08 

WAB 99-1-1 NCRI 65 100 79.7 60.2 113.6 91 81 2.1 20.3

5 

10 65 1.38 9.05 3.0

0 

3.0

3 

28.0 1.24 

WAB 181-

11 

NCRI 64 99 83.2 51.2 97.2 64 72 2.5 23.2

8 

11 70 1.35 9.40 2.9

5 

3.2

0 

26.4 0.67 

WAB 36-34-

Fx 

NCRI 69 104 102.

2 

62.3 116.0 104 90 2.9 23.8

5 

14 94 1.70 10.2

5 

3.1

5 

3.5

3 

34.5 2.63 

WAB 56-

128-Fx 

NCRI 66 102 92.4 80.3 109.6 93 86 3.4 27.9

0 
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0 

3.2

5 

25.4 2.22 

WAB 56-

144-Fx 

NCRI 66 100 89.2 59.1 103.6 73 78 2.1 20.0

0 

11 81 1.33 9.45 3.0

0 

3.0

8 

26.3 0.97 

WAB 56-21-

Fx 

NCRI 71 106 87.4 55.7 111.2 91 83 2.6 20.8

5 

12 113 2.03 9.45 3.0
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3.1

5 

29.6 1.85 
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0 

3.0
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3.3

0 

32.3 3.70 
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5 
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3.2

8 

29.8 2.09 
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0 

26.4 1.12 

ITA 143 INGER 85 120 75.8 66.5 66.5 66 98 2.3 19.6

0 

11 95 1.65 9.40 2.9

0 

3.2
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Table 3: GENETIC PARAMETERS FOR 13 TRAITS IN UPLAND RICE GENOTYPES 

Traits Means Standard 
Error 

Broad Sense 
Heritability 

(h2) 

Genotypic 
Coefficient of 

Variability 

Phenotypic 
Coefficient of 

Variability 

Genetic 
Advance 
as % of 
mean 

Days to 50% Heading 75.61 2.11 0.89 11.26 11.93 21.88 

Days to Maturity 110.64 2.13 0.89 7.654 8.122 14.86 

Plant Height (cm) 86.63 7.14 0.22 6.251 13.22 6.087 

Flag Leaf Area (cm3) 65.72 6.97 0.62 19.32 24.45 31.44 

No. of Tillers/M2 98.52 13.38 0.43 16.62 25.39 22.4 

No. of Panicles/M2 86.58 12.42 0.32 13.84 24.56 16.07 

Productive Tillers (%) 90.74 4.81 0.56 8.426 11.28 12.97 

Panicle Weight (g) 2.76 0.46 0.57 27.24 36.04 42.42 

Panicles Length (cm) 22.38 1.46 0.69 13.64 16.45 23.31 

No. of Branches/Panicle 12.22 1.83 0.54 22.9 31.16 34.67 

No. of Seeds/Panicle 107.9 16.45 0.70 33.03 39.45 56.98 

Weight of Seeds/Panicle (g) 1.95 0.42 0.53 31.79 43.79 47.54 

1000 Grain Weight (g) 27.03 3.99 0.10 6.934 21.99 4.504 

Seed Yield (t/ha) 1.53 0.63 0.40 47.53 74.99 62.06 

 
  
  
TABLE 4: A PATH COEFFICIENT ANALYSIS† AND GENOTYPIC CORRELATION OF YIELD 

WITH 10 YIELD RELATED TRAITS 
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Flag Leaf Area (cm3) 
0.17938 0.022602 0.042513 0.110139 0.099556 0.087896 0.126642 0.109242 0.04054 -0.03319 

No. of Tillers/M2 

0.038019 0.30174 0.25316 0.067288 0.085091 0.013277 0.028364 0.038924 0.15962 0.153284 
No. of Panicles/M2 

0.067818 0.24008 0.28615 0.078691 0.070393 0.015452 0.057802 0.072682 0.150229 0.146509 
Panicle Weight (g) 0.171509 0.062291 0.076816 0.27933 0.238827 0.239386 0.257822 0.270112 0.034637 0.057821 
Panicles Length (cm) 

-0.08881 -0.04513 -0.03936 -0.13682 -0.16002 -0.1245 -0.13106 -0.12706 -0.04609 -0.01472 
No. of Branches/Panicle 

0.071075 0.006382 0.007833 0.124308 0.112849 0.14505 0.123147 0.117926 0.007833 0.002611 
No. of Seeds/Panicle 

-0.09479 -0.01262 -0.02712 -0.12392 -0.10996 -0.11399 -0.13426 -0.12701 -0.00765 0.001477 
Seeds Weight /Panicle (g) 

0.139759 0.029604 0.05829 0.221917 0.182215 0.186575 0.217098 0.22949 0.001836 0.040849 
Grain Length (mm) 

0.036727 0.085968 0.085318 0.020151 0.046803 0.008776 0.009263 0.0013 0.16251 0.057529 
1000 Grain Weight (g) 

-0.025 0.068661 0.069202 0.027978 0.012435 0.002433 -0.00149 0.024058 0.047847 0.13516 

Genotypic Correlation  
with Yield (t/ha) 0.49568* 0.7596** 0.8128** 0.6690* 0.5782** 0.460* 0.5533* 0.6097** 0.55131* 0.54733* 

 
† = Direct (underlined) and indirect effect of rice traits on rice yield. 
 
*, ** = Significant at P = 0.05 and P = 0.01 respectively. 
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ABSTRACT 
Recalcitrant organosulfur compounds such as Dibenzothiophene (DBT) and its derivatives in real 

petroleum fractions such as kerosene cannot be removed by convectional hydrodesulfurization (HDS) treatment 
using metallic catalysts as well as extremes of conditions of high pressure and temperature. The desulfurizing 
bacterium Desulfobacterium indolicum was isolated and subsequently identified by the Department of Botany 
& Microbiology; University of Lagos, Nigeria exhibited very high desulfurizing ability towards kerosene at 30°C 
and normal atmospheric pressure. The biodesulfurization of kerosene by Desulfobacterium indolicum resulted in 
reduction of sulfur from 48.68 ppm to 13.76 ppm over a period of 72 hours. Gas chromatography analysis with a 
pulse flow photoatomic detector revealed that the peaks of Thiophene and 2, 5 - dimethyl Thiophene significantly 
decreased after biodesulfurization. Therefore, Desulfobacterium indolicum could effectively desulfurized kerosene 
and thus may be a promising biocatalyst for practical biodesulfurization of kerosene. [Nature and Science. 
2009;7(1):28-35]. (ISSN: 1545-0740). 
 
 INTRODUCTION 

The problem with fossil fuels is that the combustion products are harmful to the planet. Carbon 
dioxide emissions have been implicated in global warming. Nitrogen oxides and sulfur oxides emissions have 
been shown to be responsible for acid rain, which destroys buildings, kills forests and poison lakes. 
Governments throughout the world have recognized the problems associated with these emissions and moved to 
reduce them through legislation. Regulations for the sulfur level in diesel oil have become increasingly strict 
and it is planned to reduce the level to 50 ppm by 2005 in the European Union and Japan. The sulfur content in 
diesel will probably be less than 10 or 15 ppm (w/w) in the United States and Europe by 2010 (Constants et al, 
1994). 

The concentration of sulfur in crude oil is typically between 0.05 and 5.0% (by weight), although values 
as high as 13.95% have been reported (Speight 1981). In general, the distributions of sulfur increase along with the 
boiling point of the distillate fraction. As a result, the higher the boiling range of the fuel, the higher the sulfur 
content will tend to be. Upon combustion, the sulfur in fuels can contribute to air pollution in the form of 
particulate material and acidic gases, such as sulfur dioxide. To reduce sulfur-related air pollution, the level of sulfur 
in fuels is regulated, and to meet these regulations sulfur must be removed from fuels during the refining process. 
The availability of low-sulfur crude has decreased over the last decade as a consequence of the increasing reserves of 
heavy crude (Grossman et al, 2001). 

Refineries remove organic sulfur from crude oil-derived fuels by hydrodesulfurization (HDS). HDS is a 
catalytic process that converts organic sulfur to hydrogen sulfide gas by reacting crude oil fractions with hydrogen at 
pressures between 1 and 20 MPa and temperatures between 290 and 455 °C, depending upon the feed and level of 
desulfurization required. Organic sulfur compounds in the lower-boiling fractions of petroleum, e.g., the 
gasoline range, are mainly thiols, sulfides and thiophene, which are readily removed by HDS. However, middle-
distillate fractions, like diesel, kerosene and some fuel oil range, contain significant amounts of 
benzothiophenes and dibenzothiophenes (DBTs), which are considerably more difficult to remove by HDS (Chang 
et al, 1998). Among the most refractory of these compounds are DBTs with substitutions adjacent to the sulfur 
moiety. Compounds of this type are referred to as sterically hindered compounds because the substitutions are 
believed to sterically hinder access of the sulfur atom to the catalyst surface due to their resistance to HDS; 
sterically hindered compounds represent a significant barrier to reaching very low sulfur levels in middle and 
heavy-distillate-range fuels (Kirimura et al, 2003). The high cost and inherent chemical limitations associated with 
HDS make alternatives to this technology of interest to the petroleum industry. Moreover, current trends toward 
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stricter regulations on the content of sulfur in fuels provide incentive for the continued search for improved 
desulfurization processes. The hydrogen sulfide produced as a result of HDS is a corrosive gaseous 
substance, which is stripped from the fossil fuel by known techniques. Elevated or persistent levels of hydrogen 
sulfide are known to poison (inactivate) the HDS catalyst, thereby complicating the desulfurization of petroleum 
crude and products that are high in sulfur. Organic sulfur in petroleum fossil fuels is present in a myriad of 
compounds, some of which are unstable in that they cannot readily be desulfurized or refractory because they do not 
easily yield to conventional desulfurization treatment by HDS. Increasing the severity of HDS also elicits 
undesirable effects on fuel quality as other chemical components are reduced at the higher temperatures and pressures 
needed to achieve low sulfur levels.  
 
MATERIALS AND METHODS 

The microorganism Desulfobacterium indolicum with the ability to desulfurize oil was isolated from oil 
contaminated soil by enrichment culture. It was suspended in 9 ml of 0.1M phosphate buffer solution (pH 7.0) 
and 1 ml of diesel for the biodesulfurization experiment in a 100 ml Erlenmeyer flask (Rhee et al, 1998). The 
optical density at 510 nm (OD510) was 1.5 the experiment was performed at 30°C with a moderate shaking of 180 
rpm. Also, the growth of the sulfur bacterium Desulfobacterium indolicum in the experimental tube was 
monitored as described previously (Chukwu and Nwachukwu, 2005). 

Thiophene, 2,5- dimethyl thiophene, benzothiophene and Dibenzothiophene were analyzed using gas 
chromatography 5890 Hewlett Packard, equipped with a pulse flow photoatomic detector (PFPD). 

RESULT AND DISCUSSION 
Desulfobacterium indolicum is a motile, oval to rod like, gram negative, non spore forming anaerobic 

microorganism. Biochemical test has shown that it is capable of utilizing various kinds of sugar as a source of 
carbon. In the biodesulfurization experiment, the organism was suspended in a sulfur free phosphate medium and 
the kerosene. It is easier for the organism to utilize carbon in glucose which is in aqueous state in which the 
organism is also suspended if available than kerosene which is oil. Thus one may conclude that the 
biodesulfurization of thiophene and 2, 5 - dimethyl thiophene took place via a sulfur-specific degradation pathway. 
The GC analysis revealed that the kerosene contained 6.955 mg/l of thiophene and 41.724 mg/l of 2, 5 - dimethyl 
thiophene. No benzothiophene and dibenzothiophene were found in kerosene. Figures 1 and 2 below show 

Figure 3 below shows the concentration-time profile for the biodesulfurization of 
benzothiophene. It showed that Desulfobacterium indolicum steadily desulfurized the 
benzothiophene decreasing its concentration to 1.72 mg/l at the end of 72 hours. 
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Figure 1: GC-PFPD Chromatograms for Kerosene before Biodesulfurization. the GC-PFPD peaks for all of the 
sulfur compounds in the kerosene ( approximately 48.679 mg/l sulfur initially) before the biodesulfurization by 
Desulfobactenum indolicum. after treatment of the kerosene for 72 hours, all of the peaks significantly decreased. 
It is important to note that the sulfur compounds with retention times longer than 5 minutes nearly disappeared. 
Such characteristics of desulfurization by cells of Desulfobactenum indolicum are opposite or complimentary to those 
of hydrodesulfurization, in which sulfur compounds with a shorter residence time are more easily desulfurized 
(Dzidic with a shorter residence time are more easily desulfurized (Dzidic et al, 1988). Based on these results, 
cells of Desulfobacterium indolicum are considered to have a sufficiently broad substrate specificity to 
desulfurize major organic sulfur compounds contained in diesel. 
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This is a remarkable feat at a reaction temperature of only  30°C, extremes of reaction 

conditions would have been employed in hydrodesulfurization to attain the same level of desulfurization. 
Similarly, Figure 4 below shows that Desulfobacterium indolicum also desulfurized 

dibenzothiophene steadily reducing its concentration to 31.692 mg/l at the end of 72 hours. 
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From the viewpoint of a practical process, biodesulfurization at ambient temperature and pressure of 
kerosene containing various types of thiophene derivative is advantageous, since cooling treatment of the oil 
to ambient temperature would be unnecessary. 

Figures 3 and 4 above show the concentration-time of biodesulfurization of thiophene 
and 2, 5 - dimethyl thiophene in kerosene. It was observed that at all times, the percentage of thiophene 
desulfurized is higher than 2, 5 - dimethyl thiophene. This is expected because the methyl substituents at 
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positions 2 and 5 would constitute a steric hindrance to the organism from reaching the sulfur atom in the 
thiophene ring. At the end of 72 hours, 84% of thiophene has been desulfurized while 70% of 2, 5 - dimethyl 
thiophene was desulfurized. This is shown in figure 5 below. 
 

 
Figure 5: The Percentage Desulfurization -Time Profile of Thiophene & 2, 5 - Dimethyl Thiophene 
Biodesulfurization by Desulfobacterium indolicum The population density of Desulfobacterium indolicum 
is increasing as biodesulfurization of kerosene progresses. The Log™ of the population of the cells of A 
versus time is shown in figure 6 below. 
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The population of the cells of Desulfobacterium indolicum increases steadily as biodesulfurization 
of kerosene progresses, showing that the cells use the sulfur in the fuel for metabolism leading to both 
growth and increase in population. 

Goswami et al, (1991) in their work mentioned that two different biological mechanisms are known 
for the degradation of water-insoluble hydrocarbons and aromatic compounds. The first involves the case 
in which the microorganisms use emulsifiers to overcome poor solubility of hydrocarbons and aromatic 
compounds, whilst the other is to increase cell surface hydrophobicity so that adherent capacity to the 
hydrocarbon is enhanced. According to them, in many cases, microorganisms use both mechanisms with 
one mechanism acting dominantly. The dominant mechanism can be easily figured out by centrifugation 
of the cell broth after cultivation using hydrocarbons or oils. If the increase of cell surface hydrophobicity 
were the dominant mechanism, most of the cells would exist in the interface of aqueous and oil phase after 
centrifugation. Most of the cells would be in the bottom of the aqueous phase in the opposite case. In this 
work, the cells of Desulfobacterium indolicum were observed at the interface of the aqueous and oil phase. 

The first step in the biodesulfurization of these molecules is the transfer of the molecules from the oil to the 
cells. It appears that these molecules are transferred directly from the oil into the cells. Many microorganisms 
have been shown to metabolize many insoluble molecules in this fashion. The PASHs appear to partition to the 
water before being brought into the cell. The enzyme responsible for the first two oxidations are to reflect the 
reaction it catalyzes and has been coded DszC. It catalyzes the oxidation by transferring an electron 
from flavin mononucleotide (FMNH2) to the organosulfur (the thiophene and 2,5- dimethyl thiophene) to 
produce FMN an oxidized (FMNH2) and sulfoxides of thiophene and 2,5- dimethyl thiophene and also the 
oxidation of sulfoxides by transferring an electron from flavin mononucleotide (FMNH2) to produce FMN an 
oxidized (FMNH2) and the corresponding sulfones. 

The  first  cleavage  of the  C-S  bonds   is  catalyzed  by  sulfone Monooxygenase (FMN hfc XO2 
oxidoreductase); DszA codes this enzyme. It Transfers another electron from FMNH2 to XO2. Where X is the 
organosulfur. 

The production of sulfite & subsequently sutfate and an intact hydrocarbon molecule is the last reaction in 
the pathway. This is catalyzed by a desulfinase coded by the DszB gene and leads to the release of the sulfur as 
sulfite and the production of the corresponding hydroxyl phenyl. 
 

In nature, the cell has achieved its goal. It has the sulfur it needs to grow. The sulfite can be reduced to 
sulfide and incorporated into sulfur-containing amino acids and vitamins necessary for growth. It is worthy of note 
that this study focused on real fuel rather than modeled media of organosulfur compounds. This implies that the 
organism can survive in the fuel till it removes all the sulfur in it. 

In conclusion, it has been confirmed that A could effectively desulfurize organosulfur compounds, 
thiophene and 2, 5 - dimethyl thiophene through a sulfur-specific degradation pathway with the selective 
cleavage of C-S bonds at ambient temperature and pressure conditions. Therefore, Desulfobacterium 
indolicum may be a useful desulfurizing biocatalyst possessing broad substrate specificity toward 
organosutfur compounds. 
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Abstract: A new geometry for obtaining a gas discharge has intended for the general experiments ion 
sources laboratories .This geometry is based on the use of a magnetic hollow cathode in which one 
introduces a permanent magnet in order to increase the probability of ionization gas atoms by the method of 
crossing  electric and magnetic fields. [Nature and Science. 2009;7(1):36-38]. (ISSN: 1545-0740).  
 
Key words: gas discharge, cold hollow cathode, ionization 
 
Introduction: 

A permanent magnet is mounted coaxially on the inside of the cathode and creates a 
magnetic field. The cathode has an internal open chamber or space filled with a gas and with the 
applying of a voltage between the cathode and anode the gas discharge starts (Pessoa et al. 2006). 
The ions are extracted from the gas discharge plasma through the emission opening cathode 
which has a fixed diameter and a variable height h i.e. a variable volume. 

 
 
                                        Figure 1: Arrangement of a magnetic hollow cathode 
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Results and Discussion 

A crossed-field cold-hollow-cathode arc is stable at low working gas pressures of 10−2–
10−1 Pa, magnetic-field-and gas-dependent arcing voltages of 600-700 V, and discharge currents 
of 100–200 A (Boubetra et al., 2008). This is because electrons come from a cathode spot 
produced on the inner cathode surface by a discharge over the dielectric surface. The magnetic 
field influences the arcing voltage and discharge current most significantly. When the plasma 
conductivity in the cathode region decreases in the electric field direction, the magnetic field 
increases, causing the discharge current to decline and the discharge voltage to rise. The 
discharge is quenched when a critical magnetic field depending on the type of gas is reached. 
Because of the absence of heated elements, the hollow cathode remains efficient for long when an 
arc is initiated in both inert gases, what was already concluded in other work (Gavrilov et 
al., 2003)and (Goebel et al ,1992).  

 

 
                                               Figure 2 
 

The MHCM discharge proprieties were obtained taking into account the effect of the gas 
pressure and the volumes cathode. When the volume is reduced, keeping the discharge voltage 
constant (700V) the discharge current is seen to rise according to figure 2 at optimized values of 
P.V the discharge current is higher than an other conventional sputtering discharge. 
 

 37



Nature and Science, 2009;7(1), ISSN 1545-0740, http://www.sciencepub.net, naturesciencej@gmail.com 

 

 38

Conclusion:  
According to the results obtained one can say that this geometry can be used for 

an arrangement magnetron to the beams extraction of plasma which could be useful like a 
tank of the ions and by there one of the ions beams which working with a low pressure 
and a small volume of hollow cathode. 
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ABSTRACT 
The effects of industrial effluent on the quality of ground water (well) within an Industrial Estate 

was studied. The quality was assessed in terms of physicochemical parameters and bacteriological 
parameter. Three wells within the industrial were examined in the course of the study. Results obtained 
showed that the turbidity varied between 1.5 to 250 NTU and colour ranged from 211 to 2519 Pt- Co. The 
total, suspended and dissolved solids content were high. The conductivity ranged from 161 to 731 μs, while 
pH ranged from 6.9 to 7.3.Calcium and Magnesium ions as well as chloride ion content of the water were 
high. The dissolved oxygen content ranged from 6 to 9mg/l. Bacteriological indices showed that the well 
water were highly contaminated having high total bacterial counts (1200- 1375 cfu/ml). The well water 
showed presence of feacal coliform (E. coli) and had high coliform counts (1600 - >1800 MPN/100ml). It 
was observed that the wells were negatively affected by the effluent discharged within the industrial plant. 
[Nature and Science. 2009;7(1):39-43]. (ISSN: 1545-0740). 
 
Keywords: Industrial effluent, well, Ground water, Bacterial count.    
 
INTRODUCTION 

The importance of water in the control of diseases had long been recognized (Hofkes, 1981; 
WHO, 1996). Water is a factor of production in virtually all enterprise, including agriculture, industry and 
the services sector (UNESCO, 2006). The importance of safe drinking water is underlined by the assertion 
that: “safe drinking water is the birthright of all humankind – as much a birthright as clean air” (TWAS, 
2002). It also reported that the majority of the world’s population, especially in most parts of Africa and 
Asia, does not have access to safe drinking water and that as much as 6 million children dies daily as result 
of waterborne diseases linked to scarcity of safe drinking water or sanitation (TWAS, 2002). WHO (2004) 
pointed out that diseases related to contamination of drinking-water constitute a major burden on human 
health: and that interventions to improve the quality of drinking-water provide significant benefits to health. 

For most communities the most secure source of safe drinking water is pipe-borne water from 
municipal water treatment plants. Often, most of water treatment facilities do not deliver or fail to meet the 
water requirements of the served community; due to corruption, lack of maintenance or increased 
population. The scarcity of piped water has made communities to find alternative sources of water: ground 
water sources being a ready source. Wells are a common ground water source readily explored to meet 
community water requirement or make up the short fall.  

Wells are categorized based on the nature of construction: open dug wells are generally considered 
the worst type of groundwater sources in terms of faecal contamination and bacteriological analysis. Dug 
wells with windlass or hand pumped or mechanically pumped well are generally regarded to be less prone 
to contamination (WHO, 2004). WHO (1997) assert that open or poorly covered well heads pose the 
commonest risk to well-water quality; the possibility of the water being contaminated is further increased 
by the use of inappropriate water-lifting devices by consumers. The commonest physical defects leading to 
faecal contamination of dug wells are associated with damage to, or lack of, a concrete plinth, and with 
breaks in the parapet wall and in the drainage channel (WHO, 1997). The most serious source of pollution 
of well water is contamination by human waste from latrines and septic tanks resulting in increased levels 
of microorganisms, including pathogens. Other likely sources of contamination include runoffs, 
agrochemicals such as pesticides and nitrates used on farm lands and industrial effluents. Contamination of 
well water due to under seepage has reported in the Niger Delta area of Nigeria (Ibe and Agbamu, 1999). 
Seepage from effluent bearing surface water would readily contaminate wells located close to the surface 
water.  

Arising from the drive for industrialization, parts of Ilorin town are designated industrial estate/ 
area to accommodate the industries. One of such industrial estate has the course of River Asa running 
through its whole length. The river is flows through Ilorin town almost dividing it into two halves 
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(Olayemi, 1994). This makes it readily prone to abuse as effluent receptacle leading to contamination. 
Studies have shown that the River’s water quality is affected by the discharge of the effluents (Eniola and 
Olayemi, 1999). This is consistent with the observation of Sangodoyin (1991) that effluents discharge alters 
the physical, chemical and biological nature of receiving water body. Wells are a vital and common source 
of water in Ilorin, some of these wells are located along the course of River Asa.  

In this study, the effect of the discharge of effluent into river Asa on the quality of water of wells 
within the immediate catchment of the river was investigated. Water samples from wells within the 
industrial estate were subjected to physicochemical and bacteriological investigations to ascertain the effect 
of the effluent on the quality of the well water.        
 
MATERIALS AND METHODS 

Open dug well with concrete apron (plinth) around the well head were involved in the study. 
Water samples from the wells were collected into clean sterile 250ml sampling bottles as described by 
WHO (1997). The pH, colours (Pt-Co), turbidity, temperature, total Hardness, calcium hardness, 
magnesium hardness, calcium ion magnesium ion, chloride and conductivity were determined. The 
suspended, dissolved and total solid contents of the water were determined as described by ASTM (1985). 
The total heterotrophic bacteria counts were determined using the pour plate method (APHA, 1992). The 
coliform counts were determined as Most Probable Number (MPN) using the multiple tube fermentation 
test (APHA, 1992). 
 
RESULTS 
 The physicochemical characteristics of the well water are shown on Table 1. The bacteriological 
characteristics are shown on Figure 1. Water from the wells were found to be close to neutral (pH 6.9 to 
7.3) with high bacterial count (1200- 1375 cfu/ml). The coliform count was high (1600 - >1800 
MPN/100ml) and faecal coliform (E. coli) was isolated. The variation in the total suspended and dissolved 
solids contents of the wells as well as the dissolved oxygen contents of the well water are shown on Figure 
2. 
  
 

Table 1. Physicochemical Characteristics of the water from Wells within Asa Dam Industrial 
Estate, Ilorin. 

 
Parameters measured W1 W2 W3 

pH 6.9 7.3 6.9 
Colour (Pt-Co) 211 2519 240 
Turbidity (N.T.U) 1.5 250 4.6 
Temperature (oC) 27 28 28 
Total Hardness (mg/l) 149 153 37 
Calcium Hardness (mg/l) 102 96 34 
Magnesium Hardness (mg/l) 46 57 4 
Calcium ion (mg/l) 410 383 135 
Magnesium ion(mg/l) 37 46 3 
Conductivity (us) 338 731 161 
Chloride (mg/l) 155 12 2 
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Figure 1: Bacteriological Characteristics of the Water from Wells within Asa Dam Industrial Estate, Ilorin. 
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Figure 2. Variation in Total, Suspended and Dissolved Solids Contents of the Wells  
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Discussion 

Water from the wells was observed to be coloured and turbid with the value ranges of 211- 2519 
Pt-Co and 1.5 – 250mg/l respectively. Thin films of oil present on the water surface appear to make the 
value of the colour to be very high. The high turbidity value is as a result of increase in the type and 
concentration of the suspended matter released by the industry. The content of total solids, suspended and 
dissolved solids were also high. This is attributable to the industrial waste discharged into the surface water 
and suggests some of the content of the effluent have found their way into the ground water. Well water 
containing high total solids, total suspended solids and total dissolved solids are not fit for drinking, 
laundry work and livestock purpose. The high conductivity values suggest that the dissolved solids are 
mostly mineral salts. The high chloride is also suggestive of the use of large quantity of Chlorine or its 
associated compounds in activities within the industrial estate. The high bacterial count is suggestive of 
presence of organic matter (Gray, 1989, Olayemi, 1994). The values of dissolved oxygen obtained suggest 
that the water was not overtaxed by the quantity of degradable material in it and also that it was being well 
re-oxygenated.  

Bacteriological speaking water from the wells fall short of the WHO (1997) recommended 
guideline standard for drinking water. It requires that water intended for drinking should not contain any 
pathogen or microorganisms indicative of faecal contamination. All the water samples examined contained 
feacal coliform (E. coli) and high population of heterotrophic bacteria, which is consisted with WHO 
(2004) report that open dug wells are contaminated, with levels of at least 100 faecal coliforms per 100 ml. 
This is not necessarily a result of the citing of the well along the river course but a reflection of the human 
activities taking place around the catchment of the wells. The unringed nature of the wells makes 
contamination by seepage from the soil more likely. The WHO (2004) recommends that wells are ringed 
and provided with an apron around the head to minimize contamination. The bacteriological quality of the 
wells requires that they be subjected to treatment if they are to be used for drinking and domestic purpose.  
 
Conclusion 

The results obtained showed that the water from the well were not fit for human consumption and 
their qualities were affected by the presence of the wells within the industrial estate and proximity to river 
that serves for disposal of industrial effluent. 
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ABSTRACT: 
Pleurotus florida (Mont.) Singer was cultivated on different agro-wastes viz. soybean straw, paddy straw, 
wheat straw and their combination in 1:1 proportion to determine the effect of these agro waste on yield, 
moisture content, crude protein, total carbohydrates, fat, crude fiber, ash and minerals like Ca, P, Fe 
content. Soybean straw showed significantly highest yield (with 87.56% B.E.) with maximum crude protein 
(23.50%) and maximum phosphorus (920 mg/ 100 mg of dry mushroom) content. Maximum moisture 
(92.45 %) and crude fiber content (8.10%) in the fruiting bodies was recorded on Paddy straw cultivation. 
The combination of Soybean straw + paddy straw showed significantly highest fat (2.60%), Calcium (310 
mg/ 100gm) and Iron (13.06 mg/100gm of dry mushroom) content. [Nature and Science. 2009;7(1):44-48]. 
ISSN: (1545-0740). 

 
Keywords: Pleurotus florida, B.E. (Bio efficiency), agro-waste, fruiting body. 

 
INTRODUCTION 

Mushrooms are rich in proteins, vitamins, and minerals and popularly called as the vegetarian’s 
meat.  Mushroom  proteins  are  considered  to  be  intermediate  between  that  of  animals  and  vegetables 
(Kurtzman, 1976) as it contains all the nine essential amino acids required for human body (Hayes and 
Haddad, 1976). 

Oyster mushroom (i.e. Pleurotus spp.) is commonly called as Dhengri in India because of its 
oyster like shape. Genus Pleurotus belongs to family Tricholomataceae and has about 40 well-recognized 
species, out of which 12 species are cultivated in different parts of country. Pleurotus is an efficient lignin- 
degrading mushroom and can grow well on different types of lignocellulolosic materials.  Cultivation of 
this Mushroom is very simple and low cost production technology, which gives consistent growth with 
high biological efficiency. Different species of Pleurotus can grow well in variable temperature conditions; 
hence they are ideally suited for cultivation throughout the year in various regions of tropical country like 
India. 

In the recent times, the cultivation of Pleurotus sp. had excelled next to Agaricus bisporus (Lange) 
Sıng. throughout the world in terms of yield and production (Erkel, 1992; Chang et al., 1991). Among 
the Pleurotus sp., P.sajor caju had been widely studied for the cultivation followed by P. ostreatus . 
These studies mainly concentrated on the cultivation on wastes of forest and agricultural plants. Almost,  
all  the  available,  lignocellulosic  substances  are  likely  be  used  as  substrate  for  Pleurotus  sp. 
Cultivation with slightly variation in the range and combination of the substrates in different part of world 
based on their availability in abundant and being cheaper in the respective region. (Royse, 1985; 
Schmidt, 1986 ). Most of these studies focused on the higher yield and quality of fruiting bodies of 
Pleurotus sp. with respect to cultivation times. The present study deals with the cultivation of P. florida 
on some common and abundantly available waste available for conversion in food which otherwise is left 
for natural degradation. The cultivation of edible mushrooms offers one of the most feasible and economic 
method for the bioconversion of agro-lignocellulosic wastes (Bano et al., 1993; Cohen et al.,2002). The 
technology can also limit air pollution associated with burning agriculture wastes as well as to decrease 
environmental pollution due to unutilized agricultural wastes.  
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MATERIAL AND METHODS 
Culture and cultivation: 

The pure cultures of Pleurotus florida was obtained from National Collection of Industrial Micro 
organisms  (NCIM  No.1243),  National  Chemical  Laboratory  (NCL),  Pune,  India. The  cultures  were 
maintained on 2 % malt extract agar slants at  4º C. Sub culturing were done after every 15 days. 

 
Spawn preparation: 

Spawn was prepared in polythene packets. Sorghum whole grains were boiled in water bath for 
10-15 min. at the ratio of 1:1 (Sorghum grains: water) and mixed with 4 % (w/w) CaCO3 and 2 % (w/w) 
CaSO4. Sorghum grains then packed (250g) in polythene bags (of 200x300 mm. size) and sterilized in an 
autoclave  at  121ºC,  for  30  min.  After  sterilization,  the  bags  were  inoculated  with  actively  growing 
mycelium of the Pleurotus from malt extract slants and incubated (at 27 ± 2 ºC) for mycelial growth 
without any light for 10-15 days until the mycelium fully covered the grains. 

 
Cultivation: 

The agro waste soybean straw, wheat straw, paddy straw were collected from local farms and were 
used for filling the bags. Soybean straw, paddy straw, wheat straw and their combination in 1:1 proportion 
were used as a cultivation substrates, following the method prepared by Bano and Shrivastava (1962) with 
slight modifications. The substrates were chopped to 2-3 cm pieces and soaked in water over night to 
moisten it and excess water was drained off. After soaking, the substrate was steam sterilized at 121º C for 
20 min. in an autoclave. The polythene bags of the size 35 x 45 cm were filled with sterilized substrates and 
multi layered technique was adopted for spawning. Each bag was filled with 1 Kg dry substrate and the 
spawn was added at the rate of 2 % of the wet weight basis of substrate. 

After  inoculation  the  bags  were  kept  in  house  where  the  temperature  and  humidity  were 
maintained around 25 ºC and 80 to 90% respectively with sufficient light and ventilation for 20 days. The 
spawn run was completed within 18 days. The polythene bags were tear-off following the spawn run. 
Formation  of  fruit  bodies  was  evident  within  3-4  days  after  removal  of  poly  bags.  The  beds  were 
maintained up to the harvest of the third flush, which was completed in 35 days after spawning. A small 
layer of substrate was scrapped off from all the side of the beds after each harvest. Each of the six 
treatments was replicated three times. 

 
Yield and biological efficiency: 

Total weight of all the fruiting bodies harvested from all the three pickings were measured as total 
yield of mushroom. The biological efficiency (yield of mushroom per kg substrate on dry wt. basis) was 
calculated by the following formula Chang et al., (1981) 

Fresh weight of mushroom 
B.E. (%) = --------------------------------------- X 100 

Dry weight of substrate 
 

Moisture content: 
The moisture content of mushroom was also expressed in percent and calculated by the formula – 

Weight of fresh sample – weight of dry sample 
Moisture content (%) = ----------------------------------------------------------------- X 100 

Weight of fresh sample 
 

Nutritional analysis: 
Protein, fat, ash and total carbohydrate were determined with the procedure recommended by 

AOAC (1995) and Wankhede et al., (1976). The crude fibers and calcium was determined with 
procedure recommended by Ranganna (1986). The iron and phosphorus content were estimated 
according to the procedure given in Laboratory manual of NIN (Anonymous, 1980). The recorded data in 
the present work was subjected to statistical analysis as per the procedure given by Panse and Sukhatme 
(1978). 

 
RESULT AND DISCUSSION: 

The results reveal the yield, B.E. and moisture content of the P. florida cultivated on different 
agro-wastes alone or in combination (Table 1). The maximum yield of Pleurotus florida was obtained 
when it was cultivated on soybean straw (875.66gm/kg straw) with 87.56% B.E., this was followed by 
yield on soybean + paddy straw (852.00gm/kg straw) with 85.20% B.E. while least was recorded with 
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wheat straw+ paddy straw (723.66gm/kg straw). The moisture content was maximum on paddy straw 
(92.45%) followed by soybean + wheat straw (90.23%) there was slight variation with other substrate 
indicating that moisture content is independent of the substrate. 

Comparing the three lignocellulosic residues as substrates for the cultivation of P. florida shows 
that soybean straw supported best growth of P. florida as evidenced by complete and heavy colonization of 
substrates forming a compact white mass of mycelium within 2 weeks of inoculation. Furthermore, the 
quantity of fresh edible fruiting bodies (g/kg of substrate) harvest was higher in single substrate than in 
mixed substrate. The performance of the three substrates was also evident by their elevated biological 
efficiency values on Soybean straw followed by paddy straw (Table 1). The time required for harvest of the 
fruiting bodies on soybean straw always preceded paddy straw alone or in combination. 

Reports on cultivation of the oyster mushroom on similar by-products have manifested variable 
levels of B.E. These variations are mainly related to spawn rate, fungal species used and supplement added 
to the substrate (Mane et al., 2007). Some of the elevated B.E. of Pleurotus sp. on commonly used 
substrates rice straw 85.5% (Mehta et al. 1990), leguminous plants 103.8% (Sharma and Madan 1993). 

The Protein, fat, carbohydrate, crude fibre, ash and Ca, P, and Fe contents of mature fruiting 
bodies of Pleurotus florida cultivated on different lignocellulosic substrates alone or in combination are 
shown in Table 2. P. florida fruiting bodies produced on soybean straw possessed the highest protein 
content of 23.5 % on a dry weight basis followed by soybean + paddy straw (22.66%). The fat content of 
P. florida was 2.60 % grown on soybean + paddy straw being the highest followed by soybean straw 
alone (2.50%). The % content of protein and fat content were similar as reported in earlier studies (Patil et 
al., 2008, Patil and Dakore, 2007). 

Maximum Carbohydrate content of P. florida was 57.80% in fruiting bodies cultivated on soybean 
straw whereas least was 53.87% cultivated on wheat straw + paddy straw (Patil et al., 2008,). The 
highest crude fibre was obtained on paddy straw (8.10%) followed by soybean straw (8.02%). Other agro 
waste alone or in combination also yielded appreciable level of crude fibre. These results were confirmed 
with findings of Bonatti et al. (2004), Khyadagi et al., (1998), (Sharma & Madan 1993). Singh et. 
al.(2003). From the present study it is evident that, Pleurotus florida is the suitable species for cultivation 
on Soybean and Soybean + paddy straw in case of productivity and nutritional contents. The protein 
contents of various lignocellulosic residues were compared and it was reported that the nitrogen content in 
fruiting bodies was higher in leguminous plant substrates than non-leguminous ones (Sharma & Madan, 
1993). These results were confirmed with the findings of Kadlag et al., (1998) Mandhare (2000).  The 
protein content usually ranges between 20–30% on a dry weight basis. Substrates rich in usable nitrogen 
after spawn run may be a factor in enhancing the mushroom yield and quality, in addition to the 
mushroom species in bioconversion and bioaccumulation efficiency (Patil et al.,2008). 

The maximum ash content of P. florida was found on soybean straw (8.00%) followed by 
mushroom grown on paddy straw (6.60%). Similar results were reported by El –Kattan et al., (1991). 
The highest calcium content in P. florida was recorded when it was grown on soybean straw + paddy straw 
(310 mg/100gm) followed by soybean s traw(305 mg/100gm) alone.  The phosphorus content in P. florida 
was maximum on soybean straw (920mg/100gm) whereas least was found on  soybean straw +wheat  straw  
(800  mg/100gm).  Similar amount of phosphorus was also recorded  in  earlier  study (Caglarirmak, 
2007). Highest Iron content in P. florida when cultivated on soybean straw+ paddy straw was 13.06 mg 
/100 gm while least was recorded on the soybean straw +wheat straw (11.87 mg/100gm) These results 
coinced with those observed by Kikuchi et al., (1884), Rathor and Thakore (2004). 

Commercial  production  of  oyster  mushrooms is largely  determined by the  availability  and 
utilization of cheap materials of which agricultural lingo-cellulosic waste represents the ideal and most 
promising substrates for cultivation. The substrates used in this study can be considered practical and 
economically feasible due to their availability throughout the year at little or no cost in large quantities. 
Utilization of these agro-wastes for the production of oyster mushrooms could be more economically and 
ecologically practical. 
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Table 1: Effect of different substrate on yield, Bio efficiency (B.E.) and moisture content of 
Pleurotus florida. 

Yield (gm/kg dry straw) Substrate 
I st picking II nd 

Picking 
III rd 
Picking 

Total 
yield 

B.E. 
(%) 

Moisture 
(%) 

Soybean straw 412.00 365.66 98.00 875.66 87.56 89.55 
Paddy straw 376.00 318.33 140.00 834.33 83.43 92.45 
Wheat straw 352.00 263.62 135.00 750.62 75.06 89.40 
Soybean + paddy straw 408.00 320.00 124.00 852.00 85.20 90.17 
Soybean + wheat straw 362.66 248.00 172.00 782.66 78.26 90.23 
Wheat + paddy straw 310.66 275.00 138.00 723.66 72.36 89.46 
S.E. ± 10.60 13.17 7.73 - - 0.22 
C.D at 5% 33.34 41.43 24.32 - - 0.69 

 
Table 2: Effect of different substrate on Protein, Fat, Carbohydrate, Crude fiber, Ash and Minerals like 
Ca, 
P, Fe, content of Pleurotus florida. 

Substrate Protein 
(%) 

Fat 
(%) 

Carbohydrate 
(%) 

Crude 
fiber (%) 

Ash 
(%) 

Ca* P* Fe* 

Soybean straw 23.50 2.50 57.80 8.02 8.00 305 920 12.38 
Paddy straw 22.40 2.28 55.50 8.10 6.60 292 860 12.81 
Wheat straw 21.33 2.30 56.00 7.80 6.40 287 820 12.28 
Soybean + Paddy straw 22.66 2.60 54.90 7.56 6.50 310 840 13.06 
Soybean + Wheat straw 22.40 2.30 57.10 7.50 6.35 275 800 11.87 
Wheat + Paddy straw 20.25 2.28 53.87 7.40 6.50 304 830 12.92 
S.E. ± 0.27 0.03 0.36 0.17 0.06 8.09 15.05 0.11 
C.D. at 5% 0.87 0.11 1.16 0.54 0.19 25.46 47.36 0.35 

 
*mg/100gm dry mushroom 
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