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Editorial Message 

 

I am pleased to furnish you herewith the Proceedings which herein contains a collection of papers 

presented at International Conference on Agriculture, Science and Engineering(ICASE2013) organized by 

African Society for Scientific Research and African Association for Teaching and Learning in cooperation 

with several partners and collaborating journals in the international community. The conference was held 

July  1-4, 2013, Federal College of Education(Technical), Umunze, Nigeria. 

The ICASE series is an academic activity for interested scholars, scientists, technologists, policy makers, 

corporate bodies and graduate students. The aim of the conference is to diffuse research findings and 

create a conductive environment for scholars to debate and exchange ideas that lead to development in 

Agriculture, Science, Technology and Engineering. 

Following the call for papers by the International Scientific Commission, papers we received more than 300 

proposals from 35 different countries from all continents. As a commitment to the vision and mission of 

academic excellence and integrity, each paper was anonymously reviewed by two members of the editorial 

sub-committee of the Commission. This book of proceedings contains a selection of the papers presented 

at the conference. 

We wish to express our sincere thanks to the Governing Council, Management and Senate of the Federal 

College of Education(Technical), Umunze for providing the venue and facilities for the conference and for 

being committed to towards ensuring the success of the conference by setting up a high powered Adhoc 

Local Orgainising Committee led by Associate Professor Dr Ugochukwu P.N.Amadi. We thank the staff and 

students of the institution for their cooperation and support for the project. We express our profound 

gratitude to all and sundry especially our Special Guests, delegates, reviewers, the media, the Nigerian 

foreign missions and all the cooperating partners for their contributions in promoting this noble academic 

event.  

Please read on!!! 

 

Dr Jacinta A. Opara 

Co-Chair, International Conference on Agriculture, Science and Engineering                                                                   

and                                                                                                                                                                                        

Visiting Associate Professor, Universidad Azteca, Chalco-Mexico 
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RELATIONSHIP BETWEEN MALARIA AND SICKLE CELL DESEASE 

AMONG     OUT-PATIENTS ATTENDING GENOTYPE TEST AT 

MURTALA MOHAMMAD SPECIALIST HOSPITAL, KANO STATE,  

NIGERIA  

 

Abdullahi, J.M. 

Department of Biology, Kano University of Science and Technology, Wudil 

 P.M.B 3244, Kano- Nigeria 

 

 ABSTRACT 

One hundred and eleven (111) out-patients attending Murtala Mohammad Specialist Hospital in 

Kano State Nigeria, with a mean age of 13.40 years and male to female ratio 25:12 were examined 

for malaria and sickle cell diseases. The blood sample of each patient from the tip of the thump 

finger pierced with lancet was collected in test tube containing sodium chloride and water in solution 

for haemoglobin genotype test and on slide for malarial parasite test, the samples collection was on 

weekly bases for a period of four weeks. The number of patients who were malaria infected was 70 

with male-female ratio of 24:11 and non-malaria infected patients were 41. While number of normal 

haemoglobin (HbAHbA) patients was 63, sickle cell allele carrier were 32 (HbAHbs) and 16 sicklers 

(HbsHbs) with male-female ratio of 5:3. The sampled patients have 29% allelic frequency of sickle 

cell allele. The relationship between malaria and sickle cell disease that maintained sickle cell allele in 

malaria community did not differ significantly among the patients (P˃0.05). 

KEYWORDS: malaria, normal haemoglobin, sickle cell allele, haemoglobin genotype test, malarial 

parasite test. 

INTRODUCTION 

About 1% of all living birth produces children who suffer from genetic disorders (Taylor et.al., 

2002). A high proportion of genetic mortality is due to such disorders. Sickle cell anaemia is one of 

the disorders. Any person may probably be a carrier of 4-8 different hereditary diseases which the 

person may not suffer but could pass on to children (Taylor et.al., 2002). Any gene can undergo 

mutation, some mutations are fatal, and some caused varying degree of harm while others are 

harmless, but all are generally referred to as genetic disease (Taylor et.al., 2002). Sickle cell disease is 

an excellent example of how a single mutation in a gene can have devastating consequences also it is 

an associate of natural selection in regulating how common a gene is in a population (Taylor et.al., 

2002). Sickle cell disease occurs because of single amino acid change repeated in two beta chains of 

haemoglobin (Raven and Johnson, 1999). These chains are of 146 amino acids long, the fault occur 

at the sixth amino acid in the chains (Taylor et.al., 2002). In this change a valine replaces the usual 

glutamic acid at a location on the surface of protein near the oxygen-binding site, unlike glutamic 



acid, valine is non-polar (hydrophobic) it presence on the surface of the mole cule creates a sticky 

patch that attempt to escape from polar environment by binding to another patch, as long as oxygen 

is bound to the haemoglobin molecule there is no problem since the oxygen atom shield the critical 

area of the surface (Raven and Johnson, 1999). When oxygen level falls such as after exercise or at 

high altitudes oxygen is not so readily bound to haemoglobin and the exposed sticky patch then bind 

to similar patches on other molecule eventually producing long, fibrous clumps resulting into a 

deformed sickle-shaped red blood cell (Raven and Johnson, 1999).  Malaria is a disease caused by 

species of plasmodium and one of the most fatal disease confronting human race in the tropics, 

subtropics and temperate region (Kashyap, 1997). It is a disease caused by microorganisms that live 

in person’s red blood cells (Alters, 1996). Why is sickle cell allele not eliminated from the population 

by selection rather than being maintained (Raven and Johnson, 1992)? Apart from the fact that 

people who are heterozygous for sickle cell allele (Sickle cell allele carriers) best fit in the population 

exposed to malaria. Also for reasons that are not understood, women who are sickle cell allele carrier 

are more fertile than those who lack it (Raven and Johnson, 1992). This study was undertaken with 

the aim of determining the association of malaria and sickle cell in the distribution of sickle cell allele 

with the view of boosting the health condition and living standard of people by making awareness 

on the two diseases and the proper measures of preventing each of the diseases.  

MATERIALS AND METHODS 

Study Area 

Haemoglobin genotype test was conducted in the blood bank section laboratory, of Pathology 

Department at Murtala Mohammad Specialist Hospital Kano. The aspect of malaria parasite test was 

carried out in Biology laboratory of Kano University of Science and Technology Wudil, using dried 

blood films on slides taken from the hospital in slide box to university laboratory. 

     Sample collection 

The tip of the thumb finger of one hundred and eleven (111) patients examined was pierced with a 

small blood lancet, five drops of blood were collected in a small test-tube containing sodium 

chloride and water in solution which was shook in order to mixed up the solution with the drops 

blood and placed in test tube rack for haemoglobin genotype test, a drop of blood was collected on 

a sterilized slide and spread filmily using a spreader for malarial parasite test. The target population 

were those attending genotype tests and the collection of samples was on weekly basis for a period 

four weeks. 

Haemoglobin genotype test 

This test was conducted using genotype machine which contained an electrophoresis tank of 40 x 

40cm square in size and a height of 5cm with a clear plastic lid, it was divided into two chambers 

(right and left) with a partition serving as a mounting stage. The chambers were partially filled with 

tris buffer solution into which a filter paper was soaked. Using a 1ml rubber pipette a blood sample 

was collected from a test tube and dropped on a stage of a tile containing fifteen (15) minute stages 

and one separate stage as a control, the pipette was rinsed with water before the collection of 

another blood sample from different test tube until all the stages had a drop. A metal teeth 



containing sixteen teeth corresponding to the stages on the tile was used to mixed drops of the 

blood samples at the same time. The pellet of the sample that followed each tooth was dropped on a 

cellulose acetate paper to made sixteen dots in straight lines, before the drop cellulose acetate paper 

was soaked in a solution of tris buffer in a container, it was brought out with forceps and blotted 

using blotting paper. The paper was mounted on the stage of the electrophoresis tank after the lid of 

the tank was took off, two plastic rods were fixed over the paper on the stage to held it in place and 

prevented it from shaking. The lid was used to covered the machine firmly which was switched on 

and left for 15 minutes. After the machine was switched off the cellulose acetate paper was brought 

out with the genotype status of fifteen patients which were examined depending on the number of 

dot appeared on a sample or the position of the dot on a sample. A dot of a sample tilted left 

indicated sickler (HbsHbs), a dot tilted right indicated normal (HbAHbA) and a dot divided into two 

indicated sickle cell carrier (HbAHbs). 

     Malarial parasite test 

The blood film on slides were placed on rack, leishman stain in 1ml rubber pipette was used to 

stained them and left for 2 minutes; using buffer water the slides were flushed and left for 8 minutes 

to dry. Each slide was wiped with a cotton wool and placed on a cleaned paper, a drop of oil 

immersion was drop on the thin part of the treated sample and mounted on microscope with x 100 

objective for observation of plasmodium which was identified in form of ring shape trophozoite 

stage of development as illustrated by (Symth, 1996).  

     Data collection 

Collection of data was on weekly basis for a period of four weeks. The sexes of every individual 

examined as well as the age were recorded. The number recorded for an individual was equivalently 

with the numbering of haemoglobin genotype test which serially tallied with that of a slide for 

malarial parasite test, the data collected were subjected to chi-square test of association using 

WINKS software. The allelic frequency of sickle cell allele was found using the formula below and 

the male-female ratio was calculated using simple mathematical division. 

    q = 2 x number of homozygous recessive + number of heterozygous  

                                               2 x total number  

                                                                                                       (Tamarin,1996) 

RESULTS 

Out of the 70 individuals observed with malaria infection only 12 were sicklers (HbsHbs), 38 have 

normal haemoglobin (HbAHbA) and 20 were sickle cell allele carriers (HbAHbs) (Table 1). With 

regards to non-malarial infected in the 41 individuals recorded only 4 were sicklers (HbsHbs), 25 of 

them has normal haemoglobin (HbAHbA) and 12 were sickle cell allele carriers (HbAHbs) (Table 

1). The prevalence of malaria infection among the individuals stood at 63.1% that of sicklers 14.4%, 

normal haemoglobin 56.8% and sickle cell allele carrier 28.8% (Table 1). Highest number of normal 

patients with malaria and no malaria was observed this was followed by sickle cell carrier patients 



with malaria and no malaria. The least number of patients were observed in sicklers whom were 

non-malaria infected (Table 1). From the male-female ratio of 25:12 with the mean age 13.40 of the 

total sampled patients observed, 54.1% were children, 12.6% were teenagers and 33.3% were adults 

(Table 2). It was observed that the male-female ratio of 5:3 were sicklers and male-female ratio of 

24:11 were malaria infected (Table 3 and Table 4). The association of malaria and sickle cell disease 

in the propagation of sickle cell allele was not significantly different at the level of the patients (P ˃ 

0.05) (x2=1.187). 

Table 1: 2 x 3 contingency table with number of patients in comparism between malaria and 

haemoglobin genotype and their percentages. 

 Malarial         Haemoglobin Genotype Test             Total   (%)                     

 parasite test    HbAHbA      HbAHbs   HbsHbs 

                      (normal)       (carrier)     (sickler)  

 

Malaria        38           20             12              70         63.1 

infected 

Non-malaria  25          12             4                41         36.9 

infected 

Total            63          32             16              111        -                  

Prevalence   56.8         28.8          14.4             -           -                                       

          (%) 

 

Table 2: Sampled patients age range and number of male and female   

 Gender       Children       Teenage        Adult               Total 

                  0-9 year       10-19 year     20 year-Above 

 

  Male             36                7                32                 75 

  Female         24                 7                 5                  36 

   Total           60                 14                37                111 

  Percentage      



        (%)        54.1              12.6               33.3               - 

 

 

Table 3: Number of male and female patients with the various haemoglobin genotypes 

Gender      HbAHbA                 HbAHbs                     HbsHbs 

 

 Male              44                      21                              10 

 Female           16                      10                               6 

 Total              60                      31                               16 

 

Table 4: Number of male and female infected with malaria and non-infected with malaria 

Gender               Malaria infected                 Non-malaria infected 

 

Male                          48                                     28 

Female                       22                                     13 

 Total                         70                                     41 

 

DISCUSSSION 

The significance of the study was to find out if a relationship exists between the distribution of a 

pathogenic disease and a genetic disease in maintaining a fatal allele in malaria striking communities. 

The result obtained indicates no relationship between the malaria disease and sickle cell disease 

among the sample of patients examined. This disagreed with Tamarin (1996) reported that in search 

for an answer to a question (what could possibly maintain the detrimental allele of sickle cell?). He 

found that the distribution of sickle cell allele coincide well with the distribution of malaria. Malaria a 

disease easily spread by a vector insect known as Anopheles female mosquito that reproduce easily 

due to the conducive atmosphere of these regions could not be compared in terms of distribution 

with a heritable disease that was only transferred from two parents (male and female) to offspring. 

The sicklers and sickle cell carrier patients were also observed with malaria infection. In line with 

this Ibidapo and Akinyanju (2000) reported that out of the 102 adolelescents and adults with sickle 

cell anaemia presented to the emergency unit of a Lagos hospital sixty-three per cent had infection 

which was malaria in 24.5% etc. Malaria infect all patients at a rate higher than that of the sickle cell 



allele as such the sicklers and the sickle cell carrriers suffer from malaria fever. The allelic frequency 

of the sickle cell allele among the patients was found to be 29%, this allelic frequency could be rated 

moderate when compared with the findings of Taylor et.al., (2002) reported that the frequency of the 

allele of sickle cell may reach 40% in some part of Africa. The population of patients with sickle cell 

disease in the period of four weeks was 14.4% this is low when compared  with the work of  Mader 

(1998) reported that as a many as 60% of populations in malaria infected region of Africa have the 

sickle cell allele. Lack of awareness on the disease could lead to the maintenances and the 

distribution of the allele in these regions. The male-female ratio 5:3 of sickle cell anaemia patients 

examined in the study was in disparity with Ibidapo and Akinyanju (2002) reported that the male-

female relation of sickler patient of a Lagos hospital was 1:5. However, a number of biological, 

social, political and cultural backgrounds may affect the male-female ratio in different areas. 

CONCLUSION 

In conclusion there is no selection for sickle cell allele (no any of the three genotypes fit) in 

malaria striking area since all are at risk of malaria, there are high records of death toil with 

regard to malaria only few were mentioned in case of sickle cell disease,  The prevalence of sickle 

disease could be reduce by enlighten campaign and researches to come up with anti-sickling 

drugs but malaria is serious pathogenic disease in which much has to be done by the general 

public in reducing its spread. 

RECOMMEDATIONS 

For the fight against the two diseases to reduce their prevalence it is recommended that individuals 

should modify their environment by improving land drainage as well as improving housing of man 

and animals. Government should also revise the services of public health inspectors so that they 

impose individuals on modifying their environment in fight against the spread of malaria by 

anopheles mosquitoes. There is a need for government to use media to broadcast the importance of 

haemoglobin genotype test for each and every individual and make it free. The media should alert 

the public about the competent genotype to engage in marriage. 
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HISTORICAL FOUNDATIONS OF SCIENCE                                                         

AND TECHNOLOGY IN EGYPT 
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Abstract 

This paper represents a brief description of the historical foundations of science and technology in Egypt. 
Since the ancient Egyptians were masters in metallurgy and were known throughout the ancient 
world as expert goldsmiths up to the twenty first century.  
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Introduction 

For millennia, Egypt has made significant contributions to the progress of mankind and to the 

advancement of society. As a cradle of civilization and a beacon of knowledge, Egypt was a leader in 

scientific discoveries and innovations that defined the foundations of many fields including 

astronomy, chemistry, medicine, and of course engineering whose supremacy can still be seen today 

in the majestic architecture of the Pyramids and Karnak. The ancient Egyptians were enterprising 

people: they left many impressive monuments such as pyramids and temples; they were among the 

first nations to develop metallurgy, out of a need for tools; they were the first to extract copper from 

its ores and to extract gold by melting; they were experts in jewelry and gold working as is seen from 

the world-famous death mask of Tutankhamun.1  

Ancient Egyptian Urban Planning and Infrastructure 

One indication of the Egyptians' advanced 
civilization is doubtless their knowledge of 
architecture and engineering (Figure 1). 
 

 

Figure 1 

Advanced Metallurgy in Ancient Egypt 



Figure 2 represents advanced Metallurgy in 
Ancient Egypt where (1, 2) represent finely 
worked pectorals of the king, crafted of gold, 
silver and semi-precious stones; (3) represents a 
pair of finely crafted sandals and (4) represents a 
small, long-spouted pitcher made of hard gold 
still maintains its strength and brightness.  
 

 

Figure 2 

Ancient Egyptians' Achievements in Textiles 

Figure 3 represents examples of linen, dating 
back to Ancient Egypt.  
 
 

 

Figure 3 

Ancient Egyptian in medicine 

Figure 4 represents the body of the Egyptian 
Pharaoh Tutankhamen was preserved inside two 
coffins, one inside the other.3 

 

 

Figure 4 

Figure 5 represents the Egyptians' 
mummification techniques demonstrate that they 
possessed advanced medical knowledge. 
 

 

Figure 5 

An Advanced Level of Mathematics 



Indeed, Egypt is a living testimony to the nexus 
between the power of knowledge and the 
progress of society.4 
Figure 6 represents the Rhind Papyrus 
 

 

Figure 6 

Ancient Egyptian mining 

In Egypt generally an adjunct of gold, silver was in the 
very early days of metal working rarer and dearer than 
the gold itself. The copper used in Egypt was seemingly 
mined in the eastern desert or Sinai as shown in Figures 
7, 8.5,6 
In addition to copper, which was mined in the eastern 
desert between the Nile and the Red Sea, iron was 
known in Egypt from a very early period and came into 
general use about 800 B.C. Also, the introduction of 
bronze (Figure 9) was a huge improvement in tool and 
weapon manufacture. Bronze is an alloy of copper and 
of about 4% tin. It is harder than pure copper  
 

 

Figure 7         Figure 8         Figure 9 

Egyptian Alchemy 

Chemistry as a field has its root in the name of the ancient land and the art of the discipline was in 
full use there for the making of glass, bronze and metal chemistry. Even the synthesis of new 
compounds was apparently known at the time. Today we consider chemistry to be a science, but its 
roots, back in Ancient Egypt, lie in art and the creation of synthetic pigments. 

Color Technology in Ancient Egypt  

Our knowledge of Ancient Egyptian color 
technology comes from a handful of ancient 
papyri.7 The most important, held in the 
Leiden collection and known as Papyrus X, 
contains the recipes for making pigments. 
Another held by the Stockholm collection 
contains recipes for dyeing and making 
artificial gemstones. There were three basic 
groups of synthetic pigment used in Ancient 
Egypt: powdered glass, corrosion products, or 
those altered through the application of heat. 
Figure 10 represents modern Alternatives for 
Ancient Egypt Colors. 

They were experienced in chemical 
technologies, such as making wine, beer, 

 

Figure 10   



honey, pottery, and glass Figure 11. The 
paintings left behind in their tombs attest to an 
intricate knowledge of inorganic colored salts 
used as paint pigments. They were known in 
the ancient world as expert dyers and were 
ahead of most nations in the production of 
cosmetics, perfumes, and pharmaceuticals.8-12 

 

 

Figure 11              

Cosmetics in Ancient Egypt  

A recent report by a team of French 
scientists, the eye cosmetics used at the time 
of Nefertiti contained a man-made lead 
compound that helped treat or prevent eye 
disease (figure 12).13 

In Alexandria some two thousand years ago, 
the library and museum constituted a center 
of gravity for scholars including Euclid, 
Archimedes, Hipparchus, and Hepatia. The 
Library of Alexandria was a center of 
knowledge that gathered scholars from all 
over the world (Figure 13).  

 

                        Figure 13    

Islamic civilization 

Nearly a thousand years ago, the Islamic civilization spread, along with its scientific achievements, to 
Europe and Asia and there is no doubt that this contact paved the way to the European 
Renaissance. Science blossomed and Renaissance men emerged. The Muslim scientist Ibn al-
Haytham, known to the West as Alhazen, who lived ca. 965-1040 CE in Iraq and Egypt, made major 
contributions to the science of imaging and vision.14 

Ibn al-Haytham concepts were later used by 
Descartes, Newton, and Leonardo Da Vinci and his 
experiments with light in what is called “the dark 
room,” or hogra al-mozlema, later known as camera 
obscura, formed the basis of modern photography 
(Figure 14). The making of useful knowledge by 
Ibn al-Haytham, Ibn Rushd (the polymath 
philosopher known in the West as Averroes), Ibn 
Sina (the foremost physician of his time, known as 
Avicenna), and al-Khawarizmi (whose Latinized 
name, Algoritmi, inspired the terms algorism and 
algorithm) forged centers of enlightenment in 
Baghdad, Cairo, and Cordoba. A millennium ago, 
Al-Azhar was established as a knowledge institution 
(Figure 15), ahead of universities in Europe. Al-

 

Figure 14 



Hazen’s work formed the basis of modern 
photography. 

  

  
 

 

Figure 15 

Only two centuries ago under the visionary 
leadership of Mohammed Ali, Modern Egypt 
underwent a renaissance in education, culture, and 
industry (Figure 16). 
 

 

Figure 16 

Egypt again became a regional industrial and 
military superpower, and reforms in education led 
by Rifa’a al-Tahtawi (1801 - 1873) and his followers 
were crucial elements that brought about the 
renaissance (Figure 17). 
 

 

Figure 17 

In the years to follow, Cairo shone as the center for 
studies and cultural activities in literature, arts, 
science, and media. Egyptian universities graduated 
leaders in all fields and their works influenced Arab 
society at large. We still live with the echoes of their 
contributions, from the writings of Taha Hussein, 
Naguib Mahfouz, and Ali Moustafa Mosharafa, to 
the songs and films of Umm Kulthum, Abdel 
Wahab, and Faten Hamama (Figure 18). 

 

 

Figure 18 

In the twentieth century Egypt established democratic governance and built powerful institutions in 
various sectors, including Cairo University, Al-Ahly and Misr Banks, Al-Ahram newspaper, and 



industries such as textiles and motion pictures. With this advanced status, Egypt attracted and 
educated future generations of Arabs. In the present, the contributions of Egypt and the Arab world 
to science and technology, and to knowledge-based economic productivity, are modest if not minor 
on the global level. This has led to the export of skills in what is known as the phenomenon of brain 
drain; i.e., the migration of many able scientists to Western countries and the import of technology 
from Western and other advanced nations. Both the brain drain and the lack of a solid scientific 
base in Egypt and other Arab countries have limited their participation in the global market. The 
Arab world is rich in human and financial resources and there should be no major obstacles 
preventing the building of a world-class scientific base. This knowledge base is vital for the future of 
the Arab people, not only for economic prosperity but also for their enlightenment and influence in 
world affairs. Now, the choice is ours: either to become three hundred and fifty million people of 
the cave, ahl al-kahf, or three hundred and fifty million people of the cosmos, ahl al-kawn.  

Egypt - Science and Technology 

Founded in 1971, the Academy of Scientific Research and Technology in Cairo is the national body 
responsible for science and technology. Egypt also has 12 specialized learned societies in the fields 
of agriculture, medicine, science, and technology. The National Research Center, also in Cairo, 
carries out research in pure and applied sciences. Located in Cairo are museums devoted to 
agriculture, geology, railways, and marine technology. In addition to polytechnic institutes in Cairo 
and Mansoura, Egypt in 1996 had 13 universities offering courses in basic and applied sciences.  

Science, Technology and Innovation (STI) System in Egypt 

Egypt is aiming to achieve a high standard of scientific achievement; this ambitious aim is built on a 

well founded research structure and a vast manpower resource of critical mass.15 The recent 

legislations and policies which were in conformity with the development of Egyptian civilization in 

the modern era had an effective impact on science, technology and innovation (STI). The major 

legislation in this decade included the following: 

1. In 2002, the Law No. 82 for the protection of intellectual property rights was issued to support the 
creative values and to encourage the technological innovation, according to the international developed 
standards, including the protection of new forms of intellectual property rights. 

2. In 2005, the Law No. 2 was issued to double the monetary value of the state prizes. 
3. In 2007, President Mohamed Hosni Mubarak issued a presidential decree No. 218 to establish science 

and technology development fund (STDF) to support the scientific research and technological 
development prioritized by the Higher Council for Science and technology (HCST). 

4. In 2008, President Hosni Mubarak issued a presidential decree forming the HCST. The council's board 
includes minster of higher education and state for scientific research and a galaxy of Nobel laureates, 
prominent Egyptian scientists in Egypt and Egyptian in Diaspora. The Council is chaired by the Prime 
Minister to promote and enhance science and technology development. 

5. In 2008, President Hosni Mubarak issued Law No. 117 to double (for the second time) the monetary 
value of the state prizes. In 2008, the program for research and development and innovation was 
established to promote economic growth and international competitiveness of Egypt by improving the 
performance of research and development and innovation. 

Several initiatives have been taken as an attempt to strengthen the R&D system in Egypt and to lay 

the ground for developing an innovation system; this includes the creation of science parks, 

incubators and technology valleys. 

In conformity with the main aim of the research policy to reform S&T activities in Egypt, President 

Mubarak announced the period 2007‐2016 as a “Decade for Science &Technology”, the purpose of 



this decade is to clearly extend the Egyptian government commitment to S&T, enhance scientific 

cooperation with scientifically advanced countries and strengthen Egypt’s scientific and 

technological base. 

The Egyptian Decade of S&T (2007‐2016) was announced in 2007. STI activities were directed to 

specific priority sectors and technological areas, which are important for the competitiveness of the 

economy and for specific national policies. The identified priority areas by HCST are; renewable 

energy, water resources, health, food and agriculture, space technology, ICT and Socio‐economic 

sciences and humanities. 

Chart 1 shows the current structure of STI system in Egypt after restructuring. The STI system 

consists of HCST, MOSR, ASRT and STDF. 

 

Chart 1 

Academy of Scientific Research & Technology (ASRT) 

House of Expertise 



The Academy of Scientific Research & Technology 
(ASRT) Figure 19, was established in September 1972 
by the Presidential Decree No 2405 as the national 
authority responsible for science & technology in 

Egypt. ASRT is a non‐profit organization affiliated to 
the ministry of scientific research. In 1998 the 
Presidential Decree No 377 was issued to define its 
mission, function and activities. ASRT is the Egyptian 
house of expertise. It brings together outstanding 
Egyptian scientists and experts from universities, 
research institutions, private sector, NGOs, 
policymakers and prominent Egyptian scientists in 
Diaspora, to deliberate country problems, propose and 
carry out scientific studies and future strategic basic 
plans to tackle these problems.  

 

Figure 19 

ASRT is adopting a comprehensive plan for developing Egyptian S&T to support relevant national 

ministries and research institutions to create an integrated system of scientific research together to 

increase the number of trained scientists in Egypt, and give science a leading role in the country's 

development and knowledge based economy. ASRT also promotes and encourages female and 

youth participation in S&T, in scientific leadership. The vision of ASRT is to be effective and 

reliable national think tank for the service of Science, Technology and innovation (STI) in Egypt, as 

the main pillar of knowledge‐based economy. The mission of ASRT is to create an enabling and 

stimulating environment, to maximize the outcomes of STI, through promotion, coordination, 

assessment, encouragement and appreciation of excellence in STI. 

ASRT is responsible for performing the following functions: 

1. Conducting future studies and strategic plans to tackle country problems 

2. Strengthening cooperation with international counterparts (Academies, STI institutions, IAP,..etc) 

3. Raising the awareness and promotion of scientific culture & thinking 

4. Assessing S&T (ST indicators) 

5. Supporting and appreciating excellence in STI. 

6. Establishing and taking care of virtual multi institutional centers of excellence and research 

consortia in advanced and interdisciplinary basic and applied research. 

7. Bridging the gap between scientists and private sector. 

8. Encourage the complete cycle of innovation. 

9. Enhancing the participation of youth and women in STI system. 

i. Egyptian Young Academy of Science (EYAS). 

ii. Egyptian Woman Academy of Science (EWAS). 

Pillars of ASRT 

ASRT implements its duties through fifteen specialized scientific councils, five regional development 

centers, virtual research consortia and networks, TV channel, monthly scientific magazine for public, 



national committees, scientific societies, patent office, and regional office for ethics and national 

network for information (ENSTINET). 

Specialized Scientific Councils (SSCs) 

SSCs are the main implementing arm of ASRT, as house of expertise and think tank. In 2009, the 

structure of the SSCs were developed in order to support the role of the Academy as a house of 

expertise that provides trustworthy scientific advices, future studies and strategic plans on important 

public issues to the policy makers and the community with the aim of serving the Egyptian 

community through fifteen specialized councils in the basic and applied research, engineering, 

health, food and agriculture, environment, energy, industry, space, ITC, water, economy, humanities, 

ethics, culture and strategic planning. 

The SSCs are responsible for performing the following functions: 

1. Identifying and promoting the best practices in S&T to provide all possible assistance to the 
development of S&T in Egypt. 

2. Enhancing the integration of scientific research & technology planning with the overall national 
development plans. 

3. Drawing the policies that ensure the closest links between the R&D community and the national 
development priorities according to the field of specialization of each research council. 

4. Planning technological development programs that fit the national economic and social objectives and 

the marketing of technical know‐how. R&D management. 

5. Conducting studies in the fields of Modern and Future Sciences and Basic Academic Research which 
can be translated to final products and services, focusing on thematic areas of national development 
priorities. 

6. Evaluating the status of S&T in the different fields of researches. 

The roots of the Intellectual Property in Egypt go to 1951 by the law 132/1949. The New Law 

82/2002 protects the utility Models, Layout‐Designs for Integrated Circuits and Undisclosed 

Information. EGPO is the sole national office responsible for registering and issuing patents. 

EGPO is accredited by WIPO as regional searching authority and plays key role in technology 

transfer, IPR protection and creation of enabling environment for STI‐based business and 

investment. The EGPO represents Egypt in: 

1. WIPO since 1975. 
2. Paris convention since 1951. 
3. Strasbourg agreement since October 1975. 
4. TRIPS agreement since 1995. 
5. PCT Treaty since June 2003. 

In September 2009, during the international meetings of the General Assembly of the World 

Intellectual Property Organization (WIPO), the Egyptian Patent Office was accredited as an 

International Searching Authority and International Preliminary Examining Authority (ISA/IPEA) 

under the Patent Cooperation Treaty (PCT), and it is currently authorized to accept patents 

applications from all over the world. 

The EGPO is responsible for performing the following functions: 



1. Developing property legislations, utility models, lay‐out designs of integrated circuits, restricted 
information, relations, commercial data, geographical indications, industrial graphics and designs, and 
copyright.  

2. Providing the Egyptian users with the necessary patents information relevant to various development 
activities. 

3. Registering patent application for the local & foreign inventions. 

4. Granting and issuing patents to protect the rights of the Egyptian & foreigner inventors. 

5. Collecting the foreign patent applications and classifying it to be easily accessible to examiners and users. 

6. Transferring the technological information from the patents all Over the world and provide it to the 
specialists in order to develop their works and develop the local industries. 

7. Supporting the participation of inventors in exhibitions and honors. 

8. Monthly Publish the official patent gazette which includes filed, accepted application, granted patents 
done applications and patents. 

Innovation @ invention Development Sector (IIDS) 

IIDS is a member of the International Federation of 
Inventors Associations (IFIA) Figure 20. It promotes 

the transfer of technical know‐how and granted 
patent, invention and innovation through marketing 
of valuable invention. IIDS is aiming at pushing 
forward process of developing national technology 
through linking the scientific sector with the R&D 
units in production and services sectors. IIDS 
highlights the advantages of valid innovations and 
inventions, it contacts the industrial institutions and 
others to assess their needs of scientific and 
technological research, which would yield practical 
results that, could be successfully implemented and 
marketed. It makes and develops the prototypes of 

selected patents and carries out semi‐industrial 
experiment. It cooperates with the patent office that 
provides it with granted patents to be marketed to 
reach the final end user. IIDS participates in various 
exhibitions to expose the developed inventions. 

 

Figure 20 

 

The structure of research and innovation activities in Egypt is presently undergoing significant 

changes as shown in Chart 2. 



 

Chart 2 

The areas Targeted by Technology Development & service sector for SMEs are: 

1. Developing and updating a general policy framework for SMEs development in Egypt. 

2. Developing operational definitions for SMEs. 

3. Enhancing the access of SMEs to financial services. 

4. Procurement 

5. Regulatory reform to reduce the cost of compliance with regulations. 

6. Promotion for SMEs 

The Science and Technology Center (STC) 

STC gives Egyptian researchers the opportunity to collaborate with foreign colleagues, widen 

research perspectives and experience, to exchange ideas, to be recognized in the international arena, 

to gain information and knowledge of techniques that will stimulate and advance Egyptian research, 

and to be involved in large international projects. 

STC manages technical and financial affairs of the following programs: 

1. National Strategy for Genetic Engineering and Biotechnology 

The program started in 1996; to meet the strong and urgent need for a solid body to fund and 

support the use of biotechnology in developing national resources; and maximizing economic, social 

and environmental benefits. The aim of the program is to create continuous national innovative 

capacities capable of developing added values, which maintain competitiveness in local and global 

markets for increasing number of products and services depending on modern biotechnologies. 

• Number of funded projects is 106 with a total fund of 18,718,452 EGP. 

• Number of Phase II projects 14 with a total fund of 4, 590, 000 EGP. 



In addition to 3 Pilots at: The National Research Center – Mubarak City for Scientific Research ‐ 

Technological Applications ‐Mansoura University with a total fund of 20.4 million EGP. 

• Total number of projects 109. 

• Number of researchers 727. 

• Number of patents 4. 

• Number of thesis 22. 

• Number of publications 95. 

2. Egypt – France Joint Fund (IMHOTEB) 

The aim of the program is to enhance the cooperation between Egyptian and French researchers 

affiliated to the governmental research institutes in both countries. 

3. Egypt – Greece Joint Fund 

4. US‐Egypt Joint Fund 

The US‐Egypt S&T (S&T) Joint Fund was established under an Agreement between the 

Government of the United States of America and the Government of the Arab Republic of Egypt 

on S&T Cooperation to strengthen scientific and technological capabilities between Egypt and the 

United States. 

5. MENA‐Sweden Research Link Program 

The aim of the program is to foster research ties between researchers in Sweden, on the one hand, 

and researchers in Asia, the Middle East and North Africa region (MENA) and South Africa on the 

other. The key condition for the Swedish Research Links Program is that researchers from the 

countries involved must submit joint applications on projects of mutual interest. 

6. Focal Point of the International Center of Genetic Engineering and Biotechnology 

The Academy of Scientific Research and Technology is the focal point of the cooperation with the 

International Center for Genetic Engineering and Biotechnology ICGEB. 

7. Transfer of Technical know‐how 

Started in 1996 after the end of the agreement between The Academy of Scientific Research and 

Technology and the American Agency for International Development “USAID”. Main Task: 

Marketing and transferring the technical know‐how resulted from the projects contracted and 

executed under the previous agreement in the following sectors: 

7.1. Water Purification Sector 



The transfer of know‐how for developing and implementing 132 plants for drinking water 

purification  

7.2. Drainage Sector 

The transfer of know‐how for implementing 8 projects. 

7.3. Industry Sector 

The transfer of know‐how for the production of spray paint roads. 

Scientific & Cultural Relations Sector (SCR) 

The (SCR) sets up the policies and plans to strengthen the relationship between the Egyptian 

Science & Technology community and institutions and the counterpart international organizations 

to disseminate the culture of S&T to encourage the innovation and the inventions in collaboration 

with the civil society and the relevant authorities of scientific research and culture. ASRT aims to 

develop a spirit of creativity and scientific thinking encouraging community awareness to develop 

the passion for S&T in the Egyptian children and youth through scientific competitions and the 

establishment of science clubs models and science museums and traveling exhibitions to promote 

scientific culture. 

SCR is responsible for performing the following functions: 

1. Supporting the activities of scientific unions and societies in order to play an effective role in promoting 
scientific research and technology. 

2. Preparing and follow‐up the implementation of S&T cooperation agreements on the global, regional, 

multi‐lateral or bilateral levels. It is also responsible for fostering the activities of the local NGO's in the 
fields of S&T. 

3. Developing programs to spread knowledge for various categories in the society through Al‐Manara 
channel.  

4. Issuing a series of simplified scientific books, El‐Elm magazine (Science magazine) that simplifies 
scientific facts and demonstrates how S&T provide better services and develop the socio economic 
welfare of the society; also, SCR organizes scientific seminars and lectures on scientific topics related to 
life of individuals. 

Regional Development Centers (RDCs) 

RDCs are focal points (satellites) for The ASRT in the different regions of the country, in order to 

spread the activities of ASRT countrywide. RDCs support the ASRT to carry out its role in the 

dissemination of scientific culture and to stimulate innovation, invention and community 

development, in collaboration with civil society and local authorities. 

RDCs are equipped with various facilities: 

1. Conference and meeting rooms as well as training rooms. 

2. Laboratories. 

3. Science Museums. 



4. Libraries. 

5. Exhibitions for development through research projects in various regional fields. 

6. RDCs support the implementation of the main duties of ASRT to bridge the gap between 

scientists and stakeholders. 

7. Conducting applied and basic research to generate a continuous flow of technologies that help 

increase productivity. 

8. Transferring of new technologies to the community. 

9. Developing Human capital as a continual process. 

10. Upgrading technology transfer channels. 

11. Applying the findings of S&T developed abroad. 

12. Studying the establishment of incubators models pertaining to the real needs and economical 

and social situations. 

The 5 regional centers are: 

1. The Delta Regional Research Center, Tanta 

2. The New Valley Regional Development Center, AI‐Kharga City 

3. The Suez Canal Regional Development Center, Ismailia 

4. The Zagazig Regional Development Center, Sharqia 

5. The South Upper Egypt Regional Development Center, Sohag 

The Egyptian National Scientific &Technical Information Network (ENSTINET) 

ENSTINET provides IT and marketing services to raise information awareness and manpower 

development. Its objectives are to assist Egyptian problem solvers and decision makers to access and 

apply quality data and relevant, current information to development. The vision of ENSTINET is to 

become the national information service facility equipped with the latest information Technology, 

run by the best staff members who render the most efficient services to the scientific community. 

The mission of ENSTINET is to bring knowledge to bear on human problem solving for the 

socio‐economic development of Egypt. ENSTINET provides various services: 

1. Video conferences Facilities. 

2. Databases. 

Prizes and Fellowships 

One of the main and unique roles of the ASRT is to encourage and appreciate excellence in STI. 
The ASRT annually awards State Prizes that were established by Prize Legalization PL 37/1958 
(recently amended by PL 24/1998) which are the following: 

1. El Nile Prizes. 

2. State – Merit Prizes. 



3. State – Excellence Prizes. 

4. State – Encouragement.  

International Cooperation in Science &Technology 

Cooperation in S&T can take various forms, including joint science projects, sharing of information, 

conferences, building and sharing joint laboratories, setting common standards for R&D, and 

exchange of expertise. 

International cooperation advantages include: 

1. Access to new knowledge, foreign skills and training opportunities that may not be available at 

the national level. 

2. Exchange of scientific publications and periodicals. 

3. Avoiding the costs of duplication of research. 

4. Enrichment of political and social relations between countries. 

5. Opportunities to establish multidisciplinary research activities and teams. 

6. Favorable basis for international funding. 

The Decade for Science and Technology 

In 2006, President Hosni Mubarak, declared (2007‐2016) the Egyptian Decade of S&T aiming at 

enhancing S&T in Egypt and establishing a “Knowledge‐based Economy” in Egypt. The decade is 

shaped into a successive years of S&T cooperation with various countries/regions around the world. 

2007 was the year of S&T with Germany, followed by Japan in 2008, Italy in 2009 and France in 

2010. 

ASRT and Youth 

Education reform is the gate to the S&T integration of the academic, university and industrial 

science of Egypt to promote the all‐round development and efficient interaction between science, 

education and culture, and to pursue a unified scientific and technical policy in the country. ASRT is 

encouraging young generation to contribute in the field of science, its mission is: 

1. To help graduating students gain access to training, funding, information, equipment, and supplies that 
may better meet the needs of their research projects at Egyptian national universities 

2. To encourage young scientists by creating opportunities for Egyptian researchers to develop their 
professional skills through workshops and training programs, as well as offering funds for research 
projects. 

3. To develop human resources through scientific interaction and reduce the international brain drain by 
providing the necessary requirements to stay in Egypt. 

4. To establish an annual science competition for young people. 

5. To support the young researchers by supporting their contribution in the international conferences and 
workshops inside Egypt and abroad. 

Universities in Egypt 



Universities are social institutions that impart knowledge, train researchers, scientists and specialists, 

inculcate self-esteem, forge a solid national identity, and teach people about their rights. Sorrowfully, 

several decades of tyranny in Egypt have left the Egyptian universities in ruin. The decline of 

education in Egypt has been part of the decline of almost all aspects of life. The poor quality of 

university and pre-university education systems has posed major hurdles to the social, economic and 

political development of the country.16  

Zewail Foundation for Science and Technology 

The concept of Zewail City of Science and Technology 
organized in 1999. Dr. Ahmed Zewail presented the idea 
and the road map for the Project to then-President Hosni 
Mubarak on the occasion of Egypt’s celebrations of 
Zewail’s Nobil Prize in Chemistry  Shortly after this 
meeting, 300 acres were assigned to what was then called 
the Zewail Fundation for Science and Technology. The 
cornerstone was laid on 1 January 2000 in the presence o 
then-prime Minister (P) Atef Ebeid in 6th of October City 
just outside Cairo. Ebeid appropriated a building to the 
Project in Cairo’s Garden City for the board and 
administration offices.17  

Figure 20 

Zewail Foundation for Science and Technology will catalyze the transition for acquiring modern 

sciences of today and tomorrow. The 20th Century witnessed revolutions in science and technology 

that transformed the world. These discoveries and innovations came about as a result of a strong 

foundation in basic research, the science base, and with scientists working in an atmosphere 

conductive to attracting creative and independent minds. Examples are numerous: the laser and 

transistor were the fruits of curiosity-driven basic research, and now they constitute a trillion-dollar-

plus world market. The Technology Pyramid is a technology park that will constitute the area of 

confluence between R&D and the market. The Pyramid has two primary functions. It will provide 

gifted graduates and technology entrepreneurs the opportunity to incubate and develop new 

technologies and industries. Zewail City of Science and Technology will provide some financial 

assistance and appropriate space on a contractual basis to enhance the level of entrepreneurship and 

aid in the establishment of new industries. 

What is going on now in the 21st Century has redefined the meaning of time and distance 

(Information technology). We can communicate with other planets in minutes, manipulate matter at 

the nanometer and femtosecond scales. From the infinitely small world (Nano science and 

nanotechnology), to the extremely large (cosmology), and to the world of complexity (life science), 

there is no doubt that new innovations will emerge, and knowledge-based societies will have the 

lion’s share of productivity and progress. 
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Abstract 

In this paper, we analyze for stability the problem of planar vibrational motion of a satellite 

about its centre of mass. The satellite is dynamically symmetric whose center of mass is moving 

in a circular orbit. The in-plane motion is a simple pendulum-like motion in which the axis of 

symmetry of the satellite remains in the orbital plane. It is expressed in terms of elliptic functions 

of time. Using Routh’s equations we study the orbital stability of planar vibrations of the 

satellite, in the sense that the stable in-plane motions remain under perturbation very near to the 

orbital plane. The linearized equation for the out-of-plane motion takes the form of a Hill’s 

equation. Detailed analysis of stability using Floquet theory is performed analytically and 

numerically. Zones of stability and instability are illustrated graphically in the plane of the two 

parameters of the problem: the ratio of moments of inertia and the amplitude of the unperturbed 

motion. 

 

 

1. Introduction 

 

Suppose that the satellite is a dynamically symmetric rigid body and its center of mass 

moves in a circular orbit. A possible solution of the equations of motion represents what is called 

in-plane motion. That is a pendulum-like motion in which the axis of symmetry of the satellite 

remains all the time in the orbital plane (see e.g. [1]). The aim of this paper is to study the 

stability of the planar periodic motion, in particular, the stability of vibration motion. Markeev 

[2] was the first to study the problem in the above formulation. He studied the orbital stability of 

the planar periodic motion for dynamically symmetric satellite whose polar axis of the ellipsoid 

of inertia is shorter than the equatorial ones. But, digrams of stability contained some 

imperfections because of low accuracy of numerical calculations. Akulenko, Nesterov and 

Shmatkov [3] pointed out these imperfections. Markeev and Bardin [4] studied the problem of 

stability of the planer periodic motions in the nonlinear setting using the normal forms of 

Birkhoff. Such analysis can be performed only numerically. 

In this paper, we study the stability of plane vibrational motions of a satellite in a circular 

orbit. The problem is reduced to a form of Hill’s equation, i.e. a single second-order linear 

differential equation with a periodic coefficient. It turned out that this equation is a 

generalization of Lame’s equation of the first rank. To deal with this equation we combine 

Floquet theory [6] with the method devised by Ince for Lame’s equation, which consists in 

finding primitive periodic solutions in the form of Fourier series expansions. Point sets in the 

space of parameters, corresponding to those solutions separate zones of stability and instability. 

We obtain a detailed picture of those zones, analytically and in a purely numerical treatment. 

Both analyses are in complete agreement.  

2. Mathematical Formulation 



2.1 Description of motion  

Denote by  the center of the Earth and by  the current position of the center of mass of the 

satellite describing a circular orbit of radius R with centre at , see fig.1. Let  be an 

inertial frame of reference,  be the orbital system with  axis along ,  along 

the tangent to the orbit in the direction of motion of the satellite and  in the direction 

orthogonal to the orbital plane and let  be the system of central principal axes of the 

satellite with moments of inertia A,B and C, respectively. Let also  be the three unit 

vectors in the directions of  and  the angular velocity vector of the satellite relative 

to the orbital system, all components being referred to the body system . To describe the 

orientation of the satellite relative to the orbital frame we shall use Euler’s angles the angle of 

precession around the axis, the angle between the axis of the body and the orbital plane 

(so that the nutation angle between  and axis is ) and  the angle of proper rotation of 

the satellite around its axis. 

 
Fig.1 

 

In those variables we can write   
  

  

  

)  

 

In what follows we study the rotational motion of the satellite about its centre of mass. It is 

supposed that the rotational motion is independent of the orbital motion of the satellite with 

uniform angular speed  (say), given by the expression  where µ is Gauss’ constant of 

the Earth [1]. The Lagrangian of the rotational motion can be written as  

          (1) 

        (2) 

where  the absolute angular velocity of the satellite and V its potential function in the 

gravitational field of Earth. A normally acceptable approximate form (see e.g. Beletskii [1]) is: 

       (3) 

Substituting (2) and (3) in (1) we get  



  (4) 

The equation of motion of the satellite relative to the orbital frame, corresponding to the 
Lagrangian can be written in the Euler-Poisson form [5]: 

 

              (5) 

 where . This system admits Jacobi's integral 

    (6) 

It was noted in [5] that this system of equations (6) of motion of the satellite on a circular orbit is 

form-equivalent to the equations of motion of an electrically charged rigid body about a fixed 

point of it, while acted upon by gravitational, electric and magnetic fields. The system (5) admits 

a simple solution, which represents motion of the satellite with two of its principal axes always 

in the orbital plane and the third orthogonal to it. Let the last axis be the axis. It is not hard to 

see that this solution is 

 

 

When  the satellite takes the relative equilibrium position with one of its 

axes directed to the Earth’s centre and another directed along the tangent to the 

orbit. In general we have two types of motion: vibration and rotation. Each is 

centered about one of the equilibrium positions. This occurs according to the ratio 

 of moment of inertia of the satellite, restricted by the triangle inequality to 

the interval [0, 2]. The subinterval 

i)  corresponds to the case   

ii)  to the case  . 

For the first case the satellite is moving around the tangent of the orbital plane and 

the second cases the satellite is moving around . 

2.2 Equation of motion 
We may express the Lagrangian of the problem in the form: 

 
                    (7) 

Case i (  ): 

Under the condition i the Lagrangian is (  ) 

 



 

Fig.2  

 

          (8) 

Now, we note that  is a cyclic coordinate where : 

 
                    (9) 

Next, we ignore  and construct the Routhian: 

 
               (10) 

The satellite can perform the in-plane motions only if the real constant 1C  =0. 

According to this condition the Routhian takes the form: 

 
                           (11)                                                  

The equations of motion of the satellite in this case become 

 

  (12) 

                             

(13) 

Defining the non-dimensional time  and denoting derivatives with respect to 

  by the non-dimensional equations of motion become: 

      (14) 

 

                                  (15)                                                                             
Case ii (  ): 

In this case the equatorial axis remains approximately orthogonal to the plane of 

the orbit and the polar axis performs small angular oscillations about this plane so 

we shall use Euler’s angle the angle of precession around the axis 



 
Fig.3 

Now, the Lagrangian function takes the form: 

 

     
(16) 

                     (17) 

and we get the Routhian 

 

       (18) 

Then the equations of motion are: 
 

  (19)  

 
      (20) 

And in terms of the non-dimensional time  

0 (21)                                                     

 
        (22) 

The equations (14), (15) , (21) and (22) describe the motion of the satellite relative 

to the orbital frame. 

3. Solution for in-plane motion 



Assume that , by backing to equation (14) the in-plane motion  is 

described by  

                    (23)      

Integrating this equation we obtain 
                      (24) 

Where h is a measure of the energy of the in-plane motion. We will show that the 

motion is classified as follow: 

  

Fig.4 
 

From equation (24) under the condition ( )10   

     (25) 

and on separation of variables 

 

 

If  we define 

  (26) 

 

 
  (27) 

For second case when we study the in-plane motion  and  then 

 
(28) 

 

 
                (29) 

 

 



 

 
             (30) 

 
   (31) 

 

4. Studying of Vibration motion 
4.1 Stability of in-plane motion. 
 

The linear stability equation w. r. to  is 
  (32) 

   (33)  

Let  and . Using (26) and (32) we get 

             (34)                

 In trigonometric form with    

 
                                       (35) 

This equation can be transformed to hill's equation as follow: 

Let  

            (36) 

 

When    and  then use equations (30) and (33) to get  

(37)

 We will use the same previous method to get the trigonometric form 

 

 
                         (38) 

Transform it to Hill's equation  

                (39) 

The equations (36 & 39) are periodic with periods  and  and depend on two 
parameters . In the following subsection we deduce the equations of the 



boundaries between zones of stability and instability in the plane of those 

parameters. 

 

4.2 The stability of vibration motion analytically and numerically 

 

Using Floquet's theorem we will study the stability of equation (35) both 

analytically and numerically. For simplicity we write the equation in the form 

      (40) 

 

 

and equation (38) in the form  

 
     

(41)  

 

 

and the non-trivial periodic solutions of equation (40) are: 
 Odd  periodic solution: 

Such solution can be expressed as a Fourier series: 

                                  (42) 

Substitution from (42) in (40), yields the following recurrence relations for 

coefficients   

 

 

 For   

 

 

 

                             (43)  

For the second case the solution in a Fourier series gives the recurrence relations 

for coefficients  in the form 



 

 

 For   

 

 

                                       
(44) 

 Even  -periodic solution 

Seeking a solution of the form 
                                 (45) 

the substitution in equation (40) yields the recurrence relations for coefficients : 

 

 

 

 For   

 

 

 

                                (46) 

The recurrence relations for coefficients for the second case  

 

 

 

 For   



 

 

 

                   (47) 

 Even  -periodic solution 

The solution in this case has the form  

             (48)
 Substitution in equation (40) yields the recurrence relations for coefficients and 

 

 

 

 

 

 

  

For   

 

 

 

 

 

                       (49) 

And for second case the recurrence relations for coefficients and  
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                 (50) 

 Odd  -periodic solution 

Assuming such solution in the form 
                    (51) 

Substitution in (40) yields the following recurrence relations for coefficients 

and  

 

 

 

 

 For  : 
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For second case the recurrence relations for coefficients and  are : 

 

 

 

 

  

For  : 

 

 

 

 
 

 

                 (53) 

The systems of equations (43,46,49,52) and also (44 , 47, 50, 53) are homogeneous 

infinite systems. The boundary curves can be drawn by solving the determinately 

equations. We shall study the stability and instability zones in the plane of 

parameters , 0  where 0 is the amplitude of vibrations . 

4.3Numerical and analytical diagrams of stability 

 

Let the symbols  denote the (s) zones of stability and instability 

respectively. The zones of stability and instability are separated by the 

curves



s2

,





12s

 whose equations describe the distribution of eigen-values for 

boundary problems of periods 2  , 4 . We shall draw these curves by solving the 

last four determinants. We classify the curves as: 

    




s2

for even 2  periodic solutions and 



s2

for odd 2  periodic solutions. 

   






12s

for even 4 periodic solutions and 





12s

for odd  4  periodic solutions. 

We now intend to find the intersections of  



s2

 ,





12s

 with 00  . On the line 00   , 

the equation of vibration (36) takes the form   
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                                (54) 

let  2

)1(3
11  


  where    is constant , then 
)1(3

1
21





  , for   = 2, 3, 4, 5,6 …. 

 and so on. There exist two curves with the same period one even and other odd 

passing through each of those values of α. We note that the stability zones occupy 

the lower part near to . For example, two curves, one odd





12s

 and the other 

even .
12






s

 with the same period 4  at   and 



s2

 , 



s2

 with period 2  at  

(see Fig. 5). 

 
Fig.5 

    In the same manner as in the case of ( 10   ) we get the intersections of  



s2

 , 






12s

with 00  to determine the zones of stability and instability for the 

case 21   

 Equation (39) becomes: 

0
)1(3
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                              (55) 

Let 2

)1(3
1 n
 where n (+) ve integer .then 123

1 
n

   for  n   = 1 , 2 , 3 , 4 , ....... 

 and so on. The zones of stability and instability are shown in Fig. 6. 



 
Fig.6 
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Abstract 

Bacteriophages of Rhizobium leguminosarum were isolated and were found to be common 

in soil of the Experimental Farm of Fac. Agric., Minia Univ., Egypt. In a pots Experiment, 

inoculation of faba bean (Vicia faba) with alginate-immobilized R. leguminosarum resulted 

in significant increase in No.nodules/plant and plant nitrogen content, as compared to 

those inoculated with the free cells of R. leguminosarum. In addition, in phage-treated soil 

significant higher number of root nodules/plant was detected in plants inoculated with 

the immobilized R. leguminosarum than in those inoculated with free cells and 

consequently higher values of plant dry weight and nitrogen content  were recorded. 

Phage resistant mutant of R. leguminosarum was successfully isolated to be used as 

inoculum. Presence of phages did not affect the efficiency of the isolated mutant in 

nodulating faba bean and in fixing nitrogen. On the other hand, phages markedly reduced 

values of No. nodules/plant, plant dry weight and plant nitrogen content in plants 

inoculated with the wild type of R. leguminosarum as compared to those inoculated with 

the phage-resistant mutant.  

Introduction 

The use of root nodule bacteria as inocula for leguminous plants is of a great agricultural 

importance, since it is well known that successful nodulation is sufficient for supplying the 

leguminous plants with their nitrogen requirements during the different growth stages 

(HAMMAD and ALI 1999). Therefore, nodule bacteria can be used as alternatives for 

nitrogenous-chemical fertilizers and hence the production costs of these crops can be 

reduced and the environmental pollution can be avoided (ABDEL-ATI et al. 1996).  

Rhizobiophages (phages of rhizobia) are commonly found in soils, specially when 

legumes are grown regularly. EMAM et al. (1983) and HAMMAD (1989) isolated 



rhizobiophages specific for Rhizobium leguminosarum  from the rhizosphere soils of faba bean 

plants (Vicia faba). These phages are likely to have a significant role in the ecology of their 

economically important hosts. SAAD (2001) reported that rhizobiophages might play a role in 

the evolution of ineffective rhizobial strains. In addition, HUSSEIN et al. (1994) reported that 

presence of phages specific for Bradyrhizobium sp. in clay soil completely inhibited nodule 

formation in cowpea plants and consequently reduced plant growth and nitrogen content. 

HAMMAD and ALI (1999) found that phages of Bradyrhizobium japonicum significantly 

reduced number of root nodules/plant as well as nitrogen content in soybean plants.  

 Upon the above mentioned information, the presence of rhizobiophages  may affect the 

density and activity of such important nitrogen fixing bacteria (rhizobia) in the soil and hence 

nodulation of legumes can be affected as well. Therefore, this investigation was carried out as an 

attempt to answer the following questions: 

 Is it possible for these phages to be behind the failure of legumes nodulation at certain 

localities, even when efficient strains of root nodule bacteria were used as inocula? 

 If the presence of phages in the soil has a depressive effect on nodulating legumes, how 

such effect can be avoided or at least minimized? 

 Since alginate immobilized bacteria have been successfully used for industrial purposes 

(ZAYED and WINTER 1995) and in agriculture (SOUGONFARA et al. 1989 and 

HAMMAD 1998). Is any protection against phages can be achieved by using such bacteria in 

alginate-immobilized state, as inocula? 

 Phage-resistant mutants of  Azospirillum spp., Bacillus megaterium  and Bradyrhizobium 

japonicum were successfully isolated by HAMMAD (1999) and SAAD (2001) to be used in 

agricultural purposes as phage resistant and effective inocula. To what extent the phage 

attack can be avoided by using a phage-resistant mutant of Rhizobium leguminosarum as 

inoculum for faba bean plants (Vicia faba) ?    

Materials and methods 

The used soil: A clay loam soil was collected from the surface 15 cm layer of the Experimental 

Farm of Faculty of Agric. Minia University, Minia - Egypt. The mechanical and chemical 

analysis of the used soil are presented in Table 1. The collected soil was used for isolation of 

Rhizobium leguminosarum phages and for cultivation of faba bean (Vicia faba). 

 

 



Table 1 

Mechanical and chemical properties of the used soil. 

Coarse 

Sand% 

Fine 

sand % 

Silt  

% 

Clay 

% 

Texture 

grade 

Total  

N% 

CaCO3 

% 

Available 

P, ppm 

Organic 

matter % 

pH 

2.5 26.0 31.0 40.5 Clay loam 0.14 2.14 18.4 1.51 8.07 

 

Rhizobium leguminosarum: An efficient isolate of Rhizobium leguminosarum was obtained 

from the microbial collection of Dept. Agric. Microbiology, Fac. Agric. Minia University.  

Isolation of rhizobiophages: The liquid enrichment technique was used to isolate the phages of 

R. leguminosarum as described by BARNET (1972). Twenty grams of the collected soil were 

incubated overnight with 40 ml of yeast extract mannitol broth (Allen 1959) at 30-33°C. Five ml 

of chloroform were then added and the sample was shaken for 10 min followed by centrifugation 

at 4000 rpm to remove soil and bacteria. The supernatant was added to 10 ml of 24h old liquid 

culture of R. leguminosarum. After multiplication of phages (24-30 h at 30-33°C), bacteria were 

killed by shaking with 5 ml of chloroform for 10 min, then the sample was clarified by 

centrifugation at 4000 rpm. The supernatant (phage lysate) was subjected to phage detection.  

Detection of phages: Double layer agar plates method (ADAMS 1966) was used for phage 

detection as described by HAMMAD (1993). Plates were prepared by pouring a base layer of 20 

ml of yeast extract mannitol agar medium with 1.5% agar in PETRI dishes 10 cm in diameter. 

The basal layer was allowed to solidify. A mixture of 3 ml of melted yeast extract mannitol agar 

medium containing 0.7% agar and 300 l of liquid culture of the indicator bacteria (R. 

leguminosarum) was poured in each plate. The phage lysate was spotted with a sterile 

micropipette on the upper layer after it had solidified. Plates were incubated at 30-33°C for 24-30 

h and then examined for lysis of bacterial lawn at sites where drops had been applied. The lysed 

clear zones were picked and transferred into an eppendorf tube containing 1 ml of SM medium 

(MANIATIS et al. 1982), which contains per litre 5.8 g NaCl, 2 g MgSO4.7H2O, 50 ml of 1M 

Tris-HCl (pH 7.5) and 5 ml of 2% gelatin. Two hundreds l chloroform were added to each tube, 

then maintained at 4°C.  

Preparation of high titre phage suspension: The agar double layer plates method of 

MANIATIS et al. (1982) was used as described by HAMMAD and DORA (1993), for preparing 

the high titre phage suspension. The phage suspension which prepared from the formed clear 

zones in the spot test were diluted (10
-4

) in SM medium. Agar double layer plates were prepared 

as described above but the top layer contained a mixture of 3 ml of semi-solid yeast extract 

mannitol medium, 300 l of liquid culture of indicator bacteria (R. leguminosarum) and 50 l of 



the diluted phage suspension. After incubation at 30-33°C for 24-30 h plates showed almost 

complete lysis. Five ml of SM medium (MANIATIS et al. 1982) were added to the surface of 

each plate. The top agar layer of each plate was scraped off and combined in a flask together 

with the added SM. After 30 min of occasional shaking, agar and bacterial debris were 

sedimented by centrifugation at 4000 rpm. for 30 min. The supernatant containing the phages 

was stored at 4°C over 3ml of chloroform.  

Titre estimation: Titre of the prepared phage suspension was estimated using the method 

described by KIRALY et al. (1970). From the phage suspension a series of tenfold dilutions was 

prepared in sterile eppendorf tubes. Ninety l of SM medium were placed in each tube. Ten l of 

phage suspension were added to the first vial and mixed, then 10 l from the first vial were 

transferred into the second one and so on until the last tube. After dilution, 300 l of indicator 

bacterial liquid culture (R. leguminosarum) were placed in each tube. The contents of each tube 

were shaken and transferred to a sterile test tube containing 3 ml of semi-solid medium (yeast 

extract mannitol agar) which had been prepared beforehand and kept at 50-55°C. Each tube was 

shaken separately, and the contents were poured onto previously prepared solid media plates. 

Plates were then incubated at 30-33°C for 24-33 h. The formed plaques were counted and the 

titre was calculated and expressed as plaque forming unit (pfu)/ml.  

Isolation of phage-resistant mutant: The method described by ADAMS (1966) was used. One 

ml of liquid bacterial culture containing 10
8
 cells of R. leguminosarum was mixed with 1 ml of 

phage suspension containing 10
10

 plaque forming unite in an eppendorf tube. The tube was 

incubated for 5 min at 30-33°C, to ensure that all bacteria, which can adsorb phages, were 

infected. One hundred l of the adsorption mixture was placed on the surface of a plate 

containing yeast extract mannitol agar medium and spread uniformly with glass rod until all the 

liquid had been adsorbed by agar. After incubation for 24-30 h, single colonies appeared. A 

single colony was picked from this plate, suspended in 1 ml of yeast extract mannitol broth and 

from this suspension a loopful was streaked on another plate. Two repetitions of this procedure 

(streaking on agar plates) were carried out to obtain a pure isolate of phage-resistant mutant free 

from contaminating phages. A liquid culture of the obtained pure isolate of phage-resistant 

mutant was prepared to be used as inoculum. 

Preparation of free cells inocula:The used R. leguminosarum isolate (wild type) and the 

isolated  phage resistant mutant were grown in ERLENMAYER flasks containing 100ml of yeast 



extract mannitol broth medium (ALLEN 1959)/flask and incubated in a shaker at 30°C for 96 h. 

(giving 22-28 x 10
9 
cell/ml). These liquid cultures were used as inocula.  

Sodium alginate-immobilized cells inoculum: One hundred ml of a sterile solution of sodium 

alginate (5% w/v) was mixed with equal volume of the prepared R. leguminosarum liquid culture 

(the wild type). The mixture was added dropwise into 200 ml of 2% CaCl2 sterile solution using 

a sterile PASTEUR pipette. Beads of approximately 2 mm in diameter were formed and were 

hardened in 2% CaCl2 solution for 2 h before washing. The beads were then washed with 

sterilized water and stored at 4°C. All steps were carried out under aseptic conditions.  

Experimental design and treatments: A pots experiment was carried out to evaluate the 

efficiency of free, immobilized cells and phage resistant mutants of R. leguminosarum in 

nodulating faba bean, fixing nitrogen and their susceptibility to phages. Fired clay pots 

containing 3 kg soil/pot were prepared. The pots were planted with faba bean (Vicia faba, cv. 

GIZA 40) and were subjected to the following treatments: 1. Inoculation with free cells of R. 

leguminosarum. 2. Inoculation with free cells of R. leguminosarum and phage suspension. 3. 

Inoculation with immobilized cells of R. leguminosarum. 4. Inoculation with immobilized cells 

of R. leguminosarum and phage suspension. 5. Inoculation with phage-resistant mutant. 6. 

Inoculation with phage-resistant mutant and phage suspension.  7. Uninoculated plants as a 

control. Four replicates for each treatment were employed.  

 In the treatments inoculated with free cells of either the wild type or mutant of R. 

leguminosarum, 5 ml of the prepared free cells inocula were added to each pot. In case of 

inoculation with the immobilized cells of R. leguminosarum (wild type), a calculated weight of 

beads containing the same number of bacterial cells (in the 5 ml of free cells inoculum) was 

added to each pot. For inoculation with phages, 5 ml of the high titre phage suspension were 

added to each pot. 

 After 50 and 70 days from planting, number of root nodules/plant and dry weight/plant 

were estimated. Percentages of nitrogen in plants of each treatment were determined using 

modified Microkjeldahl
’
s method (A.O.A.C., 1980). The nitrogen content (mg./plant) was 

calculated.  

  

Results and Discussion 

Rhizobiophages of Rhizobium leguminosarum 

Their occurrence in the collected soil 



Phages of R. leguminosarum were enriched from a clay loam soil sample collected from the 

Experimental Farm of Fac. Agric. Minia University. As shown in Fig.1 the spot test indicated 

that phages of R. leguminosarum were found to be common in the soil from where the sample 

had been taken.  

 

 

 

Fig. 1  

A bacterial lawn of R. leguminosarum spotted with drops of the prepared phage lysate and 

incubated for 24-30 h, at 30-33°C.  

Since it is well known that bacteriophages are of widespread occurrence in areas which 

contain the appropriate host bacteria, therefore, presence of phages specific for R. 

leguminosarum may reflect the predominance of R. leguminosarum in the used soil. Similarly, 

HAMMAD (1989) and HAMMAD et al. (1995) isolated rhizobiophages of R. leguminosarum 

from different Egyptian soils. Moreover, HAMMAD & ALI (1999) and SAAD (2001) stated that 

phages of Bradyrhizobium japonicum were found to be common in rhizosphere soil of soybean 

plants.  

Titre of the prepared phage suspension  

One hundred ml of high titre phage suspension were prepared as described by MANIATIS et al. 

(1982), to be used in this study. Titre of the prepared suspension was estimated and was found to 

be 8.3 x 10
11

 pfu/ml. Such high concentration of phages was not surprising, since a single 

plaque of 2mm in diameter may contain between 10
7
 and 10

8
 recoverable phage particles 

(GUNSALUS and STANIER 1960, ADAMS 1966, HAMMAD 1998).   

The phage-resistant mutant 

Bacteriophage-resistant mutant of R. leguminosarum was successfully isolated. As shown in Fig. 

2 the isolated mutant exhibited resistance to the rhizobiophages of the wild type, since, no lysis 



was detected on the plate seeded with the mutant and spotted with the isolated phages. On the 

other hand, lysis of the wild type by the phage lysate was observed.  Similarly, DEFIVES et al. 

(1996) and SAAD (2001) isolated phage-resistant mutants of Rhizobium meliloti, 

Bradyrhizobium japonicum and Bradyrhizobium sp. to be used in agricultural purposes as phage 

resistant-inocula.  

 

A                           B 

 

Fig.2 Bacterial lawns of the phage-resistant mutant (A) and the wild type (B) of R. 

leguminosarum, spotted with the phage lysate. Susceptibility of the wild type and resistance of 

the mutant can be clearly seen.   

Effect of phages on the prepared R. leguminosarum inocula 

Free and immobilized cells of R. leguminosarum 

In a pots experiment faba bean plants were inoculated with  R. leguminosarum in immobilized 

and free states. The efficiencies of the used inocula were evaluated in presence and absence of 

the virulent rhizobiophages.  

As shown in Table 2, in spite of using immobilized cells of R. leguminosarum equal in number 

to that in the free form for inoculation of faba bean plants, significant higher numbers of 

nodules/plant were detected in plants inoculated with the immobilized cells as compared to those 

inoculated with the free ones. Such observation may indicate that the immobilized cells in 

sodium alginate beads are able to multiply inside the beads and can liberate into the surrounding 

soil at high population levels exceeding those applied as free cells. The liberated cells can invade 

the host roots and form high number of nodules. The maximum number of nodules/plant was 

recorded for plants inoculated with the immobilized R. leguminosarum, at 70
th

 day after planting. 

Moreover, values of  plant dry weight   and nitrogen content were significantly higher in plants 

inoculated with the immobilized cells of R. leguminosarum as compared to those inoculated with 



the free cells, in both sampling times (at 50
th

 and 70
th

 day after planting). Similar results were 

obtained by DOMMERGUES et al. (1979);  SAAD and EL-MOHANDES (1998). 

As shown in Table 2 presence of rhizobiophages in the soil did not completely inhibit 

nodulation of faba bean that inoculated with the free cells of R. leguminosarum, but significantly 

reduced number of nodules/plant, as compared to those inoculated with the free cells, in absence 

of phages. Such observation was surprising, since it was expected that the presence of the 

virulent phages would lyse their host completely and no nodules could be detected. Phages are 

relatively static in soil and their effect can be localized so that phage-susceptible bacteria and 

phages can exist close to each other without any apparent interaction (KLECZKOWSKA,1957; 

HAMMAD and ALI, 1999). Therefore, the detected nodules in roots of the plants grown in 

phage-treated soils may be formed by phage-susceptible bacteria which did not interact with 

their phages.  

Table 2 

Plant dry weight, number of nodules/plant  and nitrogen content  in Vicia faba inoculated with free, 

immobilized or phage resistant mutant of R. leguminosarum in presence and absence of phages, after 

50 and 70 days from planting. 

 

 

The applied inocula 

Plant dry weight 

 (g./plant) 

No. nodules 

Nodule/plant 
Nitrogen 

content 

(mg./plant) 

50 days 70 days 50 days 70 days 50 days 70 days 



 

Free cells  

Free cells & phage  

Immobilized cells 

Immobilized cells & phage 

Phage-resistant mutant 

Phage-resistant mutant & phage  

Uninoculated plants (control) 

 

LSD     5%  

             1%  

 

1.40 

0.98 

1.37 

1.33 

1.36 

1.29 

0.92 

 

0.233 

0.327 

 

2.73 

2.32 

2.91 

2.86 

2.79 

2.71 

2.07 

 

0.269 

0.377 

 

10.03 

  6.82 

18.67 

16.49 

19.72 

20.08 

  5.18 

 

0.414 

0.581 

 

112.33 

  36.67 

135.00 

117.67 

122.00 

121.83 

  21.00 

 

1.978 

2.772 

 

29.40 

20.60 

40.88 

41.12 

39.65 

40.41 

18.53 

 

3.279 

4.597 

 

65.52 

42.42 

71.04 

69.86 

70.26 

68.79 

40.47 

 

1.617 

2.267 

 

Moreover, due to the low number of the formed nodules in plants inoculated with the free 

cells of R. leguminosarum in presence of phages, lower values of  plant nitrogen content and dry 

matter/plant were recorded. Similar results were obtained by HUSSEIN et al. (1994).  

 Furthermore, in presence of phages, values of nodules/plant, plant nitrogen content and 

dry weight/plant in plants inoculated with immobilized cells of R. leguminosarum were 

significantly higher than in those inoculated with the free cells.  This may indicate that the 

immobilization system protects R. leguminosarum against the depressive effect of phages. This 

protection may be due to liberation of a huge number of R. leguminosarum cells from the 

alginate beads exceeding those lysed by phages (BASHAN, 1986, VAN ELSAS et al., 1991, 

HAMMAD, 1998, ZAYED, 1998).   

Phage-resistant mutant of R. leguminosarum 

Since the isolated mutant of R. leguminosarum exhibited high resistant to phages in the spot test 

(Fig. 2), it was of a particular interest to evaluate its efficiency in nodulating faba bean and in 

fixing nitrogen in presence of phages, under the cultivated soil conditions.  



  Data presented in Table 2 indicate that in absence of phages, inoculation of faba bean 

plants with the phage-resistant mutant of R. leguminosarum, resulted in significant increase in 

number of nodules/plant as compared to those inoculated with the wild type, in both sampling 

times (at age of 50 and 70 days). Such results may indicate that the wild type of R. 

leguminosarum was attacked by the native phages in the used soil, whereas, these native phages 

had no effect on the mutant.  Moreover, due to the increase in number of nodules in plants 

inoculated with the phage-resistant mutant, significant higher values of nitrogen content were 

recorded than in plants inoculated with the wild type. This result may indicate that the mutation 

process did not alter the nitrogen fixing ability of R. leguminosarum. Similar results were 

obtained by HAMMAD (1999) and SAAD (2001). 

  Furthermore, presence of phages had no effect on the activity of the isolated phage-

resistant mutant in nodulating faba bean and in fixing nitrogen, since in both sampling times (at 

50
th

 and 70
th

 day after planting) no significant differences in number of nodules/plant, plant 

nitrogen content and plant dry weight were detected  in plants inoculated with the phage resistant 

mutant of R. leguminosarum and grown in phage-treated soil as compared to those grown in 

phage-untreated one.   

Generally, on the basis of the obtained results it can be concluded that, presence of 

phages of R. leguminosarum in the soil is one of the most important environmental factors 

affecting the activity and maintenance of such desired bacteria in the soil. Whereas, application 

of such bacteria as inoculum for the grown plants, in alginate immobilized form may provide 

these bacteria with high resistance against phages. 

Moreover, the phage attack can be avoided by isolation of phage-resistant mutant of these 

bacteria to be used as inoculum.  

 Therefore, inoculation of faba bean with alginate immobilized R. leguminosarum or 

phage-resistant mutant of these bacteria is highly recommended to avoid phage attack and hence 

successful nodulation can be achieved.   
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Abstract 

The study was aimed at studying the effective utilization of the school farm as instructional initiative for 

developing agricultural interest of primary school children in Nigeria for their proper orientation and 

participation in science and technology. The study was conducted in Orumba South L.G.A of Anambra State, 

Nigeria. To carry out the study, thirty five (35) out of the forty two (42) public primary schools in the Local 

Government Area of study and six teachers from each selected school were randomly sampled. This gave a 

total of 210 primary school teachers that constituted sample for the study. Questionnaire was the instrument 

used for data collection and mean was used for data analysis. Among the major findings of the study were 

that the school farm gives agricultural orientation to children especially those without agricultural background 

and increases pupils interest in and love for agriculture. It was therefore recommended that every primary 

school whether rural or urban should have both crop and animal farms which should be used primarily for 

teaching purpose. In addition, curriculum planners and implementers should take cognizance of the school 

farm as a critical instructional requirement for affective prosecution of the Primary Agricultural Programme. 

Finally, teachers of agriculture should lead the way in developing pupil’s interest in agriculture by being proud 

of their subject and by owning and managing their own farms. 

Introduction  

 Children participation in science and technology should start at the early stages of education such as 

the primary and early secondary school levels.  The aim is to harness the natural curiosity that marks early 

childhood and initiate them early in life into the current trend of science and technology age so as to be useful 

members of the society.  Oladoye (1994) in conformity stressed that children in primary schools need to be 

encouraged and assisted by their teacher so as to develop curiosity about nature and interest toward science.  

Primary school is the bedrock of any educational system and any shaky foundation built at that level affects 

the entire system.  The impact of primary education in the lives of our youth is emphasized in the Nigeria 

National Policy on Education (2004) edition as the aims of primary education.  These include to: 

- Inculcate permanent literacy and numeracy and ability to communicate effectively; 

- Lay a solid basis for scientific and reflective thinking; 



- Give citizenship education as a basis for effective participation in, and contribution to the life of the 
society; 

- Mould the character and develop sound attitude and moral in the child; 

- Develop in the child ability to adapt to the child’s changing environment;  

- Give the child opportunities for developing manipulative skill that will enable the child function 
effectively in the society within the limits of the child’s capacity and  

- Provide the child with basic tools for further educational advancement, including preparation for 
trades and craft in the locality. 

To achieve the stated objectives, it was emphasized also in the policy document that methods of teaching in 

the primary school should include practical, exploratory and experimental methods.  Agriculture as a practical 

subject needs to be effectively taught for greater impact to be made on the learners.  Okorie (1975) agreeing 

with this view affirmed that there is an urgent need for a sound agricultural education programme that will 

incorporate practical skill, right attitudes, useful knowledge and understanding based on modern agro-

technology for our youths and vigorously pursured in their course programmes. Two most effective teaching-

learning environments for inculcation of practical knowledge of agriculture to students are the school farm 

(both crop and animal farms) and the agricultural science laboratory.  Emphasis on this paper is on the 

effective utilization of the school farm in developing the agricultural interest of our young school children. 

Food and Agricultural Organization (F.A.O) (2004), stressing the importance of school garden in children 

learning emphasized the following objectives of school garden: 

1. Increasing the relevance and quality of education for rural and urban children through active learning 
and introduction of agriculture and nutrition knowledge and skills including life skills into the 
curriculum. 

2. Providing school children with practical experience in food production and natural resource 
management, which serve as a source of innovation they can take home to their families and apply in 
their own house hold gardens and farms. 

3. Improving school children’s nutrition by supplementing school feeding programmes with variety of 
fresh micro nutrients and protein rich products and increasing children’s knowledge of nutrition to 
the benefit of the whole family. 

F.A.O (2004) also added that, to realise the potentials of school gardens, there should be a carefully 

designed, comprehensive national programmes and guidelines, which have ample room for local 

adaptation and full engagement of local communities.  

The school farm is lacking in most urban schools and even in the rural schools. Where they exist, farming 

operations are not taken seriously as a means of developing both practical knowledge and initial agricultural 

experience in pupils but rather as a means of helping teachers raise their crops and most of the lands mapped 

out for such farms and not suitable for farming. Keeping of farm animals in those schools is far-fetched. 

Thus burdened, the researcher aims at throwing more light into the effective utilization of the school farm in 

developing the agricultural interest of our young school children as a means of ushering them into science 

and technology starting from their formative stages in life.   

Purpose of the Study 

 The aim of the study is to determine the effective utilization of school farms as instructional initiative 

for developing agricultural interest among primary school children. The specific objectives are to: 

1. Determine the level of availability and utilization of school farm in the area studied. 
2. Identify the roles played by school farm in development of children’s interest in Agriculture. 
3. Determine the techniques required for effective management of school farm as an instructional 

initiative or strategy. 
 



Area of the Study  

 The study was carried out in Orumba South L.G.A Anambra State.  

Significance of the Study 

The findings of the study will be of immense help to elementary science teachers and other agricultural 

science teachers as it will once more remind them of the importance of making proper use of the school 

farm in teaching their students.  It will also help curriculum planners to re-emphasize the necessity of 

agriculture and the school farm in the school programme. 

Population of the Study 

 The population of the study comprised all the teachers in the forty two (42) public primary schools in 

the local government area.  

Sample and Sampling Technique 

The sample was made up of thirty five (35) schools randomly selected out of the population.  A total of 

six (6) teachers from each school were selected using simple random technique.  This gave a total of two 

hundred and ten (210) respondents interviewed for the study. 

Research Questions 

 The study provides an answer to these questions: 

(a) What is the level of availability of and utilization of school farms in the area studied? 
(b) What roles do the school farm play in developing students’ agricultural interest? 
(c) What techniques are required for effective management of the school farm as an instructional 

initiative or strategy?  

Instrument for Data Collection and Analysis  

 Questionnaire was the instrument used for data collection.  It was constructed using the Likert scale.  

It comprises of three sections which contain the research questions formulated to guide the study. 

 Mean score was used in analyzing the data.  Thus any data item that scored 3.0 and above was 

regarded as “Agree” while any data below it was regarded ad disagree”. 

Result: The results of the study are as presented as the tables below. 

Research Question 1: What is the level of availability and utilization of school farm in the area studied? 

Table: Means rating on the level of availability and utilization of school farm in schools. 

  x Remark  

1. Available  4.5 Strongly Agree  

2. Not available at all 1.5 Disagree 

3. Available but not enough 1.4 Disagree 

4. Available and enough 3.5 Agree 



5. Available but not in use 1.8 Disagree 

6. Available and in use 3.2 Agreed 

7. We have mainly crop farm 4.25 Strongly Agree 

8. We have only animal farm 0.05 Strongly Disagree 

9. We have both crop and animal farm 1.3 Disagree 

 

 Table 1 shows that 4 out of the 9 items on level of availability and utilization of school farm in schools 

attracted positive responses while others did not. 

Research Question 2: Role of the school farm in the development of pupils’ interest in agriculture. 

Table 2: Mean ratings on the roles of school farm in the development of pupils’ agricultural interest. 

  x Remark  

1. It offers farming experience to students especially those without farming 

background 

4.13 Strongly Agree 

2. It helps to develop students interest in and love for agriculture 3.26 Agree 

3. It offers opportunity for the demonstration of class work 4.2 Strongly 

4. It enhances understanding and retention of facts 3.7 Agree 

5. It helps to develop the spirit of team work in students 3.5 Strongly Agree 

6.  It acts as instrument for trial of new farming techniques 3.24 Agree 

 

Table 2 shows that all the 6 points listed as the roles of the school farm in developing pupils’ agricultural 

interest were agreed with by the respondents having mean response range o 3.24 to 4.13.   

Research Question 3: What techniques are require for effective management of the school farm as an 

instructional initiative or strategy 

Table 3: Mean responses on the techniques for effective management of the school farm as an 

instructional initiative/strategy. 

  x Remark  

1. The school farm should not be 

used as a punishment ground for 

offenders 

3.88 Strongly Agree 



2. Working in the school farm 

should be in morning or evening 

time and not under the sun 

3.28 Agree 

3. Emphasis on farm should be on 

students’ learning and not for 

personal motives 

3.42 Agree 

4. Adequate records should be kept 

for the farm 

1.95 Disagree 

5. Agric teachers should teach by 

example through the 

demonstration of class work for 

students in the farm. 

3.28 Agree 

6. Agricultural science teachers 

should be proud of their subject 

by establishing their own farms. 

3.6 Strongly Agree 

 

Table 3 summarizes the data on the management techniques for better use of the school farm in students’ 

learning, 5 questionnaire items out of 6 with mean response range of 3.28 to 3.88 were accepted by the 

respondents while 1 with mean of 1.95 was not accepted.   

Major Findings 

The findings reveal among other things that; 

 most schools in the area studied have school farms; 

 the farms are mostly crop farms; 

 the school farm offers farming experience to pupils especially those without agricultural background; 

 it helps to develop students’ interest and love for agriculture; 

 it enhances better understanding and retention of facts; 

 in other not to discourage students’ interest in agriculture, the school farm should not be used as a 
punishment ground for offenders; 

 agricultural science teachers should show pride in their subject by having and managing their own 
farms. 

Discussion of Findings  

 Findings on level of availability of farms in schools which shows that the schools studied posses land 

possibly because they are rural schools agrees with the findings of Orikpe (2002) who reported from his 

research  in Awka South L.G.A that there was adequate land for practical agriculture.  This simply indicates 

that there is neglect for animal farming in schools. However, just as he emphasized that farms were for crops, 

the schools studied posses more of crop farms only few had animal farms.   

 In addition, finding on the roles of the school farm which indicate that the school farm provides an 

agricultural  experience for pupils especially those without agricultural background as well as encourage pupils 

love and interest in agriculture harmonizes with Douglas (1973) who posits that children’s various 



experiences are got from their initial environment and Ngadiukwu (2000) who suggested the use of principle 

of “Catch them young” in teaching and learning of agriculture in the primary schools.   

The findings also agree with F.A.O (2004) report which indicates that school garden provides school children 

with practical experience in food production and natural resource management, which serve as a source of 

innovation they can take home to their families and apply in their own house -hold gardens and farms. 

 Finally, findings on the management techniques that will optimize the use of the school farm in 

pupils learning are more of strategies that should be adopted for better students learning through their 

experience in the farms. 

Conclusion  

 The researcher posits that if the management techniques advocated together with the 

recommendations proffered are seriously considered by those concerned with agriculture, our school children 

will be initiated early in life into loving and participating in agriculture in particular and in science and 

technology in general.  This will launch them into self reliance later in life. 

Recommendations 

The writer makes the following recommendations as a way forward: 

1. Primary school authorities are encouraged to have both crop and animal farms in their schools 
whether rural or urban school and it should be primarily for the teaching of students. 

2. The importance of school farm (both crop and animals) should be well emphasized in the school 
curriculum by curriculum planners.  The facilities for effective running of the farms should be 
provided by the government. 

3. Agricultural fair day should be organized for students at the end of each farming season or any time 
the teacher deems fit and feast should be incorporated into the fair.  Some of the food materials for 
such feast should be harvested from the school farm.  This gives the student a sense of pride and 
accomplishment. 

4. Agricultural science teachers should lead the way in stimulating pupils’ interest in agriculture by 
showing pride in their subject and by owning and managing their own farms.  
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Abstract 

 Several submarine archaeological survey has used to recognize characteristics of Alexandria city 

remains in the eastern harbor and Abu Qir bay area, by using some technics such as side scane sonar 

survey (Schwartz, 1980), eco-sound survey, geoarchaeological settlements dating (Goddio, 1998), 

remote viewing, remote sensing and sea bottom soil boring  during last 50 years.This paper aims to 

define paleo-geomorphological map and stability of coast line area of Alexandria ancient city and 

relationship between land and sea as a result of tectonic movements, climatic changes and human 

activites during last 2000 years ago, depending upon submerged archaeological evidences during Greco-

Roman and Ptolemaic periods (http://www.cealex.org). These criteria include: local subsidence or 

uplifting, relative sea-level rise (RSLR), land topography, width of lagoon barriers, beach-face slope, high-

elevated features such as coastal dunes and ridges, eroding and accreting coastlines and ancient 

protection works. 

Kewords: Paleo-Geomorphology, Alexandria, submerged archeology, Egypt, Mediterranean Sea 

1. Introduction 
   Alexander the Great has constructed Alexandria on the shores of the Mediterranean Sea in 332 

B.C. The city was famous in all the world for its huge Royal Library, it is generally have been founded 

during the reign of Ptolemy II at the beginning of the 3rd century BC, as well as Pharos island lighthouse 

(one of the Seven Wonders of the Ancient World), it was constructed early in the Ptolemaic period. 

Most of the royal and civic quarters of Alexandria city sank beneath harbor due to earthquake 

subsidence, a part of the ancient city of Alexandria lies 6 to 8 meters under seawater as a result of 

climatic sea level rises in modern times (LA Riche, 1979). 

1.1. Objective 
This paper aims to reconstruction of paleo-geomorphological map of Alexandria city area before 

building it by Alexander the great on 331 BC by using submerged archaeological and other evidences.  

1.2. Previous work 
The submerged archaeological sites of ancient Alexandria city have been studied by: Empereur, 

1998; Mckenzie, 2003; Ashton, 2004; and Marriner et al., 2008 & Goiran, 2001. 

The Alexandria region has been the focus of numerous investigations including: Geography (Goddio et 

al., 1998); Oceanography of Mediterranean Sea near Alexandria coastline (Inman and Jenkins, 1984); 

Geology and paleogeography (Warne and Stanley, 1993; Goiran, 2001); Stratigraphical analysis (Goiran 

et al., 2000); Underwater Archaeological Survey by the Hellenic Institute for the Preservation of Nautical 

http://www.amazon.com/exec/obidos/search-handle-url/102-2322239-7004153?%5Fencoding=UTF8&search-type=ss&index=books&field-author=William%20LA%20Riche


Tradition and the Hellenic Institute for Ancient and Mediaeval Alexandrian Studies, 2000; 

Sedimentological analysis (Goiran., 2001; Stanley et al., 1996 & 2006).  
1.3. Methods 

Several submarine archaeological surveys have used to recognize characteristics of Alexandria city 

remains in the eastern harbor to reconstruction paleo geomorphological map of the study area by using 

some techniques such as: Interpretation of remote sensing images and historical topographic maps; 

field surveying; results of side scan sonar survey (Schwartz, 1980; eco-sound survey (Empereur, 1998); 

Geoarchaeological settlements dating (Goddio, 1998(; Sedimentary boring (Goiran, 2001; Stanley et al., 

1996 & 2006). 

2. Results and discussion: 
2.1. Alexandria before Alexander: 

The analytic of Alexandria harbor cores sediments have revealed that Alexander the Great did not 

found the Egyptian city of Alexandria – he just rebranded it. New geochemical data, published by (Véron 

et al. 2006 and Stanley & Bernasconi, 2006) depending upon geochemical data and C14 dating of 

seashell fragments found in some cores show that peaks of lead contamination in Alexandria during the 

Egyptian Old Kingdom between 2686 and 2181 B.C., and again during the Iron Age, from 1000 to 800 

B.C. at the end of the prosperous Ramses dynasties, it means that ancient Alexandria was settled 4,500 

years ago, more than two millennia before Alexander's arrival. Rhakotis was the original name of the city 

of Alexandria. 

2.2. Geographical elements of Alexandria's location: 
Alexander Great has chosen this location to construction his city because of the following factors:  

2.2.1. He chooses this bay to keep Alexandia harbors from winter storms and marine erosion (Fig.1). 

2.2.2. Alexandria location lies between Mediterranean Sea and Mariut lake (Fig.1). 

2.2.3. The wind is blowing on Alexandria city most of the year from the N and NW directions; the sea 

western currents transport the sediments from west to east and inside the eastern harbor (Fig.2 & 

3). 

2.2.4. The ancient Canopic branch of the Nile Delta was the main source of fresh water in Alexandria 

(Fig.4). 

2.2.5. Pharos Island was joined to the mainland by a mole, constructed by order of Alexander the 

Great (Fig.5).  

2.2.6. Alexandria has been built on limestone coastal ridges with elevation between 5-15 meters, 

the city constructed on the 1st and the 2nd carbonate ridges, but most of the 1st ridge is eroded by 

sea waves and appear as some rocky island and sea stacks (Fig.5, 6 &7). 

2.2.7. Lake Mariut is important navigational route to the other parts of Egypt, but the area of the 

lake was larger than its current area, some ancient harbors found in the paleo shoreline of the lake 

(Flaux, 2011 and El Assal, 2013) (Fig.8). 

 



 

Fig.1 : Location of Alexandria as a bay lies between  

Mariut lake and The Mediterranean Sea 

 

  

  
Fig.2: Seasonal wind directions of Alexandria city 

(after: http://climate.umn.edu/wind/kaxn) 

http://climate.umn.edu/wind/kaxn


 
Fig.3: Sea currents directions inside Alexandria eastern harbor(after: Millet & Goiran, 2007) 

 

 
Fig.4: The Canopic branch was the main source of the fresh water network of Alexandria (after: Braun 

and Hogen,1575) 



 

Fig.5: Topography of Alexandria site (after Mahmoud-Bey, 1872) 

 

 
Fig.6: Relationship between location of Alexandria City and the limestone coastal ridges (after: Stanley & 

Hamsa, 1992) 

 



 
Fig.7 : Remains of the first eroded limestone ridge 

(after: Captain W.H. Smyth, 1833) 

 

 

Fig.8: Relationships between Alexandria city site and limestone coastal ridges and Paleo Mariut lake 

shorelines (after: Flaux, 2011)   



2.3. Estimation of tectonic subsides and erosion rate of the 1st limestone ridge: 
Tectonic subsides and erosion rate of the 1st limestone ridge can be estimated during the 20th century 

by comparison the floor depth of Alexandria eastern and western harbors using historical topographic 

(Roux, 1764) (Fig.9); (Napier, 1841) (Fig.10) , with current bathymetric map (El Geziry et al., 2007) 

(Fig.11); as well as floor depth maps of the Alexandria eastern harbor. These maps show that the 

maximum depth in the eastern harbor was 7 meters during 18th and 19th centuries (Fig. 9 &10), but it 

become 10 meters during 20th century as a result of  tectonic subsides and erosion action by waves, 

and its rate about 3 m/100 years.     

 
Fig.9: Floor bottom depth of Alexandria eastern and western harbors during 18th century (after: 

Roux,1764) 

 

 



 
Fig.10: Floor bottom depth of Alexandria eastern harbor during 19th century 

 (after: Napier, 1844) 

 
Fig.11: Current bathymetric map of Alexandria eastern harbor  

(after: El Geziry et al., 2007) 

 



2.4. Submerged platforms of eastern harbor: 
Location of submerged platforms profiles of east harbor (Fig. 12 & 13), show that the harbor platforms 

become under the current mean sea level MSL between 5- 6.5 , although the eustatic sea level during 

from Roman time less than two meters (Pirazzoli,1991), it means that the erosion rate plus tectonic 

subsidence were between 3 - 4.5 meters during last two centuries.   

  

Fig.12 : Location of submerged platforms of east harbor (after: Goddio et al., 1998) 

 
Fig.13: Bathymetric profiles on the submerged main pier of the eastern harbor (after 

Goddio et al., 1998) 



 

2.5. Tectonic subsidence: 

The results of underwater excavations and side scan sonar survey (Schwartz, 1980; eco-

sound survey (Empereur, 1998); Geoarchaeological settlements dating (Goddio, 1998(; 

Sedimentary boring (Goiran, 2001; Stanley et al., 1996 & 2006) in addition to comparisons with 

the submerged archaeological ruins in Alexandria east harbor show that Alexandria had been the 

victim of subsidence. To study this specific phenomenon, a team of geographers and marine 

biologists began in 1997 to examine both underwater and in the silt deposits on either side of the 

Heptastadion. Some geomorphic features were recognized from analysis the side scan surviving 

(Chalari et al., 2009) (Fig.14).   

Series of cores have been taken since end of the 20 century to define both eustatic sea level 

change and tectonic subsidence during this period, which the earth's crust of Alexandria eastern 

harbor had sunk between 6 - 8 meters.  
 

 
Fig. 14: Geomorphic change due to subsidence since 331 BC 

(after: Chalari et al., 2009) 

2.6. Submerged shorelines: 
The results of side scan surveying and dating in the Mediterranean Sea bottom in front of Alexandria city 

Chalari et al., 2009) show that submerged shoreline were found in depths  11-14 meters (5625±40Bp 

and  5650 ±75Bp) in addition to some submerged scarps and ridges in depth 8 meters below MSL (Fig.15 

& 16).  

      



 

Fig.15 : Dating of archaeological remains near Alexandria east harbor(After Goddio et al., 1998) 

 
Fig. 16: Morphology of sea floor around the eastern harbor for paleo shorlines (After: Chalari et al., 

2009) 

2.7. Current and Paleo geomorphological maps of Alexandria 
2.7.1. The current geomorphological map 



 

Fig. 17: Current geomorphic unites of Alexandria site(After: Flaux, 2011) 

Map symbols: 1: Pleistocene coastal ridges; 2: sandy coastal barrier; 3: NW Nile deltaic plain; 

4: Egypt western desert; 5: irrigated desertic margin; 6: main basin; 7: shallow water basin; 8: fishponds; 

9: el Max saltmarsh; 10: sebkhas; 11: main canals; 12: agriculture; 13: irrigated agriculture upon desertic 

margin; 14: urban/industrial area; 15: Flaux, 2011 and Stanley 1993). 

2.7.2. Paleo geomorphological map for Alexandria on 331 BC 
Plaeo geomorphological map for Alexandria site before construction the city on 331 BC, can be 

estimated by using the above results (Fig.18), it shows that there are two submerged shorelines older 

than the city construction (dated about 5.6 Ka BP); Pharos island and Agami Peninsula  were greater 

than the current time as a part of the 1st limestone ridge; Mariut Lake were bigger than today, some 

interior harbors were found in its northern beach; Alexandria eastern harbor were submerged under sea 

level between 5-6.5 meters as a result of sea level change and tectonic subsidence and the city 

constructed on the second carbonate ridge as separated hills.       



 

Fig.18: Suggested paleo geomorphological of Alexandria site on 331 BC 

 

3. Conclusion 
The unique location of Alexandria site due to a several physical and human factors, but they also 

suffered throughout its long history some risks including earthquakes, tsunamis and tectonic subsidence 

in addition to sea level rise, which may cause the drowned the city. 
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Abstract 

Effective solutions to ecological problems must be based upon recognition of the 
diversity that exists in rural settings around the world (Slayter-Thomas et al. 1991). 
Prescriptive action must also recognize the very significant role of women in 
managing natural resources in a nation’s development with appropriate target 
conservation messages and techniques. Thus, family is an important income-earning 
and consuming decision-making unit in all developing country societies, and it should 
be a focal point for efforts to put adequate food within reach of all people (Seltzer 
1980). Ipso facto, there is clearly a need for an integrated, holistic approach to training 
and extension, and to expand curricular content in a way that relates the local 
environment to the global community, and that relates macro and micro levels of 
interaction. 

 Introduction 

Land, water and forests are the primary resources of home economics and agricultural 
production, and are the resources essential to maintain human life and well-being. The 
use of these resources must be balanced with conservations to sustain national 
development, and to avoid environmental degradation and losses both in home 
economics and agricultural productivity. These natural resource bases provide many 
benefits to different groups of people in both urban and rural areas. The environment 
that sustains development is used by people in many ways. Farms and forests supply 
nations with a wide range of important raw materials: timber, wood, pulp, minerals, 
leather, and foodstuffs, which are further processed into manufactured goods such as 
lumber, Paper, pharmaceuticals, footwear and flour. These raw materials and finished 
products are important to the economic security of the country, and to the food 
security of its citizens. Natural resources also provide rural people with food, 
medicines, game, honey, gums and resins, condiments and other goods that are 
exchanged or used for secondary processing, and contribute greatly to rural 
subsistence. On the other hand, home economics has, at different times, emphasized 
training in needlework, cookery, the management of servants, the preparation of 
medicines, and food preservation; such instruction was once given mainly in the home 
and from a practical rather than a scientific standpoint. The causes of environmental 
change and degradation are very complex, and stem from different levels - from 
global and national, to individual farms and households (Commonwealth Secretariat 



1992). Demographic pressures have changed the way that people use land, water and 
forests, and have contributed to a widespread deterioration in the condition and 
productivity of these resources. Past economic development policies, international 
lending, and development assistance programmes have contributed in some cases to 
environmental mismanagement. In addition, destructive land use practices of the past 
are resulting in present-day reduced productivity of croplands, forests, pastures, and 
fisheries, and in increased poverty and hunger (Brown et al., 1993). 

Rural households and the Environment 

Families are the fundamental building blocks of social and economic development 
(Firebaugh 1991). Families as rural households are keys to understanding 
environmental changes in developing countries, as they are the immediate users and 
managers of rural ecosystems at the subsistence level. Rural households are those 
closest to the environment and have the potential to play the primary roles in 
conserving and protecting land, water, and forests. Farmers, (women) are the direct 
and everyday users of land and water, and are those most in need of new technologies, 
information, and services that can increase their productivity and conserve scarce 
resources. It is essential that decision- makers recognize that women are at the center 
of the development process and that the improvement of their status and the extent 
to which they are free to make decisions affecting their lives and that of their families 
will be crucial in determining future population growth rates (Dankelman and 
Davidson 1991). That notwithstanding, women's meager access to agricultural 
training/ home economics programs in no way reflects the overwhelming percentage 
of time that they spend in agricultural labor (Verghese, in Dankelman and Davidson 
1989). Nor do home economics curricula include environmental conservation topics 
and methods appropriate to rural households as they manage natural resources. Sequel 
to World Conservation Strategy, an action plan for governments to develop their own 
national conservation policies, provides useful definition conservation: 

"Conservation is a process to be applied cross-sectorally, not an activity sector in its own right. In the 
case of sectors directly responsible for the management of living resources, conservation is that aspect of 
management which ensures that utilization is sustainable and which safeguards the ecological processes 
and diversity essential for the maintenance of the resources concerned" (Dankelman and Davidson 
1989). 

Living resource conservation has three specific objectives: 

· To maintain essential ecological processes and life support systems on which 
human survival and development depend; 

· To preserve biological diversity (the range of biological and genetic material); 



· To ensure the sustainable utilization of species and ecosystems (Dankelman 
and Davidson 1989). 

The family represents one of the major ways that human populations organize and 
adapt to meet goals, needs and communicate values in diverse environmental 
circumstances (Bubolz 1991). Significantly, women's activities involving the 
socialization of children in the space of the household provide an excellent 
opportunity for teaching environmental values, attitudes and behavior to children 
(Steady 1993). As the building block of rural communities, family is the nexus for the 
transfer of social and economic behavior patterns, survival skills, and environmental 
values across the generations. E.g., Women in Tanzania learn from their 
grandmothers that trees bring rain, and that cutting large blocks of trees will have a 
deleterious effect on rainfall. Young girls in India learn to tend livestock from their 
maternal relatives. In Sudan, Ethiopia, Mozambique, and other countries undergoing 
long-term stress, indigenous knowledge of survival strategies of various family 
members are passed on through the generations. In Malawi, family members plant 
saplings at the death of a relative or friend, preserving and protecting indigenous 
species on sacred lands. Agricultural skills, home economics, conservation techniques, 
and many other forms of indigenous technical knowledge are handed down from one 
generation to the next. . Economic and political factors, such as the privatization of 
common property resources, and inappropriate land use policies, can negatively 
impact rural people. Broad demographic changes, such as population growth, 
resettlement, migration, urbanization, and movements of refugees can also impact 
rural communities. These pressures frequently change the land-person ratio in an area 
and place additional pressure on the resource base. People are sometimes forced into 
shorter-term land use practices that are not sustainable. Additionally, newcomers may 
bring with them land use practices from their area of origin that are not necessarily to 
the new environment in which they have resettled. 

Rural households often face difficult trade-offs in decision-making about natural 
resources, as they seek to balance the conflicting demands of managing the 
surrounding environment with the economic survival of the family. For example, 
privatization of land may reduce the amount of land that is available to a family for 
grazing. A decision must be made whether to maintain the same number of animals in 
poor condition on the smaller area, or to destruct the herd, which may result in a loss 
of household income, savings, security, and status. 

To support households in facing these trade-offs, innovative new technologies and 
investment must be generated so as to relieve pressure on the natural resource base. 
Under conditions of food insecurity in low income countries, new technologies for 
crop and livestock management cannot be chosen exclusively for their compatibility 
with the environment. They must also allow for higher incomes for the rural poor 
(FAO 1993f). There may also be difficult environmental trade-offs in balancing 



industrial and urban growth with sustaining the natural resource endowments 
available to households in rural areas. Urbanization and industrialization may 
contribute to deforestation through increased demand for timber for construction or 
charcoal, to watershed degradation downstream through the deposition of urban and 
industrial wastes, and pollution through the concentration of wastes and pollutants. 
The family unit is the organizing unit for the exchange of one valuable resource. 
Human labour, as family members assume different economic and productive roles 
within the household, the marketplace, the formal and informal workforce. Yet rural 
households are often fragmented either economically or spatially. When a child does 
not reside with both parents, the household cannot be considered a closed economic 
system (IFPRI 1992). Divorce, remarriage, single parenthood, rising number of 
female-headed households, teenage motherhood, and single-sex unions all are a part 
of these changing family forms and structures (Firebaugh 1991). In that case, women 
everywhere have greatest responsibility for the economic support of their families, 
and for the maintenance of local ecosystems. The migration of men to urban areas to 
seek employment leaves women as de facto heads of households in many countries. 
The absence of men from the family and community disrupts the normal social 
structure (Rodda 1991), and places additional burdens on women for the day-to-day 
maintenance of their families. Women make up a slight majority of the world's 
population and a visible majority of the rural poor (Dankelman and Davidson 1989). 
A monumental share of rural households is comprised of women and their 
dependents, which tend to be disproportionately represented among poor, refugee 
and landless households. In Botswana, over one-third of all households are 
permanently or temporarily headed by women (Rodda 1991). A large portion of the 
world's homeless about 1,000 million people are women. And of the world's ten 
million refugees, women and children make up in some areas 90 per cent (Celik in 
Dankelman and Davidson 1989). Looking broadly at resource use, all family members 
are users of natural resources. Ultimately, we need to understand the ways in which 
changes in the environment and in community structures affect both men and women 
across all social categories (Thomas-Slayter et al. 1991; Ofosu-Amaah 1993). 

Development in Sustainability at the Household Level 

There is a growing recognition that even well-planned development policies and 
programs sometimes have negative environmental impacts that are undetected until 
their impact is severe (Eckman 1993). ). There is also considerable interest on the part 
of development planners in fostering sustainable solutions to rural poverty and 
resource degradation problems. The concept of sustainability has come to be regarded 
as both a goal in development assistance programs, and as an approach to 
development policies (Eckman 1993). FAO defines sustainability as: 

"The management and conservation of the natural resource loose, and the reorientation of technological 
and institutional in such as manner as to ensure the attainment and continued satisfaction of human 



needs for present and future generations. Such sustainable development fin the agriculture, forestry and 
fisheries sectors) conserves land, water, plant and animal genetic resources, is environmentally non-
degrading, technically appropriate, economically viable, and socially acceptable" (FAO 1988). 

For rural households, sustainability has both environmental and socioeconomic 
elements, and one element cannot be sustainable without the other. Perhaps most 
importantly, extension services and home economics curricula have generally not 
supported or reached rural households that are struggling with the effects of 
environmental degradation. Hunger and malnutrition are closely linked with both 
environmental un-sustainability and inadequate socioeconomic development, and are 
not simply problems of inadequate agricultural productivity or supply. Improving the 
potential for environmental sustainability will likely have a positive impact on the 
socioeconomic sustainability of rural households. Rural households in developing 
countries have the greatest potential to be the prime force for generating agricultural 
productivity and rural viability (FAO 1991w). Improving the access of rural 
households to environmental information and to conservation-oriented technologies 
can enable them to better manage and care for the natural resources upon which they 
depend. Rethinking development in sustainability terms also means linking the global 
and local use of natural resources. Where many households are using natural resources 
in an unsustainable way, the associated costs and problems can be exported to 
neighboring villages and towns, downstream dwellers, or to distant continents 
through airborne pollutants or through the movement of water. For example, 
pollution from burning fossil fuels, smoke from sycophancies and wind erosion of 
African soils contribute to global climate change and to atmospheric pollution over 
distant continents. The transfer of industrial pollutants from developed to developing 
countries and of nuclear wastes in oceans will bring costs to future generations when 
clean-ups are needed. The challenge is to foster the sustainable use of natural 
resources in ways that can be economically viable to rural populations, and that limit 
the export of environmental problems to others. 

Challenges of Educational Needs at the Family Level 

As the environmental and economic contexts facing rural households change, so do 
the educational needs of family members. Better access to education can improve the 
ability of farmers to use natural resources more productively, and to diversify their 
income sources away from dependence upon natural resources alone (Mink 1993). 
Thus, educational needs will expand skills, technologies, and information in 
environmental management and rehabilitation, resource conservation, waste and 
pollution management, energy, and other relevant areas. The strategic fiasco that 
emerges is that the majority of youth in the labor force is illiterate or semiliterate, 
living in rural areas, and is struggling to make a living from agriculture, home 
economic and other rural occupations. In the developing world, 80% of young people 
have serious deficiencies in resources or preparation for adult life, and at least 50% 



lack both (Ahmed in Seltzer, 1983). The monumental costs of limited educational 
opportunities becomes more significant when coupled with the realization that 
women and girls are among the least educated, yet are the group that produces the 
bulk of agricultural harvests at the subsistence level implementation of home 
economic activities. Home economics activities and Agricultural output are reduced 
when women have less access than men to inputs and support services, such as 
extension. If women were to apply the same volume and quality of inputs as men, 
their gross value of agricultural output would increase by about 22%. Given that 
women in Africa produce three-fourths of the region's food, total food production in 
Africa could increase by 10 to 15% (World Bank 1992). The education of young 
women is particularly important because of the extensive range of women's resource 
management. Improving their income earning possibilities increases the opportunity 
costs of raising children and the incentives to have smaller families, while providing 
the means to improve the health and educational prospects of children they do have; 
both developments have clear environmental benefits (Mink 1993). The economic 
and social returns to education for women and girls are substantial, and are on the 
whole greater than for men. In the recent World Bank investigations, it shown that by 
improving training and education for women, a country can reduce poverty, improve 
productivity, ease population pressure, and offer its children a better future (Herz, 
Subbarao, Habib and Raney 1991; Subbarao and Raney 1993). 

Home Economics in a Changing World 

Home economics has assumed new directions and responsibilities in recent years, and 
has reclaimed its early roots that rest squarely in the field of ecology. In the early 20th 
century home economics diverged from the development of ecology and other related 
disciplines, such as biology and anthropology. Home economics became centered on 
aesthetic and functional relationships primarily in the context of western middle-class 
households. There was an emphasis on household technologies, and on traditional 
values related to home, motherhood, and the ideology that these were women's 
primary vocation (Bubolz 1991; FAO 1991w). Hitherto, home economics has 
developed a reputation for "stitch and stir." As the model that was in part transferred 
from western countries to developing nations in the post-independence period as part 
of development assistance efforts. 

According to Seltzer (1980), it is not that aspects of home economics have not been 
and are not now involved to some extent in development activities. Home economics 
has a long and successful history in development, much more limited but paralleling 
in many ways what agriculture has been doing in research, technical assistance, 
education and training. However, the theoretical rationale and scope of home 
economics has moved far beyond the conventional image of sewing and cooking, and 
has returned to its roots once again to embrace the ecological and economic 
relationships of rural families: the household and its near environment. New 



conceptual frameworks have been developed based upon ecological models and 
human/environmental interactions (Deacon and Firebaugh 1988; FAO 1990g; Bubolz 
1991; FAO 1992f; Bubolz and Sontag 1993). The new model of home economics 
focuses on mutually sustaining interactions that link people and environments, and on 
the decisions that families make to creatively adapt and foster human development 
(Bubolz 1991). Hence, this reflects evolving reorientation of home economics toward 
broader ecological and environmental relationships for development at large. 

Impacts of Home Economics to Developing Countries 

Home economics is a crossroads in developing countries. The reorientation of home 
economics is a response to concerns about the relevancy of home economics 
programs in developing countries in serving the rural household (FAO 1991w). This 
traditionally female-dominated profession, commonly credited as serving a 
predominantly female clientele, needs to utilize its capabilities more effectively in 
national development. In particular, there is a need to broaden agricultural education 
curricula to better serve the diverse rural household production needs of all family 
members through extension services (FAO 1991w). 

There is a growing literature on women and development which points out the 
dangers of assuming that economic growth benefits men and women equally within 
rural households in developing countries. It is now common knowledge that certain 
approaches to development have failed to bring benefits to all members of rural 
households (Commonwealth Secretariat 1992). ). In a community setting, the context 
is usually less structured, and in addition to preparing for and teaching youth and 
adults, a home economics educator may spend more time in assessing needs, 
developing programs, recruiting learners, and consulting with learners who have 
specific problems to solve (Seltzer 1985). Pankhurst (1992) states that development 
can even be detrimental to women and children especially in their roles as resource 
managers and rural economic actors. The vast majority of agricultural and forestry 
extensionists in Africa are male, with the number of women extensionists averaging 
only 3%. This represents a serious limitation in the extent to which women farmers 
are in contact with outside advice on agricultural technologies (Commonwealth 
Secretariat 1992) with regard to agricultural production, processing, preservation, 
storage, exchange, and environmental management. On that note, Women’s meager 
access to agricultural training programs in no way reflects the overwhelming 
percentage of time that they spend in agricultural labor (Dankelman and Davidson 
1989). 

Alongside the general neglect of women farmers, the extension services which they do 
receive are often restrictively stereotyped. Women are often regarded as gardeners and 
are provided with extension services in small-scale poultry or vegetable production 
rather than staple crops or large livestock; even through they are often also 



responsible for the latter. In addition, cash crops are normally introduced to men, 
rather than women, which in turn tends to marginalize the women from the financial 
benefits of this production (Commonwealth Secretariat 1992).  

Conclusion 

Every country pays a high price for environmental un-sustainability and degradation. 
The challenge is to foster development that is technically sound, culturally acceptable, 
and economically viable. 

Rural families are the key to the sustainable use the natural resources. Development 
planners and educators should seek to reconcile the resources, needs, and realities of 
rural households with the requirements of national development strategies. The 
challenge for educators is to not only enable rural families to use resources at their 
disposable in a sustainable manner, but also to transfer knowledge and skills that can 
increase their productivity and improve their well-being. Home economics has the 
potential to treat rural households in an ecosystem perspective, recognizing that 
households are both consumers and producers of renewable and nonrenewable 
natural resources. 

Recommendation 

Enabling Rural Households to Overcome Constraints 

From the concept, it is clear that rural households (women) face a number of 
interlinked constraints that reduce their productivity and ability to use natural 
resources sustainably in nation’s development effectively. These constraints 
summarized below should be looked considered to enhance development at large: 

1.     Limited access to extension services, credit, and services, technologies 
and information. 

2.     Insecure tenure. 

3.     Inadequate skills and incentives on the part of service providers to 
effectively reach rural households. 

4.     Uneven involvement of women in decision making. 

5.     Declining natural resource base and environmental degradation. 

6.     Geographical and physical isolations and sometimes limited contact with 
other farmers and extensionists. 



7.     Poor nutritional status and physical condition of family members, which 
constrains their productivity and well-being. 

At the household level, strategies should seek to: 

1.     Avoid the unsustainable use of natural resources, and avoid 
environmental harm and degradation. 

2.     Empower households especially women, in the political and decision-
making process. 

3.     Expose women and girls to broader educational curricula, beginning 
with basic literacy and innumeracy skills. 

4.     Encourage the formation and empowerment of women's groups and 
other community groups that can take economic and environmental actions 
to benefit themselves. 

5.     Enable rural households to create and build assets that contribute to 
their economic well-being, such as savings, tree plantings, and other assets 
with real value to households. 

6.     Expose rural households to extension messages and technologies that 
can reduce waste, increase productivity and incomes, and save time and 
energy. 

7.     Improve the general physical well-being of family members. 
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Abstract  

The ratio of extension agents to farmer in Nigeria is very high. More so, most of the agents 

depend on traditional means of communication to send across time bound agricultural 

information and research findings to farmers. This is no longer effective in the present 

dispensation if the farmers must achieve food sufficiency for the nation. This paper therefore, 

examined the usefulness of information and communication technology in the enhancement of 

agricultural extension services in Nigeria. It equally looked at the rationale for the use of ICT in 

agricultural extension services. Some useful recommendations were made among which are that 

government should embark on aggressive development of rural areas ensuring that electricity 

supply is regular, the Ministry of Agriculture and ADP should work cooperatively to recruit and 

deploy more qualified and ICT literate extension agents and the Ministry of Agriculture should 

invest in training the in-service extension agents and the farmers on usability of ICTs for 

information dissemination and retrieval.         

 

Introduction  

 Information and communication technology, according to Unagha (2006) is an omnibus 

term that encompasses computer and telecommunications technology. It is any technology that is 

used in producing, organizing and distributing information. Wirsiy and Shafack (2002) see it as a 

broad based term that encompasses the gathering (acquisition), organization (packaging), storage 

and retrieval (dissemination) of information that can be in textual or numeric (books and 

documents), pictorial and vocal forms (audio-visual), using combination of all the above 

(multimedia) including computers and telecommunications (telephones).There is no gain saying 

the fact that information and communication technologies are the nervous systems of any 

contemporary society. It has led to a lot of achievements and innovations in different sectors of 

the economy including agriculture.  

 An effective agricultural extension depends on extension messages (information) 

reaching many farmers and farmers problems reaching extension staff quickly and regularly. The 

extension agent is the only extension worker who teaches the production recommendations 

directly to farmers. Through him, therefore, it is expected that the farmer benefits from 

agricultural research with the ultimate target of raising his agricultural production efficiency and 

effectiveness. Unfortunately, in Nigeria today, extension agents still depend heavily on 

traditional extension methods of communication. This is no longer effective for the time bound 

research discoveries and the high farmer extension agent ratio in the new millennium.  



 

Rationale for the use of ICT in Agricultural Extension Services  

 The extent to which the extension agent effectively carry out the all important function of 

communicating with the farmers leaves much to desired. This is in view of the fact that the ratio 

of extension agents to farmers is very low. The Anamabra State Agricultural Development 

Project (ASADEP, 1987) noted that each extension agent is expected to cover about 800 to 1, 

200 farm families. Similarly, Ekong (2005) opined that it is ideally expected that farmer-

extension agents ratio in the country should be 750 farm families or less to one full-time 

extension agent. He however regretted that as at the year 2000, the ratio remained at an average 

of 2, 500:1.  

 With the above painted scenario, it is obvious that the extension agent cannot effectively 

cover all farm families forth nightly, particularly with the use of traditional extension methods. 

Constraining factors such as distance, bad roads, poor communication capacity, dialectical 

problems, poor transportation facilities and inadequate funding pose great problems to effective 

communication of information to farmers. It is clear, therefore, that the traditional mode of 

transmitting research findings to farmers through face to face encounter only, no longer 

adequately handles time bound information that should circulate within the farming population. 

Innovative changes brought into the field of agriculture scarcely reach the rural farmers who are 

the major stakeholders as far as food production in this country is concerned. Uwaka (1983) 

regretted that many new ideas and improved practices advocated by extension officers are 

difficult for the African farm families to obtain. Similarly, Chadwick (2003) opined that 

agricultural development in Nigeria has been hampered by how level of agricultural information 

exchange. By implication, the outstanding problem lies in the fact that current research findings 

do not reach the farmers as and when due.  

 Effective communication reflects a situation in which a skillful communicator duely 

sends a useful message through the proper channel to the appropriate audience who responds as 

desired (Unamma, Nwosu and Onwudike, 2005). However, the emerging challenge to farmers in 

this new millennium is how to cope with information explosion and global trend in agro-

technology. There is the need therefore, for inter-related and communicatively linked systems to 

diffuse information and technological innovations to farm families. The role of research as a 

source of technical knowledge for the development of agriculture is critically vital but as 

observed by Nwachukwu (2003), there is a dire need to transfer technology from the technology 

developers to the technology utilizers through effective communication technology. Herein lies 

the rationale for utilizing ICTs in agricultural extension services particularly in this new 

millennium.  

 

Using ICT to Enhance Agricultural Extension Services  

 Adivi (1996) described modern technology as a science that deals with all the creation, 

transmission and application of knowledge designed to bring about planned changes in the 

behavioural complex of people with a view to helping them live better life through learning new 

ways of improving their vocation, enterprises and institutions. The use of ICT has arisen because 

of the need to cope with information explosion in various sectors including agriculture. In order 

to keep pace with disseminating the increasing number of information or discoveries from 

different research institutes, computers and telecommunications must be utilized to handle 

information processing and dissemination with greater speed and accuracy than manual 

processing and delivery through extension agents. We live in a  rapidly changing world marked 

by increasing emphasis on information.  

 Broadly speaking, information refers to data and knowledge of related inputs and outputs 

of a system including ways in which these are transformed within the system (Ozagediz and 



Ostem, 1998). Communication includes all the methods and mechanisms enabling access to 

information products and their circulation between the various kinds of actors in its 

administration. Since information is the major tool for extension service, communication or the 

dissemination of information about agricultural operations and productions play a vital role in 

sustaining an effective agricultural extension service. Hence, Nwachuckwu (2003) averred that 

agricultural communication is the effective transfer of agricultural technological innovation from 

technology developers (e.g research institutes, universities, private organization, etc) to the 

technology utilizers (e.g the farmers). For an agricultural information to be useful, the extension 

agents have to map out the information and communication needs of farmers within their 

agricultural and socio-economic systems and help key elements in that system to find 

information they need, when they need it, in accessible terms and language, at prices that are 

realistic at the given available resources and development objectives. Effective communication 

of agricultural information to farmers is of critical value in achieving optimum efficiency in 

agricultural extension administration and practice in Nigeria.  

 Various forms of ICT devices abound in the country today. It is expected that these 

available forms of ICT devices should be effectively utilized by extension agents to enhance 

agriculture extension services. The available ICT facilities are grouped into broadcast 

technology, print technology and telecommunication/computer technology (Okon, 2005). 

Broadcast technology refers to the broadcast media such as radio, projectors, media van etc. Print 

technology includes print media such as newspapers, magazines, bulletins, posters, calenders of 

work, newsletters, leaflets, pamphlets etc. The telecommunication/computer based technologies 

include telephones, global system and mobile system, computers, facsimile (fax), electronic mail 

service (e-mail), CD-ROM, internet etc.  

 Radio communication is obviously one of the fastest, most powerful and in most 

countries the most popular means of communication with the rural farmers. It defeats obstacles 

faced by extension workers (Omosa, 2001). Various studies have indicated that as far as 

agricultural extension work is involved, radio has proved to be one of the most vital and most 

effective means of disseminating agricultural information and innovations in the developing 

societies where the greater majority of the rural farmers are illiterates. For instance, Mundy and 

Sultan (2001) state that in Mali, the establishment of community radio stations within a radius of 

100km enables extension officers to reach about half a million farmers in their local languages. 

The use of local dialect in area of reception encourages addressing of issues of local interest thus 

breaking literacy barrier created in print media. Moreso, radio is adaptable to local conditions as 

it can be used without electricity and it is easily affordable.  

 The television set combines sight and sound thereby increasing the possibility of grasping 

and retaining the subject matter presented. It provides its audience with a sense of participation, 

personal access and reality which approximates face to face contact. Projectors can be used to 

disseminate information using motion pictures, slides, transparencies etc, by extension officers to 

demonstrate different farming techniques. Telephone or GSM can be used to communicate 

information between extension agents and farmers or react to questions relating to farm problems 

with the advantage of possibility of feedback.  

 The increase in accessibility to computers nation wide and new computer software 

packages now makes it possible to use the computer as a means for communication, information 

storage and retrieval. Computers should not only be used for communication in Agricultural 

Development Projects (ADPs), but should also be used for graphic work coupled with production 

of images that serve as teaching aids for the farmers. With proper networking, a computer user at 

one ADP location can communicate with other ADP officers with the use of modem or telephone 

lines bringing information nearer to the farmers.  



 E-mail is the most commonly used new ICT facility and has caused a cultural revolution 

in the way individuals and organizations interact in terms of time, cost and distance. Research 

institutes, NGOs and government sectors make use of their e-mail facility to send messages to 

other sectors and head offices, request for information, set up meetings, negotiate contracts, 

submit reports and keep in touch with people within and outside the country. This could be 

employed in agricultural extension services if the enabling environment is provided. These and 

other ICT facilities could be employed in agricultural extension services to ensure effective 

service delivery.  

 

Conclusion 

 World Bank (1990) recommended that extension should forge new links and create 

networks for sharing knowledge and experience. Hence, there is need for the application of 

information and communication technologies in information dissemination to farmers. Food and 

Agricultural Organization (FAO, 1993) opines that information technologies bring new 

information services to rural areas over which farmers as beneficiaries will have much greater 

control than other information channels.  

 The use of information and communication Technologies has arisen because of the need 

to cope with information explosion in various sectors including agriculture. In order to keep pace 

with disseminating the increasing number of discoveries from various research institutes, 

computers and telecommunications should be utilized as they ensure greater speed and accuracy 

than manual delivery through extension agents.  

 It is hoped that with proper harnessing of the potentials of ICTs by extension agents, 

Nigerian agriculture will be transformed such that the rural poor will have access to global 

knowledge system. When Nigerian agriculture has been transformed the problem of food 

scarcity would have been solved and the standard of living improved for all.  

 Extension officers are the ones that provide proper management of information, 

communication and knowledge that allow farmers to make better management decisions that will 

improve their long-term livelihoods and enhance global linkage. However, for ICTs to 

successfully facilitate extension officers’ role of information dissemination, such enabling 

variables as accessibility, capacity of use and other constraining variables have to be taken into 

consideration. The results of increased available knowledge that ICTs facilitate on the farmers 

will include higher income, improved efficiency in product harvesting, processing and storage, 

higher yields ensuring improved food security, improved livelihoods etc.  

 

Recommendations  

1. As a matter of priority, government should embark on aggressive development of rural 

areas, ensuring that electricity supply is regular and helping to subsidize ICTs for 

farmers.  

2. All service providers must as a matter of necessity strengthen their telecommunication 

network in Nigeria with particular emphasis on the rural areas where the farmers and 

extension agents are located.  

3. National Communication Commission (NCC) should closely monitor the activities of the 

service providers to ensure that users are not exploited unnecessarily and that efficient 

services are provided.  

4. Ministry of Agriculture and ADP should ensure the airing of agricultural programmes on 

radio and television stations at such times that they will be useful to the farmers.  

5. The government should establish television viewing centres in rural areas where 

agricultural programmes can be broadcast and viewed by rural farmers.  



6. Government should step up effort at ensuring that the current drive at maintaining steady 

power supply is sustained.  

7. The Ministry of Agriculture and ADP should work cooperatively to recruit and deploy 

more qualified and ICT literate extension agents.  

8. The Ministry of Agriculture should update the extension communication facilities 

available to the extension agents with more modern information and communication 

technologies.  

9. The Ministry of Agriculture should invest in training the extension agents in service and 

the farmers on usability of ICTS for information dissemination and retrieval. Such 

training could come inform of seminars, conferences, workshops or train the trainers 

courses.         
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Abstract 
In Sri Lanka, the supermarket sector is growing at a faster rate and is firmly established now. 
Supermarkets not only change the way we shop, but also radically change food supply chains and 
producer-retailer relations through new procurement practices. In the long run, supermarkets will 
increasingly influence the structure and implementation of agri-food system throughout the country. 
It creates new opportunities for farmers who are able to supply what supermarkets demand. Hence, 
it is important for the government to be aware of these changes, opportunities and challenges facing 
farmers as they can enhance small producer livelihood. Therefore, this study attempts to examine 
the organization and functioning of vegetable supply chains systems of supermarkets and their 
implications on farmers compared to conventional marketing channels.  
 
Two surveys were conducted interviewing supermarket-channel farmers (100) and conventional-
channel farmers (100) in each study location, namely; Nuwara Eliya, Bandarawela and 
Thambuththegama. A one-way analysis of variance was used to compare the retail prices of 
vegetables at different supermarkets and to compare them with prices at conventional channels. 
Further, the prices received by supermarket-channel farmers and conventional channel farmers were 
analyzed. 
Study has revealed that the leading supermarkets (with large number of outlets) have vegetable 
collecting centres at major producing areas to procure their vegetables requirement. In addition, they 
procure vegetables from independent procurement agencies. Collecting centers procure vegetables 
directly from farmers or farmer associations, while independent procurement agencies procure 
directly from farmers or from collectors. Other supermarket chains use preferred supplier system to 
procure their vegetable requirement. It was revealed that there were no agreements between 
supermarkets and farmers in supplying vegetables. 95 percent of the farmers were not given any 
guidelines by supermarkets for the cultivation of crops and at the selling point they consider the 
physical attributes of vegetables with respect to quality. Majority of supermarket farmers sell 20 to 
50 percent of their total production to supermarkets, whereas conventional farmers sell more than 
75 percent of their produce to a selected marketing channel. About 71 percent of the supermarket-
channel farmers have selected supermarkets to sell vegetables due to high producer price paid 
whereas 75 percent of conventional-channel farmers selected their channel as it was easy to sell their 
products to conventional channels. A notable proportion (69 percent) of the farmers had not 
received any benefits from the supermarkets other than receiving higher producer prices. This study 
has also found that farmers do not cultivate vegetables according to standards or advises given by 



the supermarkets. However, at the point of selling, supermarkets grade and sort out vegetables 
according to the standards and those which are not up to the standards are rejected. 
 
It was observed that the farmers face problems in supplying vegetables to supermarkets. As 
supermarkets order a limited amount of vegetables at a time, they have to find out other sources to 
sell the rest of their produce. The amount of purchase by supermarkets is low when the production 
is high and farmers have to bear the transport cost when selling to the supermarkets.  
 
To cater to the demand of changed urban consumption needs, supermarkets have integrated with 
farmers. This vertical relationship between farmers and supermarkets has been helpful to improve 
quality of products, reduce transaction costs and information asymmetries. It has also been helpful 
to reduce price risk at farm level and ensure a higher price for farmers compared to conventional 
channels and has been able to reduce price margins between retailers and producers to a lower level 
compared to conventional channels. Hence, it was found that the prices of most of the vegetables 
are lower in supermarkets in contrast to conventional markets (P<0.05). 
This study recommends that, the supermarkets or their suppliers should guide farmers on what to 
produce, when to produce and when to harvest with better provision of agricultural inputs and 
extension services. Farmers should be organized as groups to facilitate supermarkets by operating 
collecting centers that create a win-win situation to both parties where farmers can obtain higher 
prices while supermarkets can reduce their transaction cost. Government should be able to develop 
programs that will help farmers to upgrade their pre and post harvest practices in order to meet the 
requirements of these new markets and need to investigate possible tripartite arrangements between 
banks, supermarkets and input companies to assist farmers. 
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Introduction 

 
1.1 Rationale for the Study 
 
Agricultural marketing is an important discipline in agricultural economics. Marketing of vegetables 
is particularly important as up to 90-98% of the produce is sold, except root and tuber crops of 
which a significant portion is saved for seeds (Singh and Sikka, 1992). The marketing operations of 
vegetables have a crucial role, due to seasonality of produce which decide the profits of the farmer 
on one hand and level of availability to consumer on the other hand. High market margins are a 
great problem in this scenario. Marketing cost includes collection, transportation, processing and 
distribution of farm produce to consumer. To reduce marketing margins, various methods are used 
all over the world such as direct marketing system and contract farming. With rapid economic 
growth, increasing urbanization, and accelerated integration into the world market, there has been a 
surge in the number of supermarkets and hypermarkets in many developing countries of Latin 
America and Asia (Reardon and Berdegue, 2001). Supermarkets are an emerging force in South Asia, 
particularly in urban India since mid-1990’s (Pingali, 2004). There has been a rapid growth in the 
role of supermarkets in almost all parts of the world (Shepherd, 2005). Supermarkets not only 
change the way we shop, but also radically change food supply chains and producer-retailer relations 
through new procurement practices. In Asia, changes to supply arrangements wrought by 
supermarkets are not as advanced as in other regions, but procurement practices appear to be 
heading in the same direction as in other regions (Reardon, et al, 2004). Supermarket supply chains 
distinguish themselves from traditional market channels through specialized logistic facilities and 
focus on value-added activities.  
 



Supermarket chains are significantly increasing their scope of services well beyond traditional food 
distribution, food services that capitalize on the growth of food away from home as well as non-
food services that combine one-stop shopping convenience and time-saving features (Bonanno and 
Lopez, 2007). In Asian countries, most households continue to use traditional retailers for fruits and 
vegetables even though they may use supermarkets for other products. Fresh produce sale in 
supermarkets are much lower than packaged produce sales. There remains the perception, and 
possibly the reality, that wet market supplies are fresher and often cheaper (Shepherd, 2005). The 
fresh fruit and vegetable sub-sector is important because, on the retail side, supermarkets consider it 
as an important and strategic marketing instrument to attract consumers and generate profit 
(Makoka, 2005). Modern supply chain management in the fruit and vegetable distribution sector 
necessarily calls for improved efficiency in the ways transactions between producers and their buyers 
are organized. Supermarkets are becoming, increasingly stronger in fruit and vegetable retailing. 
They are particularly concerned with the need to secure a steady flow of quality products that meet 
the attributes required by their consumers and can be priced at a competitive level. To offer, at a 
profit, the wide and seasonably variable assortment of products that comprise fruits and vegetables, 
supermarket managers must ensure that their transactions with suppliers are closely coordinated. 
The characteristics to be coordinated in these transactions cover aspects such as volume, frequency, 
price determination, payment conditions, logistics, delivery schedules, product standards, packaging 
requirements and policies to deal with supplies that do not meet pre-defined specifications (Chen, et 
al, 2005). 
 
In a country like Sri Lanka, where food production is in the hands of small producers, a large 
number of intermediaries are involved in supply and distribution activities. The structure of the 
traditional vegetable supply chains is such that there are a large number of intermediaries (i.e. 
vegetable collectors, transporting agents, commission agents etc) between the producer and the 
consumer (Rupasena, et al. 2001). Development economists, policy makers and practitioners 
traditionally view supermarkets as rich person’s place to shop (Thomas, et al, 2003). But today the 
trend has changed and supermarkets are no longer niche players for rich consumers in the capital 
cities of the countries in the world. In Sri Lanka, as elsewhere, the supermarkets have broken the 
traditional purchasing trend and the industry is set for explosive growth resulting from; 

- Rapid urbanization. 

- Per capita income growth and growth of the middle class. 

- Increasing employment of women. 

- “Westernization” of lifestyles, particularly among younger people. 

- Growing use of credit cards. 

- Changes in family structure (a growing proportion of nuclear families and even, one-person 
households, as opposed to extended families). 

 
The supermarket concept was initiated in Sri Lanka with the departmental stores, namely Cargills 
and Millers, which were established during the British Colonial period. In practice, the supermarkets 
were initially started in Sri Lanka in 1980’s. This particular sector began to expand after the year 
2000. Today, the supermarket sector is at the growing stage of its Industry Life Cycle (Wanninayake 
and Dissanayake, 2006). Two major supermarket chains such as Cargills Food City and Keells Super 
dominate the industry. At present, Cargills (Ceylon) Limited operates more than 139 outlets in 22 
districts and Keells Super operates more than 67 outlets. In addition to the above major supermarket 
chains, there are 33 outlets operated by other supermarket chains such as Laugf Sun Up, Arpico 
Supercentres, Go-geter, etc. Arpico Supercenters and Cargills Big City are the hypermarkets that 
function at present in Sri Lanka. Out of the consumers shopping from supermarkets in the country, 



only about 33% procure their vegetables from the supermarket outlets, while others prefer to 
procure their vegetables from traditional retail outlets (Wickramarachchi, 2004). 
 
The growth of supermarkets and other retail outlets has been mirrored by an increase in demand for 
high value agricultural products (HVAPs) such as fruits and vegetables, poultry and fish. High value 
markets are attractive to farmers because the net benefit of selling to supermarkets relative to selling 
to traditional markets tends to be much higher in niche/quality products (“non-commodities”) 
compared to bulk, mass commodities (Reardon, 2005; Singh, 2005). It should be noted that 
supermarkets have come to stay. In the long run, they will increasingly influence the structure and 
operation of agri-food system throughout the country. They will also determine, to a large extent, 
the conditions and the potential for small farms and firms to sell agri-food products to this dynamic 
portion of the food economy. These are the very markets that the poor need to supply in order to 
escape from poverty (Weatherspoon and Reardon, 2003). The implications of the rise of 
supermarkets for farmers come from the methods of procurement and logistics used and the quality 
standards applied. The smallholder farmers who do manage to enter these more lucrative markets 
may find it difficult to stay in it as they experience many problems (Shepherd, 2005).  
 
Supply chains developed by the supermarkets are well coordinated chains: a very different approach 
to marketing Fresh Fruit and Vegetable as compared with the fragmented supply chains in the 
traditional market. In a country like Sri Lanka where majority of the population is dependent on 
agriculture, these new markets have a profound impact on the agricultural economy because of the 
impact on the major stakeholders – farmers, traders and wholesalers in the traditional market. The 
supermarket sector is growing fast in the country and is in the process of creating new business 
opportunities for farmers who are able to supply what supermarkets demand. It is, therefore, 
important for the Government of Sri Lanka to be aware of these changes, specially of the 
opportunities and challenges facing farmers as it can enhance small producer livelihood. With this 
kind of information, Government would be able to put in place programs that will help farmers to 
upgrade their pre and post harvest practices in order to meet the requirements of these new markets, 
and do so in win-win ways that will make this inevitable transformation most advantageous for 
farmers, consumers, and retailers. 
 
1.2 The Main Objectives of the Study are: 
 

1. To examine the organization and functioning of supermarket supply chain systems with a 
particular focus on procurement practices of vegetables and identify their limitations. 

2. To identify the problems and constraints of farmers in supplying vegetables to supermarkets. 
3. To understand the farmers' views in supplying vegetables to supermarkets as against the 

conventional marketing channels. 
4. To study the variations of retail prices of vegetables at different supermarkets and 

conventional retail markets. 
 
1.3 Study Locations and Sample Selection 
 
Study sites were selected from areas where the collecting centers of supermarkets were located. Only 
Cargills Ceylon Ltd. and Keells Super have collecting centers in major producing areas to procure 
vegetables from farmers. Cargills has six collecting centers at Hanguranketha, Nuwara Eliya, 
Bandarawela, Thanamanwila, Thambuththegama and Norochchole. Up-country vegetables are 
obtained from collecting centers at Nuwara Eliya, Bandarawela and Hanguranketha, while the low-
country vegetables are procured from collecting centers at Thanamanwila, Thambuththegama and 
Norochchole. Keells Super procures up-country vegetables from independent procurement agencies 



named "AGCO" (Agriculture Co-op Society Ltd.) and Sinhala-Tamil Women's Society at Nuwara 
Eliya, while the low-country vegetables are procured from the collecting center at 
Thambuththegama. Hence, to understand the procurement system of up-country vegetables, the 
collecting centers of Cargills at Nuwara Eliya and Bandarawela and the collecting center of Keells 
Super at Nuwara Eliya were selected. With regard to low-country vegetables, the collecting centers 
of Cargills and Keells Super at Thambuththegama were selected as study locations. 
 
1.4 Data Collection Method and Sampling Procedure 
 
Three interrelated data collection mechanisms have been used to elicit necessary information for the 
study. Firstly, the existing literature on traditional vegetable supply chains in Sri Lanka and studies 
conducted to understand the structure and performance of the supermarket supply chain systems in 
Asia were reviewed. Secondly, an explorative survey was conducted with the key officers of leading 
supermarkets and collecting centers to understand the present performance, procurement practices 
and limitations of supermarket supply chain system. Thirdly, a structured questionnaire was 
administered to understand the interaction between supermarkets and farmers.  
 
Objective 1: 
 
Four leading supermarkets in Sri Lanka i.e. Cargills, Keells Super, Laugf Sun Up and Arpico 
Supercenters were selected to study the organization and functioning of supermarket supply chain 
systems and their limitations in marketing of vegetables. The key officers of the relevant 
supermarkets were interviewed to understand their procurement and distribution system. Further, 
information was collected by interviewing key officers at the collecting centers of Nuwara Eliya, 
Bandarawela and Thambuththegama which are the collecting centers of Cargills and Nuwara Eliya 
and Thambuththegama collecting centers of Keells Super. 
 
Objective 2 and Objective 3: 
 
Two structured questionnaires were administered for "supermarket-channel farmers" and 
"conventional-channel farmers". The "supermarket-channel farmers" are farmers who are listed as 
direct suppliers of fresh fruits and vegetables to the two leading supermarket chains. The 
"conventional-channel farmers" are farmers who sell to traditional marketing channels. Two 
structured questionnaires were administered on samples from those sectors. From each location of 
vegetables collecting centers of Cargills at Nuwara Eliya, Bandarawela and Thambuththegama and 
from the collecting centers of Keells Super at Nuwara Eliya and Thambuththegama, twenty farmers 
were selected and altogether hundred farmers who supply vegetables to supermarkets were 
interviewed. At the same time hundred farmers who supply vegetables to conventional marketing 
systems were selected from the same locations. Altogether, two hundred farmers (100 supermarket-
channel and 100 conventional-channel farmers) were interviewed. The supermarket-channel sample 
was chosen randomly from the preferred-supplier lists provided by the collecting centers of leading 
two supermarket chains.  
 
Objective 4: 
 
Retail prices of selected vegetables were collected from the Cargills, Keells Super, Laugf Sun Up and 
Arpico Supercenter in Colombo district and prices from the retail markets at Borella, Wellawatta, 
Nugegoda and Battaramulla were collected to analyze the variation of retail prices of vegetables in 
different supermarkets and conventional retail outlets. Prices of supermarkets and conventional 
markets located in the same area were collected on the same day. Further, the prices received by 



supermarket-channel farmers and conventional-channel farmers at Nuwara Eliya and 
Thambuththegama were collected. 
 
1.5 Analysis of Data 

 
Data were explained and statistically analyzed using appropriate statistical techniques. 

 
 

Analysis of Vegetable Prices of Supermarkets and Conventional Markets 
 Introduction 
 
Farmers who produce FFVs face various risks; the two most important ones are the price risk and 
the production risk. The prices of FFVs may vary from year to year. There are often no 
government-initiated price stabilization efforts and therefore producers of such products are subject 
to higher price risks compared to producers of staple crops. Aside from price risks, producers of 
FFVs are subjected to production risks, particularly to yield risks due to variations in inputs, 
weather, and other idiosyncratic factors.  
 
Supermarkets set prices on a daily basis depending on the prevailing wholesale market prices. 
Supermarkets tend to charge consumers lower prices and offer more diverse products and higher 
quality than traditional retailers. These competitive advantages allow them to spread quickly, winning 
consumer market share. In most countries supermarkets offer lower prices first in the processed and 
semi-processed food segments. Only recently, mainly in the first wave and second wave countries 
supermarket prices for fresh fruits and vegetables have been lower than traditional retailers. 
 
 Comparison of Retail Prices of Vegetables between Supermarkets in Colombo 

District 
 
The prices of all the types of vegetables are significantly different among four supermarkets (p < 
0.001). According to the results given in the table 5.1, the prices of carrot, leeks, beetroot, snake 
gourd, drumstick, luffa, long beans and cauliflower are completely different among four 
supermarkets. For most of the varieties the lowest price was observed in supermarket A. 
 
Table 5.1: Prices of Vegetables recorded in Different Types of Supermarkets in Colombo District 
 

Vegetables Sup. A Sup. B Sup. C Sup. D Sig. 

Carrot 76.60a 83.40b 88.27c 95.25d <0.001 

Beans 81.60a 82.60a 89.73b 90.90b <0.001 

Leeks 36.60a 42.30c 39.80b 52.90d <0.001 

Beetroot 58.00a 89.20d 85.73c 78.95b <0.001 

Knolkhol 53.60a 84.80c 86.27c 69.40b <0.001 

Radish 34.40a 56.20c 57.40c 49.60b <0.001 

Cabbage 55.00a 71.00c 67.00b 72.40c <0.001 

Tomato 68.40a 90.10c 84.87b 68.05a <0.001 



Ladies fingers 41.80b 43.40b 45.40c 38.81a <0.001 

Brinjal 62.40a 73.80b 75.93b 74.90b <0.001 

Capsicum 70.00a 85.40b 83.40b 87.80c <0.001 

Pumpkin 21.00a 21.00a 22.07b 23.85c <0.001 

Cucumber 21.20a 29.50c 24.00b 31.70c <0.001 

Bitter gourd 80.00b 91.70c 88.00c 58.95a <0.001 

Snake gourd 27.80a 48.20d 41.60c 37.80b <0.001 

Drumstick 39.40a 81.40d 76.73c 44.12b <0.001 

Luffa 59.00b 57.90a 58.80b 60.70c <0.001 

Long beans 55.00a 88.75d 81.14c 67.55b <0.001 

Ash plantain 62.20a 66.20b 69.27c 68.85c <0.001 

Cauliflower 260.80a 398.30c 350.67b 394.06c <0.001 

Red Cabbage 246.60a 453.30c 377.60b 396.94b <0.001 

Bell pepper (Red) 518.60a 908.20c 625.00c 572.00b <0.001 

Lettuce 98.40a 154.40c 123.00b 104.10ab <0.001 

Salad cucumber 146.33b 158.00c 138.00a 147.75b <0.001 

Source: Analysed using one way ANOVA, based on the prices of different Supermarkets (September, 2009) 

  
 

Comparison of Retail Prices of Vegetables in Supermarkets with other Conventional 
Markets in Colombo District in Sri Lanka 

 
Table 5.2 compares the retail prices of vegetables in conventional markets versus supermarkets in 
Colombo district. Prices of different outlets of each supermarket are more or less similar whereas 
the prices at different conventional retail markets are different. Part of the difference in prices 
between supermarkets and traditional outlets is explained by differences in product quality as the 
quality of product sold in supermarkets being superior to that offered in traditional markets. 
 
Considering the mean values of the retail prices given in the table 5.2, in Borella and Nugegoda, the 
prices of leeks, cabbage, ladies fingers, brinjal, pumpkin, cucumber, snake gourd, luffa and ash 
plantain are significantly lower in supermarkets than those of retail markets (P < 0.05). Prices of 
other types of vegetables are not significantly different. In Wellawatta, except for tomato, the prices 
of all the other types of vegetables are significantly lower in supermarkets when compared to 
conventional markets (P < 0.05). Retailers of Wellawatta purchase high quality vegetables from 
Pettah retail market and fresh vegetables are received at the market early in the morning. Also, it was 
observed that the quality of vegetables is higher compared to other retail markets in Colombo 
district. Compared to retail market, the quality of vegetables at most of the surrounding 
supermarkets was low in Wellawatta. The consumers are used to purchase more fresh vegetables 
from retail markets though the prices are higher than the supermarkets. In Battaramulla, the prices 
of beans, beetroot, knokhol, ladies fingers, capsicum, long beans and cauliflower are significantly 
lower in retail market compared to supermarkets as most of the retailers have direct supply of 



vegetables from the major producing areas, whereas retailers of Nugegoda and Borella purchase 
from Colombo Manin market. 
 
Balserich (2003), in a study of supermarkets in Paraguay has observed that the prices of most of the 
FFV products were at least 15 percent cheaper in supermarkets as compared to their smaller 
competitors. The FFV price competition among supermarkets and against small stores drives prices 
down by benefiting even more consumers. Supermarket chains have not suffered losses and have 
improved their procurement systems driving their product and transaction cost down. Supermarket 
usually offers product at low prices by reducing their profit margins. To maintain a profit, 
supermarkets attempt to make up for the lower margins by a higher overall volume of sales and with 
the sale of higher margin items.  
 
Supermarkets do not expect the vegetable sections to be profitable. The main purpose of this 
operation is to attract more consumers to purchase other profitable products. In other countries, 
supermarkets consider that consumers are more sensitive to vegetable prices than to other prices. 
Therefore, they have special prices everyday for a few selected vegetables. Some supermarkets even 
have different vegetables on sale for special prices at different hours throughout the day. Consumers 
react to this marketing strategy and are willing to queue up for a long time to purchase at special 
prices (Zhang, et al, 2006). 
 
Table 2: Comparison of Retail Prices (Rs/kg) Recorded in Supermarkets vs. Conventional Markets in 

Colombo District 
 

  

Vegetable 

Type of 

Market 

Borella Wellawatta Nugegoda Battaramulla 

Mean Sig. Mean Sig. Mean Sig. Mean Sig. 

Beans 

  

Super. 86.35 0.004 86.45 < 0.001 84.33 0.150 86.35 < 0.001 

Retail 78.00   102.00   94.00   64.80   

Carrot 

  

Super. 85.80 0.005 86.00 < 0.001 85.13 0.192 85.80 0.002 

Retail 80.00   107.00   92.00   76.00   

Leeks Super. 42.73 <0.001 42.73 < 0.001 44.63 < 0.001 42.73 0.120 

  Retail 70.00   77.00   70.00   53.80   

Beetroot Super. 78.05 0.271 78.15 < 0.001 74.93 0.040 78.05 < 0.001 

  Retail 82.00   107.00   86.00   57.00   

Knolkhol Super. 73.55 0.172 73.45 < 0.001 69.27 0.568 73.55 < 0.001 

  Retail 80.00   103.00   72.50   56.22   

Raddish Super. 49.60 0.002 49.45 < 0.001 46.13 0.162 49.60 0.361 

  Retail 68.89   80.00   53.33   54.00   

Cabbage Super. 66.25 <0.001 66.25 < 0.001 66.53 < 0.001 66.25 0.414 

  Retail 82.00   88.00   80.00   69.00   

Tomato Super. 77.88 0.356 77.78 0.189 75.57 0.506 77.88 0.004 



  Retail 74.00   84.00   78.00   64.00   

Ladies fingers Super. 42.63 <0.001 42.32 <0.001 41.57 < 0.001 42.63 < 0.001 

  Retail 80.00   84.00   74.00   58.00   

Brinjal Super. 71.80 <0.001 71.90 <0.001 70.07 < 0.001 71.80 0.472 

  Retail 80.00   104.00   84.00   69.50   

Capsicum Super. 81.85 0.258 81.25 <0.001 81.07 0.089 81.85 < 0.001 

  Retail 86.00   105.00   92.00   61.00   

Source: HARTI Survey Data (September, 2009) 
 
Table 3 (contd.): Comparison of Retail Prices (Rs/kg) Recorded in Supermarkets vs. Conventional Markets in 

the Colombo District 
 

Vegetable Type of 
Market 

Borella Wellawatta Nugegoda Battaramulla 

Mean Sig. Mean Sig Mean Sig. Mean Sig. 

Pumpkin Super. 21.85 <0.001 22.35 <0.001 21.80 <0.001 21.85 0.001 

  Retail 49.00   60.00   40.00   33.60   

Cucumber Super. 27.03 <0.001 27.03 <0.001 25.77 <0.001 27.03 0.001 

  Retail 54.00   63.00   50.00   35.40   

Bitter gourd Super. 81.03 0.014 81.03 <0.001 75.17 0.022 78.23 0.012 

  Retail 96.00   114.00   94.00   62.00   

Snake gourd Super. 38.90 <0.001 38.90 <0.001 37.73 <0.001 38.90 0.001 

  Retail 58.00   79.00   66.00   52.00   

Drumstick Super. 61.53 0.045 60.37 <0.001 55.47 0.030 61.53 0.134 

  Retail 76.00   102.00   72.00   53.00   

Luffa Super. 59.13 <0.001 59.13 <0.001 59.10 <0.001 59.13 0.604 

  Retail 80.00   82.00   82.22   61.00   

Long beans Super. 72.63 0.781 71.11 <0.001 69.07 0.152 72.63 <0.001 

  Retail 74.00   102.00   76.00   57.00   

Ash plantain Super. 66.90 <0.001 66.50 <0.001 65.20 <0.001 66.90 0.362 

  Retail 80.00   84.00   80.00   64.44   

Cauliflower Super. 347.24 0.001 350.61 <0.001 352.30 0.464 347.24 0.001 

  Retail 260.00   250.00   310.00   250.00   

Lettuce Super. 120.45 <0.001 120.45 <0.001 117.07 0.017 120.45 0.279 

  Retail 266.67   185.00   162.50   138.75   

Source: HARTI Survey Data (September, 2009) 

 
 

Comparison of Prices paid to Farmers by Supermarkets and other  
Conventional Markets in the Study Area 

 
Table 5.3 illustrates the prices received by farmers in conventional and supermarket chains for the 
same categories of vegetables. As illustrated in the table 5.3, the prices received by farmers linked to 
the supermarkets chains A and B for each of the vegetables is much higher than the prices received 
for the same vegetables by farmers linked to the traditional value chain in Thambuththegama. On 



average, conventional farmers receive a price that is 31 percent less than the prices received by their 
modern counterparts (supermarket B) in Thabuththegama, whereas the conventional farmers in 
Nuwara Eliya received a price of nearly 20 percent less than the price received by supermarket-
channel farmers. However, conventional farmers receive a price that is 48 percent less than the price 
received by their modern counterparts (supermarket A) in Thambuththegama.  
 
 
 
Table 4 Absolute Prices (Rs/kg) Received by Conventional-channel and Supermarket-channel Farmers in 

Thambuththegama  
 

Vegetable Conventional Supermarket A C/S*100% Supermarket B C/S*100% 

Tomato 34.00 42.40 68.5 49.67 80.19 

Ladies finger 15.60 25.00 61.6 25.33 62.40 

Brinjal 31.90 41.60 68.8 46.33 76.68 

Pumpkin 6.70 9.60 55.8 12.00 69.79 

Cucumber 5.60 10.00 46.7 12.00 56.00 

Bitter Gourd 25.50 42.00 38.6 66.00 60.71 

Drumstick 12.60 20.00 23.6 53.33 63.00 

Luffa 23.60 35.80 63.8 37.00 65.92 

Long Beans 24.60 33.50 67.4 36.50 73.43 

Ash Plantain 31.40 38.00 69.8 45.00 82.63 

Average   51.60  69.08 

Source: HARTI Survey Data, 2009 (September) 
 
Table 5.4: Absolute Prices (Rs/kg) Received by Conventional-channel and Supermarket-channel Farmers in 

Nuwara Eliya 
 

Vegetable Conventional Supermarket A C/S*100% 

Carrot 40.80 47.80 85.36 

Leeks 15.27 21.00 72.70 

Beetroot 30.67 34.20 89.67 

Radish 9.07 13.80 65.70 

Cabbage 30.53 34.40 88.76 

Average   80.44 

Source: HARTI Survey Data, 2009 (September) 

 
It was observed that the price offered to the farmers by the supermarkets is higher than that offered 
by conventional vegetable supply chains in Nuwara Eliya and Thambuththegama areas. The 
supermarket purchases only vegetables of superior quality and they have to compete with 
conventional vegetable supply chains. Therefore, it is essential that the price offered by the 
supermarket be higher than the price offered by the conventional supply chains in order to stimulate 
the farmers to sell their harvest to the supermarket.  
 
 
 Price Margins of Supermarkets and Conventional Channels 
 
The marketing operations of vegetables have a crucial role, due to seasonality of produce in deciding 
the profit of the farmer on one hand and the level of availability to consumer on the other hand. 
High market margins are a great problem in this scenario. Marketing cost include those associated 
with assembly, transportation, processing and distribution of farm food to consumer. To reduce 



marketing margins various methods are used all over the world such as direct marketing systems, 
contract farming etc. Therefore, the price margin analysis was done in order to find out whether 
those supermarkets which practice direct marketing is able to reduce their market margins compared 
to conventional marketing channels. 
 
Farm-retail price spread was calculated using the following formula. 
 
 PRP - PPP 

Gross Farm-retail Margin    =      X 100%  
    PPP 

 
PRP = Retail Price 
PPP = Producer Price 
 
Price margins of low country vegetables for supermarket A and supermarket B in 
Thambuththegama was calculated using prices received by farmers attached to both supermarket-
channels and retail prices of the same varieties recorded at supermarkets outlets of the respective 
supermarket-channel. As given in the table 5.5, the gross price margins for conventional channels 
those supply low country vegetables to Colombo is significantly high compared to supermarket 
channels. This difference is mainly due to direct purchase of vegetables from farmers. They pay 
higher prices to farmers at farm level and able to minimize post harvest losses significantly.  
 
 
Table 5 Gross Price Margins for Selected Low Country Vegetables for Supermarkets and Conventional 

Markets 
 

Vegetable Sup. A (%) Sup. B (%) Conventional (%) 

Tomato 61.64 75.46 101.89 

Ladies finger 72.00 80.24 416.96 

Brinjal 46.48 63.36 142.51 

Pumpkin 124.17 77.78 564.84 

Cucumber 115.00  - 751.98 

Bitter Gourd 86.67 54.03 259.35 

Snake Gourd 117.98  - 298.73 

Drumstick 91.67 52.44 490.19 

Luffa 65.17 56.76 223.19 

Long Beans 68.03  - 161.62 

Ash Plantain 64.91 42.22 154.03 

Source: Margins for supermarket-channel was estimated from Producer Prices received    by Supermarket Farmers in 
Thambuththegama and Retail Prices recorded 

 
 

Findings, Conclusion and Recommendations 
 
Findings 
 
The expansion of supermarket chains is altering the traditional structure of marketing channels and 
creating new challenges and opportunities for participating agents. There are pros and cons 
associated with the development of supermarkets. Positive impacts include modernized food 



retailing, innovation and consumer satisfaction. On the negative side local and small-scale retailers 
have suffered, the number of suppliers has been shrinking, and there is a potential adverse 
distribution effect. 
 
The leading supermarkets (with large number of outlets) have vegetable collecting centres at major 
producing areas to procure their vegetable requirements. In addition, they procure vegetables from 
independent procurement agencies. Collecting centers procure vegetables directly from farmers or 
farmer associations, while independent procurement agencies procure directly from farmers or from 
collectors. At the collecting centres vegetables are inspected and sorting and grading are done. At the 
same time, the value added activities such as cutting and trimming are done. Other supermarket 
chains use preferred supplier system to procure their vegetable requirement. These suppliers assume 
responsibility for collecting production from farmers or collectors, packaging, assuring steady supply 
and in some cases, meeting traceability objectives. They are also held accountable for product quality 
and consistency factors that strongly influence a supermarket’s business reputation. Direct purchase 
from farmers, permits more rapid movement of produce from farm to collecting retail outlets, 
enabling supermarkets, in theory, to sell fresh produce. It was observed that time gaps between 
farmers field to outlets is less than 24 hrs.  
 
Study found that farmers who supplied vegetables to supermarkets had a slightly higher income than 
who supplied to conventional markets. Therefore, participation in the supermarket channels had a 
positive impact on farmers’ income and thereby enhances their livelihood. 
Study clearly shows that most of the farmers selected the supermarket channel, expecting a higher 
producer price compared to that of traditional channels. About 71 percent of supermarket-channel 
farmers selected supermarkets due to high producer prices paid by them, whereas 75 percent of 
conventional-farmers selected their marketing channels as it was a convenient way of selling their 
products. 
Though there are certain agreements between supermarkets and farmers in supplying vegetables in 
several other countries, this study has found that there was no such agreement between 
supermarkets and farmers in Sri Lanka. 
 
More than 87 percent of the supermarket-channel farmers in all the study areas revealed that they 
had not changed supermarkets from time to time. A notable proportion of the farmers in all the 
study areas had been supplying vegetables to supermarkets for more than 3 years. The number of 
farmers who supply vegetables to supermarkets has increased over a period. Also, farmers had been 
supplying vegetables to supermarkets, continuously. This shows that the farmers had built-up trust 
dealing with supermarkets. 
 
Majority of supermarket farmers sold less than 50 percent of their total production to supermarkets 
as their amount of purchase was limited compared to conventional channels. Most of the 
supermarkets farmers had to find other ways of selling while selling a limited quantity to 
supermarkets. 
 
More than 75 percent of the farmers in all the study locations brought their vegetables to the 
collecting centers from a distance of less than 10km. Thus most of the sample farmers could 
transport their vegetables easily and quickly to the collecting centers and they could minimize the 
damage to vegetables when transporting. If producers are scattered and infrastructure is weak, 
collection costs tend to be high. Monitoring and traceability requirements add substantially to these 
costs. Hence, supermarkets tend to procure from farmers close to collecting centers. 
 



Experiences in other countries indicate that, in many cases small producers are required to change 
long-standing production practices in order to supply to supermarkets. The producers have been 
required to grow to precise quality standards and to implement specific production practices. 
However, this study reveals that farmers do not cultivate vegetables according to standards or 
advises given by the supermarkets. But, at the point of selling, supermarkets do grading and sorting 
of vegetables according to their standards and those which are not up to the standards are rejected. 
 
Majority of the supermarket farmers are satisfied with the prices they received, whereas most of the 
conventional-farmers were not satisfied with the prices they received. This shows that supermarkets 
are reliable with respect to their terms of payment. 
 
In many other countries, supermarket-farmers obtain certain benefits such as loans, inputs and 
extension services and assured market to their produce at high prices. However, this study found 
that a notable portion (69 percent) of the farmers had not received any benefits from supermarkets 
other than receiving higher producer prices. 
 
From the collecting centers of supermarkets to the distribution centers in Colombo and to other 
retail outlets, the vegetables are transported in plastic crates. However, as most farmers themselves 
have to transport vegetables to the collecting centers, the type of packaging material used by them 
was different. It was observed that to transport cauliflower, broccoli, red cabbage, zukini, Chinese 
cabbage, the supermarket-farmers and conventional-farmers in Nuwara Eliya and Bandarawela used 
plastic crates as they are highly perishable and expensive types of vegetables susceptible to post 
harvest damages easily. However, to transport low country vegetables, the majority of supermarket-
farmers used either net bags or polysac bags. Most of them were using two-wheel tractors, three 
wheelers and motor bikes to transport vegetables to the collecting centers in Thambuththegama 
area. None of the conventional-channel farmers used plastic crates in Thambuththegama area.  
 
Local suppliers face challenges when they supply vegetables to supermarkets. Unlike supplying to 
the open market, suppliers to the supermarkets have to ensure that the quality of their products is 
compatible with the needs of the high-income customers. This poses a challenge because the 
farmers have to ensure their products are of the required quality right from the nursery stage of the 
gardens. In the country where agricultural inputs (such as fertilizers and seeds) are expensive and 
agricultural extension services are weak, farmers lack the knowledge of good husbandry practices. 
The major problems highlighted by the farmers were that supermarkets order a limited quantity of 
vegetables at a time and that they have to find out other sources of selling. Besides, the volume of 
purchase is low when the production is high and they have to bear the transport cost. 
 
Farmers attached to supermarket channels received a high price compared to conventional farmers. 
On average, supermarket farmers in Thambuththegama and Nuwara Eliya received a price 47 
percent and 26 percent higher than the prices received by conventional farmers. 
 
 Conclusion 
 
The majority of the players in the supermarket sector have realized that they have no choice but to 
develop ongoing sourcing relationships with farmers or dealing with qualified intermediary to do so 
on their behalf. This is the only means by which they can be assured of procuring reliable supplies of 
uniform quality vegetables as the quality is a critical competitive factor in the success of supermarket 
chain. This cannot be addressed adequately through procurement from wholesalers or through ad 
hoc purchases from traders.  
 



The expansion of supermarket chains is altering the traditional structure of marketing channels and 
creating new challenges and opportunities for participating agents. There are pros and cons 
associated with the development of supermarkets. The emergence of the particular supermarket 
channel deems to be beneficial to farmers as they provide assured market and reduce price risk. 
There are also no middlemen and illegal deductions. However, farmers face disadvantages in dealing 
with supermarkets due to low volume of procurement and high quality standards demanded by them 
resulting in rejection of vegetables at the selling point. Farmers are willing to supply supermarkets in 
future and hence, there is a scope for possible improvements.  
 
To cater to the demand of changed urban consumption needs, supermarkets have been integrating 
with farmers. This vertical relationship between farmers and supermarkets has been helpful to 
improve quality of products, reduce transaction cost and information asymmetries. It has also been 
helpful to reduce price risk at farm level and ensure a higher price for farmers compared to 
conventional channels and are able to reduce price margins between retailers and producers to a 
lower level compared to conventional channels.  
 
6.3 Recommendations 
 

 Supermarkets or their suppliers should guide farmers on what to produce, when to produce and 
when to harvest and they have a role to play in facilitating agricultural inputs, extension services, 
training etc. Both the public and private sectors have a role to play in promoting the 
participation of small producers in supermarkets supply chains in a manner that is sustainable. 
Supermarkets and/or their suppliers need to work closely with groups of producers in order to 
communicate clearly their requirements. Further, they have a role to play in facilitating 
compliance through programs which will enhance the capacity and self-reliance of producers. 
Public authorities must provide a policy environment that promotes mutually beneficial 
partnerships between supermarkets and small producers and a legal framework that protects the 
economic interests of the parties. They also have a role in the development of infrastructure, 
from road networks to extension services and rural credit institutions, which meet the needs of 
small producers operating within supermarket supply chains, particularly whilst private sector 
capacity develops. 
 

 Farmers should be organized as groups to facilitate supermarkets by operating collecting centers 
that creates win-win situation to both parties where they can obtain higher prices while 
supermarkets can reduce their transaction cost. 

 Government should be able to develop programmes that will help farmers to upgrade their pre 
and post harvest practices in order to meet the requirements of these new markets and need to 
investigate possible tripartite arrangements between banks, supermarkets and input companies 
to assist farmers. Supermarket expansion can only be seen as an opportunity for small farmers if 
they are able to participate in the supply chain. Farmers need to have the resources and training 
to be able to actively participate in the rapidly transforming domestic food market. In particular, 
the government can work in partnership with the private sector, non-governmental 
organizations and international development organizations to provide assistance to the small 
farmers. The assistance can take the form of helping to organize cooperatives and effective 
associations in order to be able to meet the scale and volume needed to supply to a supermarket. 
Credit schemes need to be introduced for farmers to obtain the technology that is required to 
meet the stringent quality and safety standards demanded by supermarkets. The third form of 
assistance could be in the form of knowledge dissemination to place farmers in a stronger 
position. 



 The demand for safe vegetables in future will grow up considerably compared to the present. In 
other countries supermarkets use safety standards for vegetables and they educate farmers on 
the proper use of chemical pesticides and rules governing them. In Sri Lanka, Pesticides are 
heavily used in cultivation of vegetables and therefore if supermarkets use standards, the 
consumer demand will be increased for supermarket vegetables as people are more health 
conscious. Therefore, the direction for local farmers to gather together in an organization to 
produce safe and clean vegetables to supply the supermarkets is essential. 
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ABSTRACT 
Many words have been written about the dangers of advanced nanotechnology. Most of 
the threatening scenarios involve tiny manufacturing systems that run amok, or are used 
to create destructive products. A manufacturing infrastructure built around a centrally 
controlled, relatively large, self-contained manufacturing system would avoid these 
problems. A controlled nanofactory would pose no inherent danger, and it could be 
deployed and used widely. Cheap, clean, convenient, on-site manufacturing would be 
possible without the risks associated with uncontrolled nanotech fabrication or excessive 
regulation. Control of the products could be administered by a central authority; 
intellectual property rights could be respected. In addition, restricted design software 
could allow unrestricted innovation while limiting the capabilities of the final products. 
The proposed solution appears to preserve the benefits of advanced nanotechnology while 
minimizing the most serious risks. 

Keywords: Advanced Nanotechnology, Utilization and Control 

Advanced Nanotechnology And Its Risks 
As early as 1959, Richard Feynman proposed building devices with each atom precisely 
placed1. In 1986, Eric Drexler published an influential book, Engines of Creation2, in 
which he described some of the benefits and risks of such a capability. If molecules and 
devices can be manufactured by joining individual atoms under computer control, it will 
be possible to build structures out of diamond, 100 times as strong as steel; to build 
computers smaller than a bacterium; and to build assemblers and mini-factories of various 
sizes, capable of making complex products and even of duplicating themselves. 
Drexler's subsequent book, Nanosystems3, substantiated these remarkable claims, and 
added still more. A self-contained tabletop factory could produce its duplicate in one 
hour. Devices with moving parts could be incredibly efficient. Molecular manufacturing 
operations could be carried out with failure rates less than one in a quadrillion. A 
computer would require a miniscule fraction of a watt and one trillion of them could fit 
into a cubic centimeter. Nanotech-built fractal plumbing would be able to cool the resulting 10,000 
watts of waste heat. It seems clear that if advanced nanotechnology is 
ever developed, its products will be incredibly powerful. 
As soon as molecular manufacturing was proposed, risks associated with it began to be 
identified. Engines of Creation2 describes one of the most famous: gray goo. A small 



assembler capable of self-replication could in theory replicate itself too many times4. If it 
were capable of surviving outdoors, and of using biomass as raw material, it could 
eventually devour the biosphere5. Others have analyzed the likelihood of an unstable arms 
race6, and many have suggested economic upheaval resulting from the widespread use of 
free manufacturing7. Some have even suggested that the entire basis of the economy 
would change, and money would become obsolete8. 
Sufficiently powerful products would allow malevolent people, either hostile 
governments or angry individuals, to wreak havoc. Destructive nanomachines could do 
immense damage to unprotected people and objects. If the wrong people gained the 
ability to manufacture any desired product, they could rule the world, or cause massive 
destruction in the attempt9. Certain products, such as vast surveillance networks, powerful 
aerospace weapons, and microscopic antipersonnel devices, provide special cause for 
concern. Gray goo is relevant here as well: an effective means of sabotage would be to 
release a hard-to-detect robot that continued to manufacture copies of itself by destroying 
its surroundings. 
Clearly, the unrestricted availability of advanced nanotechnology poses grave risks, 
which may well outweigh the benefits of clean, cheap, convenient, self-contained 
manufacturing. As analyzed in Forward to the Future: Nanotechnology and Regulatory 
Policy10, some restriction is likely to be necessary. However, as was also pointed out in 
that study, an excess of restriction will enable the same problems by increasing the 
incentive for covert development of advanced nanotechnology. That paper considered 
regulation on a one-dimensional spectrum, from full relinquishment to complete lack of 
restriction. As will be shown below, a two-dimensional understanding of the problem— 
taking into account both control of nanotech manufacturing capability and control of its 
products—allows targeted restrictions to be applied, minimizing the most serious risks 
while preserving the potential benefits. 
Nanotech Manufacturing and Its Products 
The technology at the heart of this dilemma is molecular manufacturing. A machine 
capable of molecular manufacturing—whether nanoscale or macroscale—has two 
possible functions: to create more manufacturing capacity by replicating itself, and to 
manufacture products. Most products created by molecular manufacturing will not 
possess any capacity for self-replication, or indeed for manufacturing of any kind; as a 
result, each product can be evaluated on its own merits, without worrying about special 
nanotech risks. A nanotech-based manufacturing system, on the other hand, could build 
weapons, gray goo, or anything else it was programmed to produce. The solution, then, is 
to regulate nanofactories; products are far less dangerous. A nanotech-built car could no 
more turn into gray goo than a steel-and-plastic car could. 
Some products, however, will be powerful enough to require restriction. Nanotech 
weapons would be far more effective than today's versions. Very small products could get 
lost and cause nano-litter, or be used to spy undetectably on people. And a product that 
included a general molecular manufacturing capability would be, effectively, an 
unregulated nanofactory—horrifyingly dangerous in the wrong hands. Any widespread 
use of nanotech manufacturing must include the ability to restrict, somehow, the range of 
products that can be produced. 
If it can be done safely, widespread use of nanotech manufacturing looks like a very good 
idea for the following reasons: 
The ability to produce duplicate manufacturing systems means that manufacturing 
capacity could be doubled almost for free. 
A single, self-contained, clean-running nanofactory could produce a vast range of 
strong, efficient, carbon-based products as they are needed. 



Emergency and humanitarian aid could be supplied quickly and cheaply. 
Many of the environmental pressures caused by our current technology base could be 
mitigated or removed entirely. 
The rapid and flexible manufacturing cycle will allow many innovations to be 
developed rapidly. 
Although a complete survey and explanation of the potential benefits of nanotechnology 
is beyond the scope of this paper, it seems clear that nanotech has a lot to offer. 
All of these advantages should be delivered as far as is consistent with minimizing risks. 
Humanitarian imperatives and opportunities for profit both demand extensive use of 
nanotechnology. In addition, failure to use nanotechnology will create a pent-up demand 
for its advantages, which will virtually guarantee an uncontrollable black market. Once 
nanotech has been developed, a second, independent development project would be both 
far easier and far more dangerous than the original project. The first nanofactory must be 
made available for widespread use to reduce the impetus for independent development11. 
 
Development of nanotechnology must be undertaken with care to avoid accidents; once a 
nanotech-based manufacturing technology is created, it must be administered with even 
more care. Irresponsible use of nanotech could lead to black markets, unstable arms races 
ending in immense destruction, and possibly a release of gray goo. Misuse of the 
technology by inhumane governments, terrorists, criminals, and irresponsible users could 
produce even worse problems—gray goo is a feeble weapon compared to what could be 
designed. It seems likely that research leading to advanced nanotechnology will have to 
be carefully monitored and controlled. 
However, the same is not true of product research and development. The developer of 
nanotech-built products does not need expertise in molecular nanotechnology. Once a 
manufacturing system is developed, product designers can use it to build anything from 
cars to computers, simply by reusing low-level nanotech designs that have previously 
been developed. A designer may safely be allowed to play with pieces 1,000 atoms on a 
side (one billion atoms in volume). This is several times smaller than a bacterium and 
10,000,000 times smaller than a car. 
Working with modular “building blocks” of this size would allow almost anything to be 
designed and built, but the blocks would be too big to do the kind of molecular 
manipulation that is necessary for nanotech manufacturing or to participate in 
biochemical reactions. A single block could contain a tiny motor or a computer, allowing 
products to be powered and responsive. As long as no block contained machinery to do 
mechanochemistry, the designer could not create a new kind of nanofactory. 
Once designed and built, a nanotech product could be used by consumers just like a steel 
or plastic product. Of course, some products, such as cars, knives, and nail guns, are 
dangerous by design, but this kind of danger is one that we already know how to deal 
with. In the United States, Underwriter's Laboratories (UL), the Food and Drug 
Administration, and a host of industry and consumer organizations work to ensure that 
our products are as safe as we expect them to be. Nanotech products could be regulated in 
the same way. And if a nanofactory could only make approved products, it could be 
widely distributed, even for home use, without introducing any special nanotech risks. 
Nanofactory Technology: Regulating Risk, Preserving Benefit 
It is generally assumed, incorrectly, that devices built with nanotechnology must be quite 
small. This has led to fears that nanotech manufacturing systems will be hard to control 
and easy to steal. In fact, as analyzed by Drexler and others in the field, the products of 
nano-scale mechanochemical plants can be attached together within the enclosure of a 
single device. Small building blocks can be joined to make bigger blocks; these blocks 



can be joined with others, and so on to form a product. This process is called convergent 
assembly, and it allows the creation of large products from nano-scale parts. In particular, 
convergent assembly will allow one nanofactory to build another nanofactory. There is no 
need to use trillions of free-floating assembler robots; instead, the assemblers are securely 
fastened inside the factory device, where they feed the smallest conveyor belts. 
A typical nanofactory might be the size of a microwave oven. Since the assemblers are 
fastened into the factory and dependent on its power grid, they have no need to navigate 
around the product they are building—this improves efficiency—and they have no chance 
of functioning independently. In addition, the entire nanofactory can be controlled 
through a single interface, which allows restrictions to be built into the interface. It can 
simply refuse to produce any product that has not been approved. (The improved security 
of tethered nanotech factories has been a theme in at least one work of science fiction12.) 
If a nanofactory will only build safe products, and will refuse to build any product that 
has not been approved as safe, then the factory itself can be considered safe. It could even 
build a duplicate nanofactory on request. With the restrictions built in, the second one 
would be as safe as the first. As long as the restrictions work as planned, there is no risk 
of gray goo, no risk of undesirable weapons or unapproved products, and no risk of 
producing unrestricted nanofactories that could be used to make bad products. 
At the same time, products that were approved could be produced in any quantity desired. 
The products could even be customized, within limits—and the limits could be quite 
broad, for some kinds of products. If desired, the nanofactories (and the products) could 
have tracking devices built in to further deter inappropriate use. 
With nanofactories that can only produce approved designs, the safety of nanotech 
manufacturing does not depend on restricting the use of the factories. Instead, it depends 
on choosing correctly which products to approve. The nanofactory itself, as a product, can 
be approved for unlimited copying. This means that the abundant, cheap, and convenient 
production capability of advanced nanotechnology can be achieved without the risks 
associated with uncontrolled nanotech manufacturing. A two-dimensional view of the 
risks of nanotechnology, which separates the means of production from the products, 
allows the design and implementation of policy that is minimally restrictive, yet still safe. 
Using Nanotechnology Safely 
A safe nanofactory design must build approved products, while refusing to build 
unapproved products. It must also be extremely tamper-resistant; if anyone found a way 
to build unapproved products, they could make an unrestricted, unsafe nanofactory, and 
distribute copies of it. The product approval process must also be carefully designed, to 
maximize the benefits of the technology while minimizing the risk of misuse. Restricted 
nanofactories avoid the extreme risk/benefit tradeoff of other nanotech administration 
plans, but they do require competent administration. 
One way to secure a nanofactory is to build in only a limited number of safe designs. The 
user could ask it to produce any one of those designs, but with no way to feed in more 
blueprints, the factory could never build anything else. This simple scheme is fairly 
reliable, but not very useful. It also poses the risk that someone could take apart the 
factory and find a way to reprogram its design library. 
A more useful and secure scheme would be to connect the nanofactory to a central 
controller, and require it to ask for permission each time it was asked to manufacture 
something. This would allow new designs to be added to the design library after the 
nanofactory was built. In addition, the nanofactory would have to report its status back to 
the central controller. The system could even be designed to require a continuous 
connection; a factory disconnected from the network would permanently disable itself. 
This would greatly reduce the opportunity to take the factory apart, since it could report 



the attempt in real time, and failed attempts would result in immediate arrest of the 
perpetrator. This permanent connection would also allow the factory to be disabled 
remotely if a security flaw were ever discovered in that model. Finally, a physical 
connection would allow the location of the factory to be known, and jurisdictional limits 
to be imposed on its products. 
Current cryptographic techniques permit verification and encryption of communication 
over an unsecured link. These are used in smart cards and digital cellular phones, and will 
soon be used in digital rights management13. Using such techniques, each nanofactory 
would be able to verify that it was in communication with the central library. Only 
designs from the library could be manufactured. In addition, each design could come with 
a set of restrictions. For example, medical tools might only be manufactured at the 
request of a doctor. Commercial designs could require payment from a user. Designs 
under development could be manufactured only by the inventor, until they were approved 
and released. A design that did not come from the central library would not have the 
proper cryptographic signature, and the factory would simply refuse to build it. 
Product Design Parameters 
Rapid innovation is a key benefit of nanotechnology. The rapid and flexible 
manufacturing process allows a design to be built and tested almost immediately. Because 
designers of nano-built products do not have to do any actual nanotech research, a high 
level of innovation can be accommodated without giving designers any access to 
dangerous kinds of products. As mentioned above, a design with billion-atom, submicron 
blocks—permitting specification of near-biological levels of complexity—would 
still pose no risk of illicit self-replication. The minimum building block size in a design 
could be restricted by the design system. A fully automated evaluation and approval 
process could also consider the energy and power contained in the design, its mechanical 
integrity, and the amount of computer power built in. The block-based design system 
provides a simple interface to the block-based convergent assembly system. A variety of 
design systems could be implemented using the same nanofactory hardware, and the 
designer would not have to become an expert on the process of construction to create 
buildable designs. 
With a safe-design nanofactory, adults—and even children—could safely play with 
advanced robotics, inventing and constructing almost anything they could imagine. 
(Today, adults as well as children find it worthwhile to play with the Lego MindStorms™ 
system14.) More powerful products would require an engineering certification. This could 
be given to any responsible adult, since even a malicious product engineer would be 
unable to bypass the factory's programming and cause it to make illicit fabricators. A 
product that included chemical or nanomechanical manipulation ability would have to be 
carefully controlled, even during the design phase, to prevent the designer from building 
something that could be used for illicit nanomanufacturing. 
Risks and dangers associated with products could be assessed on a per-product basis. 
Many products, produced with simplified design kits, could be approved with only 
automated analysis of their design. Most others could be approved after a safety and 
efficacy assessment similar to today's approval processes. Only rarely would a new degree 
of nanotechnological functionality be required, so each case could be carefully assessed 
before the functionality was added to appropriately restricted design programs. 
Product approval for worldwide availability could depend on any of several factors. First, 
unless designed with a child-safe design program, it could be evaluated for engineering 
safety. Second, if the design incorporated intellectual property, the owner of the property 
could specify licensing terms. Third, local jurisdictional restrictions could be imposed, 
tagging the file according to where it could and could not be manufactured. Finally, the 



design would be placed in the global catalog, available for anyone to use. 
Conclusion 
Nanotechnology offers the ability to build large numbers of products that are incredibly 
powerful by today's standards. This possibility creates both opportunity and risk. The 
problem of minimizing the risk is not simple; excessive restriction creates black markets, 
 
which in this context implies unrestricted nanofabrication. Selecting the proper level of 
restriction is likely to pose a difficult challenge. 
This paper describes a system that allows the risk to be dealt with on two separate fronts: 
control of the nanotech manufacturing capacity, and control of the products. Such a 
system has many advantages. A well-controlled manufacturing system can be widely 
deployed, allowing distributed, cheap, high-volume manufacturing of useful products and 
even a degree of distributed innovation. The range of possible nanotech-built products is 
almost infinite. Even if allowable products were restricted to a small subset of possible 
designs, it would still allow an explosion of creativity and functionality. 
Preventing a nanofactory from building unapproved products can be done using 
technologies already in use today. It appears that the nanofactory control structure can be 
made virtually unbreakable. Product approval, by contrast, depends to some extent on 
human institutions. With a block-based design system, many products can be assessed for 
degree of danger without the need for human intervention; this reduces subjectivity and 
delay, and allows people to focus on the few truly risky designs. 
In addition to preventing the creation of unrestricted nanotech manufacturing devices, 
further regulation will be necessary to preserve the interests of existing commercial and 
military institutions. For example, the effects of networked computers on intellectual 
property rights have created concern in several industries15, and the ability to fabricate 
anything will surely increase the problem. National security will demand limits on the 
weapons that can be produced. 
Forthcoming papers will give recommendations for a multi-purpose system of 
administration that preserves commercial rights and security imperatives, while still 
allowing humanitarian and innovative use. 
This paper has outlined a scenario for the safe development and use of advanced 
nanotechnological manufacturing. Unrestricted nanotech manufacturing creates several 
high-stakes risks. The use of a restricted nanofactory design that is safe for widespread 
deployment can mitigate some of these risks, and other risks can be dealt with piecemeal 
by making many low-stakes decisions about the factory's products. Careful attention must 
be paid to security during the initial nanofactory development, and wise administration 
must be implemented to prevent both undesired products and pressure for black markets 
or independent development. With these caveats, however, the system presented here 
preserves almost all the benefits of unrestricted nanotechnology while greatly reducing 
the associated risks. 
 
 
References 
For an analysis of these and other risks, see Accidents, Malice, Progress, and Other Topics, at 
http://www.foresight.org/Updates/Background2.html 
  
Forward to the Future: Nanotechnology and Regulatory Policy, by Glenn Harlan Reynolds, was 
published in November 2002 by the Pacific Research Institute. It is available online at 
http://www.pacificresearch.org/pub/sab/techno/forward_to_nanotech.pdf 
 



 K. Eric Drexler, Engines of Creation, Anchor Press, 1986. 
 K. Eric Drexler, Nanosystems: Molecular Machinery, Manufacturing, and Computation, John Wiley & 
Sons, 1992. 
 
Nanotechnology: the potential for new WMD 
http://www.janes.com/security/international_security/news/jcbw/jcbw030115_1_n.shtml 
 
Perhaps the leading writer in this area is economist Robin Hanson. A good overview of the potential 
impact of emerging technologies on the world economy is What It Takes to Get Explosive Economic 
Growth, online at http://www.jetpress.org/volume2/singularity.htm 
 
See, for example, NANO-ECONOMICS at 
http://www.geocities.com/computerresearchassociated/NanoEconomics.htm 
 
See Security Attributes Based Digital Rights Management at 
http://www.ub.utwente.nl/webdocs/ctit/1/00000079.pdf 
 
 See LEGO MindStorms™ at http://mindstorms.lego.com/eng/default.asp 
 
 See Libraries in Today’s Digital Age: The Copyright Controversy at http://ericit.org/digests/EDO-IR- 
2001-04.shtml 
 
There's Plenty of Room at the Bottom is the title of a famous speech given by Richard P. Feynman on 
December 29, 1959. A transcript can be found at http://www.zyvex.com/nanotech/feynman.html 
 These fears have already been exploited in popular fiction. 
 
 The best paper to date on the topic is Nanotechnology and International Security by Mark Gubrud. See 
http://www.foresight.org/Conferences/MNT05/Papers/Gubrud/ 
  
  
 The authors will analyze these issues in detail in forthcoming papers. 
 The Diamond Age, Neal Stephenson, Bantam Spectra, 1995 (and subsequent publishers) 
9 
 

 

 

 

 

 

 

 

 



 

ANALYSIS OF SEEDLING SUBSIDY POLICY AND COCOA 

PRODUCTION IN SOUTH-WEST NIGERIA 

 

Alamu, Salawu Abideen 

Nigerian Institute of Social and Economic Research (NISER),                                                    
PMB 5, UI Post Office, Ibadan-Nigeria 

Abstract 

The study analysis seedling subsidy policy and cocoa production in south-west Nigeria. Data were collected with 
questionnaires and interviews. Purposive sampling technique was used in the selection of Key Informants on cocoa 
production. Descriptive statistics and content analytical techniques were used for analysing the collected data. Findings 
showed that 79%, 95% and 96% of local government areas in Oyo, Ondo and Osun States respectively are producing 
cocoa. Again, both Ondo and Oyo states have been supplying more than one million seedlings while Osun has been 
supplying 800,000 seedlings to their farmers every year since the commencement of seedling subsidy policy. The unit 
cost of the seedlings was between N10 and N20 in Ondo and Osun states respectively due to 50% subsidy while Oyo 
state was supplying the seedlings at 100% subsidy to the farmers. Ondo state produced the highest quantity of cocoa in 
2005, 2006, 2009 and 2011 while Osun recorded highest production figure in 2007 and 2008. Inadequate funding, 
delay in release of funds and dearth of manpower are the major challenges to its implementation. The study recommends 
adequate and timely release of funds for seedling production and provision of 100% subsidy to enhance cocoa 
production in the country. 
Keywords: Seedling subsidy, cocoa transformation, Nigeria 

 

INTRODUCTION 

1.1 Background 

Cocoa (Theobroma cacao) is a major economic tree crop in Nigeria because it provides jobs 
and income to the farmers, raw materials for the industry and foreign exchange for the country. 
Between 1950 and 1960, cocoa was the highest source of foreign exchange in the country (Oyedele, 
2007).  The discovery of oil in 1970, coupled with other socio-economic factors led to the relegation 
of cocoa to the second position in terms of foreign exchange earnings for the country. Since then, 
oil sector is the pivot of Nigerian economy with attendant poverty, unemployment and weak 
industrial base. Economic diversification is a panacea to the socio-economic problems in Nigeria. In 
order to diversify the Nigerian economy, the Federal Government of Nigeria (FGN) decided to 
rejuvenate cocoa industry with emphasis on increased production among other things. As a result, 
some interventions were introduced into cocoa industry with the aim of meeting the needs of the 
expanding industrial sector, increasing foreign exchange, enhancing job creation and farmers’ 
income (FGN, 2006). 

One of the government interventions into cocoa industry was the supply of improved 
seedlings at zero cost (subsidy) to the farmers. This aims at increasing the accessibility of the cocoa 
farmers to large quantity of cocoa seedlings to enhance their production capacity. The subsidy on 
improved seedlings was based on the fact that supply of adequate quantity of improved seedlings 
constitutes as a catalyst for agricultural development, foundation for crop production and 
productivity and realisation of agricultural transformation agenda in the country. 



The focus of the subsidy is to rehabilitate the old cocoa plantations and establishment of 
new farms with improved seedlings to enhance increase in cocoa production in the country. This 
study analyses the provision of subsidy and its effects on cocoa production in the selected states. 
1.2 Problem Statement 

Cocoa used to be the highest source of foreign exchange earning in Nigeria before the oil 
boom of the 70s. Since then, crude oil has remained the highest source of foreign exchange earnings 
while cocoa, a versatile, renewable and sustainable source of revenue is yet to reclaim its lost glory.  

Again, the present Nigerian cocoa production figure which stood at 242, 000 metric tonnes 
is below the target of 320, 000 metric tonnes. The inability of Nigerian cocoa production figure to 
meet this target shows that the country is losing the monetary value expected from foreign exchange 
going by the present US$2, 581.6 per tonne of the commodity.  This shows that foreign exchange 
earning potential of cocoa has not been optimally utilised in Nigeria.  

Also, cocoa production in Nigeria is retarded by declining productivity of the existing old 
cocoa trees. For example, Fasina et al, 2001 and CRIN, 2003 showed that most of the cocoa trees in 
the country have almost attained 30 years of age with diminishing production trend. These old trees 
coupled with their susceptibility to pest attack are responsible for decline in the quality and quantity 
of cocoa production in the country.  

Cocoa production in Nigeria is undertaken mostly by poor, small scale and low technical 
capability farmers. These farmers therefore face difficulties in setting up of new cocoa farms and 
rehabilitation of old ones. 
1.3  Research Question 

The research questions addressed by this study were: 

 What is the level of subsidy provided for the farmers in the selected states?  

 How has the subsidy policy enhanced cocoa production in the selected states? 

 What are the problems in the implementation of the policy in the selected states? 
1.4  Research Objective 

The broad objective of the study was to analyse the seedling subsidy policy and cocoa 
production in the selected area. The specific objectives of the study were to: 

 Examine the level of subsidy provided in the selected states 

 Assess the effect of subsidy on the quantity of cocoa produced in the selected area; 

 Identify the constraints associated with implementation of the policy; and  

 Proffer measures for enhancing the achievement of the policy goals and objectives. 
1.5  Justification and Rationale for the Study 

The major justification for this study is that no study has assessed the government subsidy 
policy on the supply of cocoa seedlings to the farmers ever since its commencement. This study 
therefore became necessary in order to provide evidence that could guide policy direction towards 
improving its implementation. 

 The study aimed at contributing towards achieving increase in the production of cocoa in 
Nigeria by enhancing accessibility of cocoa farmers to improved varieties of cocoa seedlings.  For 
example, Oladosu and Sanusi (2004) opined that cocoa farming, processing and marketing provide 
employment for about 40% of inhabitants in cocoa producing zones in Nigeria.  Thus, seedling 
subsidy is expected to enhance the production of cocoa in the country with the objective of 
alleviating unemployment and improve the economic status of various actors in the cocoa industry. 
In addition, Ndubuto et al (2010) opined that Nigeria has comparative advantage in the production 
and exportation of cocoa, thus accessibility of farmers to adequate supply of cocoa seedlings at zero 
cost is expected to raise cocoa production in Nigeria and make the country the leading producer of 
in the world. 

 
 



2.0 LITERATURE REVIEW 
 

2.1 Economic Importance of Cocoa in Nigeria 
Cocoa is one of the major cash crops with significant impact on the contribution of 

agricultural sector to the Nigerian economy. The vast contributions of cocoa to the nation’s 
economic development have been reported by many authors (Abang 1984 and Folayan et al, 2006). 
Cocoa has made significant contributions in terms of total production, foreign exchange earning 
capacity and income generation to Nigerian economy since its introduction into the country. In the 
early 40’s, the cocoa industries contributed (on the average) 21.50% of all foreign exchange earned 
by Nigeria in the world market. In terms of foreign exchange earnings, no single agricultural export 
commodity has earned more than cocoa for Nigeria. With respect to employment generation, the 
cocoa sub-sector provides both direct and indirect employment to the producers, processors, 
retailers and other actors in cocoa industry. In addition, it is an important source of raw materials, as 
well as source of revenue to the governments of cocoa producing states in the country.  
2.2 Cocoa Production and Agricultural Development Programmes in Nigeria 

The oil boom of the 70s triggered fundamental changes in Nigerian economy most especially 
in agricultural sector. The monolithic oil economy led to reduction in the competitiveness of the 
nation’s agriculture. In order to revive agriculture, various policies and programmes were put in 
place during national plan periods in Nigeria to revitalise the production of tree and food crops. For 
example, between 1962 and 1968 agricultural plan periods, the development of tree crops like cocoa, 
oil palm and rubber, gulped 45% of planned capital allocation. Efforts were made during this period 
to rehabilitate cocoa plantations through gradual replacement of old trees with improved stock 
through subsidy payment. In addition, farm settlement schemes were also set up to address lingering 
problems associated with land tenure, access to sources of capital and new technology. Government 
also provided infrastructural facilities like road and furnished houses. The scheme however failed to 
achieve its goal (Titilola, 1997) due to absence of sustainable government efforts.  

Again, the 1970 and 1974, the national agricultural policy also favoured the production of 
export crops. Both the federal and state governments were guided by the objectives of rehabilitating 
cocoa and oil palm plantations by replacing the old trees with high yielding and improved varieties. 
Increased production of tree crops was also encouraged by subsidising the prices of inputs and 
provision of extension services to small scale farmers. Government also embarked on expansion in 
the production of export crops for foreign exchange earnings; creation of rural employment 
opportunities and establishment of appropriate institutional and administrative apparatus to facilitate 
agricultural development in the country.  Other component of the government agricultural policy 
initiatives in the 70s was the launching of Agricultural Credit Guaranteed Scheme (ACGS) when the 
Nigerian Agricultural and Cooperative Bank (NACB) was established in 1973 to provide credit 
facilities to small scale farmers in the country. This action represented a very conspicuous 
contribution of FGN to agricultural development.  

Provision of price and tax incentives was the major policy thrust of the government during 
the third National Plan period (1975-1980). The agricultural promotional activities included the use 
of fiscal measures and tax relief to induce private companies into agricultural production, subsidising 
essential inputs and provision of extension services. During this period, the World Bank assisted 
small scale tree crop farmers to engage in massive replanting of old trees with improved seedlings. 

Decline in export of cocoa and other agricultural raw materials led to the formulation of 
agricultural policy of 1988. One of the objectives of the policy was to accelerate the production of 
cash crops in order to expand the quantity and value. The policy focus then was to promote cocoa 
research, supply of improved inputs and increase in size of farm under cultivation.   

The return of civilian administration in 1999 ushered in a good fortune for cocoa production 
in Nigeria due to the introduction of new policy and programme to cocoa industry in the country. 
The FGN established the National Cocoa Development Committee (NCDC) in 2000 and domiciled 



it in the Federal Ministry of Agriculture and Rural Development (FMA&RD). This Committee was 
charged with the responsibility of developing a blue print for reviving the nation’s cocoa industry 
with a special focus on its rehabilitation. The rehabilitation programme aims at increasing the 
quantity and quality of cocoa produced in Nigeria. In order to sustain and improve on these 
performances, the President of Nigeria launched a special programme tagged cocoa re-birth in 
2005. The policy thrust of the programme was to promote the production of cocoa to meet the 
needs of an expanding industrial sector and export market. The programme also aimed at creating 
jobs and wealth in order to enhance farmers’ income and reduce poverty in the country (FGN, 
2006). Some of the targets of the policy are to improve the farmers’ income and increase cocoa 
production from 170, 000 Metric tonnes to 320,000 metric tonnes per annum in short term and 
600,000 metric tonnes per annum (pa) in long term. Some of the federal government strategies for 
achieving the objectives include: 

 Supply of cocoa seedlings to the farmers at subsidized rate for planting new and old cocoa 
farms;  

 Intensification of applied research by strengthening the Agricultural Research Council of 
Nigeria and other agricultural research institutions. 

 Sensitization and training of cocoa farmers to bring out the best in varieties planted, cocoa 
tree management, good quality formation and soil management; 

 Rehabilitation and regeneration of old moribund cocoa trees/ plantations to arrest dwindling 
harvests/output; 

 Youth attraction into cocoa farming to ensure adequate replacement of the current ageing 
generation of farmers. 
The provision of subsidy in form of fertilizers, seeds and seedlings is fundamental to 

agricultural development across the globe. Agricultural input subsidy has enhanced the use of 
fertilizer in many countries across the globe. For example, fertilizer subsidy accounts for the use of 
100kg per hectare of fertilizer in South Asia and 73kg per hectare of the same commodity in Latin 
America while bottleneck in the provision of fertilizer subsidy accounts for the use of 9kg per 
hectare in Africa (Crawford et al, 2006).  

Across the globe, both Universal and Smart approaches are used in the implementation of 
subsidy programmes in agriculture. The Universal approach is a government controlled input 
marketing system in which farmers are supplied with agricultural input at controlled or subsidised 
price. The approach though contributes to increase in agricultural production, also allows for better 
connected farmers and relatively well-off farmers to benefit and advance in agricultural productivity. 
The approach depends on continued government support, while it is also prone to inefficiency 
arising from high administrative cost, government monopolies and political manipulation (Banful, 
2010). The Smart approach focuses on targeting specific farmers and provision of market-based 
solution with a view to addressing the shortcomings of universal subsidy implementation system 
(Minde et al, 2008; Tiba, 2009). 

 
3.0 METHODOLOGY 

3.1  The Study Area 
Three states in the Southwest Nigeria selected for the study were: Oyo, Osun and Ondo states. They 
were selected because they are major cocoa producing states in Nigeria. Since the information 
required for this study are obtainable from the government, the government Officials (Key 
Informants) in the Tree Crops Unit/ Cocoa Development Unit in the selected states provided the 
necessary data for the study. These Officials are responsible for the implementation of various 
programmes and policies on cocoa production.  
3.2  Types of Data  



Both quantitative and qualitative data were collected for the study.  Data collected  for the study 
included: background information about cocoa production in their respective states, the provision of 
seedling subsidy to the farmers, the commencement period of the subsidy, the characteristic and 
number of cocoa seedlings produced and distributed to the farmers since the inception of the 
programme, size of cocoa farm envisaged to plant, number of farmers that benefitted, level of fund 
provided for the service, adequacy of the fund provided and the level of available  funds for the 
programme and challenges associated with the implementation of the policy.  
3.3  Sampling Size and Procedure 
The ministry of agriculture in each of the three states was contacted in the selection of key 
informants on cocoa production. One key Official was nominated as Key Informant to attend to the 
Principal Investigator for interview in each of the three states under consideration. 
 
3.4  Research Instrument 
Questionnaire and Interviews were the data collection instruments. They were used to obtained data 
from the Key Informants. 
3.5  Data Analysis 
Descriptive statistical tools like frequency counts and percentages were used for the quantitative data 
while content analytical technique was used for the qualitative data. 

 
4.0 RESULTS AND DISCUSSION 

 
4.1 Background Information about Respondents 

Analysis of data on the study area showed that 79% (19 out of 24), 95% (18 out of 19) and 
97% (29 out of 30) of local government areas in Oyo , Ondo and Osun states respectively are 
producing cocoa. In addition, these states have Cocoa Development Unit/ Tree Crops Unit 
(CDU/TCU) that are collaborating with the National Cocoa Development Council (NCDC) on the 
implementation of the various government policies and programmes on cocoa.  

An excerpt from the responses obtained through interviews conducted on the key 
informants on cocoa production in all the three states under review on the time of commencement 
of seedling subsidy and supply is as follows: 

“The provision of seedlings subsidy to cocoa farmers was already in place even before the 
commencement of the cocoa re-birth programme in the country. The launching of cocoa re-birth 
programme however, enhances the seedling subsidy because both the state and federal government are 
jointly implementing it in order to achieve agricultural transformation agenda in the 
country”(Production Manager, Ministry of Agriculture, Ondo State.  
 
Table 4.1.1 shows the number of cocoa seedlings supplied to the farmers by the three states 

under review between 2005 (when cocoa rebirth programme was launched) and 2011. The Table 
shows that the three states under focus have supplied appreciable quantities of cocoa seedlings to 
the farmers in their respective states between 2005 and 2011. This gesture demonstrates the level of 
commitment by these states in seedling supply policy. The quantity of cocoa seedling supplied by 
Ondo state was the highest among the three states while Osun state has the least. 
 
Table 4.1.1: Quantity of Cocoa Seedlings Supplied to Farmers in the Selected States 

 
State 

                                                                   Years 

2005 2006 2007 2008 2009 2010 2011 

Oyo 843, 251 1, 400,000 1,500,000 1,000,000 1,000,000 1,100,000 Na 

Osun Na 404,000 1,600,000 600,000 900,000 1,300,000 100,000 

Ondo 1, 540,000 3,040,000 1,292,312 908,126 906,993 1,192,503 1,232,360 



Source: Field Survey, 2012 
 

The adequacy of the supply of the seedlings is essential for the cultivation of new areas and 
replanting of old trees envisaged by the farmers. Data collected from the three states show 
inadequate supply of seedlings to the farmers. An excerpt from the responses obtained through 
interviews conducted on the key informants on the inadequate supply of cocoa seedlings to the 
farmers is as follows: 

‘There is inadequate cocoa seedling supply. This is a clog in the realisation of the objectives of cocoa re-birth 
and agricultural transformation agenda in the country. Government must address this problem without further 
delay’’(Production Manager, Tree crops Unit, Ministry of Agriculture, Natural Resources and Rural Development, 
Oyo state). 

The cost of production of seedlings in the three states under focus also varies. In Ondo 
state, the cost of a seedling was between N20 and N50 while the cost of a seedling in Osun and Oyo 
states was N20 and N12 respectively. This shows that the cost of production of cocoa seedlings is 
highest in Ondo state followed by Osun and Oyo in descending order.  
One major objective of seedling subsidy policy in cocoa industry is to increase the size of new cocoa 
farms and replanting of old trees. The utilisation of the seedlings for expansion in the size of cocoa 
farms in the selected states is shown in Table 4.1.2.  The Table shows that Oyo state recorded 
increase in size of new cocoa farms planted with the new seedlings between 2005 and 2008. The 
State however recorded decrease in the size of new area planted with hybrid seedlings between 2009 
and 2010 but pick up again in 2011. In Ondo State, the size of cocoa farm planted with new 
seedlings was highest (2923) in 2006 but nose dived in between 2007 and 2010 before rising again to 
1147ha  in 2011. 

Table 4.1.2: New Area Planted with Hybrid Seedlings 

 
State 

                                                                   Years 

2005 2006 2007 2008 2009 2010 2011 

Oyo 532 719 1275 1367 911 903 1296 

Osun  2923 1240 873 884 872 1147 

Ondo 402 211 294 270 324 180 90 

Source: Field Survey, 2012. 

Table 4.1.3 shows the size of cocoa farms in ha planted with hybrid seedlings in the study areas. 
Only Oyo State has data on this area.  It is however, worrisome to note that both Osun and Ondo 
states have no data. This is a major gap in the monitoring of implementation of the effects of 
seedling subsidy policy on cocoa re-birth and agricultural transformation agenda in the country. 

Table 4.1.3: Number of Old Trees Replanted in the Study Areas 

 
State 

                                                                   Years 

2005 2006 2007 2008 2009 2010 2011 

Oyo 25,124 24,824 24,156 23,196 23,030 na na 

Osun Na na Na Na na na na 

Ondo Na na Na Na na na na 

 Source: Field Survey, 2012 

The provision of seedlings to cocoa farmers is a policy intervention which aims at enhancing 
farmers’ access to adequate seedlings for their planting exercise. The fact that it is a subsidy shows 
that government will bear part or total cost of the production of the seedlings.  Table 4.1.4 shows 
the level of subsidy provided by each of the states covered in this study on the supply of seedlings to 



cocoa farmers. The Table shows that while Oyo state government was supplying the seedlings to the 
farmers at 100 percent subsidy, both Ondo and Osun states were selling the seedlings to the farmers 
at 50 percent subsidy. This shows that the cost of a seedling in Ondo state is N20 while the cost of a 
cocoa seedling in Osun state is N10 as a result of the subsidy. The result of interview conducted on 
the key informants in Osun and Ondo states on seedling subsidy revealed that: 

‘Only seedlings produced through federal government funds are supplied to the farmers at 100 
percent subsidy while those produced by the state government are sold at 50 % subsidy to the farmers 
(Production Manager, Cocoa Development Unit, Ministry of Agriculture, Ondo State). 

  
Table 4.1.4: Level of Subsidy on Cocoa Seedlings in the Study Area 

                                               Level of Subsidy (%) 

State 2005 2006 2007 2008  2009 2010 2011 2012 

Oyo  100 100 100 100 100 100 100 100 

Ondo 50 100 50 50 50 50 50 50 

Osun 50 50 50 50 50 50 50 50 

Source: Field survey, 2012. 
 
 4.2Effects of Seedling Subsidy Policy on Cocoa Production in the Selected Areas 

The major reason for the provision of subsidy on cocoa seedling is to boost cocoa 
production in the country through rehabilitation of old cocoa farms and establishment of new 
farms. Table 4.2.1 shows the yield in metric tonnes of cocoa produced in the selected states. 
According to the Table, Ondo state has the highest production figure for the years 2005, 2006, 2009, 
2010 and 2011 while state of Osun has the highest production figures in 2007 and 2008 and also had 
the second highest production figure for the years 2005, 2006, 2009 and 2010. The Table further 
shows that Oyo is recording a marginal increase in yearly production of cocoa between 2005 and 
2011.  

The Table further shows that the increasing rate of cocoa production is marginal most 
especially in both Oyo and Osun states. This implies that the seedling subsidy policy of the cocoa 
rebirth programme has not significantly contributed to cocoa production in the selected states. On 
this issue, one of the key informants responded as follows: 

 “It is a matter of time. Seedling subsidy policy will obviously contribute to increase in the production 
of cocoa because the seedlings being supplied to the farmers are hybrid with high yielding capacity, 
early maturing  (three years maturity period), easy to harvest (short) and higher resistance to diseases 
among other characteristics” ( Deputy production Manager, Cocoa development Unit, Osun state 
Ministry of Agriculture and Poverty Alleviation) 

 
Table 4.2.1: Yield (metric tonnes) of Cocoa in the Study Area 

 
State 

                                                                   Years 

2005 2006 2007 2008 2009 2010 2011 

Oyo 36, 756 37, 904 37, 982 38, 231 38, 463  Na  na 

Osun 56,960 52,160 58,000 65,120 62,100 60,750 62,250 

Ondo 57,076 61, 835 45, 004 60, 039 76, 399 65, 224 76, 558 

Source: Field survey, 2012 
4.3 Challenges and Constraints in the Supply of Cocoa Seedlings 

The results of analysis of data collected from the Key Informants revealed the challenges 
confronting the production and distribution of cocoa seedlings to farmers in the selected states. One 
of the state officials reported that: 

“Inadequate fund, delay in release of funds, dearth of manpower and infrastructures like water, 
health and good road network are the major challenges confronting them in the production and 



supply of cocoa seedlings in the three states under consideration”. Some temporary staff (Casuals) are 
usually engaged in order to have adequate manpower to achieve the production of required quantity of 
seedlings.  (Production Manager, Tree Crops Unit, Ministry of Agriculture, Oyo State) 

 
4.4 Policy Recommendations 

The accessibility of the farmers to adequate and timely supply of hybrid cocoa seedlings is a 
strategic way of realising the cocoa transformation agenda of the FGN. The accessibility of the 
farmers to adequate and timely supply of hybrid cocoa seedlings will enhance the rehabilitation of 
old plantations and cultivate new ones. This will enable the farmers to obtain a higher return on 
their investment in cocoa production and a better livelihood. 

In order to ensure adequate supply of hybrid seedlings to the farmers, the following 
suggestions are provided.  
Provision of Adequate and Timely release of Funds:  

Government at state and federal levels should ensure timely release of adequate fund for the 
production of hybrid cocoa seedlings in the country. The Federal Government in particular needs to 
provide more financial assistance to the cocoa producing states on the production of the seedlings.  
Collection of Accurate and Reliable Data on Cocoa Farmers:  

Government should as a matter of priority, have adequate and reliable statistics about the 
number of cocoa farmers, their farm size and their needs. This will assist the government in the 
implementation of their various policies and programmes on cocoa re-birth in the country. 
Re-Appraisal of Seedling Subsidy Policy:  

The FGN needs to look into the level of subsidy provided for the cocoa farmers on 
seedlings in all the cocoa producing states. In order to allow farmers have more access to hybrid 
seedlings, it is suggested that government should provide seedlings to the farmers at 100% subsidy. 
This will remove the cost of procurement of seedlings from other associated costs in the 
rehabilitation of old plantations and cultivation of new ones.  
Placement of Restriction on Farmers and Private Seedling Producers:  

In order to achieve the objectives of the production and supply of hybrid cocoa seedlings in 
the country, farmers should be discouraged from procuring their seedlings from the private cocoa 
seedlings producers. This is very essential for averting the danger of procuring adulterated seedlings 
with lower yield, susceptible to pest attack and late maturing. In addition, private seedling producers 
should no longer be allowed to produce cocoa seedlings for the farmers in the country. This will put 
an end to the production of adulterated seedlings and allow farmers to purchase genuine seedlings 
from government approved agencies and institutions in the country. 
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ABSTRACT 

Nigerian farmers in general and those in Lagos State inclusive face multitude of 

challenges among which is large percentage of their crop yield lost due to poor 

handling and storage practices as determined by the type of storage structure used. 

Good storage practice when employed can reduce or completely eliminate crop 

losses. A survey was carried out through questionnaires and oral interviews to 

identify the type of storage structures employed in the four zones of Lagos State 

(Lagos Island, Lagos Mainland, Badagry, Ikorodu / Epe ). The outcome of the 

interviews and the questionnaires provided an insight into the problems 

experienced by the farmers in each zones which include, activities of insects, rats, 

birds, micro- organisms, pathogens and the interplay of some environmental 

conditions that could promote the activities of these agents of deterioration. 

Solution on how to reduce crop losses due to poor  storage practices  include 

disinfecting stores and cribs, using new bags , maintaining a moisture content 

favourable to crops during storage as well structural maintenance of silos 

,replacement of weak members in cribs and platforms and maintaining good 

ventilation in barns, rhombus and rooms to eliminate micro-organic activities were 

suggested. 

Key words: crop, storage, structures, losses, maintenance,  

INTRODUCTION  

Farmers all over the world lose much of their produce due to influence or activities 

of insects, rats, birds, micro- organisms, pathogens and the interplay of some 

environmental conditions that could promote the activities of these agents of 

deterioration. In Nigeria generally and  Lagos State in particular  farmers 

experience great  losses of their farm produce.  Alabadan (2006), reported that on-

farm and post-harvest losses alone account for about 25-40% of the total crop yield 

in the country. To arrest the increasing losses, efficient storage structures or 



buildings that will minimize losses and maintain quality of stored produce is 

necessary and expedient. 

 

Structure plays a critical role in agriculture, especially in the area of storing raw 

materials, finished product, equipment and livestock (Steffen, 2001). Structure is a 

body which is capable of resisting applied load without any deformation. Storage 

structure is any place or thing that is designed, fabricated especially to perform the 

function of safe keeping of produce. It can also be referred to as: all those facilities 

within and some far removed from an agricultural establishment, used for the 

storage of agricultural inputs and produce (Gwinner etal, 1990).  

Crop storage structure may be an ordinary design or mere modification or 

remodeling of existing structures to perform the act of storage. It should be capable 

of maintaining the quality and quantity of the crop for as long as it is stored 

(Mijinyawa etal, 2006). An ideal storage structure therefore eliminates the 

destructive effects of weathering; loss of crop structure through dehydration 

(wilting and shriveling), germination of seeds or sprouting of tubers while in 

storage and loss of viability. In addition, the storage structure should be able to 

regulate environmental factors and provide an environment conducive for storage; 

easy to load and unload (Agboola, 1987); adequately storing to be self-supporting 

and to support load due to the stored produce, provide adequate security against 

pilferage (CAT and ACCT, 1987) and storage capacity enough to accommodate 

the amount of produce to be stored. 

Temperature, relative humidity and ventilation regulation are environmental 

factors that affect stored produce in storage structure. Goldstein (2002) revealed 

that temperature in a storage structure normally should be kept within the range of 

about 1
o
C – 27

o
C of the desired temperature for stored produce. A rise in 

temperature will cause an increase in enzymatic action and micro-organism 

activities which may result in the rapid spoilage of stored produce unless some 

precautions are taken for their preservation. Enzyme activities speed up the decay 

of fruits and vegetables, micro-organism activities also speed up the loss in quality 

which results in chemical change of produce (change in color, texture and the 

amount of impurities) caused by bacteria, fungi and insect attack (Fordham and 

Biggs,1985). 



Relative humidity is the ratio of the actual amount of moisture present in an 

environment to the amount of moisture that would be required to saturate that 

environment at the same temperature (Goldstein, 2002). It is recommended that the 

relative humidity should be kept in the range of 70% for stored produce but for 

most perishable produce, the relative humidity structure should be kept at 90%- 

100%. Relative humidity close to 100% in atmosphere affect dry produce, promote 

fungus infection and contribute to the decay in the produce as a result of 

condensation. Relative humidity below this range is often utilized in hot climate to 

induce excessive evaporative loss of water. While ventilation rate is the exchange 

of air between an enclosure and the surroundings, the primary objectives of this 

may be for heat or moisture exchange or air purity. Ventilation rate are often 

selected; such that they are adequate to remove the moisture generated within the 

storage structure; this is often sufficient to control the accumulation of odour and 

removal of heat produced, such that the temperature within the structure can meet 

the requirement of the produce. 

Over the years, considerable emphasis has been placed on increasing the efficiency 

of structures in order to improve on the availability of produce stored (Pedersen, 

1978; Furtick,1978) .Osagie (1992), classified crop storage structures as 

Improvised Storage Structures, Traditional Crop Storage Structure, and Modern 

Storage Structure 

The utilization of the structures are based on the specific function each structure 

performs and it can be grouped into farm houses, building for crop production, 

building for product storage, building for processing, building for equipment and 

supplies and miscellaneous structures. Thus, the focus of the study is to review and 

describe the types of crops popularly stored and the storage structure commonly 

used in all the four zones of Lagos State; Lagos Mainland; Lagos Island; Badagry; 

and Epe/Ikorodu, while specific objectives were: 

 To identify the different types of crop storage and their uses in terms of 

agricultural produce. 

 To evaluate the condition of crop storage structures and their level of usage 

 To carefully look at the problem facing the storage structure and the possible 

solution aimed at improving their performance. 

METHODOLOGY 



The study populations were farmers in the four zones of Lagos State. Viz; Lagos 

Mainland; Lagos Island; Badagry; and Epe/Ikorodu. A total of 135 farmers were 

sampled using questionnaires and oral interview as study instruments. Sixteen 

copies (16) of questionnaire were administered and thirty-five (35) oral interviews 

were conducted in Lagos mainland zone. Fourteen copies (14) of questionnaires 

were administered and twenty (20) oral interviews were conducted in Lagos Island 

zone. Six copies (6) of questionnaires were administered and fifteen (15) oral 

interviews conducted in Badagry zone. Nine copies (9) of questionnaires were 

admistered and twenty (20) oral interviews conducted in Epe/Ikorodu. The total 

questionnaires distributed were forty-five (45) while all the oral interviews 

conducted were ninety (90), making a total of one hundred and thirty-five 

respondents in all the four zones. 

RESULTS PRESENTATION AND DISCUSSION 

The basic method of storage in Lagos Mainland zone is modern storage system. In 

the storage of cocoa bean, the crops were removed from the pods and cleaned 

manually. The produce were packaged into 60kg jute sack at 17% moisture 

content, wet basis, and stored on iron pallet in warehouses. Some farmers stored 

same seeds packaged into various sacks which were weighed from the point of 

harvest and transferred. This can be stored for 3-4 weeks. After cleaning, the pure 

sesame seed were packaged into 50kg paper sack and kept in warehouse for up to 

3-4 months before processing. Oral interview were also conducted in some of the 

small scale level in the zone. Ventilated shed is used to store most perishable crops 

that include green pepper, cucumber and for about 3-4 days. 

In Lagos Island, warehouses were used to store cashew nut at 16% moisture 

content and packed into 60kg cloth sack placed on a wooden pallet for 1-3 months. 

But most of the farm enterprises visited in the zone embarks on the exportation of 

produce after storing them for about 1-3 months. Also respondents in some 

government storage centers and non-governmental organization use metal silo of 

different sizes for the storage of wheat, maize and barley at 14%-15% moisture 

content for about 1-3 months. Oral interview conducted revealed that some of the 

small scale storage level and farmers use unoccupied ventilated room to store 

shelled grain packed into 50kg sack bag. The structure is also used to store any 

agricultural produce provided they are in a wholesome state. 



Oral interview conducted in Badagry zone of the state revealed that small scale 

storage level farmers use unoccupied ventilated rooms to store hard hairy shell of 

coconut palm after removing the nut for about 4-5 months. This produce is also 

reported to be stored in a ventilated shed for 5-6 months. Questionnaires 

administered to some non-governmental organizations in the zone revealed the use 

of warehouse to store cocoa bean of 16% moisture content and packed into 60kg 

cloth-sac placed on a wooden pallet for 1-3 months. The small scale farmers in the 

zone were also interviewed on the use of store grains. The structure is daily 

inspected to prevent insect infestation and moisture condensation. Rhombus 

structure is also used in the zone to store kola nut for about 4-5 months. The pods 

are removed and they are spread in the rhombus pot for storage. 

Oral interview was conducted on the types of storage structures used.  Farmers in 

Epe/Ikorodu zone use woven basket for the storage of jute melon (Ewedu). Beds of 

growing vegetables are bought from the farmers before they are fully grown and 

when fully matured, they are harvested and sold immediately or kept for one or 

two days. Water is sprinkled at regular intervals on the vegetable at storage to 

maintain its freshness. Platform structure is used for the storage and drying of 

grains. The structure stored grain for 1-2 months and it is daily inspected to prevent 

insect infestation. For palm kernel, the palm fruits were plucked from the palm tree 

and kept on the floor under shed for about 3-4 days to finally ripe. For the storage 

of kola nut, rhombus is used in the zone and they can be stored up to five months 

without deterioration. Wooden crib is used by the small scale farmers to store corn 

still in cobs for 1-3 months. The structure was made from well treated wooden 

beam and columns with a corrugated iron roof sheet and walls made of wire 

netting. An occupied ventilated room is used to store harvested shelled dry grain 

packaged into 50kg sack bag placed on a wooden pallet for about 1-3 months. 

 

Table 1 Types of Crop Storage Structures used by Large Scale Household   

      Storage in the four zones examined 

Storage 

structure 

Lagos 

mainland 

Lagos island Badagry Epe/Ikorodu 

Warehouses 35% 30% 10% 10% 



Cribs 5% 10% 10% 10% 

Basket 10% - 15% 15% 

Silo 25% 25% 5% 5% 

Ventilated 

shed 

5% 15% 2-0% 20% 

Platform 10% - 15% 20% 

Living room 10% 20% 25% 20% 

 

Table 2   Categories of Storage Structures types used in different zones in Lagos     

      State 

Storage 

Structure 

Lagos 

mainland 

Lagos island Badagry Epe/Ikorodu 

Improvised 15% 30% 20% 25% 

Traditional 10% 5% 70% 65% 

Modern 75% 65% 10% 10% 
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Fig. 1   Storage structures types used in different zones of Lagos State 
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Fig. 2 Usage of storage structures in different zones of Lagos State 

 

 

Figure 1 depicts that Lagos mainland uses 15% of the improvised structure to store 

different produce like unoccupied ventilated room used for the storage of 

perishable crops e.g. water melon and cucumber for 1-2 days. About 25% of the 

improvised structure is used in Epe/Ikorodu zone; unoccupied ventilated room to 

store palm kernel and shelled grain packaged into 50kg sac bag. Ventilated shed is 

also used to store grains still in cobs for 2- 3 weeks. The structures also store 

produce for short period of days. Also, 30% and 20% of the improvised structure is 

used in Lagos Island and Badagry zones respectively to store carrot, water melon, 

coconut and sweet potatoes in ventilated shed. Lagos mainland uses 10% of the 

traditional structure to store dry grain for 1-2 weeks and basket to store vegetables 

for 1-2 days. About 65% of traditional structure is used in Epe/Ikorodu zones to 

store grains and sliced yams for 2-3 weeks. Basket is also used to store vegetable 

and jute mallow while crib structure is used to store maize cobs for 2-3 months. 

Lagos Mainland, Lagos Island and Badagry/Epe/Ikorodu use about 75%, 65% and 

10% respectively of modern structure; warehouse to store cocoa bean, seed and 



cashew nut in their large quantities for more than 4 months. Silo structure is also 

used to store barley, wheat sorghum and maize at different moisture content for 

about 2-3 months. 

Table 1, depicts that crop storage in the state is done at two levels. Large scale is 

done using silos and warehouses while small scale storage is done using various 

types of structures; basket, platform, cribs, shed and unoccupied room. The study 

revealed that 90% of the large scale storage was used in Lagos Mainland and 

Lagos Island zones compared to the level of storage in Epe/Ikorodu and Badagry 

zones. Figure 3, reveals some of the problems experienced with some of the 

storage structure in the state, about 60% of the ware house had problems of roof 

leakages and about 70% of the produce stored in them were attacked by rodents 

causing loss in produce quantity. Moreso, about 40% of platforms were reported to 

be bent sometimes collapsing due to overloading and about 50% of the produce 

stored in them were exposed to insect infestation causing loss in quality to store 

produce.  

 

 

Table 3: PROBLEMS ASSOCIATED WITH SOME STORAGE STRUCTURES IN THE 

ZONES. 

 Leakages Collapse Bending/Bucking Rusting Joint 

failure 

Warehouse  70% - - - - 

Crib 20% 25% 20% 30% 20% 

Basket - - 10% - - 

Silo - - - 70% 80% 

Platform - 40% 40% - - 

Living 

room 

10% - - - - 



Shed - 35% 30% - - 
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Fig. 3   Problems associated with some storage structures in the zones. 

 

Conclusion and Recommendations 

Lagos state was divided into four zones, Lagos mainland, Lagos Island, Badagry 

and Epe/Ikorodu, where crop storage structure employs two levels. Large scale 

storage uses silos and warehouse while the small scale storage uses various types 

of structures; basket, platform, crib shed and ventilated room. Some of the 

problems associated with the various storage structure  at both small scale and 

large scale storage in all the zones include moisture penetration, rusting, molding 

and caking in silo; bag tearing by rodents and leakages in warehouse roof; insect 

infestation and rodent attack in woven and ventilated room; bending and collapsing 

of platform, ventilated shed and crib. However, measure towards solving the 

problems include the use of weevil and fumigant tablet for produce and storage 

crops; replacement of rusted and broken part; replacement of broken roofing sheet 

in warehouses; the use of treated poles to replace the weak members in crib and 

platform  and the reconstruction of the entire structure after- three years of usage. 

Following the submissions in the study, the following recommendations were 

suggested:  



1. Warehouse should be fumigated with required chemicals and other 

storage structure should be thoroughly cleaned and disinfected 

immediately they are empty and just before storing produce. 

2. The silo structure should be structurally maintained by minimizing 

rusting and eliminating cracking thereby maintaining the quality of stored 

produce throughout the storage period. 

3. The use of rat guards and the use of treated poles and poles of bigger 

sizes to replace the weak members in cribs and platform should be 

vigorously promoted in order to minimize post-harvest losses. 

4. The barn, rhombus and unoccupied living room should be well ventilated 

in order to enhance the exchange of air between an enclosure and the 

surroundings thereby eliminating the enzymatic action and micro-

organism activities which result in the rapid spoilage of stored produce. 
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ABSTRACT 

Dense mono-specific colonization of Colocasia esculenta can often be observed in agricultural wetlands 

(paddy fields), Sri Lanka. It acts as a notorious weed, which is difficult to control. We investigated 

the role of soil moisture and nutrient availability on morphological adaptations and biomass 

partitioning patterns of C. esculenta in an agricultural wetland. Plant height, leaf area, bottom girth 

and biomass were positively correlated with soil total phosphorous content and soil moisture 

content. Correlation between soil nitrogen content and plant morphology was weak. Hence, we 

assumed that nitrogen availability is sufficient for C. esculenta. Since this is a low-lying land, this area 

receives storm water runoff with excessive nutrient loading in rainy season. In such an occasion it 

can lead an elevation of total phosphorous and moisture content in the same time, which may 

subsequently increase both aboveground and belowground biomass accumulation of C. esculenta. 

Favorable growth conditions will indirectly influence on reproductive traits positively, which may 

increase spreading of C. esculenta, increasing the difficulty in controlling this plant in paddy 

cultivation. Conversely, sufficient nitrogen availability in paddy fields in Sri Lanka can be positively 

used for successful cultivation of C. esculenta varieties as a food crop in abandoned paddy fields. 

Keywords: Colocasia esculenta, paddy fields, soil moisture content, total nitrogen, total phosphorus 

INTRODUCTION 

Colocasia esculenta L. Schott (wild taro) is an emergent, perennial, aquatic and semi-aquatic herbaceous 

species, belongs to the family Araceae. The native origin of the species is tropical Asia. C. esculenta 

colonizes in tropical areas with high rainfall (1800-2500 mm) and warm temparatures (25 - 35oC) 

(Garcia-de-Lomas, Dana & Ceballos, 2012). Some varieties of C. esculenta are commonly cultivated in 

tropics for its edible corms, which are main storage organs (Tumuhibise, Talwana, Osiru, Serem, 

Ndabikunze, Nandi & Palapala, 2009). Though some varieties of this species are edible, it has been 

notified as an invasive weed in different parts of the world including southeast USA, Australia and 

some parts of Europe (Garcia-de-Lomas, Dana & Ceballos, 2012; Nelson & Getsinger, 2000). C. 

esculenta has been found spreading along wetland fringes as well as stream, ditch, canal, and lake 

banks in many countries, outcompeting native species, thus altering natural habitat and ecosystem 

processes; reduces biodiversity (Nelson & Getsinger 2000). However, number of recorded cases of 

invasion is less for C. esculenta, compared to the species like Eichchornia crasipus which has severe cases 



of invasion. This would suggest a low invasive potential than other aquatic species; in contrast, 

widespread use of C. esculenta as a food source may reduce the attention on invasive processes in 

native areas (Garcia-de-Lomas, Dana & Ceballos, 2012). In Sri Lankan context, although some 

varieties of C. esculenta are included for human consumption, it is considered as a weed specifically 

when they are grown in agricultural wetlands (paddy fields).  

Agricultural wetlands are manmade semi-aquatic ecosystems maintained for the purpose of 

cultivating rice. They are either irrigated or rain fed fields. These are low lying areas, mainly on 

alluvial lands such as deltas and flood plains and lower terraces (Kawaguchi & Kyuma 1974; 

Bambaradeniya, Fonseka & Ambagahawatta, 1998). In Sri Lanka, dense mono specific colonization 

of C. esculenta can be observed in agricultural wetlands, specifically when they are abandoned for 

some period. Once colonized in such an area C. esculenta spreads over the area with time, 

outcompeting other species abundant in the area. On the other hand, control of C. esculenta is 

difficult because disturbance encourages spreading through vegetative reproduction via culm 

fragmentation and budding at the base of the plant (Nelson & Getsinger 2000). Hence it is worth to 

investigate the role of soil moisture and nutrient content on the morphology and biomass 

partitioning patterns, for subsequent identification of their spatial distribution probable controlling 

techniques in agricultural wetlands.  

Soil moisture content and nutrient content is observed to be highly influential on the morphology 

and biomass partitioning in many plant species (Lorenzen, Brix, Mendelssohn, McKee, & Miao, 

2001; Martina & von Ende, 2012). Hydrology is generally regarded as one of the major factors 

determining the vegetation composition and spatial patterns in wetlands (Newman, Schuette, Grace, 

Rutchey, Fontaine, Reddy & Pietrucha, 1998). Nitrogen and phosphorus are important plant 

macronutrients. Phosphorous is a component of key molecules such as nucleic acids, phospholipids, 

and ATP, and, consequently, plants cannot grow without a reliable supply of phosphorus 

(Schachtman, Reid, & Ayling, 1998). Due to the requirement of nitrogen for the production 

chlorophyll and Rubisco, high soil-nitogen conditions can lead to an increase in chlorophyll and 

Rubisco production consequently increasing photosynthesis (Martina & von Ende, 2012). In this 

background, the objectives of the current study were to identify the role of soil moisture content and 

nutrient availability in determining the morphology and biomass partitioning patterns of C. esculenta, 

grown in an agricultural wetland in Galle, Sri Lanka to identify possible spatial distribution patterns 

of the species. The hydrology of selected agricultural wetland for the study is controlled by local 

rainfall patterns. Nutrient level in the substrate of these wetlands is managed by natural means, as 

well as chemical fertilizers used for paddy cultivation.  

MATERIALS AND METHODS 

Study Area 

The study was conducted in an agricultural wetland located in Galle, Sri Lanka (6o 4’49” N, 80o 11’ 

35” E). The mean annual temperature in the area is 27.4o C. Annual average precipitation in the area 

is between 2000 - 2500 mm, southwest monsoon (May to September) being the predominant rainy 

season (UN-Habitat 2007). The surface soil of this agricultural wetland is predominantly peaty clay. 

Selected wetland for the study was approximately 500 m2. Sampling was carried out in patchy 



distributions of C. esculenta scattered over the area. Fifteen plots of C. esculenta (one plot- 10 to 15 m2 

in size) distributed over the area were randomly selected for sampling and three mature plants were 

randomly sampled from each location.  

Field Sampling and Laboratory Analysis 

Sampling was carried out on June - July 2012. Average plant height and average leaf area of a plant 

was calculated by measuring the length and area of all leaves of that plant and averaging them. 

Above ground biomass (AGB) and below ground biomass (BGB) was measured after drying each 

plant separately at a temperature of 100 oC for 3- 4 days, until it become constant in weight. Plant 

girth was measured at the bottom of the fresh plants just after removing from the site.  

Soil samples for moisture content and nutrient content were taken from the rhizosphere zone 

(approximately 30 cm depth) and sealed to avoid water loss from evaporation. Wet weight (WW) of 

each soil sample was measured in the laboratory and then they were dried at a temperature of 100 
oC, for 72 hours (or until obtaining a constant weight) and again measured for dry weight (DW). Soil 

moisture content (MC) was calculated as  

.100*
)(

(%)
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DWWW
MC


  

Approximately 100 mg of dry soil, which passed through 75 µm sieve, was used for total nitrogen 

(TN) and total phosphorous (TP) extraction. TN and TP content of the soil samples were 

determined by using standard methods (APHA, 1998) after digestion with alkaline K2S2O8 in an 

autoclave (120 oC) for 30 min (Gross & Boyd, 1998).  

Statistical Analysis 

All data are presented as mean ± SD. Multiple plant and soil samples from each plot were averaged 

for obtaining the mean value of the measured soil and plant parameters for each plot. CANOCO 

4.5® was used for relationship building among response variables and explanatory variables. 

Redundancy analysis (RDA) was selected based on the short gradient length of <4. Conditional 

effects of explanatory data on response data were assessed using the Monte Carlo permutation test 

under full model with automatic variable selection from CANOCO for Windows. 

RESULTS 

Soil moisture content of the sampling locations varied from 29% - 303%, while TN varied from 2.12 

- 1.08 mg/ g DW of soil and TP varied from 0.02 - 0.68 mg/ g DW of soil. Soil TN and TP values 

observed in the study are in the range of the values observed for paddy fields in Sri Lanka 

(Kawaguchi & Kyuma, 1974). Soil moisture content observed in the study was compatible with the 

values observed for peaty soils available in Sri Lankan paddy fields (N. H. Priyankara, personal 

communication). Table 1 shows all the values of response variables and explanatory variables. The 

explanatory variables used are TN, TP and moisture content in the soil. The response variables 

include plant AGB, BGB, AGB/BGB ratio, average plant height, leaf area and plant girth. 

 



Table 1: Explanatory and response variables of redundancy analysis 

Sampling site MC TN TP H L. Area Girth AGB BGB AGB/BGB  

1 142.8 

(53.0) 

1.948 

(0.047) 

0.528 

(0.003) 

114.9 

(12.8) 

712.0 

(30.2) 

13.6 

(4.0) 

25.2 

(18.0) 

16.4 

(9.1) 

1.539 

2 174.5 

(38.2) 

1.656 

(0.069) 

0.035 

(0.017) 

95.1 

(4.2) 

258.0 

(20.4) 

13.2 

(0.7) 

15.6 

(1.3) 

16.0 

(3.9) 

0.971 

3 168.2 

(37.2) 

1.819 

(0.131) 

0.029 

(0.014) 

119.1 

(14.5) 

592.0 

(118.4) 

10.8 

(7.2) 

31.6 

(16.6) 

38.2 

(18.7) 

0.827 

4 119.5 

(32.1) 

2.084 

(0.325) 

0.676 

(0.049) 

117.9 

(11.0) 

745.4 

(281.1) 

14.8 

(3.3) 

33.6 

(18.2) 

22.5 

(3.8) 

1.494 

5 75.4 

(10.4) 

1.666 

(0.329) 

0.017 

(0.005) 

72.9 

(8.5) 

439.0 

(96.0) 

13.7 

(0.6) 

16.9 

(2.2) 

27.6 

(4.0) 

0.611 

6 162.5 

(41.7) 

1.725 

(0.184) 

0.400 

(0.056) 

133.4 

(7.2) 

852.4 

(114.1) 

17.5 

(2.2) 

50.0 

(8.0) 

78.8 

(9.7) 

0.635 

7 29.1 

(3.6) 

1.432 

(0.089) 

0.492 

(0.159) 

72.9 

(10.0) 

350.0 

(89.3) 

12.0 

(1.6) 

16.9 

(10.3) 

30.9 

(23.5) 

0.546 

8 83.0 

(5.0) 

1.497 

(0.066) 

0.547 

(0.035) 

85.8 

(22.4) 

585.1 

(135.8) 

14.8 

(2.9) 

22.1 

(10.9) 

138.7 

(10.4) 

0.159 

9 91.3 

(20.3) 

2.119 

(0.166) 

0.026 

(0.005) 

50.4 

(4.7) 

293.3 

(68.9) 

10.7 

(1.2) 

7.1 

(0.1) 

6.8 

(2.2) 

1.038 

10 303 

(25.3) 

1.569 

(0.202) 

0.026 

(0.008) 

73.0 

(7.9) 

286.3 

(192.3) 

12.5 

(2.1) 

10.9 

(4.6) 

35.1 

(5.2) 

0.311 

11 176.3 

(78.0) 

1.560 

(0.187) 

0.041 

(0.012) 

85.2 

(7.8) 

560.5 

(244.8) 

14.5 

(4.1) 

16.9 

(10.7) 

68.7 

(60.1) 

0.246 

12 90.3 

(21.9) 

1.478 

(0.096) 

0.057 

(0.014) 

101.8 

(23.7) 

296.0 

(170.2) 

11.7 

(3.4) 

15.9 

(13.8) 

12.0 

(7.2) 

1.331 

13 79.4 

(17.1) 

1.096 

(0.104) 

0.019 

(0.001) 

112.1 

(24.3) 

492.2 

(156.3) 

13.0 

(2.6) 

19.5 

(12.2) 

16.1 

(13.7) 

1.207 

14 11.9 1.080 0.258 75.7 296.0 12.0 12.6 8.4 1.500 
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(1.5) (0.222) (0.032) (6.5) (93.3) (0.1) (0.3) (1.0) 

15 111.4 

(38.0) 

1.125 

(0.042) 

0.196 

(0.035) 

96.6 

(7.5) 

292.7 

(71.7) 

11.3 

(1.6) 

10.9 

(3.3) 

24.5 

(12.4) 

0.444 

 

Note: Explanatory variables: Soil TN, TP (mg/ g DW of soil) and moisture content (MC) (Percentage), 

Response variables: Plant height (H) (cm), Leaf area (L. Area) (cm2), Plant girth (Girth) (cm), AGB (g), BGB 

(g), AGB/BGB ratio. Values in the parenthesis are S.D. of mean values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Redundancy analysis bi-plot diagram. Explanatory variables: Soil TN, TP and moisture 

content (MC), Response variables: Plant height (H), Leaf area (L. Area), Plant girth (Girth), AGB, 

BGB, AGB/BGB ratio.  

The biplot diagram for the redundancy analysis (RDA) is shown in Figure 1. All response variables, 

other than AGB/BGB ratio, were positively correlated with soil TP and moisture content, while 

AGB/BGB ratio showed a strong negative correlation with soil moisture content. Measured 

parameters did not show proper correlations with TN, although a slight positive correlation with leaf 

area, AGB and AGB/BGB could be observed. It should be noted that out of the explanatory 

variables, only the conditional effect of soil TP was observed to be significant on plant morphology 

and biomass partitioning (Monte Carlo, P < 0.05) (Table 2). Further, the highest ranking for 



conditional effects (Lambda-A) was proved to be soil TP (Lambda-A explains the additional 

variance each variable explains at the time of inclusion to the model) (Ter Braak & Smilauer, 2002). 

Table 2 

Conditional effects of Soil TN, TP and Soil moisture content in order of their inclusion in the model  

Conditional Effects 

Variable LambdaA P F 

TP       0.31 0.035 5.86 

TN       0.09 0.225 1.84 

MC    0.04 0.440 0.70 

 

DISCUSSION 

Our results exhibit that C. esculenta has low plasticity in growth and physiology in response to soil 

TN. Key factors that determined biomass accumulation patterns and morphological variations of C. 

esculenta in the selected agricultural wetland was soil TP and moisture content. Increased nutrient 

availability was observed to results an increase in biomass in most of the invasive plants (Martina 

and von Ende, 2012; Wetzel & vander Valk, 1998). In agreement with our results, increased 

phosphorus availability has observed to results in increased AGB and BGB, increased leaf number 

and leaf area in Phalaris arundinacea (Martina & von Ende, 2012) and hydrology and TP have been 

shown to produce a combined advantage for biomass accumulation and distribution of cattail 

(Newman, Schuette, Grace, Rutchey, Fontaine, Reddy & Pietrucha, 1998). Some invasive species 

were less sensitive to TN (Monaco et al. 2005); however, in contrast to our observations, Osorio, 

Shuai, Miyasaka, Wang, Shirey, & Wigmore (2003) has been observed that biomass and leaf area of 

C. esculenta have a positive correlation with nitrogen up to 2.0 mM. In combining the data from this 

study with literature published elsewhere we developed a hypothesis of the importance of nutrients 

and hydrology in determining morphological adaptations and biomass partitioning patterns of C. 

esculenta in this agricultural wetland. Plants generally show a positive correlation with nutrient content 

and BGB when there is a limitation in that particular nutrient (Lorenzen, Brix, Mendelssohn, 

McKee, & Miao, 2001); in contrast to that, no correlation was observed between BGB and soil TN 

in the current study. Therefore it can be hypothesized that C. esculenta grown in this agricultural 

wetland had not experience low nutrient conditions, in terms of TN. Hence, we assumed that 

nitrogen availability is sufficient for C. esculenta grown in this wetland. However, positive correlations 

between plant morphology and biomass and soil TP and moisture content indicate that elevation in 

TP and/or moisture content may results an increase in biomass accumulation and increased plant 

sizes (taller plants and larger leaves). Water regime of agricultural wetlands in this area is controlled 

by the availability of rainfall (Kawaguchi & Kyuma 1974; Bambaradeniya, Fonseka & 

Ambagahawatta, 1998); hence soil moisture content in these wetlands varies with the rainfall pattern. 

Since these are low-lying lands (Kawaguchi & Kyuma 1974), these areas receive storm water runoff 



with excessive nutrient loading (Brezonik & Stadelmann 2002) in rainy season. In such an occasion it 

can lead an elevation of TP and moisture content in the same time, which may subsequently increase 

biomass accumulation (AGB and BGB both) of C. esculenta. Further, it has been observed that 

favorable growth conditions and biomass accumulation will indirectly influence on reproductive 

traits positively (Martina & von Ende, 2012), which may further increase spreading of C. esculenta in 

agricultural wetlands, increasing the difficulty in controlling this plant for paddy cultivation. 

Conversely, sufficient nitrogen availability in abandoned paddy fields in Sri Lanka can be positively 

used for successful cultivation of C. esculenta varieties as a food crop. 
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Abstract 

This experiment was randomly performed in 3 replications and 7 treatments in Karaj in 2001-2002 

agricultural years to see the effects of magnesium sulphate in different levels on wheat to increase its 

yield in hectare and fortification to get independence and have a healthier society. Mixed samples of soil 

were taken before planting and sent to laboratory to determine physical and chemical properties for 

fertilizer recommend. Using acetate ammonium, soil magnesium 1 normal ph=7 in Karaj (1-seed and 

scion in statute 2-water and soil research site) 207.5, 265 and the magnesium of water for irrigation 

orderly was 12, 14.4, 13.2 and 25.2 mg a liter. Fertilizer cares were: the first, NP, the second 

recommended on the basis of soil experiment (high use and low use), the third, the second plus 

magnesium sulphate (150 Kg) before planting, the forth is the second plus magnesium sulphate (300 Kg 

in ha) before planting, the fifth was the second plus magnesium (450 Kg in ha) before planting, the sixth 

was the second plus magnesium sulphate (600 Kg in ha) before planting, the seventh was the second plus 

magnesium sulphate (300 Kkg in ha) before planthing  and 300 Kg when it gets eared. The results showed 

that the most yield of grain in Karaj 1 and karaj 2 was orderly for fertilizer cares of T5 and T7. Grain 

yield increment in Karaj 1 and Karaj 2 compared to the best use of fertilizer was orderly 595 and 624 Kg. 

Adding magnesium sulphate to soil resulted more density of magnesium in wheat grains. Adding 

magnesium to soil caused zinc density increment in Karaj 1, but decrement in Karaj 2. Magnesium critical 

limit in soil by normal 1 acetate ammonium method, 750 mg in Kg is recommended considering the 

results. More experiments are recommended to separate the effect of magnesium and sulphate.  

Keywords: wheat, sulphate, magnesium, quality and guantity. 

Introduction  

Everybody knows the importance of good and right nutrition in all communities, because society may get 

needed strength for its economical, social and political consistency, unless it has got enough food 

especially food security providing and for this reason. It seems necessary and vital to have the knowledge 



of right methods of nutrition and its plan and performance in the country (Hagh parast Tanha, 1992). In 

fact, nutrition quality is core lated with spiritual, mental and psychological health. Wheat is one – year 

plant that is planted in large quantity and a lot of farms of world even in and semi-dry regions in soils 

with good drain and clay loam and its one of the most used and important agricultural products in the 

world. In many countries, its per capita use is more than the other food stuff. Now, in almost 20% of 

world fields, what is planted and more than 20% of planting is in N. America, Europe, china and the 

former USSR. It may be planted in 3000 m sea level height and may come to 1-2 m in height, but is often 

about 1m. Its grains provide essential carbohydrates. Proteins, vitamins and minerals needed for growth 

and strength (Khodabandeh, 1992). And its flour is mainly used for making bread, that is one of the most 

important food stuff specially in Iran and there third – class countries so that about 40% of energy for the 

people is provided. According to statistics by administration of statistics and in formation in ministry of 

agriculture in 1998. 6/.2 million hectares of the fields were under wheat plant that 64% was dry – farm 

and 36% was watered farm. Wheat product rate in the country is about 12 million tons each year that 

63.8% is by watered farm and so it is about 20% agricultural products of the country. The average product 

from watered farm is about 3400 kg/ha. Wheat per capita use in Iran in 1994 for each urban was 129 Kg 

and for each rural was 185 Kg. This rate for each urban was 151 and for each rural was 219 Kg in 1993. 

The average daily use of bread is 650 g per capita (Malakooti, 2000). 30 year using of fertilizers in the 

country and comparing the different product rate by exemplary farmers with the country mean rate show 

that excessive use of nitrates and phosphates for most of agriculture, has caused some problems and 

fertilizer recommends were limited to some packs of urea and phosphate ammonium. Now, experts, 

scholars, propounders and farmers are trying, by optimal use of fertilizers, to find the unseen obstacles 

and bring the country to independence and even make it an exporter (Qaderi and Malakooti, 1999). In 

developing countries, an enormous considerable amount of money is the cost of medicine, building 

hospitals and centers of treatment. A high percent of illnesses is for improper nutrition and it they devote 

some of the cost for prevention by good nutrition; it could be more effective to people's health. Some 

scholars now believe that emphasizing on sending enriched grains to poor – nutrited people having bad 

improper nutrition and illness is better than sending doctors and medicine, because it can have a 

significant role on their health. In some countries especially united states and Australia, they add some 

additional foodstuff to flour to enrich bread, but, instead, the better solution is the right plant nutrition to 

produce natural enriched grains and if using this kind of seeds, the next harvest will have more primal 

growth and flow will be more qualified (Malakooti, 1998). Magnesium is the only mineral molecule of 

chlorophyll in its center and its shortage will naturally reduce the chlorophyll and make the plants growth 

slower. Plants calcium is usually three or four times more than magnesium. Different plants absorb 

magnesium in different amount and legumes usually contain more magnesium compared to the other. It 

could be said that harvesting six tons of wheat and for tone of wheat and four tone of stubble in ha, you 

can moderately take 50 Kg nitrate, 9 Kg phosphorus, 24 Kg potash, 6 Kg calcium, 5 Kg sulfure and 4 Kg 



magnesium from the soli. Leaving seeds of sugar beet, cereals and maize soak in solution of magnesium 

sulphate 2% makes their budding faster and increases protein and adenine triphoshate (Malakooti , 1999). 

Magnesium in plants is found in the form of phosphatebase (Exhalant Calcium, phytine), free and 

absorbed ions and also in the form of pectin. Magnesium base like exhalant magnesium or original base 

compounds are not physiologically considerable, but magnesium is considerable as a component of 

chlorophyll. Its special role in plants upper parts is not limited to molecule of chlorophyll, and its amount 

in chlorophyll is a small portion (15-20%) of the whole. Magnesium is an important component of 

ribosomes and matrix structure in cells core. Its role is similar to calcium role and it causes durability and 

resistance of biological file (Naigin and Tucker, 1982). Magnesium ion is extremely electrophyl and it 

absorbs exocomples like phosphate and gets a complete geometrical shape in this field (Tandon, 1995). In 

this way, it connects ATP to enzymes and substra and activates it. A noticeable example here is, the 

magnesium bridge two synthesis of ATP to nitrogenase and also ATP to ATP-ase. In addition to 

magnesium, phosphosinazes and also carbooxilases and dehydrates activate and the effect of this 

mechanism is like manganese (
24Mn ) and in this field manganese can replace magnesium to some extent, 

the reaction of enzyme is important not only for plants but also for other living creatures metabolism can 

cause illnesses and oppression on man the effect of magnesium on various metabolical processes may 

appear differently. Assimilation weakens without dependence on magnesium as a component of 

chlorophyll in inadequate nutrition with magnesium, and this effect is related to the activity of riboloze 

base phosphate carboxylase. In electron photosynthetic transmission, transmission of magnesium from 

tilacoeid to stromid chloroplast is more than potassium and in stromide – Rupb activates carboxylase. 

Good effect in synthesis of carbohydrate and its saving (sawing starch on glands and fruits) must be 

related to this role of magnesium (Naigin and Tuckar, 1982). Magnesium density in cytoplasm is 5-70 

mm and has a direct effect on proteins synthesis (Grimone, 1983). Magnesium connects AMP – Amino 

Acill to TRNA and it makes possible the separation of pdypeptedial chain from ribosome by activating 

enzyme and reduction of protein and Amino acids increment in plant with magnesium shortage could be 

related to this role of magnesium in protein synthesis. In the case of magnesiums shortage, the synthesis 

of chlorophyll weakens and the number of chloroplasts decreases (Zahraei, 1993). The chloroplasts 

hydothode will be disordered (steucek and koontz, 1970). The sign of magnesiums shortage differs in 

different plants, but, generally, there are some common indexes. It always begins from old leaves not 

from the edge, rather from the middle of the leaf and nervure. The leaves get paled and it extends to the 

edge and then the leaves go onto necrosis in the middle and only the main nervures and some tissues 

around it will keep green.  

The signs are common in many dicoties, such as grape, apple, cabbage, beetroot, broad bean and potato. 



The color of carotenoid looks clearer and so the leaves with the shortage, look golden paled like the color 

of leaves in autumn. 

One other sign of magnesiums shortage is the erection and friability of the leaves stricken with shortage 

of potash look droopy and this is for the disorderment of plants water condition and interkostal ill leaves 

probably for assimilates accumulation and they will fall before the right normal time. But shortage signs 

in cereals differ from what mentioned above. It begins with brightening of old leaves and little dark green 

dots (chlorophyll accomu lation) appear on leaf at the bottom on depigmentated parts. The middle part is 

often in the form of green strip. Wheat, barley, rye have similar signs. But maize has a special form with 

bright and dark strips. Growth process in strickened plants is postponed (Naigin and tucker, 1982). 

Magnesium in strickened plants is less than the healthy plants. Critical limit of magnesium in potato 

is
gm.2  in g of dry stuff (schimansky, 1973), in tomatoes leaf, 

gm.3 in g of dry stuff (stcevenson, 1986) and 

in apples leaf, 
gm.6/1 in g (Fageri et al, 1991). Shortage signs are usually visible under this limit. 

Magnesium in cereal grains is often in the form of einosite hegza phosphoric acid and in usual state, its 

amount cereals stubble is only a bit less than in grains, but in strickened plant, the difference is to grain 

and here its used for fetine synthesis, so the stubble gets poor in the case. Shortage of magnesium in 

cereals has not always ill effects on grain yield amount (naigin and tucker, 1982). In oat, yield decrement 

for magnesium shortage is when the signs have been visible till blooming or when stamens have got 

white. Yield decrement is related to grain amount in ear and decreasing of weight 1000 grain (gr) in 

pissarks experiments (col well, 1976). Sensitive crops to the shortage that have usually positive response 

to fertilizers that include magnesium, especially sulphat magnesium are: citrus, cotton, tea, maize, potato, 

beetroot, cane sugar, and cereals (Malakooti and Mashayekhi, 1997). Efficient limit of magnesium differ 

in different plants and it varies from 25% in cereals to 75% in grape (Salardini, 2005). 

Instance plants for shortage of magnesium: cabbage, beetroot, cotton, apple (Haghparast, 1992).  

Table 1. Efficient limit of magnesium in levels of some agricultural and garden plants (Tendon, 

1995). 

Percentage Plant percentage plant 

30% Apple 25% cereals 

55% Apricotand peach 75% potato 

75% Grape 35% Onion 

 



Magnesium is got from demolition and disintegration of stones and mines including these elements. 

magnesiums amount differs in all soils and it is 1% in coarse soils of humid regions and 4% in fine soils 

in dry or semi-dry regions got of original materials including magnesium . Soils magnesium is got of 

original minerals disintegration (T2). 

Table 2- most important minerals including magnesium and its mean amount. 

cerpentine olivine amphybole piroxine biotite mineral 

26% 28% 7.8 7.6 7.6 Mg% 

 

Movement of calcium and magnesium is usually in massive form but their absorption by plant is in two 

massive and diffusive forms. Because of disintegration and exposing to air in soil minerals including 

magnesium, cations get free and then are lost by penetrated liquid, or absorbed by other living creatures 

or the around clay bits or sediment in the form of secondary minerals. The last phynomenon is often in 

dry climates. Magnesium is slowly useable in clay secondary minerals and can get out by water or plants. 

Vermiculite including on eye-catching amount of magnesium can be regarded as on important source 

(Cope, 1973). It's found calcic in soils of dry or little – rainy regions –so, shortage of magnesium is seen 

in acidic, sanady, more watered or long–farmed soils. The shortage is also seen in calcic soils in the 

condition that soils magnesium is very less than calcium (Malakooti and Khoshkhabar, 2001). Such as 

calcium and potash, magnesium could be absorbed into plant in ionic form. Magnesiums shortage is more 

current than calcium in milad–climate regions and its absorption by plant is dependent on this ions 

density in the phase of soil solution, magnesiums saturation percentage, the amount. And nature of other 

exchangeable cations specially calcium, ammonium, potash and the sort of clay. In hamid–climates, 

coarse soil is usually more exposed to the shortage, the soil has lost a main part of magnesum because of 

rain washing, and has little amount of magnesium for the need of plant. According to some scholars, the 

shortage, in some case, is for plenty of calcium and potash absorbable into soil, Analysis of most 

agricultural soils in around part of desert in Iran showed that they have got enough magnesium because it 

exists plentifully in original materials and irrigating water, but antagonistic effect between magnesium 

and other cations and imbalance of them, has caused the signs of shortage to be appeared in different 

crops but in the soil of N and W. Iran, the shortage is too much (Malakooti and Homaei, 1994). 

Magnesium and calcium rival potash for being absorbed into plant. So it's expected that soils enriched by 

one of the three elements need high levels of satisfying nutrition by the other two. When the portion of 

calcium or magnesium goes more than potash in soil, potash absorption will decrease and it shows that 

potashs accessibility is dependent on the density of calcium and magnesium. So, laboratories try to 

moderate the recommends for potash. Somewhere in the world such as Manitoba, they got good financial 



results and gain from wheat and barley crops by adding potash to calcic soils that had enough potash, 

according to many standards (Malakooti and Tehrani, 2000). Excessive increasing of magnesium in ,soil 

often reduces potash absorption by plant. But presence of magnesium and potash in optimal amount, 

increases accessibility of exchangeable and solutable in water of soil. Soils with given calcic and natural 

soils are often known capacious for stability of potash. On the other side, high portion of calcium to 

magnesium in soil will make the magnesiums absorption difficult. Considering the rival and observing 

positive effects of adding mg fertilizer while soils Mg was here more than the critical limit, the necessity 

for determining a complete and precise index as useable Mg and also its critical limit regarding the index 

in presence of calcic, chalk and potash ion is more obvious (Malakooti and Khoshkhabar, 2001). 

During past years, because of little attention to Mg, not many studies have been done on its good effects 

in our country and researches have mainly been in frames of research and Msc thesis. But it's an essential 

element and its shortage has been reported in crops like wheat, beetroot, grape, fruit trees  and citrus in 

Iran – Using Mg fertilizer specially Mg sulphate has caused yield increment and quality improvement in 

the crops, regarding its high suitability. 

Materials and Methods  

This experiment was performed in wheat high producing region in Karaj (1-Land of water and soil 

research institute 2- land of seed and scion center) in 2001 – 2002 agricultural years. It was noticed for 

choosing the place that soils magnesium in different parts should be more, less and at the suggested 

critical limit (
gm.750 in Kg) to observe plants reaction to different levels of magnesium fertilizer.  

Fertilizer care sorts  

The experiment was absolutely done at random in Karaj 7 sorts, in Kermanshahr and Gorgan 5 

sorts in three repetitions as below: 

Fertilizer care sorts in Karaj: 

-Nitrogen and phosphore (NP) 

- Nitrogen, phosphore, potash and fine nutrients on the basis of soil experiment  

- The second plus 150 kg Mg sulfate before planting 

- The second plus 300 kg Mg sulfate before planting   

 - The second plus 450 kg Mg sulfate before planting   

 - The second plus 600 kg Mg sulfate before planting   



- The second plus 300 kg Mg sulfate before planting and 300 kg when getting eared. 

Operating in the field  

Samples of any part in soil depth of 
cm300 got before planting and sent to laboratory for chemical and 

physical analyses. Highly productive cultivar of wheat used in all parts of the land and the seed amount 

was 170 Kg for any part planted late in October, 2001. In other word, all nutritious elements (much – used 

and little- used) were equally added to soil and only Mg sulfate was used in different amounts. Phosphore, 

potash and 1/.3 nitrogen fertilizers were equally given to the experimented parts, when planting and 

mixed absolutely to the upper soil surface. 1.3 nitrogen was used in slippage when hastogenesis and 1/.3 

when getting eared in Februry and April – In keeping stages, they weeded and used chemical substance 

against jassid specially wheat jassid. Irrigation was once a 7-10 days dependent on plant needs in each 

part. In harvest stage, the crop was cut off in any six square meter and grain and stubble yields were 

identified and grain samples after harvesting from all parts were sent to lab to be measured. Weight 1000 

grain (gr), ears length and grain number of ear were measured in all parts. 

Operating in lab  

Needed physical and chemical analyses of sample mixed soile (taken before planting) research centers of 

Tehran, Kermanshah and Gorgan was performed as below: measuring soil tissues by hydrometric method, 

ph by saturated mud by glass electrode, EC by saturated essence by electroconduto- meter, calcium 

carbonate by titration, natural carbon by the method of potash chromite, soils total nitrogen by coajeldal 

method, absorbable phosphore by Elson method, and potash by normal acetate ammonium 1, soils Mg 

was measured by normal acetate ammonium. Fine nutrients of copper, Manganese, iron and zinc by 

extracting in DTPA method, In harvesting stage, grain samples of each part were sent to lab to measure 

Mg, Ca, K, P and protein percentage, they were milled after were washed and dried and extracted by dry 

ash method and then Mg, calcium and zinc were measured by atomic absorption, potash by flam 

photometer and phosphore by spectra photometer.  

Data analyzing method  

Regarding that the experiment was absolutely at random, to study how fertilizer care sorts influence on 

yield details and grains Mg density, after harvesting, statistical analyzing method related to all random 

experiment design (MSTATC) and for diagrams, Excel S.W were used . 

Conclusion and discussion  

Adding Mg sulfate at different levels, grain and chaff yield, grains Mg and zinc density increased. The 

most yield of grain was cropped by using 450 Kg Mg in ha before planting that was yield increment 



compared to instance of 562 Kg in ha. Chaff most yield was for the forth sort; 300 Kg in ha Mg before 

planting that resulted 2829 Kg chaff increment compared to the instance. Statistical analyzing results 

showed that there's a meaninigful difference in fertilizer different levels on grain yield of 5% diagram 1 

and table 2 shows that using Mg up to 450 Kg in ha has caused yield gradual increase, but adding 600 Kg 

Mg, in all. Before planting, there will be a sudden yield decrement; it can befor these reasons: 1- yield 

decrement, it can befor these reasons increase of mg ions around root (toxicity). 2- imbalancing Mg, 

calcium and potash. 3-decreasing of PH for the existence of sulfate ion resulted from fertilizer separation 

around the root. Weight 1000 grain decreased as increasing of mg primal fertilizer but as gradual 

increment at levels of fertilizer, weight 1000 grain increased and the most was for the sixth sort by 

gradual increasing at fertilizer levels, Mg and zinc density of grain increased gradually and the most rates 

of the elements were observed in the seventh sort. So it could be said that Mg ions increment around root 

causes increasing of zinc absorption that may be important in enriching wheat grain and it accords to 

Qaderis research in 1998. Using Mg different levels has no meaningful effect on ears length and grain 

number on ears But the most number and length were orderly observed in the seventh and third sorts It 

could be generally said that in the experiment, using Mg sulfate had a good effect on many indexes of 

yield and enriching of wheat and its use with soil is recommended. 

1- Effect of different fertilizer care sorts on grain yield in Karaj site of seed and scion 

 

 

 

 

 

 

Fig 2- Effect of different fertilizer care sorts on straw yield in Karaj site of seed and scion 
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                    Fig 3- Effect of different fertilizer care sorts on 1000 grain weight in Karaj site of seed and scion 

 

 

 

 

 

 

 

 

Fig 4- Effect of different fertilizer care sorts on Mg concentration in grain in Karaj site of seed and scion 
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Fig 5- Effect of different fertilizer care sorts on zinc concentration in grain in Karaj site of seed and scion 

 

 

 

 

 

 

 

 

Fig 6- Effect of different fertilizer care sorts on grain number in ear in Karaj 

site of seed and scion 
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Fig 7- Effect of different fertilizer care sorts on length of ear in Karaj site of seed and scion 

 

 

 

 

 

 

 

Studying the effect of fertilizer different levels on yield details at Karaj water and soil researches 

 It was for the sixth sort. By gradual increasing at fertilizer levels, Mg & zinc density of grain increased 

gradually and the most rates of the elements were observed in the seventh sort. So it could be said that Mg 

ions increment around root causes increasing of zinc absorption that may be important in enriching wheat 

grain and it accords to Qaderis research in 1998. Using Mg different levels has no meaningful effect on 

ears length & grain number on ears. But the most number and length were orderly observed in the seventh 

and third sorts. It could be generally said that in the experiment, using Mg sulphat had a good effect on 

many indexes of yield and enriching of wheat & its use with soil is recommended. 

Fig 8- Effect of fertilizer different sorts on grain yield at karaj water & soil researches. 
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Fig 9- Effect of fertilizer different sorts on straw yield at karaj water & soil researches . 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 10- Effect of fertilizer different sorts on 1000 grain weight at of karaj water & soil researches. 
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Fig 11- Effect of fertilizer different sorts on Mg concentration in grain at karaj water & researches. 

 

 

 

 

 

 

 

 

Fig 12- Effect of fertilizer different sorts on zn concentration in grain at yield at the site of karaj water & 

researches. 

 

 

 

 

 

 

 

 

 

Fig 13- Effect of fertilizer different sorts on grain number in ear at  karaj water & researches . 

 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

16

18

20

0

5

10

15

20

25

30

35

عرف زارع NPK NPK 150 kg

504 mg

NPK 300 NPK 450 NPK600 NPK 300+300

Mg concentration in 

grain % 

Zn concentration 

in grain % 

0

5

10

15

20

25

30

35

40

45

50

عرف زارع NPK NPK 150 kg

504 mg

NPK 300 NPK 450 NPK600 NPK 300+300

A 

A A 

A A A 

A 

Number of grain 

in ear  

 



 

Fig 14- Effect of fertilizer different sorts on length of ear at karaj water & researches . 
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Abstract  
Composting is a biological process of degradation and mineralization of organic matter under 
controlled conditions. This technique is in root of spreading and becoming a pillar of the organic 
agriculture which recognizes the recycling of plant derived wastes. In this framework, an experience 
of composting of green wastes was realized. This process was done in windrow system. The 
composting duration was 7 months when the temperature was followed regularly. This period was 
divided into four phases: mesophilic, thermophilic, curing and maturation phases which differ in 
their average temperature accordingly to discrepancy in microbial communities and metabolic 
activities. Chemical analyze has shown that the produced compost presents promising properties 
which respond to the norms of use of compost. Furthermore, biological assay, based on the study of 
the seedling germination growth, showed that this medium can be adopted without phytotoxicity 
risks seeing its germination index higher to 50%.Thus, composting of green wastes seems to be an 
eco-friendly alternative to their incineration and/or their putting in landfills and a natural 
contributor to the enhancement of the organic content‘s soil. Besides, it will limit the use of 
exported substrates.  
 
Key words: compost, green wastes, temperature, chemical properties, phytotoxicity 
 

INTRODUCTION 

 
The requirement for an eco-friendly alternative farming system arises from the detrimental effects of 
the practices adopted by the “conventional” agriculture (Narayanan, 2005). Organic agriculture is 
seen as the most promising one.  Organic agriculture is considered as an environment friendly and 
sustaining method of vegetable production (Narayanan, 2005). It encompasses a holistic approach to 
farming which amalgamates natural techniques including substantial use of organic manures, organic 
pest management practices instead of applying chemicals in soil fertilization and plant protection 
(Tfyp working group sr, 2001, Znaidi, 2002). As the same, NOSB (2003) noted that this agricultural 
system is based on the minimal use of off-farm inputs and on management practices that maintain 
ecological congruence. In this framework, this production system recognizes recycling plant derived 
wastes to return nutritive minerals to the soil and replenish the humus fraction (Beffa, 2002; 
Compaore, Nanema,  Bonkoungou, and Sedogo (2010). One of the most straightforward options 
for prospective solid waste management is composting (Zmora-Nahuma, Hadarband, and Chen 
(2007); Khiyami, Masmali, and Abu-khuraiba (2008); Butler, Sikora , Steinhilber, and Douglass (2001); 
Jindo, Suto, Matsumoto, García, Sonoki, and Sanchez-Monedero, 2012;  Singh &Suthar (2012)) which 

constitutes a promise alternative to their incineration and/or putting in landfills (Brinton, 2000; Butler 

et al., 2001; Beffa, 2002; Albrecht, 2007; Martínez-Blanco, Muñoz, Antón, and Rieradevall (2009).   
In sensu strict, composting is defined as a self-heating process of biodegradation,  mineralization and 
partial humification of labile organic matter by the action of successive microbial communities 
evolving in aerobic conditions (Mustin, 1987; Butler et al. (2001); Beffa, 2002; Amir, 2005; Albrecht, 
2007; Gharib, Moussa, and Massoud (2008); Bernal,  Alburquerque, and Moral (2009); Martin 
&Brathwaite (2012)).  



 The use of compost was increased strikingly seeing its advantageous effects on soil by enhancing its 
fertility (Brinton, 2000), its buffer potentiality that affects significantly the mineral nutrition of plants 
(Mustin, 1987), its physical properties (increase porosity, decrease density, raise soil strength and 
roughness, increase CEC) (Albrecht, 2007; Bustamante, Said-Pullicino, Paredes, Cecilia, and Moral 
(2010)). Moreover, compost has shown a suppressing soil-borne diseases effect (Martínez-Blancoa et 
al. (2009); Martin & Brathwaite (2012)). This suppression can be general or specific (Znaidi, 2002).  
However, these benefits can not be realized only if the compost presents promising properties. 
Indeed, unsuitable properties of compost can induce phytotoxicity for plants (Albrecht, 2007; Khan, 
Ueno, Horimoto, Komai, Tanaka, and Ono (2009)). Thus, it seems important to identify the 
properties of compost before its use (Zmora-Nahuma et al., 2007).  
In this framework, the intent of this study is to follow a simple process of green wastes composting 
and highlight on the chemical properties and the seedling growth attitude of a the produced 
compost. 

 
METHODS AND PROCEDURE 

 
RAW MATERIALS 
Dry and green wastes were used. Dry wastes were represented by leaves, grass, branches and fruits. 
These materials were crushed seeing that more they were splitted up, more quickly they were 
broken. They were shredded in an average size of 5– 20 mm, which is recommended for good 
aeration of composting systems as it was reported by Khiyami et al. (2008). Green wastes were 
represented by leaves, grass, flowers and fruits. 
An equilibration must be maintained between dry wastes, for which the dominant mineral element is 
carbon, and green ones rich on nitrogen seeing  that an excess of dry elements limits the increase of 
temperature yet the excess of green components induces a surplus of humidity  and a lack of 
oxygen. Before use, dry materials were soaked in water to make them soft and humid yet green ones 
were faded a lot to evaporate their humidity. 
Construction of the heap 
The composting system used in this study is the windrow one. The ground was plowed to facilitate 
the circulation of the microorganisms between the round and the matters in decomposition. A layer 
of branches, straws and died leaves were disposed.  The feedstock materials were placed in pile.  
The dry and green components were alternated in successive and thin layers to avoid compacting 
and allow good air circulation in the heap. Pile was turned mechanically and regularly in accordance 
with temperature evolution. Turning serves, moreover mixing the material, to maintain a high 
porosity (lost by settling and reductions in particle size), release heat, water vapor, and gases; 
prevents excessive temperature accumulation within  and exchange outer layers with inner layers in 
the pile to achieve adequate treatment of pathogenic organisms and weed seeds (Graves, Hattemer, 
Stettler, Krider, and Chapman (2000). The addition of water during turning depends on the humidity 
of the heap: take a handful of compost within the pile and squeeze into a ball in hand: If the water 
flows thus the pile is too wet and it must redone but if the ball breaks into pieces indicating that the 
pile is too dry and should be watered as necessary. 
The heap was covered by a layer of straws to protect the heap against wind and sun and limits the 
lose of the temperature. 
 
Measurements 
Temperature 
The temperature of the pile was measured every 10 days at 5 different emplacement of the heap.  
Chemical properties 



Substrates pH, electrical conductivity (EC), Na, P, K, Ca and Mg were determined in the water 
extract 1:5 according to Johnson (1980). Nitrogen was determined by the Kjeldahl method. Total 
organic carbon was measured according to Colorimetry method (ISO 14235). Percent of ash was 
determined after heating the substrate for 4 h in a muffle furnace at 550°C. Percent of volatile solids 
(VS) were determined by subtracting percent ash from 100 (Changa,  Wang, Waston, Michel, and 
Hoitink (2003).  
The composition on lignin, humic and fulvic acids were determined according to the methods cited 
by Albrecht (2007). The humification index was determined referring to Zbytniewski and Buszewski 
(2005).  
The decomposition of chlorophyll-type compounds (mainly chlorophyll a, chlorophyll b, 
pheophytin, chlorophyllide, and pheophorbide) was determined by the assay of light absorption of 
acetone extracts of compost referring to Rajbanshi and Inubushi (1998). 
Biological assays 
A modified phytotoxicity test developed by Zucconi, Pera, Forte, and  Bertoldi (1981) was carried 
out. To assess the effect of compost on emergence attitude, three regional plant species, barley 
(Hordeum vulgare L.), muskmelon (Cucumis melo) and tomato (Lycopersicon esculentum Mill) were adopted. 
The aqueous extract of the composts was prepared by shaking the fresh sample with distilled water 
at 1:10 (W/V). Serial dilutions of the resulted supernatant with sterile distilled water (SDW) to yield 
0, 25, 50, 75 and 100 % were prepared. 5 seeds were placed on filter paper (Whatman # 3) in the 
bottom of 9 cm diameter petri dishes. The paper was moistened with 2.5 ml of a compost aqueous 
extract. The dish sealed with parafilm, to minimize water loss, and placed in an incubator at a 
constant temperature and humidity suitable for their germination. 2.5 ml of distilled water was used 
as control treatment. The test was run in triplicate. The number of normal seedlings (with first leaves 
and radicles) as well as length of radicles were measured and recorded 5 days after their dark 
incubation. 
Seed germination, root elongation and germination index were calculated according to equations 
noted by Tam and Tiquia (1994):  

 

Relative seed germination (%) = * 100 

Relative root elongation (%) = * 100 

Germination index=  

 
Statistical analysis 
Statistical analyses were performed using a level of 0.05 (5%) for the ANOVA and Duncan post hoc 
tests. Differences between the means of the three substrates were compared, using the least 
significant difference (LSD).  
 

RESULTS AND DISCUSSION 
Phases of composting 
 



  
Figure1. Evolution of the heap temperature during composting. 

 
The following of the temperature permits to discriminate four phases: 
-Phase 1: It is remarked by a quick increase of the temperature which attains 41°C 30 days after heap 
construction. It corresponds to the mesophilic phase. Debril (2005); Albrecht (2007) and Bernal et al. 
(2009) have attributed this rise to the heat produced from the energy of the organic combinations of 
simple compounds such as sugars, amino acids and proteins degraded by mesophilic and/or 
thermotolerant fungi and bacteria.  
-Phase 2: During this phase, temperature increases to 56°C two months after the heap construction 
and to 72°C 120 days after heap construction. This stage is known as the thermophilic phase. This 
increment of temperature is favored by turning which gives supplement oxygen for renewing 
microbial activity as it was indicated by Mustin (1987). Seeing this high temperature, only fungi and 
thermophil bacteria, that optimal temperature’s growth oscillates between 65 and 70°C persist 
(Albrecht, 2007). Ryckeboer, Mergaert, Vaes, Klammer, De Clercq, Coosemans, Insam, and Swings 
(2003) specified that 87 % of the thermophilic microorganisms is identified as belonging to the 
genus Bacillus. Degradation concerns fats, cellulose, hemicelluloses and some lignin (Bernal et al, 
2009). A frequent dryness of the compost pile was remarked. It can be justified by an important 
water evaporation occurred in conjunction with the release of CO2 consequently to mineralization 
of the organic matter. Indeed, Ryckeboer et al. (2003) and   Albrecht (2007) have indicated that 
during this stage, an important fraction of the organic matter was vigorously mineralized.  
Debril (2005) considered that this step corresponds to the hygienisation step during which 
pathogens were destroyed, actinomycetes in particular streptomycetes strive, larvae are killed and 
most weed seeds are cracked.  
These two phases can be assimilated in one phase named: active phase or degradation one (Albrecht, 
2007; Butler et al., 2001). 
 -Phase 3: It is characterized by a decrease of the temperature. It is well-known as the cooling one.  
Bernal et al. (2009) have attributed this diminution to the reduction of the microbial activity 
associated with the depletion of degradable organic substrates. The remaining matter is represented 
by sugars, cellulose and hemicelluloses. It is known as the second mesophilic phase during which 
mesophilic organisms re-colonise the pile. It is called also the Curing phase: it insures against 
negative consequence of application of immature compost like phytotoxicity (Brinton, Eric Evans, 
Droffner, and Brinton, (2001); Ryckeboer et al. (2003). 
Bernal et al (2009) considered that these three phases constitute the biooxidative one.  



-Phase 4: It is remarked by an irreversible reduction of the temperature: it starts 150 days after the 
heap construction. It is known as the maturation phase. During this step, the predominant 
biochemical process is the humification of cellulose and lignin by fungi (Brinton et al., 2001; 
Ryckeboer et al., 2003; Albrecht, 2007).  
Chemical characterization  
Data represented in Table 1 pointed out that the pH value is of 7.15. This value seems promising 
seeing that at maturity pH stabilizes at the neutrality (Znaidi, 2002) and immature composts are 
characterized by an acid one (Forster, Zech, and Wurdinger (1993)). 
 

Table 1. Chemical composition of the compost. 
pH EC(mS/cm) VS  C N C/N Mineral composition (%DM) Lignin HA  FA  

Na  K 

 

Ca+Mg Cl 

7.15 7.58 59.8 20.97 0.87 24.21 0.13 0.15 1.2 0.017 6 .36 6.88 5.7 

All the parameters are expressed en % of dry matter. 
 

The content on soluble minerals deduced from the electrical conductivity is of 7.58 mS/cm. 
Referring to Albrecht (2007), who reported that the preferred EC of the substrate used  in 
agriculture is about 5 mS/cm, this substrate must be used carefully namely for species sensible to 
salt.  
The organic carbon is about 21%. This value seems interesting seeing that the best content oscillates 
between 10 and 30 % as it was considered by Francou (2003). The content on volatile solids is about 
59.8%.  
The content on the nitrogen is of 0.87 % of dry matter. This content seems slightly lower to the 
norms of the substrates which are of 1 to 4% of dry mass (Francou, 2003).  
The C/N is of 24.21%. There is a controversy concerning the best C/N ratio indicating the 
compost maturity:  Mustin (1987) considered that the optimum value comprises between 8 and 15, 
Albrecht (2007) has reported that a value of this ratio inferior to 20 and even 15 characterizes 
mature compost yet a stable one is characterized by a ratio comprising between 10 and 15. However, 
(Golueke, 1991) indicated that the C/N ratio needed for effective composting oscillates between 25 
and 40. In the light of studies reported by Ryckeboer et al. (2003), the optimum C/N ratio ranges 
between 25 and 35. Zbytniewski and Buszewski (2005) have reported that a C/N ratio of 15 reflects 
stabilization of composting mass and one below 12 indicates a high degree of compost maturity. As 
the same, Bernal, Paredes, Sanchez-Monedero, and Cegarra (1998) have reported that C/N ratio 
lower than 12 for municipal waste compost indicates a good degree of maturity but in well humified 
soils the C/N ratio is close to 10. 
The content on lignin is of 6.36% of dry matter. The content on humic acid (6.88 % of dry matter) 
is higher to this on fulvic one (5.7% of dry matter). This superiority is considered as an indication of 
advanced humification and maturity of the compost (Zbytniewski & Buszewski, 2005; Hsu & Lo, 
1999). Indeed, the production of humic acid is done by polymerization of fulvic acid or by 
degrardation of non humic substances of the fulvic fraction followed by the formation of 
polycondensed humic structures (Albrecht, 2007).  The AH/AF ratio is of 1.24. This ratio reflects 
an acceptable degree of compost referring to Albrecht (2007) who has reported that this ratio is 
inferior to 1 for immature compost yet it oscillates between 1 and 3 for mature one.  
The humification index is of 6.35. Albrecht (2007) has reported that the ideal value is of 5 and 
claimed that value higher to 5 reflects a higher content on carbon, a low degree of aromatic 
condensation and it shows the presence of relatively large proportion of aliphatic structures. 



Zbytniewski and Buszewski (2005) enunciated that humification index exceeding 5 characterize 
matured humic acids and may suggest that humification is not complete, and that compost organic 
matter in stable and matured compost differs from natural organic matter occurring in soils.  
The index of decomposition of chlorophyllous compounds is of 0.004. This inferior value reflects a 
good decomposition of these compounds. Indeed, Rajbanshi and Inubushi (1998) have indicated 
that a high absorbance reflects that the decomposition of these compounds is incomplete.  
Biological assay 
For the three seeds, a negative correlation was noted between the concentration of the water extract 
of compost and the parameters of seedling growth in terms of relative seed germination, relative 
root growth and the germination index (Fig 1, 2, 3).  

 
Fig 1. Effect of compost on seedling             Fig 2. Effect of compost on seedling     Fig 3. Effect of compost on 
seedling 
                 Barley growth.                                                      Muskmelon growth                                Tomato growth                                                 

Means followed by the same letters, in the same column, do not differ at p<0.05 by the Duncan test. 
 

  

However, for the three seeds, the relative seed germination percentage was less affected than the 
two others parameters. This remark was affirmed too by Paradelo, Moldes, Rodríguez, and Barral 
(2008). As the same, Wong, Cheung, and Cheung (1983) have explained that toxic compounds may 
suppress the percentage of viable seeds but the toxic effects can decline with time and seeds can 
adjust to the more adverse conditions. This remark is affirmed by the coefficient R2 (Fig 4, 5 6).   



  

 
  Fig 4. R2 of Barley seedling growth              Fig 5. R2 of Barley seedling growth         Fig 6. R2 of Barley seedling 
growth.                    
 

The negative effect of compost concentration on the seedling growth was selective: the highest 
mitigation was recorded with tomato seeds in contradiction to barley ones which seem to be the 
most tolerant to the increase of compost concentration. The best performance of barley seedling 
growth can be attributed to its higher food reserves. Indeed, Cheung, Wong, and Tam, (1989) have 
reported that seeds of root crops, such as cereals, contain high quantities of food reserves would 
have lower sensitivity to toxicity than seeds of leafy plants with lower food reserves such as tomato. 
Besides, Khan, Ueno, Horimoto, Komai, Tanaka, and Ono (2007) have indicated that the water 
compost extract has a suppression of seed germination and radicle elongation for seeds of 
dicotyledonous species, such as tomato, greater than those of monocotyledonous species like barley. 
Referring to this test, this compost can be used without risk of real phytotoxicity seeing that the 
germination index does not drop under 50% even for the most sensible seed, tomato. Indeed, 
Zucconi, Monaco, and Forte (1985) have indicated that germination index lower than 50% means 
high phytotoxicity, values between 50 and 80 % mean moderate phytotoxicity, and values over 80 % 
indicate that the material presents no phytotoxicity. 
 

CONCLUSION 
The produced compost shows promising chemical properties. Biological assay indicates that it can 
be adopted without risks of phytotoxicity even its negative effect on seedling growth. However, it 



will be interesting to adopt growing tests seeing that damaging effect can be temporary only in the 
earlier stage. 
Due to the selective effect of compost towards studied seeds, it seems important to select species 
that are sensitive to the specific composting materials before the test can be used for the evaluation 
of compost suitability to adoption in agriculture. 
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1.1 Introduction 

Dry Zone Livelihood Support and Partnership Program (DZLiSPP), initiated by the International 
Fund for Agricultural Development (IFAD) and the government of Sri Lanka, targeted to improve  
the income and living standard of poor households in four districts in the dry zone of Sri Lanka. 
The program was a combination of loan and grant components totaling US$ 30.4 million from 
IFAD and US$ 3.21 million from the government of Sri Lanka. Areas for the program were based 
on three major considerations as (a) incidence of poverty, (b) vulnerability and (c) previous 
experiences of IFAD projects. Subject to these criteria, the project was implemented in four 
districts, namely Badulla, Monaragala, Kurunegala and Anuradhapura, covering around 85,000 
households living in 1077 Grama Niladhari (GN) divisions of 44 Divisional Secretariat (DS) 
divisions of selected four districts. However, the total households and population in those GN 
divisions were 255,500 and 1.022 million respectively. The average household size of the areas 
covered by the project was just over 4 persons. The duration of the program was seven years from 
2005 December to 2012 December while the executing agency was the Ministry of Agriculture, 
government of Sri Lanka.  The main objective of the program was to raise the income and living 
standards through sustainable livelihoods of underprivileged households in areas covered by the 
program.  
 
The main objective of the proposed research was to study the “Impact of Convergence of the 
Project Interventions”. GN divisions implemented with one component, two components, three 
components, four components and five components were selected for the study to evaluate the 
level and impact of convergence.  The convergence in the context of this program was the 
tendency of different program components to evolve towards improving income and sustainable 
living standards of underprivileged households. In general, convergence is coming together of two 
or more distinct entities or phenomena. The idea of convergence1 in macroeconomics (also 
sometimes known as the catch-up effect) is the hypothesis that poorer economies' per capita 
incomes will tend to grow at faster rates than richer economies.  
 
Convergence is a concept that has gained popularity among economists, not only because of the 
importance of the issue about poor countries catching up with rich ones, but also because this 
analysis can serve as a way to verify the validity of different growth models and income distribution. 
It is also a process that may be analyzed from various aspects from economic changes through 

                                                             
1 In the economic growth literature the term "convergence" can have two meanings however. The first kind (sometimes called 

"sigma-convergence") refers to a reduction in the dispersion of levels of income across economies. "Beta-convergence" on the 
other hand, occurs when poor economies grow faster than rich ones. 
 



social and environmental changes. Real convergence describes the convergence of income levels 
among social groups, nominal convergence reflects the convergence of price levels among different 
sectors, and institutional convergence implies implementation of legislation. In addition one can 
also speak about the impact of convergence of business cycles, consumer behavior, social 
stratification, and so on. In order to understand the current trends in the dispute over convergence, 
it is very helpful to use the classification proposed by Islam (2003). The Islam discussion described 
the form of following seven categories: 
 

1. Convergence within the economy vs. convergence across economies; 
2. Convergence in terms of growth rate vs. convergence in terms of income level; 
3. Beta (β) convergence vs. sigma (σ) convergence; 
4. Unconditional (absolute) convergence vs. conditional convergence; 
5. Global convergence vs. local convergence; 
6. Income-convergence vs. total factor productivity (TFP)-convergence; 
7. Deterministic convergence vs. stochastic convergence. 

 
In this study some of these categories were applied in the light of program objectives and 
initiatives. However, certain categories were adapted to meet the needs of the study.  
 

1.2 Dry Zone Livelihood Support and Partnership Program 

The program had targeted the rural people in the dry zone with per head monthly income between 
USD 12- 15. They belonged to 25- 32 percent poor segment of the population in Sri Lanka.  The 
program has first targeted the locations (GN divisions) with high concentration of poverty. The 
major contributory factor for poverty in the dry zone region was low output owing to a host of 
problems such as water scarcity, limited credit facilities, poor adoption rate of new technologies and 
poor quality seeds. Similarly, fragmentation of land holdings, post-harvest losses, inconsistency of 
producer pricing and trade policies and market constraints also contribute to the poor output. The 
existing pathetic situation is highlighted in IFAD annual report (2004) as;  
 
“The area is predominated by rain fed subsistence farming systems due to the limited security for 
access to resources (Land and water), services and markets.  Irrigated paddy land is limited. Paddy 
holdings are small and fragmented and production is insufficient for home consumption. Those 
who have no paddy fields, cultivate other field crops on marginal uplands, develop home gardens to 
supplement consumption and income, or are faced to resort to waged labor, demand for which is 
limited and erratic. Unemployment, especially among youth, is high, leading to seasonal or 
permanent migration. This situation is exacerbated in more remote areas due to the more limited 
access to markets, services and employment. There are also pockets of internally displaced persons 
directly affected by the civil conflict”.   
 
To mitigate these dire situations, the government of Sri Lanka and IFAD introduced the Dry Zone 
Livelihood Support and Partnership Program in four districts of the dry zone. IFAD financial 
support consisted of two components as a loan and a grant. The program applied multi - 
stakeholder approach to ensure the results of development activities.  This program contained the 
following five major components. 
 
1. Community infrastructure development – (Rural roads, drinking water wells, household 

electricity and community buildings).  
2. Rain-fed Upland agricultural development and integration with livestock production system. 



3. Irrigation rehabilitation (Small scale irrigation schemes). 
4. Marketing and enterprise development.  
5. Micro-finance and Income generating activities. 

1.3 Need of the Study 

The program activities were winding up as program period is over. The lessons to be learned from 
the project were enormous. There were some GN divisions where more than one component was 
implemented. For example, irrigation rehabilitation, upland crop agriculture and community 
infrastructure (Agricultural roads) have been implemented in the same project area. As a result, 
irrigation tanks provide water for cultivation, access roads to the field makes it easy for farmers to 
transport inputs & outputs at low cost, and upland crops diversify income and consumption. It is 
obvious that those benefits to the villagers are high along with the converging of two or more 
components. This strategy helps to raise income and reduce poverty among low income households.  
It is essential to examine and record the “impact of convergence of the program interventions” 
aiming at added effectiveness of implementing more than one program component in some GN 
divisions. 
 

1.4 Objectives of the study 

The overall objective of the study was to examine the impact of implementing more than one 
livelihood support project to raise income and living standards of rural poor in the program area on 
a sustainable manner  

 
The specific objectives of the study were: 
 

1. To assess the impact of convergence effects of different project components on 
beneficiaries. 
 

2. To evaluate advantages and disadvantages of convergence of project interventions 
 

1.5 Study Method 

The basic sources of the information for the study consisted with two components. 

1. Primary Data Collection: Interviewing of farmers, producers, service providers, traders, 
public officials, informed individuals, and community leaders. Focused group discussions were 
widely used here. Field observation was also part of the method. 
 

2. Examining Secondary Data: There was sufficient secondary data for explaining the recent 
developments of the project.  Official reports and project publications were consulted. 

Data Collection: For the best research results of the study, a number of alternative data collection 
methods such as focus group discussions, key informant interviews, and field observations were 
conducted.  
 
Focus group discussions (FGD): Data collectors were trained on conducting of focus group 
discussions as a tool for data collection. Training covered in-depth understanding of the purpose of 
the study and facilitating focus groups and recording information from focus group discussions. 
Number of participants of each focus group discussion was 8-12 persons reflecting gender and 



different age groups equally. The approach was fitting well as individual ideas expressed in 
gatherings were complementary to each other and there was no need to protect the confidentiality of 
information among participants.  Similarly, discussions on agreements and disagreements by group 
members had helped to unearth a lot of hidden information. The three research officers have used a 
common question guide and the following protocol was recommended to participants:  
 

 All participants were given an opportunity to voice their views  
 

 Participants were allowed to agree or disagree 
 

 Each focus group discussion was last nearly 2 hours  
 
The principal researcher had supervised the discussions carried out by interviewers..   
 
Key informant interviews: A common question guide have used to interview community leaders 
and selected farming community members. The key informants were asked to provide their history 
in relation to agricultural activities in general, their way of life, how each one of them practices 
agriculture and impact of the implemented project components on them, the area and the 
community. Their homesteads were also observed and details were recorded where necessary.  
 
Observation: Observation as a data collection technique was used to collect information on impact 
of project interventions and their practices that were visible in research areas. Suitable locations have 
recommended by Key informants and data collectors. Comprehensive field notes were taken during 
the field observation. Ideas developed through observations were recorded immediately to avoid the 
possibility of distortion and unintentional misrepresentation.  
 
Data Analysis: In-depth data analysis was conducted using appropriate techniques such as 
organizing data into themes, patterns, trends, and relationships. Data was classified into main themes 
such as project investment, number of beneficiaries, type of beneficiaries, type of benefits, 
convergence impact, constrains and potentials for convergence impact, etc.  
 
Sampling procedures/ Selection Criteria/ Site Selection: The study was carried out in four 
administrative districts of Badulla, Monaragala, Kurunegala and Anuradhapura. They were rural, 
remote and traditional agricultural areas. Firstly, it was needed to conduct several discussions with 
the PCU and DPMO staff and obtain relevant documents of the project representing overall picture 
of implementation of the component at GN level. Thus, using the list of distribution of project 
activities, the researcher selected some villages (GN Divisions) where (1) one component, (2) two  
components, (3)  three components, (4)  four components, and (5) five components had been 
implemented and completed in every district  (Five villages from each districts and totally 20  GN 
divisions from four districts). After reviewing of these three categories of lists in every district, 
sample GN divisions were selected on proportionate basis. The Selection of GN divisions from 
each district was based on the discussions made with the project staff considering total investment 
of the each component (cost), total number of beneficiaries and number of households who came 
out of poverty  as a result of the program initiatives. Focus group discussions and other data 
collection methods were applied in those selected GN divisions to gather necessary information for 
the study and had developed the indicators for the analysis of project convergence.   
 
 
 



Result and Discussion 

 
The concept of convergence was introduced into the analysis of transition economies a decade ago, 
but it has gained more significance during the last few years, replacing the earlier restructuring-
based approach. Convergence is a concept that has gained popularity among economists, 
sociologist or any other subject specialists not only because of the importance of the issue about 
poor countries catching up with rich ones, but also because this analysis can serve as a way to verify 
the validity of different growth models. Convergence is a process that may be analyzed from 
various aspects. Therefore, this study analyses the process of rural infrastructure developments and 
other rural economic growth practices in the Dry Zone Livelihood Support and Partnership 
Program (DZLiSPP), during the last few years.  In this view, the study is attempting to ascertain 
what has happened to the levels of convergence in the impact of community infrastructure and its 
convergence effects in project period. 

 

This study investigates the impact of convergence of the project intervention in four districts of 
rural-remote areas of Sri Lanka. It evaluates the effect of various community-level projects 
interventions in rural farming community wellbeing and assesses the resulting of livelihood support 
and their impact. The study also attempts to provide some evidence on what type of dif 
ferent project components are convergence to each other that receiving more benefits for the poor. 
The analysis is based on the rural farm community level survey data and observations. Empirical 
approach for project impact evaluation utilizes the Rapid Appraisal exercise was carried out for data 
collection. Social adaptability, technical suitability and economic viability of project components, 
with infrastructures development and operational procedures were assessed. Personal interview and 
focus group discussions with beneficiaries were organized to generate information regarding the 
implementation of various development components and identification of their impact.  
 
To assess the impact of convergence effects of different project components on beneficiaries is the 
key objective of the research project. The project expects to converge its every component 
theoretically and practically to achieve the objectives of livelihood development of rural poor in 
sustainable manner. The project strategies, designs, and structures are sound at theoretical level. 
The convergence mechanism is also achievable under such hypothetical world. The ground reality 
is; however, differ from the theoretical expectations in all four districts. There some convergence 
among some components in a few of village but there are no convergence among all components 
in many village at a satisfactory level. The convergence is slow and time consuming process, even if 
identified components and strategies are matching with the ground reality. The patient and 
sustained commitment is essential in this attempt. An un-exhausted effort is essential from the 
agency as well as from the community in achieving a society friendly sustainable equilibrium.  
Results of some locations are tremendously impressive in finding at least tentative livelihood 
opportunities for poor people without a direction. In such areas as community roads, rehabilitation 
of small irrigation facilities, community buildings, water wells for drinking as well as cultivation, rain 
water harvesting tanks, playgrounds, and school buildings are prominent interventions. People are 
requesting similar facilities for the areas those facilities are absent.  
 
Small irrigation tanks and other irrigation facilities generated bountiful economic impacts in areas 
where water was the major retarding factor for livelihood development. This irrigation facility 
directly contributed not only to expand the extent of cultivable lands but also cultivable ability in 
both major seasons in the country. It was an insurance against the periodical food security related 
matters in many locations. Such jobs as agricultural laborers, marketers, input providers are 
positively correlated with the project even though insufficient.    



 
Rain-fed Upland agricultural development and integration with livestock production system was 
another component that directly convergence with construction of rural roads, tanks, irrigation 
channels, marketing and microfinance. Livestock development is very potential activities with the 
convergence of other components. The dairy development sector, many farmers has requested for 
supply of good quality animals from the relevant agencies in all four districts. But they have not 
received till date and this is too late for continuing their other activities in different components. It 
is one of the reasons to limitation of convergence effects in this component.   
 
The results of the convergence effects on marketing and microfinance systems interventions are 
less clear. The most specific effect was observed for identifying micro finance and marketing such 
as forward sales contracts, construction of market buildings and other relevant issues. However, it 
is noted that the convergence effects of marketing and microfinance was fewer. Expansion of non-
agricultural job opportunities; marketing and enterprise development and income generating 
activities favors women from poor households. Income generating activities could be fully 
accounted for by the improved food and health status of better-off households. This suggests that 
the benefits of microfinance and income generating projects ensue mostly to the non-poor. One of 
the policy implications of findings could be the need for complementary behavioral change among 
poor households, in particular educating households in the importance of economic activities. 
 
The fundamental problems of the projects are involved with selection and implementation 
procedures, insufficient financial allocation, inefficient institutional setup, unnecessary political 
interferences, natural calamities and poor community participation. Those fundamentals check the 
convergence of project components as expected. Such fundamentals have created divergences in 
some locations rather than convergences.  
 
The evaluation of post project convergence of a rural livelihood program is a commendable 
initiative for future projects. Similarly, identifying of contributory factors for converging processes, 
degree of intervention, relevancy of the corresponding and interdependent factors, prioritizing, 
appropriateness components, selection of core components, participation  and cooperation of 
beneficiaries, new and appropriate   technology, crops diversification, community institutions and 
their capacity, new management techniques, farmer perception, availability of information, post 
project setup and operational and maintenance  are important. Successful components of the 
projects can be used as bench mark components of similar future projects in the country.  Findings 
of this study further contribute to the convergence initiatives in evaluating its impact on poverty by 
bringing new empirical evidence to bear on the welfare and equity implications of community 
infrastructure interventions. The evidence presented in this study provides new input to the 
development and implementation of convergence initiatives for Sri Lanka.  
 
The study also evaluates advantages of convergence of project interventions. Growth of social 
capital and physical capital in the villages are the key advantageous of the intervention. Owing to 
the integration of few project components (convergence), evidence shows that the project area, 
there are growing trend of social capital assets. Most of the activities done by the farmer 
organizations, crop societies (Farm Field Schools) and other organizations such as milk producers 
association, co-operatives, and collecting centers are increased possibilities for co-operative action 
in solving problems with facilitating the diffusion of new techniques and reduce information 
imperfections. Physical capital is also often used to refer to economic capital in some form. 
However, it can be said that tangible assets is created by humans are physical capital and somehow 
used in production.  
 

http://www.businessdictionary.com/definition/economic-capital.html
http://www.businessdictionary.com/definition/production.html


Mitigate effects of climate change in terms of drought and flood situation is other reward of the 
project intervention. DZLiSPP works helped in addressing some critical issues of drought and 
flood situation in dry zone areas of four districts. The key objective was reducing the vulnerability 
situation of the farming communities. Construction of hundreds of small tanks, rain water 
harvesting tanks and other infrastructures in irrigation schemes have improved the water 
accessibility of the rural farming communalities. Storage of water in small tanks provided water for 
drinking and living purpose to the communities at the drought seasons. Field farm schools (Crop 
Societies) advised the frames to select drought resistance crops for cultivation. Finally, 
convergences on each of these project activities mitigated effects of climate change in terms of 
drought and flood situation. Identification of other new development possibilities is the extra useful 
benefits of the project intervention. Identification of other development possibilities is one of the 
primer advantages from the impact of project intervention. Large untapped, unmarketed potential 
in the key agricultural crops of the area (paddy, red onion, chili, groundnut, cowpea, banana, and 
mango) and livestock produce – creating better market linkages, better utilization of 
agricultural/farming capacity and skills, are plenty available in some small levels at villages.   
 
Poor communities are directly participating and contribute to the development activities of the 
villages. However, it is obvious to note that originally DZLiSPP activities were planned to active 
community participation. In that sense, rural poor communities are needed to contribute their labor 
for constructions activities as well as their management activities. The labor contribution of the 
building of tanks, roads and other infrastructures was really significant.Strengthen and improve the 
capacity of rural organizations is the further helpful benefits of the project intervention for rural 
farming communities.  Convergence awareness and planning at the grass root level lead to greater 
ownership of the project. Many farmers understand that their responsibility of the operating project 
activities in connection with the few of organization. Framers organization and other voluntary 
organizations such as farmer organizations, crop societies particularly for women, producer 
associations and credit societies have to be playing a greater role when implementing the DZLiSPP 
activities.  
 
Enhancement of economic opportunities is the other advantage of the project convergence. 
Income opportunities, savings and investment may be generated through activities of commercial 
level production ventures such as milk industry, polytonal farms, grindings mils and profitable crop 
cultivation. Polytonal farms have considerably increased while providing export market 
opportunities for bell paper cultivation.  Production of seed potato system is key solution for the 
reduction of higher cost of production of potatoes. 
 
Developments of marketing linkages are added advantage by converting the subsistence farming 
system to commercial farming systems. Some project components changed the farmer’s negative 
attitudes of commercial crop cultivations. They realized the how solving problems with facilitating 
the diffusion of new techniques and reduce information imperfections. Farmer Field Schools 
played a critical role for in this regard. Establishment of new “Information Centre” at Thalulla GN 
in Moneragla district is good example in recently. Improve the quality of life of rural farmers at 
various stages by integrating many components are superior benefits.  Ultimate objective of the 
DZLiSPP activities is improve the quality of life of rural farmers. Usually, five project components 
were planned, designed and implemented in simultaneously for full filling this objective. 
Construction of tanks, distribution channels, roads and land provide the productive resources for 
farmers. Upland agriculture, micro finance and marketing have supplies of inputs of capital, 
technology, skill labor and assurance markets for the poor farmers. Community infrastructure 
provided the accessibility of the other services. Roads, wells, drinking water tanks, school and 



market buildings and other amenities also provide the social and economic services for better life of 
the rural peoples.  
 
One of the most important advantages of the project intervention is facilitating the sustainable 
development process.  Convergence efforts through creation of durable assets, rural connectivity, 
productivity enhancement and capacity development lead to sustainable development. Sustainable 
development is the core principle underpinning land use planning. All development activities done 
by the DZLiSPP in rural areas was well designed and inclusive in keeping and scale with its location 
and sensitive to the character of the countryside and local uniqueness. In brief, implementation of 
five project components is ensuring an integrated approach to the consideration of social inclusion, 
recognizing the needs of everyone, effective protection and enhancement of the environment, 
prudent use of natural resources and maintaining high and stable levels of economic growth and 
employment. 

 

The study also evaluates disadvantages of convergence of project interventions. Insufficient of 
resources are the key shortcoming in project intervention. Limited natural and financial resources 
have curtailed the convergence efforts and effects.  There are no adequate natural and financial 
resources in projects, to produce sufficient convergence efforts in the all project components. For 
example, there are no adequate feed and high quality cattle breeds for dairy development in many 
areas. The study group find out that one tank was reconstructed successfully in one village. 
Although, the project not completing the water distribution channels and feeding cannels, due to 
the financial constraints. At same time, the large numbers of farmers are requesting to construction 
of that water distribution channel and they are waiting for the construction.  
 
A constraint of implementation is other restriction in time. Some of the project components are 
difficult to move simultaneously at poor small villages, since there are no adequate institutional set 
up for the implementation of project activities. Then, planning is critical for effective 
implementation of any project. Thus, convergence should begin at the planning level by inclusion 
into the district perspective plan. The approach of plan should be covering the aspects of 
institutional framework that are appropriateness for project implementation. Inappropriate project 
selection is further weakness in project convergence. Participatory Rural Appraisal (PRA) selection 
procedure of project component might not give proper convergence impacts in rural villages. PRA 
is one of the best criteria for the selection of projects. Although, it did not appropriately match to 
each other project components in term of creating convergence effects. The PRA reflected the 
community priority areas but not in the relationship with convergence priorities.  
 
Lack of economics of scale is other disadvantage. Too small projects have not adequate power or 
forces on generating convergence effects with other components. But cost is very high in some 
time. Small projects such as, construction of farm roads for very short distances, concrete works, 
wells, small tank of 2-3 acreage, etc are very impotent and worthwhile activities in rural villages. 
Rural communities where they get immense benefited from these projects. But it was not 
generating sufficient speed of convergence process at gress-root levels. Inadequate time period is 
one more difficulty for the determining the project convergence.  To evaluate convergence effects, 
it needed to significant time period. Most of the DZLiSPP projects activities were completed in 
very recent time period. Hence there is no enough time to generate a considerable process of 
convergence impact in some project areas. It was observed that the project implemented in last 3 
years and the period is not sufficient for evaluating the convergence effects. Community 
infrastructures long term physical property and receiving time for generating convergence. Political 
interventions are strictly affecting the project convergence.  Political influences have reduced the 



convergence effects of some of the components. Convergence effects strictly curtailed by the 
political interventions in the decision making process.  
 
As per recommendations planning is critical for effective implementation of project components. 
DZLiSPP in the planning process has not received the required priority in relevant project 
components in connection to the initiatives with measuring the convergence effects; therefore the 
study essentially recommends that highest priority may be given to the needs of the effects of 
convergence in the planning process, when the project is extended or reformulated. Thus, 
convergence should begin at the planning level by inclusion into the all levels of Plans. There is 
need of institution of "technical consortium” which will be suitably strengthened by experts and 
technical personal to advice, formulate, evaluate and monitor the implementation of convergence 
model. 
 
For providing infrastructure in remote and difficult areas, the public sector would need to continue 
to play an important role. High investment with organization skills is required for creation and 
managing these infrastructures. Therefore, government investment program for community 
infrastructure development may be encouraged by modifying the various procedures and 
development approaches with the introducing of Rural Convergence Programs (RCP) as it is in 
other countries.  
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ABSTRACT 

This paper focused on milling methods for pepper. Four milling methods were considered; 

Attrition, Stone, Mortar & pestle, and Blender. Investigation on the quality; the microbial 

analysis, the physiochemical analysis, and the sensory evaluation were carried out on pepper 

milled using these milling methods mention above. The output temperature of the pepper for 

stone, mortar & pestle, blender and attrition were 38.47
0
C, 38.47

0
C, 48.37

0
C and 48.47

0
C 

respectively. The yield efficiency of the pepper for Attrition, mortar & pestle and Blender were 

87.1%, 90.47%, 94.4% and 96.17% respectively. Total plate count, coliform count and fungal 

count for Attrition, Stone, mortar & pestle and Blender were 1.6 x 10
-6

, 2.3 x 10
2 

& 8 x 10
-5

; 1.65 

x 10
-5

, 1.29 x 10
2 

& 2.08 x 10
-3

; 7.4 x 10
-6

, 4.9 x 10
-3 

& 1 x 10
-3

; and 2.28 x 10
-9 

, 1.33 x 10
2 

& 

2.16 x 10
-3

 respectively. Showing that Attrition had the highest level of microbiological 

contamination. Physiochemical analysis of the product for Attrition had reduction in protein, 

ester extract, (fat), ash and crude fibre. It also has high level of iron, zinc, and magnesium 

compared to the other methods of milling, these show that the nutrient contents of the product 

was adversely affected. Sensory evaluation shows that the colour and texture of the pepper 

milled with Attrition and stone were preferred above mortar & pestle and blender. In terms of 

quality, stone and Mortar & pestle have advantage over Attrition and blender, with the nutrients 

having little or no significant damage  with less microbial contamination. 

KEYWORDS: QUALITY, PEPPER, MILLING,ASSESMENTS
     

 

INTRODUCTION 

Pepper is often described as the king of spices and it shares a place on most dinner tables with 

salt. The word pepper originated from the Sanskrit word “pippali”, meaning berry. It is grown 



almost every part of the world today. It also comes in different sizes, colors and shapes. The 

colors can either be white, black, red or green (Azghar Ali Farooqi et al., 2005). 

Pepper as other vegetables serves as a good source of antioxidant substances such as caroteniods 

(provitamin A) and vitamin C which confer protection against carcinogenic components and 

delay aging process. It is also rich in ascorbic acid and other phytochemicals. Red pepper is 

sensitive to aflatoxin contaminations depending on the atmospheric temperature, humidity, 

drying and processing conditions.  

Traditionally, pepper is processed either in its fresh form or dry state. In the ancient times pepper 

is mostly milled using stone mill or mortar with pestle. With the introduction of technology, 

other forms of milling methods are now being introduced. Despite the introduction of new, easy 

and contamination - free milling methods, many people still prefer the ancient and local ways of 

milling pepper claiming that it is more nutritional than the ones milled using the new technology. 

The major components of the soluble neutral sugars found in pepper fruit are sucrose, glucose 

and fructose which is responsible for its sweetness (Luning et al. 1994). Fructose and glucose 

constituted the known fermentable sugars in beans, cucumbers and pepper (both in green and red 

pepper) (Nielson et al., 1991). 

The most apparent changes in term of composition and size occur in the pectic fraction of the 

cell wall, which include increased solubility, depolyinerization, de esterification and a significant 

net loss of neutral sugar-containing side chains.( Fisher and Bennett, 1991; Seymour and Gross, 

1996). Arancibia (2003) suggested that disruption side chains of the cell wall structure and 

separation of cellular components by grinding with 100% alcohol facilitated the released of 

soluble pectin. He concluded that pectin content remained the same throughout the ripening 

process which ranged between 78µg/mg to 104µg/mg with an average of 88µg/mg. 

Pungency in pepper is due to the amount of capsaicinoids, including capsaicin and four 

structurally related compounds namely nordihydrocapsaicin, dihydrocapsaicin, homocapsaisin 

and homodihydrocapsaicin (Hoffman et al., 1983). These are alkaloid compounds that produce 

the hot flavor or pungency associated with eating chili (Collins et al. 1995). Pungency is the 

most outstanding property of capsicums, resulting from the direct effect of capsaicin. Capsaicin 

content, as determined by the method outlined by Bajaj (1980). 



Deshpande et al. (1982) reported that phosphate in plant is stored in seeds as phytate and is 

present in the outer aleurone layer of the cotyledons of the endosperm. Phytate affects the 

nutrient availability and reduces protein quality. Phytate also interact with protein and reduces 

protein solubility and availability (Sathe and Salunkhe, 1984). . 

Polyphenolic compounds adversely affect protein digestibility and may inhibit hydrolytic 

enzymes such as -amylase. Polyphenols also impart intense colour and off flavours.( 

Deshpande and Damodaran, 1990; Sathe and Salunkhe, 1984).   

Many food processes frequently require the reduction in size of solid materials for different 

purposes.eg. Size reduction may aid other process such as expression and extraction or may 

shorten heat treatment, as in blanching and cooking. Comminution is the generic term used for 

size reduction and includes different operation such as crushing, grinding and milling, mincing 

and dicing. Most of these terms are related to a particular application. The reduction mechanism 

deforms the pieces of food until it breaks or tears. Breaking of hard material along cracks or 

deflects in their structure is achieved by applying diverse forces. The types of forces commonly 

used in food processes are compressive, impact, attrition or shear and cutting (Brennau et al., 

1981). 

It is also accepted that only a small percentage of energy supplied to the grinding equipment is 

actually used in the breakdown operations. Much of the input energy is lost in deforming the 

particles within their elastic limits and through inter-particle friction. A large amount of this 

wasted energy is released as heat, which in turn may be responsible for heat damages of 

biological material. 

Milling is a unit operation designed to break a solid material into smaller pieces (Mc Gee 2004). 

It is also used to create a free-flowing material.  Milling usually involves constraints with regard 

to particle size. Particles size is controlled by using different screens and clearances. The type of 

mill used also has a major impact on quality yield of the output. Milling is divided into wet and 

dry milling. Wet milling is used on produce to produce fiber starch and protein extracts. 

Kethireddipalli et al. (2002) reported that freshly wet milled paste produces dishes of superior 

quality. Overall wet milling produced a superior taste and end product. 



Milling involves the application of external force; the amount of particles reduction caused by 

the external forces depends on the amount of energy applied to the particle, the rate at which it is 

applied (Wennerstrum et al., 2002).  

MATERIALS AND METHODOLOGY 

Sixty grammes of pepper were milled, using Attrition, Stone, Mortar & pestle, and Blender. The 

following parameters were measured during the milling process: time taken to mill and 

temperature. Sensory evaluations, such as texture and colour were carried out by setting up 

panelists. Microbial analysis (total plate count and coliform count) was carried out on each of the 

output. Nutritional analyses were also carried out. The output/yield percentage was calculated 

using the expression below 

 × 100                                                                                         (1) 

The through put value was also determined using the expression below according to 

Kethireddipalli et al., (2002.) 

  (                                                                                 (2) 

Measured parameters of the chemical analyses of the milled samples from the different milling 

methods include alkalinity, acidity, chloride and hardness using standard methods.  The amount 

of iron and magnesium present were measured using the method described by Olutiola et al. 

(1991). 

Proximate analysis was also carried out. The following parameters were measured: moisture 

content, ash content, crude fat, protein, crude fibre, carbohydrate and vitamin C using standard 

methods. Sensory evaluation was also carried out using the 9 - point Hedonic scale 

RESULTS AND DISCUSSION 

The mean values of the milling parameters is presented in Table 1. 

 

 

 

 



Table 1 Mean parameters of milling methods 

S/N Attrition milling Stone milling Mortar and pestle Blender  

Milling time (min) 6.87 (±0.25) 13.17 (±0.37) 14.77 (±0.38) 6.27 (±0.15) 

Temperature(
0
C)  48.47 (±0.25) 38.47 (±0.06) 38.47 (±0.06) 42.37 (±0.06) 

Yield  87.1 (±0.3) 90.47 (±0.21) 94.4 (±0.3) 96.17 (±0.15) 

Throughput (kg/min) 8.76 (±0.33) 4.6 (±0.12) 4.07 (±0.11) 9.59 (±0.24) 

The standard deviations are in parenthesis. 

The results on the microbial analysis of the different milling methods are as shown in Table 2.  

Table 2  Mean value of Microbial analysis 

 Attrition milling Stone milling Mortar and pestle Blender  

Total viable count (cfus/ g) 5333 5600 2467 7600 

Organism isolated Bacillus spp; 

Pseudomonas sp; 

Flavobacterium sp 

Bacillus spp; 

Pseudomonas sp; 

Flavobacterium sp 

Bacillus spp; 

Pseudomonas sp;  

Bacillus spp; 

Pseudomonas sp;  

Total coliform count (cfus/g) 7667 4300 1633 4433 

Organism isolated Aeromonas sp; 

Enterobacterium 

sp 

Aeromonas sp; Aeromonas sp; Aeromonas sp; 

Total plate count (cfus/g) 2667 6933 3333 7200 

Organism isolated Aspergillus spp; 

Rhizopus sp 

Aspergillus spp; 

Rhizopus 

Aspergillus sp;  Aspergillus 

spp;Rhizopus sp 

 

The physiochemical properties of  the milled pepper using the four different milling methods are 

presented in Table 3. 

Table 3  Mean values of physiochemical parameters 

Parameters Attrition milling Stone milling Mortar and 

pestle 

Blender 

Moisture content (%) 87.23 (±0.12) 86.73 (±0.15) 84.37 (±0.15) 85.73 (±0.15) 

Protein (%) 1.3 (±0.1) 1.47 (±0.06) 1.63 (±0.06) 1.57 (±1.14) 

Ether extract (fat) % 0.47 (±0.06) 0.53 (±0.06) 0.57 (±0.06) 0.53 (±0.06) 

3.07 (±0.06)  Ash (%) 2.83 (±0.12) 3.1 (0) 3.1 (±0.51) 



Crude fibre 2.17 (±0.15) 2.4 (0) 2.4 (±0.1) 2.33 (±0.06) 

Carbohydrates (by difference) 

% 

6 (±0.17) 5.73 (±0.15) 7.93 (±0.06) 6.77 (±0.06) 

Ca 
++

 (mg/100g) 65 (0) 66.33 (±0.57) 66.67 (±0.58) 65.33 (±0.58) 

Fe 
++

 (mg/100g) 4.87 (±0.12) 2.97 (±0.06) 2.13 (±0.06) 2.4 (±0.1) 

Zn
++

 (mg/100g) 0.67 (±0.06) 0.4 (0) 0.3 (0) 0.43 (±0.06) 

Mg 
++

 (mg/100g) 1.53 (±0.06) 1.2 (0) 1.3 (0) 1.3 (±0.1) 

PO4
- -

 (mg/100g) 85 (0) 86.67 (±5.77) 90 (±5) 90 (0)  

Ascorbic acid (mg/100g) 35.23 (±0.25) 45.23 (±0.25) 35.23 (±0.2) 45.13 (±0.12) 

Foaming capacity (%) 13.03 (±0.21) 13.83 (±0.80) 13.83 (±0.15) 13.3 (±0.17) 

Foam stability (%) 0 0 0 0 

Total titratable acidity 0.89 (±0.01) 0.86 (±0.01) 0.83 (0) 0.86 (±0.01) 

The standard deviations are in parenthesis. 

Table 4 shows mean values of sensory evaluation carried out for the different milling methods 

Table 4  Mean value for sensory evaluation 

Milling methods Colour    Texture 

Attrition milling Very much dislike Moderately like 

Stone milling Very much dislike Moderately like 

Mortar and pestle Moderately dislike Very much dislike 

Blender Slightly like Neither like or dislike 

 

Discussions 

During the milling processes, it was observed that it took a longer time using stone, and the 

mortar and pestle but the output’s temperature was low. Attrition milling and blender took a 

shorter period but the temperature of the output was high. It was noted that the milling time for 

mortar and pestle also depends on human factor; this is because it requires high energy. The 

miller stops milling as soon as he gets tired. But it’s less stressful when compared to stone 

milling. Table 1 shows the difference in the milling time of the four milling methods used. The 

milling time for mortar was found to be highest and despite the time being used, its output 



remains coarse unlike that of attrition milling and blender which takes a shorter time to mill but 

still has a smooth texture when compared to mortar and pestle.   

High temperature is said to reduce some nutrients like protein and dietary fibre in foods. After 

milling, it was observed that the temperature of the product from the different milling methods 

varies. The exit temperature of the product from Attrition milling and Blender was observed to 

be higher while that of Stone mill and Mortar were low (Table 1).  

There was a decrease in the output of pepper when using attrition mill; this was because most of 

the pepper got stuck in the mill discs of the machine. There was a greater yield percentage in the 

product milled from Blender when compared to the other three methods. The yield percentage 

from stone is also high but there were some losses and this was as a result of the surface of the 

stone used in milling.  

In terms of texture, attrition milling is the smoothest and that of stone milling is also smooth but 

this was obtained after repeated milling. The texture  of  output from blender and, mortar and 

pestle is coarse. A panelist was set up and it was observed that most of them preferred the texture 

from attrition mill. In terms of colour, the product from attrition mill was found to be different 

when compared to others. When the products were observed, it was noted that the product from 

Attrition milling had a dark red colour, this was as a result of the material used for constructing 

the machine, and the grease used for lubricating the moving parts.  

The outputs, when subjected to physiochemical analysis, it was observed that there was a 

significant decrease in the protein, fat and fibre contents of the product from attrition mill. This 

was as a result of the high temperature recorded from the use of the machine. It was also 

observed that there was an increase in the iron and zinc content; this was as a result of the 

material used for constructing the machine. During the milling process, the movement of the 

rotating parts causes tiny chips of metal to get into the food. When this happens, there is a 

chemical reaction between the food and the chips that falls in them. This can be harmful to the 

human health. It was also observed that the milled food from Attrition mill was very acidic when 

compared to the other milling methods. Acidity of the food is said to be as a result of the 

chemical reactions that took place in the food. It was observed that Mortar and pestle had the 

highest amount of carbohydrates. 



Microbial analysis carried out as presented in Tables 2 shows that, there was a large amount of 

fungi found in the product from Attrition milling. The microbial load or contamination was 

found to be lowest in the product from Mortar and pestle. The contamination load in the product 

from Attrition mill was as a result of hide outs found in the machine. 

Contamination from mortar and stone depends on the hygiene of the user. It was observed that 

when a hole appears on the surface of the stone where food is milled, the continuous rubbing of 

the grinding stone against the stone’s surface automatically smoothen the surface. It was also 

observed that the position of the person milling with stone matters a lot. The miller should be in 

a squatting position and must not bend over the stone, thereby preventing sweat from getting in 

contact with the food. It was also observed that the wood for the construction of Mortar affects 

the quality of the product.  

CONCLUSION  

Every consumer of food has preference on what type of processing technique to use. From the 

analysis done, it was discovered that stone and Mortar had minimal disadvantages. Most or if not 

all the nutrients in pepper are kept intact, with little or no significant damage. The use of these 

milling method; stone and Mortar is the best because the product can still retain its quality in 

order to provide the body with the necessary requirement. Most people use Attrition mill every 

day without knowing the implication it has on their health. 

It can be concluded that the quality of pepper can still be kept undestroyed when the right milling 

method is used. The pepper milled on stone and mortar is of a better quality than that of blender 

and attrition mill, but it is time consuming and requires a great deal of labour. Commercially, the 

use of stone mill or mortar to mill a large quantity of pepper can be discouraging. But attrition 

mill can mill a larger quantity of pepper at a shorter time. 

 Recommendations 

From the results, it was discovered that the pepper paste from stone mill was of a high quality 

when compared to the other methods used. But the use of stone is an ancient and outdated way of 

milling pepper. It is time consuming and strenuous. Therefore, the following were 

recommended; 

1. That attrition mill should be constructed using stainless steel material. 



2. The amount of water to be used during the milling process should be specified. This will 

help to reduce the amount of soluble protein that will be washed away. 

3. Because of the rapid growth in technology, the limestone used in stone milling can be 

used in constructing the grinding part of the attrition mill. This can be achieved by cutting 

the stone into disc and then attached to attrition mill or a plate mill. Its operations are 

essentially the same in that mechanical shearing and compression on the material are the 

main grinding forces.  
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Abstract 

Fulani herdsmen and farmers conflicts have remained the most predominately resource-use conflict 
in North-eastern Nigeria especially in Yobe State. The necessity to provide food of crops and animal 
origin, as well as raw materials for industry and export in order to meet ever-growing demands, has 
led to extensive use of land. The competition between these two agricultural land user-groups, 
however, has often times turned into serious concealed and unconcealed manifestation of hostilities 
and social friction in many parts of Yobe State. The conflicts have demonstrated high potential to 
exacerbate the insecurity and food crisis particularly in rural communities where most of the 
conflicts are localized, with reverberating repercussions nationwide. This study describes the 
traditional relationship between Fulani herdsmen and farmers in the incessant resource conflicts 
witnessed in Yobe State and how it affects livelihood security of those involved and resource 
sustainability for the local communities. The study concluded that there is the need to identify the 
causes, repercussions and proffered resolution of the critical issues that are at the roots of the 
conflicts.  
 
 
Key words: conflicts, farmers, herdsmen, repercussions, resolutions, Yobe State. 
 

 
INTRODUCTION 

 
The Fulani indisputably represent a significant component of the Nigerian economy. They constitute 
the major breeders of cattle, the main source of meat, the most available and cheap source of animal 
proteins consumed by Nigerians. The Fulani own over 90% of the nation’s livestock population 
which accounts for one-third of agricultural GDP and 3.2% of the nation’s GDP (Eniola, 2007). 
Furthermore, the contribution of the Fulani to the local food chain and national food security 
cannot be overstressed. The Fulani, with their dominance in the Sahel region, are the best known 
and most numerous of all the pastoral groups in Nigeria. The traditional and unique Fulani 
encampment (ruga) consisting of temporary structures made of stalks, closely knit family members 
and livestock is the natural habitat of the orthodox Fulbe settlement(Eniola, 2007) (Eniola, 2007). 
 
As the state cannot regulate the mutual coexistence of its citizens in the harmonious sharing of the 
competed resources, the parties may have to resolve to struggle among themselves with no retreat, 
no surrender and for the survival of the fittest. The failure of the state, for example to resolve the 
‘settler/ ‘indigene’ identity and the inherent struggles over resources can be adduced to have brought 
dangerous dimensions of economic and political elements in the Fulani pastoralists and farmers’ 
conflicts (Fiki and Lee, B. 2004: 24-48). 
 
Issues bordering on local community security, safety and development are paramount in the 
enhancement of governance and increase or decrease in agitation for control of resources as well as 



encroachment of the rights of others. All these have implications for survival and struggles between 
or amongst communities. Again, local resistance to state policies is central in resource-use through 
strengthening of community capacity to manage resources and deal with conflicts. Hence, security is 
a framework for intervention and conflicts. Since insecurity gives ways to conspiracy, conflicts are 
inevitable. The object of security is to primarily advance the well-being and possessions of the 
persons involved; while the survival of the state is secondary. In other words, when the character 
and nature of the state do not seem to protect the security of the citizens, their freedom and choices 
completely shift away from the state to individuals or groups as the foci of security. 
 
The expansion of Fulbe pastoralism into Nigeria is unknown. It is suggested that Fulbe began to 
settle on the plains of Bauchi Emirate transcending onto the grassland of the Jos Plateau (Morrison, 
1982, cited in Blench, 2010:4). Conflicts between pastoralists and farmers have existed since the 
beginnings of agriculture and increased or decreased in intensity and frequency depending on 
economic, environmental and other factors. For example, increases in the herd sizes, due to 
improved conditions of the cattle, compelled the pastoralists to seek for more pastures beyond their 
limited range. Climate change has constituted a great threat by putting great pressures on the land 
and thus provoking conflicts between them. However, improvements in human health and 
population have enhanced a much greater pressure on land. Since the 1980s therefore, there has 
been a marked expansion of cultivation of the fadama (reverine and valley-bottom) areas. This means 
that both the farmers and pastoralists have engaged in fierce struggles for access to such valuable 
lands which, more often than not, result in increased conflicts and violence. 
 
The types of conflicts for survival between the Fulani pastoralists and farmers in North-eastern 
Nigeria vary in form and intensity from one community to another. Social and economic factors 
continue to provoke violent conflicts among the Fulani pastoralists and farmers. The intensity and 
variations of the conflicts largely depend on the nature and type of the user groups where the 
herdsmen graze. These conflicts have constituted serious threats to the means of survival and 
livelihoods of both the farmers and pastoralists and what both groups are tenaciously protecting and 
projecting. The conflicts, through provocative claims over access rights to farmland and cattle routes 
(labi), have become ubiquitous and seem to have defied solutions (Abbas, I.M, 2009). 
 
Background 
Yobe State is located within latitude 11oN and longitude 13.50E. It has a total land area of 47,153 
km2 and shares common boundaries with Borno State to the East and South East, Jigawa state to 
the North-west, Bauchi and Gombe State to the South West. It also shares an international border 
with the Republic of Niger stretching to over 323 kilometers to the North. Major towns in the state 
include Damaturu (state capital), Potiskum, Bade, Gaidam and Nguru (PEFA, 2010). Other local 
Government areas are include; Fune, Fika, Machina, Nangere, Yunusari, Yusufari, Karasuwa, 
Jakusko, Tarmuwa, Bursari, Gujba and Gulani. 
 
Yobe State is located in the tropic with definite wet and dry seasons. The wet and dry seasons are 
characterized with frequent dry continental Northeast trade wind which originated from Sahara 
desert, and the moist maritime South-westerly monsoon which originated from the Atlantic Ocean 
(Mshelia, 1986). The rainy season which spans between May and October with peak of rainfall in 
August, and the dry season between November and April. The mean annual rainfall is about 500mm 
with highest ambient temperature hovering over 400C in the hotter Month of April and May. The 
average daily temperature ranges between 27-310C.  
 
 The vegetation of the State is characterized by sparse shrubs, grasses and trees such as Acacia albida 
(Gum Arabic shrub), Acacia nilotica.(Gum Arabic shrub), Pennisetum maximum. (Guinea grass), Cenchrus 



ciliaris. (Buffel grass), Cynodon nlemfuensis. (Star grass), Pennisetum purpureum. (Elephant grass) , 
Andropogon gayanus (gamba grass), Andosonia digitata (baobab tree), Butyrospermum parkii. (Shea tree, 
Kadanya), and Azandrata indica. (Neem tree). The natures of seasonal grasses of this area dry up 
completely during the dry season.  
 
Agriculture is the main economy of the people of Yobe State, even though there are other mineral 
resources present. The sustainability of agriculture in Yobe economy requires a strategic balance in 
the ecological and socio-economic activities as well as political considerations. In this region, rainfall 
occurs seasonally with a pronounced dry season. The seasonal rainfall and prolonged dry season 
bring about dynamics in the ecosystem and sour relationships resulting in a sharp division between 
the Fulani herdsmen and farmers. The implications of the conflicts have brought about high degrees 
of loss of human, animal and material resources. 
 
North-east Pastoral corridors are replete with conflicts of survival between farmers and Fulani 
herdsmen. In November, 2012 as harvest season approaches, Yobe State government organized an 
interactive stakeholders’ forum between the leadership of Fulani herdsmen and farmers in the State 
in order to prevent the repeated annual conflicts between the two parties. The meeting, according to 
report, was necessitated by the looming conflict between herdsmen and farmers over complaints 
that some migrant Fulani herdsmen were going into farms with their cattle thereby destroying the 
crops (Nigerian Pilot, 22 November, 2012). In 2009, hundreds of herdsmen were expelled from 
Demboa local government area of Borno State. However, the invasion of Tipto, Kisa, Samne, Bangi, 
Wurke and Gure communities in Lamurde local government area of Adamawa State by cattle rearers 
with guns left unconfirmed number of dead and injured persons with over 2,000 rendered homeless 
due to the destruction of villages (New Nigerian, February 1, 2010). The political economy of land 
use in Nigeria is inherently biased against pastoral Fulani interest within the system of resource use.  
 
The cattle herding system in Nigeria 
Cattle herding is dominated almost entirely by the Fulani tribe in Nigeria. Iro (1994) gave a vivid 
documentation of the herding system of the Fulani in Nigeria, and most of what is presented 
hereunder was derived from his account. According to him, herding is a daunting task, and contrary 
to widespread belief, it is not the delight of the Fulani- they herd not as a matter of choice but as a 
necessity. Iro (1994) found that about 75% of the sampled nomadic pastoralists maintained that 
cattle herding is not only toilsome, but also becoming increasingly strenuous. The optimum Fulani 
cattle herd size lies between 80 and 100. With a preponderance of female over male at ratio 4:1, the 
Fulani maintains a balanced functional species composition that is made up of ‘beefers, milkers, 
breeders, carriers, and stock beautifiers’. Iro (1994) also stated that the slow-maturing Sokoto Red 
cow and the lyre-horned White Fulani cattle are the mainstay of the pastoral Fulani holdings. White 
and Wickens (1976, cited by Iro, 1994) disclosed that the White Fulani, though less hardy, has higher 
milk and beef yield compared with the Sokoto Red. Cattle belonging to individual family members 
are usually herded together, with male family members assuming automatic rights to all cattle, 
making it difficult to determine cattle ownership by female family members. Fulani men possessing 
less than twenty cows are seen as poor, while women having six cows are considered as rich (Iro, 
1994). Women, however, own most of the small ruminants and all of the poultry (Swinton, 1987 in 
Iro, 1994). Though most Fulani men herd cattle well pass the middle age, herding is dominated by 
the youths, while decisions about grazing are mainly made by the elderly family members. The 
Fulani herdsman makes excellent use of sign language, the cane and verbal command to drive the 
animals, with faster animals occupying the front rows. During migration, a typical herd consisting of 
several family units move in a column of up to five meters wide and two kilometers long. And by 
the time it passes any given point, ‘everything that stands at that point is destroyed’ (Fricke, 1979; 
and Vengroff, 1980 as cited in Iro, 1994). Describing the annual herding cycle of the Fulani, Iro 



(1994) stated that the herding season begins with southward movement of the herd and along rivers 
and stream valleys from October to December – marking the end of rainy season and beginning of 
dry season. January to February is the harmattan season that is characterized by longer grazing 
hours, herd splitting, and more frequent visits to stable water sources. These thus increase 
southward movement of the herds. The months of March and April are usually the toughest for the 
herdsman and his cattle, as it is the hottest period in the grazing calendar. In deed, he now herds his 
cattle only in the evenings and nights (Riesman, 1977, as cited in Iro, 1994). May and June signify the 
end of dry season and vegetation begins to appear. This also marks the beginning of northward 
movement of cattle herds. From this period up till September, which is the peak of rainy season, 
though characterized by cattle-breeding, more milk production and shorter grazing hours, cattle 
herding coincides significantly with arable crop production. Farmer-herdsmen conflict therefore 
becomes prevalent during this period. 
 
Arable cropping System in Nigeria 
According to Lambrou and Laub (2006), 75 percent of today’s food comes from 12 arable crops and 
five animal species, with just three arable crops (rice, maize and wheat) accounting for about 60 
percent of the calories and proteins obtained from plants. Worldwide, arable crops enjoy remarkable 
dominance, playing significant roles in the socioeconomic lives of both rural and urban peoples. 
Arable crops include a wide range of annual crops of primary importance such as maize, rice, 
sorghum, millet, cassava, cowpea, wheat, soybeans, melon, groundnut yam, vegetables and so on. 
 
In Nigeria, production of arable crops is essentially the prominent feature of agricultural activities. 
Indeed, almost all farmers in Nigeria cultivate one or more arable crops for food and income. 
According to Fayinka (2004), Nigerian agricultural production is dominated by rural-based small 
scale arable crop producers, who account for about 80% of total food requirement. In a study on 
production of some major arable crops in Nigeria, revealed that the average farm size in arable crop 
production was 4.58 ha. Central Bank of Nigeria, CBN, (2005) reported that 36.25 and 82.41 million 
hectares of arable crops were cultivated in 2004 and 2005 respectively. The CBN report further 
stated that production of arable crops increased from 88.3million tones in 2001 to 111.8 million 
tones in 2005. By far the most widely grown arable crop in Nigeria is maize, accounting for 6.6 and 
7.5 million hectares in 2004 and 2005 respectively. Maize is grown almost in every part of the 
country. Most arable crop farmers rely on rainfall to produce, with farming activities normally 
beginning as soon as the onset of rains. Apart from being veritable sources of income for farmers; 
arable crops are processed into other useful items at industrial and household levels. 
 

METHODOLOGY 

 
The study was conducted in Yobe State, Nigeria. Agriculturally, Yobe State is significant for animal 
and food production in Nigeria because of its rich soil that supports the cultivation of arable crops. 
The state has a cultivable land area of 2,447, 250 hacters (Yobe State Ministry of Land and Survey, 
2012). It has abundant livestock that comprises of cattle, camels, goats and sheep. 
 
Four-stage cluster random sampling procedure was used to select respondents for the research. 
Yobe State is one of the states in Nigeria that have recorded high incidence of farmer-herdsmen 
conflict. Out of the 17 local government areas (LGAs) in the state, 14 are most associated with 
farmer-herdsmen conflict. Out of these 14, ten were randomly selected namely: Bade, Bursari, 
Damaturu, Fune, Gaidam, Gujba, Jakusko, Tarmuwa, Yunusari and Yusufari. In each LGA, five 
farming communities were randomly selected making a total of 50 villages. Ten arable crop farmers 
were randomly selected from each village, thus giving a total of 500 farmers. In each LGA, 250 cattle 
herdsmen were also randomly selected for data collection. This was done by randomly selecting five 



herdsmen from ten transit camps in each LGA. In all, 750 respondents were selected for the 
quantitative data collection. 
 
Relevant data were collected with the aid structured questionnaire. The Test-retest method was used 
to determine the reliability of the instrument. This was carried out among 20 respondents that would 
not be included in the research sample. The value of coefficient of correlation “r” was found to be 
0.89, which implied that the instrument was reliable. The data collected was analyzed with view of 
bringing to the fore the causes and implications of incessant conflicts between herdsmen and 
farmers on resource sustainability and its effects on the economic development of the communities 
cut across Yobe State. 
 

RESULTS AND DISCUSSIONS 
 
The Fulani herdsmen and farmer conflict is concentrated in forty nine (49) communities in ten (10) 
Local Government Areas of Yobe state (Table 1). The table shows the Local Government Areas 
and settlements that are in conflict with the Fulani herdsmen. These areas have good grazing fields 
as they are located on the plain land of fertile soils of the tropic. The natural and physical 
endowment in terms of semi-arid vegetation and water resources is most responsible for the choice 
of the areas for grazing. In these villages where grazing occurred follow by fights, the damages by 
both the herdsmen and farmers reported (Table 2) included over-grazing and unsustainable land for 
farming; theft of cattle and goats; destruction of crops; hardening of soils rendering them infertile 
and difficult when tilling for crop growing; physical fight with marchets and sticks; pollution of 
drinkable water; destruction of reservoirs and source of drinkable water; burning of rangelands, 
fadama and houses; and damages to irrigational facilities. The destruction has direct impact on the 
peoples’ livelihood as their economic activities are tied to these environmental resources like water, 
land (soil), and vegetation (herbs and food crops). 
 

Table 1:   Location of Fulani herdsmen and farmer conflicts in Yobe State 
 
Local Government Area  Community/ Village 

 
Bursari    Dapchi, Tumsa, Baimari, Kaliyari. 
 
Damaturu    Kasaisa, Lawan kalan, Kalallawa, 
    Salari, Damakasu. 
 
Fune    Dogon kuka, Jajere, Daura, Kayeri, 
    Mashio. 
 
Gaidam    Balle, Jili, Gallaba, Kusur, Gumsa. 
 
Gujba    Buni yadi, Buni gari, Dadingel, 
    Goniri, Katarko. 
 
Jakusko             Amshi, Girgir, Dagona, Karege, Jawa. 
 
Potiskum    Dumbuluwa, Dagauda, Kukargadu, 

    Mamudo. 
 
Tarmuwa    Babbangida, Koriyal, Lantewa,Jumbam, 
    Mafa, Churokosko. 
 
Yunusari    Bukarti, Bulabuwarma, Kanamma, 
    Mazagum, Garin gada. 
 
Yusufari    Maimalari, Kumaganam, Tulu-tulu, 
    Kaluwa, Bulakurna.  



Source: On field collections 
 

In some of the villages, sources of water for domestic purposes have either been destroyed or 
polluted. The resultant effect of this is poverty. This therefore, informs the reaction of the affected 
communities to the invasion of the herdsmen. The Fulani herdsmen saw these resources as common 
resources, to which they could be either lay claim or possessed and therefore refused to be 
restrained. This reaction generated into conflicts, with its effects on economic and human activities, 
as well as the sustainability of environment in terms of socio-political and economic development. 
 
Table 2: Damages and their repercussions 

Damages                                                                   Repercussions 
Theft of cattle and goats                                                        Loss of animals 
 
over grazing and unsustainable land for farming             Loss of fertile lands 
 
Destruction of crops                                                               Loss of crop yields 
 
Hardening of soils, rendering them infertile                      Increased labour in pre-farming activities 
and difficult when tilling for crop growing 
 
Destruction of reservoirs and source                                  Loss of water and resources 
of drinkable water 
 
Pollution of drinkable water                                                 Pollution of water 
 
Physical fight with marchets and sticks                              Injuries, loss of life and property 
 
Burning of rangelands, fadama and houses                      damage to animal feed, soil fertility and property 
 
Damages irrigational facilities                                              infrastructural damages 

 
Source: Field Data Collections 

 
Causes of Conflicts 
The major causes of herdsmen-farmers conflicts are enumerated as follows as derivable from above 
incidences in Yobe State: 

1. Destruction of crops by cattle and other property (reservoirs, irrigational facilities and 
infrastructure) by the herdsmen themselves are the main direct causes for conflicts cited by 
the farmers. 

2. Burning of rangelands, fadama and blockage of stock routes and water points by crop 
encroachment are important direct reasons cited by the herdsmen. 

3. Increasing rate of cattle theft which, is often accompanied by violence. 
4. Antagonistic perceptions and beliefs among farmers and herdsmen could compound conflict 

situation, especially due to failing institutions and fierce competition for resources. 
 
In support of above claim, Ingawa, Ega, and Erhabor (1999) reported that the key underlying causes 
of farmer-herdsmen conflict in Nigeria are: 
 

1. Decline in internal discipline and social cohesion, as the adherence to the traditional rules 
regarding grazing periods, and the authority of the traditional rulers is breaking down. This is 
exacerbated by increased rent seeking of the formal and traditional authorities in managing 
resource access. 



2. Particularly severe on the traditional trek routes, which become favorite cropping sites 
because of their better soil fertility resulting from the concentration of animal manure from 
the trekking herds in these areas? Within the fadama areas, this is exacerbated by the 
fragmented nature of the crop plots, which makes prevention of animals straying in the crop 
plots difficult 

3. Inadequacy of grazing resources, as increasing crop cultivation (and increasing 
commercialization of the crop-residues) and poor management of the existing grazing 
reserves have resulted in a significant reduction in available livestock feed resources, in 
particular in the Northern States.  

4. Moreover the high value crops introduced by NFDP (tomatoes and onions) produce almost 
no crop-residues for livestock feeding.  

5. Finally, the regulation that twenty percent of the fadama would need to be set aside for 
grazing 

             (National Agricultural Policy, 1988) has not been adhered to. 
 
Table 3: Occupational characteristics of herdsmen and farmers in Yobe State, Nigeria, 2013 

 Variable                                                       Farmers (n=500)                                    Herdsmen (n=250) 
                                                                    Incidence             %                                Incidence             % 
Farm size (ha.)  < 1   152                           30.4   NA   NA 

1-3  122  24.4   NA  NA 
   4-6  95  19.0   NA  NA 
   7-9  60  12.0   NA  NA 
   10-12   30   6.0    NA   NA 

12-15   21   4.2    NA  NA 
16-18   13   2.6    NA  NA 
No response  7   1.4    NA  NA 

 
Herd size:   1-20   NA  NA   11    4.4 

21-50   NA   NA    27  10.8  
51-80   NA   NA   97  38.8 
81-100   NA   NA    115   46.0 
 

Farming/herding years: 1-5   66   13.2    25   10.0 
6-10   111   22.2    144   57.6 
11-15   98  19.6    58  23.2 
16-20   156   31.2    13   5.2 
21-25   69   13.8    10  4.0 

 
Production system:  Rain-fed  287   57.4    -   - 

Irrigation  170   34.0    -  - 
Both   43   8.6    -   - 
Pastoralist NA   NA    188   75.2 
Agro-pastoralist  NA   NA    62  24.8 

     

Production motive:  Food   133   26.6    -   - 
Income   367  72.2    202  80.8 
Hobby  -  -   48  19.2 

 

Source: Data collection,  Note: mean herd size = 51 cattle; mean herding experience = 10.1 years; Mean farm size 

=3.2 Hectares; mean farming experience=13.0 years 

 
As noticeable from Table 3, the two groups exhibited differing occupational characteristics in Yobe 
State. Most farmers were small-scale operators, most herdsmen operated on a relatively higher scale. 
This perhaps explains the gap in their income level as in Table 3. Interestingly too, about 24.8% of 
the herdsmen were agro-pastoralists combining cattle-herding with arable crop production. This 



group of respondents is particularly unique as they qualify to be classified both as farmers and 
herdsmen, but are also predominantly ethnic Fulani nomads. On the other hand, farmers, who are 
essentially non-Fulani, did not engage in cattle herding as alternative occupation. Table 3 further 
shows that respondents from both groups were mostly driven by income-generating motive. The 
desire by the two groups to enhance their income is capable of ‘driving’ their conflict for land use. 

 
Repercussions of the Conflicts 
Most respondents suffered various repercussions as a result of their mutual conflict. The 
repercussions on both sides ranged from physical, economic, to socio-psychological. Table 4 
presents the results of the investigation of the socio-economic repercussions of conflict among 
respondents. Conflict outcome experienced was actually determined as the loss, or gain of any of the 
listed resources. The findings show that both farmers and herdsmen reported non-material gains 
from the conflicts. For instance, 15.3% farmers and 6.2% herdsmen agreed that they gained social 
support as a result of mutual conflict. The only other item that constituted a ‘gain’ for both parties 
was quality of relationship, although the figures were very low: 2.3% for farmers and 1.6% for 
herdsmen. These low figures indicate that mutual conflict affects the quality of social relationships. 
Moreover, 33.5% farmers and 22.2% herdsmen indicated a loss in quality of relationship as a result 
of conflict. Other non-material resources that were lost included self esteem (44.5% of farmers and 
21.9% of herdsmen); and personal\family health (12.4% of farmers and 13.1% of herdsmen). 
 
Loss of material resources were, however, more widespread among farmers. Income loss had the 
highest relative incidence (92.4%) among farmers, followed by loss of yield (79%), household 
resources (26.5%) and stored products (27.3%). On the part of herdsmen, losses – whether material 
or not, were minimal. In point of fact, 13.6%, 26.7%, 4.1%, and 3.6% of herdsmen claimed to have 
suffered losses in respect of their, income, yield, stored products and household resources 
respectively. However, concerning non-material resources, 21.9% of self esteem, and 22.2% of 
quality of relationship herdsmen suffered in losses. These figures in respect of herdsmen were 
generally far less than those for farmers, meaning that farmers experienced more losses than the 
herdsmen. The results of the investigation of the socio-psychological repercussions of conflict on 
the quality of family lives of both farmers and herdsmen are summarized in Table 5. Findings 
confirm the positions of other researchers such as Ajayi and Allagenyi (2001), Johnson and Johnson 
(2002) and Daniels (2006) stated in their separate studies that family instability and intense 
frustration are negative consequences of job related conflicts. Table 5 reveals that both farmers and 
herdsmen suffered several negative socio-psychological consequences relating to their respective 
family lives. It could be due to the fact that whatever happens at work could affect what happens at 
home. According to Potter (1995), it is hardly possible to find a frustrated person at work that is 
energized at home. These effects were, however, found to be more pronounced among the farmers 
than herdsmen, probably due to the fact that farmers suffered more losses than herdsmen. 
 
Table 4: Socio-economic repercussions of respondents according their conflict outcome experiences 

                                                                                          Loss of                                                                      Gain of 

Resources     Farmers (%)       Herdsmen (%)                            Farmers (%)       Herdsmen 
(%) 

 
Yield     79.0   13.6     -   - 
Income     92.4   26.7     -   - 
Family\personal health   12.4   13.1     -   - 
Quality of relationship   33.5   22.2     2.3   1.6 
Household resources   26.5   3.6     -   - 
Stored products    27.3   4.1     -   - 
Self esteem    44.5   21.9     -   - 



Social support    41.2   19.3     15.3   6.2 
 

 
Table 5 shows further that herdsmen and farmer differed significantly in their rating socio-psychological 
repercussions of mutual conflict on the quality of their respective family: physical exhaustion(t = 4.75, 
p<0.05), reduction in quality and quantity of food intake (t = 4.15, p < 0.05 ), and complaints at home(t 
= 4.71, p < 0.05). The fact that reduction in quality and quantity of family food intake was found to be a 
consequence of herdsmen- farmer conflict, particularly among farmers, might be an indication of food 
insecurity in rural communities. Although farmers had greater rating than herdsmen in all items, there 
were no significant differences in the effects of conflict on family life in the remaining aspects as shown 
in Table 5. These aspects are: sleepless nights, reduced interest in family affairs, anger, job abandonment, 
and staying more away from home. 

 
Table 5: Results of t-test of variables of socio-psychological repercussions of conflict between 
herdsmen and farmers in Yobe State, Nigeria 

 

Repercussions                Farmers (%)                        Herdsmen (%)                   t-value (p 
<.05) 

 
Anger \emotional exhaustion\anxiety  4.38    4.24    0.87 
Reduction in food quality\quantity   4.15    2.10    3.38 * 
Complaints at home    4.71    2.15    3.15 * 
Farm\job abandonment    2.35    2.05    0.93 
Staying more away from home   2.38    2.01    0.12 
Physical exhaustion    4.75    2.11    3.14 * 
Sleepless nights     3.85    3.38    1.31 
Reduced interest in family matters   1.25   2.22   1.05 

            Source: Data collection analysis,        *Significant at p<0.05, two-tailed paired t-test 
 

Whatever the causes of Fulani herdsmen-farmers conflicts are, it is evident that the conflicts have 
been of great negative repercussion.  
 

1. These range from economic repercussions such as loss of income/resources/yield.  
 

2.  Physical such as home/farm destruction, bodily injury or death of family member. 
 

3.  Socio-psychological repercussions such as emotional exhaustion 
 

4. The social, economic and political tensions created as a result of numerous escalations of 
violent conflicts have raised fundamental national questions for the survival of the Nigerian 
State. The failure of the state to manage and resolve such conflicts has put a question mark 
on the suitability or relevance of the federal structure to the Nigerian reality.  

 
Resolutions 
For continuous harmonious coexistence and security between Fulani herdsmen and farmers the 
following way out should be adhere to: 
 

1. Government must make policies that are designed to enhance the Fulani herdsmen by 
ensuring that they secure rights to land use in order to reduce insecurity and mitigate the 
spate of conflicts. This will, among other things, bring about peaceful coexistence between the 

Fulani herdsmen and host communities. This also enhances the security of the cattle, to access 
grazing space or resources without pouncing on farmers’ crops. 



2. Law on the grazing reserve should be amended and improve upon. 

3. For a sustainable peace to reign there must be a deliberate design to enlighten and mobilize 
the parties in conflict to understand the ecology and the resources available in the localities. 
This opens a window for interdependence and complementary among groups in the optimal 
use of the resources for collective benefit and equitable access. 

4. The State Government most make herdsmen keep to agreed routes and farmers avoid 
farming across them with stern government policy and strict compliance. 

5. Factors associated with the conflicts must be properly appreciated and managed by 
appropriate institutions involved in the conflict resolutions. Hence, local governance in the 
conflict must not be over looked. Traditional strategies may be combined with the emerging 
ones. This relates on how communities create local structures and networks for the purposes 
of engagement, participation, inclusiveness, mutual partnership and transformation of the 
environment through equity in resource utilization. 

6. Structures most be created for and by communities generate networks and feedback by 
ensuring that people relate to each other amicably for common use of resources and ensure a 
safety first principle in cattle grazing movements and pasture as well as crop production. 
 

Conclusion 

 
Periodical struggle for scarce ecosystem resources has degenerated into violent conflicts in Yobe 
State between Fulani herdsmen and farmers. These conflicts have become more intense, widespread 
and destructive. Since most of the Fulani herdsmen do not own or possess the rights to land, they 
therefore depend absolutely on open land to feed their cattle, climax in intense pressure on land and 
incidence of conflicts. Ecological, climate change and of course government policies on agriculture, 
especially the all-year fadama farming, are threats to herdsmen access to pasture. However, 
additional farms acquired and encroachments of traditional cattle routes have drastically reduced the 
grazing space for the livestock to access pasture areas and water points. Furthermore, the use of 
police and courts to resolve conflicts between Fulani herdsmen and farmers by government has 
been ineffective. This has contributed to the frequency of the clashes especially since early 1980s 
sequel to the democratic dispensation. All these have exacerbated chronic insecurity that have 
encouraged the conflicting parties to take responsibility for their own security and to defend 
themselves, which is a threat to the sustainability of the federation. The paper concludes that it is in 
the interest of the State to end the rhetoric on the demarcation of grazing land and take concrete 
steps to address the genuine needs of herdsmen for availability of grazing land, resolve the re-
occurring conflicts in the agricultural sector which currently provides employment to over 80 % of 
the country’s population. 

Recommendations 
 

The following recommendations are suggested for proper conflict resolutions between the Fulani 
herdsmen and farmers: 
 

1. Demarcation of grazing reserves for Fulani herds men on their various grazing tracks. 
2. There is need for viable NGOs on farmer-herdsmen conflict management, especially in the 

areas of awareness, education, prevention, and amelioration. Furthermore, nongovernmental 
organizations should support livestock-centered livelihoods including cattle herding, not 
only in conflict mitigation but also in the support of grassroots innovations and in 
influencing favourable national policies. 

3. Government should be firm and fair in its resolution and implementation of decisions. 



4. Traditional and local leaders should be well involved in finding solutions to herdsmen-
farmer conflict. The committees proposed above must have representatives of the local 
leadership. 
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ABSTRACT 
It has often been stated that fresh graduates of Nigerian tertiary institutions in vocational courses 
have little or no practical production skills to make them readily employable without further training. 
A lot of reasons have been attributed to this including inadequate and obsolete facilities for skill 
teaching and learning. This paper presents Cooperative Occupational Education (COE) as a strategy 
to overcome this problem and prepare Nigerian youths for employment in agricultural occupations. 
Students Industrial Work Experience Scheme which was introduced as a solution to the problem 
was froth with a lot of problems to the extent that the desired results are not achieved. This paper 
looked at the models of COE, justification for making COE an integral part of Agricultural 
Education Curriculum and the requirements for effectively employing COE in preparing Nigerian 
youths for employment in agricultural occupations. It recommended among others that there should 
be a thorough review of the agricultural curriculum by experts to adequately accommodate the work 
experience aspect, that vocationally competent teachers and occupationally experienced coordinators 
should be employed. 
 
Introduction  
Wikipedia encyclopedia defines cooperative education as a structured method of combining 
classroom-based education with practical work experience. It involves cooperative arrangements 
between the school and industries enabling students to receive part-time vocational instructions in 
the school and on the job training through part-time employment (Evans and Herr, 1978). The 
division of vocational and technical education of the State of Illinois defined Cooperative 
Occupational Education (COE) as an instructional programme which combines learning experiences 
gained through regularly supervised employment in the community and related occupational in – 
school instruction (Mason and Haines, 1972). It is learned through a job situation and correlated 
study in school. Classroom activities are directly related to job activities and trainee’s occupational 
goal. 
 
It has to be pointed out that this concept has not received adequate emphasis in the Nigerian 
education system. The current supervised Industrial Work Experience Scheme (SIWES) is froth 
with some problems. Many students do not take the scheme serious and only a few employers are 
interested in employing the students not even as learning workers but as producing workers. Hence, 
little attention is paid to the training value of the scheme to the students. Orikpe (1995), equally 
observed that many students go for places where the remuneration is high not considering the 
envisaged practical benefits. SIWES lacks correlated classroom instruction and adequate supervision 
and has degenerated to plain work experience (Orikpe, 1995). 
 
Cooperative occupational education (COE) is based on the student’s stated career objectives and 
students are deployed as “learning workers” as distinct from SIWES that places trainees as 
“producing workers”. Unlike SIWES, COE is not usually open to any student without restrictions of 



experience of a selection process. Again, in SIWES, supervision is an extra assignment for a teacher 
with full – time teaching load. In COE, occupationally competent coordinators are employed to 
assist in providing adequate supervision and consistent programme direction. 
 
Models of Cooperative Occupational Education 
The purpose of co-operative occupational education programme is the development of occupational 
competence, using employment in real life job as a source for gaining knowledge as well as a vehicle 
for applying and testing what has been learned in school, (Mason and Haines, 1972). Class work in 
school provides those learning basic to employment and to the occupation sought. Grubb and 
Villeneuve (1995), pointed out that cooperative education has evolved into a programme offered at 
the secondary and post-secondary levels in two predominant models. In one model, students 
alternate a semester of academic course work with an equal amount of time in paid employment, 
repeating this cycle several times until graduation. The parallel method splits the day between school 
and work, typically structured to accommodate the student’s class schedule. Hence, the Cooperative 
Occupational Education model includes school – based and work-based learning. Basically, C.O.E.: 

 Is based on the philosophy that learners lean best through active engagement in meaningful 
activities. 

 Views student as active learners and producers of knowledge 

 Uses such instructional strategies as contextual learning and application of knowledge to real 
situations 

 Requires schools to establish formal partnerships with outside entities 

 Has concern for integrating school experiences and external experiences. 
 
Justification for Making Cooperative Occupational Education an Integral Part of 
Agricultural Education Curriculum 

 
The use of farm enterprise related projects and on-farm cooperative occupational education will 
provide a sound foundation for establishment in farming. Agriculture has changed tremendously and 
in consequence too, the need of agricultural students has also changed. More new and specialized 
skills have to be learnt, practiced and mastered before students can establish farm businesses or 
become employable on the farm. Specialized employment areas requiring special training have 
emerged posing a challenge to the teachers of agriculture. Hence, the justification for making 
Cooperative Occupational Education is an integral part of Agricultural Education curriculum.  
Cooperative Occupational Education is a veritable tool to meet this challenge. However, there is 
need for proper planning, organization and development, supervision and operation, evaluation and 
revision. 
The proponents of this programme identify benefits for students (including motivation, career 
clarity, enhanced employability and vocational maturity) and employers (eg labour force flexibility, 
recruitment/retention of trained workers, input into curricula etc) 
(http://en.wikipedia.org/wiki/cooperative_education)  
 
Unemployment is currently posing a big challenge to the nation. Hence, cooperative occupational 
education can be used to prepare Nigerian youths who actually need and can profit from 
employment in agricultural occupations especially in this period of unprecedented unemployment 
and low agricultural productivity. It provides the student with a variety of experiences through job 
rotation. 
 Agricultural education is a body of knowledge, skills, procedures for doing things and using 
things. It involves the total learning experience offered in an educational system which equips the 
learner with the skills, ideas, abilities to make matured judgments and be in a position to produce 
goods and services in the area of agricultural education (Okorie, 2012). There is need therefore for 

http://en.wikipedia.org/wiki/cooperative_education


Cooperative Occupational Education to form an integral part of Agricultural Education Curriculum 
so that the gains will be consolidated. This is because, while Agricultural Education seeks to orient 
young Nigerians towards creative and honourable means of livelihood, Cooperative Occupational 
Education concretizes it. Through COE, the learner consolidates the learned skills, knowledge and 
competencies to the level of expertise. 
 
Equally worthy of note is the fact that Cooperative Occupational Education ensures career 
awareness, career exploration, career preparation and entrepreneurship development. The modern 
entrepreneurs need up-to-date technical knowledge and business skills. Since COE incorporates 
entrepreneurship into Agricultural Education, its introduction into the Agricultural Education 
programme is justified. 
 
As earlier stated, unemployment is a problem of tremendous proportion in Nigeria today and it 
results in a waste of manpower. Graduates of vocational courses are often seen as lacking skills, 
discipline and motivation necessary to acquire and hold jobs. However, adopting COE in 
agricultural education will help to reduce the unemployment problem since it increases a student’s 
vocational competence and helps to prepare him for employment in agricultural occupations. Many 
occupations in agriculture are best learned through Cooperative Occupational Education or else the 
learner will be left inadequately prepared for employment in the occupation of his choice. Through 
COE the students acquire better understanding of problem – solving and are able to test their 
occupational learning. 
 
Cooperative Occupational Education provides a gradual transition from school to work under 
guidance. The learners are gradually inducted into the world of work. Blomgren and Juergenson 
(2003) noted that in addition to technical ability acquired, trainees become familiar with the 
requirements and pressures of the world of work, current industry standards and conditions. Forster 
(2003) opined that COE is the real key for making the curriculum of vocational agriculture truly 
vocational. It equally helps handicapped youths to enter the labour force. There is therefore a 
serious justification for co-operative occupation education in agricultural education programme. 
Furthermore, COE is a better way to learn new skills and improve the student competency in 
agricultural occupations. Students are most likely to utilize classroom instruction to develop the 
entry level of skills commensurate with their career objectives. It will equally help to keep students 
abreast with new developments in agriculture. It provides an avenue for the application of classroom 
theory and the practice of demonstrated skills. 
 Vocationalized agricultural curriculum place emphasis on the development of desirable skills 
and attitudes. This does not, however, mean that theoretical information is not required because a 
vocationalized agricultural curriculum is only effective to the extent that skills are developed on clear 
understanding of their theoretical foundations. Making COE an integral part of Agricultural 
Education curriculum is therefore justified.    
 
Requirements for Effectively Employing COE in Preparing Nigerian Youths for 
Employment in Agricultural Occupations/ Recommendations 
For Co-operative Occupational Education to successfully meet the needs of agricultural students for 
effective skill acquisition and self employment, the following conditions must be put in place: 

1. There should be a thorough review of the agricultural curriculum by experts to adequately 
accommodate the work experience aspect. The review should conceive, define and present 
agricultural curriculum as a curriculum model that links work and academics – a model that 
is based on sound learning theory (Wilson, Stull & Vinsonhaler, 1996) and affirms the work 
– based learning principles upon which COE is based (Ricks, 1996). There should be a 



paradigm shift from content learning to greater understanding of learning processes, 
including reflection and critical thinking. 

2. There should be suitable classroom facilities, instructional and practical materials adequate 
for effective occupational preparation. 

3. Vocationally competent and professionally qualified teachers should be employed to provide 
the classroom teaching and supervision. This is important because, according to Lassa 
(1997), it is the teacher that lays the foundation of technological development in any country. 
He further stated that both the quality and the pace of technology advancement of a nation 
depend on the quality and efficiency of the teachers. Similarly, the success of COE starts 
with the quality and efficiency of the teachers. 

4. Occupationally experienced coordinators should be employment to coordinate the 
employment learning experiences with the school learning experiences of the students. 

5. The classroom agricultural instruction and the instruction at the training station should be 
based on the students career goals. This will help to make learning directional, meaningful 
and purposeful and will provide the needed motivation for learning to the students. Such 
instructions should be tailored to a set of definable performance objectives. 

6. The employment situation must be truly a training station where the agro-industry or firm 
understands and accepts its teaching responsibility. Employers should be visited to 
determine the potentials of the site and the interest of the employer in the programme. They 
should be informed of the objectives of the programme. The responsibilities of each party 
should be clearly defined and avenues of communication established. 

7. While working, each student should maintain a book or file of occupational records. The 
coordinator grades the book weekly or monthly to monitor the job performance of the 
students. This, in combination with the teacher’s evaluation and grades should be used to 
determine the students final grade. 

8. There should be on – the – job supervision, training and guidance by an experienced 
supervisor appointed by the industry who will also monitor the students occupational 
progress. It is essential to maintain open communications between all parties with the 
teacher. 

9. The guidance department of the school should be actively involved to ensure effective 
students scheduling and to assist with the administration of the programme. Through 
counseling, the students’ interest and abilities will be identified and they will be deployed 
more appropriately. Such counseling according to Orikpe (1994), should take cognizance of 
each student’s inclination so that the job chosen will provide a starting point for his future 
career. Moreso, to make a wise choice of vocation requires a clear understanding of the 
individuals self aptitudes, abilities, interest, ambition and conditions for success (Okorie and 
Ezeji, 1988). 

10. Cooperative Occupational education should not be open to any student without restrictions 
of experiences of a selection process. 

 
Conclusion 
Without occupational experience programme, vocational agriculture will likely evolve to a “bookish 
mere classroom only experience with abstract applications” (Peterson & McCreight, 2003). The only 
way in which the occupational experience programme can find a permanent place in the agricultural 
programme of schools and colleges is for the work – based component to become so central to the 
educational purposes of the institutions that it becomes unthinkable to give it up. 
 
The Nigerian Third National Development Plan (1975 – 80) stated that employers claim that 
university and technical college education has little or no practical work content to make their fresh 
graduates readily employable. It becomes pertinent, therefore, to expose students of agriculture to 



cooperative occupational experience programme. This will help them to acquire the necessary skills 
that will enable them to establish and manage farms of their own or be employable in agricultural 
occupations. It will also expose them to the pressures of the world of work which will facilitate easy 
transition and adjustment to their work place. The assessment of student work performance as 
pursued by cooperative employers, can be used for continuous improvement of the curriculum 
(Cates & Cedaercreutz, 2008). 
 
As agriculture becomes more sophisticated and expands to related fields, trainees must acquire new 
and improved technical skills in order to keep abreast of inevitable changes, become easily 
employable and develop entrepreneurial skills. A better way to learn these new skills and improve 
their competency is to be actively involved in Cooperative Occupational Education. This will help to 
prepare Nigerian youths for employment in agricultural occupations by providing them with 
excellent work experience in their fields of study. It will show the employers that the graduates not 
only have the academic training and knowledge, but can also do the job. According to Ochu (1993), 
the subject matter content of agricultural education curriculum is adequate for academic training. 
What therefore remains is actualizing the occupational skill development objectives. Cooperative 
Occupational education is a sure strategy. It should therefore be accorded its pride of place in the 
curriculum schemata. This is more so because, it fosters self – directed learning, reflective practice 
and transformative learning; and integrates school and work learning experiences that are grounded 
in adult learning theories. 
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Abstract 

Bacteriophages specific for Bacillus megaterium were isolated and were found to be 
common in soil of the Experimental Farm of  Fac. Agric., Minia Univ., Egypt.  

A bacteriophage resistant mutant of B. megaterium was successfully isolated. The 
efficiency of the isolated mutant, free and immobilized cells of B. megaterium in dissolving 
insoluble phosphate and their susceptibility to phages were studied in pure liquid cultures 
(in vitro) and under cultivated soil conditions (in vivo).  

Presence of phages did not affect the efficiency of both the phage resistant mutant  and the 
immobilized cells of B. megaterium in dissolving insoluble phosphate in pure liquid 
cultures. Whereas, bacteriophages completely inhibited the free cells of B. megaterium in 
the pure liquid cultures.  

Under cultivated soil conditions inoculation of wheat plants with either immobilized cells 
or phage resistant mutant of B. megaterium markedly increased numbers of phosphate 
dissolving bacteria in the rhizosphere soil and significantly increased plant P% as well as 
fresh and dry weight/plant, as compared to those inoculated with the free cells. In free 
cells inoculated plants bacteriophages had a marked depressive effect on numbers of P-
dissolving bacteria in the rhizosphere soil and significantly reduced plant P% as well as 
fresh and dry weight/plant, as compared to those inoculated with the free cells in absence 
of phages. In plants inoculated with either immobilized cells or phage resistant mutant, no 
significant effect for presence of phages was detected.  

 

Introduction 
 Due to alkalinity of some soils, the soluble forms of phosphate fertilizer applied to such 

soils, rapidly converted to a complex of precipitated form of Ca3(PO4)2  (Rajan et al., 1996; 

Zayed, 1998 and Hammad, 1999). Some soil microorganisms play an important role in supplying 

the grown plants with available forms of phosphorus by producing organic acids and CO2 which 



increase the soil acidity and convert the insoluble forms of phosphorus into soluble ones. The 

use of these bacteria as a biofertilizer in the alkaline soils is required to increase the avilability 

of soil phosphorus. 

Zayed (1998) and Hammad, (1999) stated that presence of bacteriophages specific for 

Bacillus megaterium had a depressive effect on the efficiency of this bacteria in dissolving 

phosphate. Hammad (1998) and Fathy (2004) found that immobilization system offered high 

protection to Bacillus megaterium against their specific phages and increased their efficiency in 

dissolving phosphate. 

Hammad (1999) isolated phage resistant mutant of Bacillus megaterium. He reported 

that presence of bacteriophages did not affect the efficiency of the spontaneous mutant of B. 

megaterium in dissolving insoluble phosphate in pure liquid cultures and under cultivated soil 

conditions.  

Upon the above mentioned information, the presence of bacteriophages  may affect the 

density and activity of such important P-dissolving bacteria  (Bacillus megaterium) in the soil. 

Therefore, this investigation was carried out as an attempt to protect such desired bacteria against 

phage attack via the immobilization system and isolation of phage resistant mutant of B. 

megaterium. 

Materials and Methods 

The used soil: A clay loam soil was collected from the surface 15 cm layer of the Experimental 

Farm of Faculty of Agric. Minia University, Minia - Egypt. The mechanical and chemical 

analysis of the used soil are presented in Table 1. The collected soil was used for isolation of 

bacteriophages and cultivation of wheat plants. 

 

Table (1): Mechanical and chemical properties of the used soil. 

Coarse 

Sand% 

Fine 

sand % 

Silt  

% 

Clay 

% 

Texture 

grade 

Total  

N% 

CaCO3 

% 

Available 

P, ppm 

Organic 

matter % 

pH 

2.5 26.0 31.0 40.5 Clay loam 0.14 2.14 18.4 1.51 8.07 

 

P-dissolving bacteria: An efficient isolate of phosphate dissolving bacteria (B. megaterium) was 

obtained from the microbial collection of Dept. Agric. Microbiology, Fac. Agric. Minia 

University.  



Isolation of rhizobiophages: The liquid enrichment technique was used to isolate the phages of 

phosphate dissolving bacteria (B. megaterium) as described by Barnet (1972). Twenty grams of 

the collected soil were incubated overnight with 40 ml of nutrient broth (Allen 1959) at 30-33°C. 

Five ml of chloroform were then added and the sample was shaken for 10 min followed by 

centrifugation at 4000 rpm to remove soil and bacteria. The supernatant was added to 10 ml of 

24h old liquid culture of phosphate dissolving bacteria. After multiplication of phages (24-30 h 

at 30-33°C), bacteria were killed by shaking with 5 ml of chloroform for 10 min, then the sample 

was clarified by centrifugation at 4000 rpm. The supernatant (phage lysate) was subjected to 

phage detection.  

Detection of phages: Double layer agar plates method (Adams, 1966) was used for phage 

detection as described by Hammad (1993). Plates were prepared by pouring a base layer of 20 ml 

of nutrient agar medium with 1.5% agar in Petri dishes 10 cm in diameter. The basal layer was 

allowed to solidify. A mixture of 3 ml of melted yeast nutrient agar medium containing 0.7% 

agar and 300 l of liquid culture of the indicator bacteria (B. megaterium) was poured in each 

plate. The phage lysate was spotted with a sterile micropipette on the upper layer after it had 

solidified. Plates were incubated at 30-33°C for 24-30 h and then examined for lysis of bacterial 

lawn at sites where drops had been applied. The lysed clear zones were picked and transferred 

separately into eppendorf tubes containing 1 ml of SM medium (Maniatis, et al., 1982), which 

contains per litre 5.8 g NaCl, 2 g MgSO4.7H2O, 50 ml of 1M Tris-HCl (pH 7.5) and 5 ml of 2% 

gelatin. Two hundreds l chloroform were added to each tube, then maintained at 4°C.  

Preparation of high titre phage suspension: The agar double layer plates method of Maniatis, 

et al. (1982) was used as described by Hammad and Dora (1993), for preparing the high titre 

phage suspension. The phage suspensions which prepared from the formed clear zones in the 

spot test were diluted (10
-4

) in SM medium. Double layer plates were prepared as described 

above but the top layer contained a mixture of 3 ml of semi-solid nutrient agar medium, 300 l 

of liquid culture of indicator bacteria (B. megaterium) and 50 l of the diluted phage suspension. 

After incubation at 30-33°C for 24-30h plates showed almost complete lysis. Five ml of SM 

medium (Maniatis, et al., 1982) were added to the surface of each plate. The top agar layer of 

each plate was scraped off and combined in a flask together with the added SM. After 30 min of 

occasional shaking, agar and bacterial debris were sedimented by centrifugation at 4000 rpm. for 

30 min. The supernatant containing the phages was stored at 4°C over 3ml of chloroform.  



Titre estimation: Titre of the prepared phage suspension was estimated using the method 

described by Kiraly, et al. (1970). From the phage suspension a series of tenfold dilutions was 

prepared in sterile eppendorf tubes. Ninety l of SM medium were placed in each tube. Ten l of 

phage suspension were added to the first vial and mixed, then 10 l from the first vial were 

transferred into the second one and so on until the last tube. After dilution, 300 l of indicator 

bacterial liquid culture (B. megaterium) were placed in each tube. The contents of each tube were 

shaken and transferred to a sterile test tube containing 3 ml of semi-solid medium (nutrient agar) 

which had been prepared beforehand and kept at 50-55°C. Each tube was shaken separately, and 

the contents were poured onto previously prepared solid media plates. Plates were then incubated 

at 30-33°C for 24-33 h. The formed plaques were counted and the titre was calculated and 

expressed as plaque forming unit (pfu)/ml.  

Isolation of phage-resistant mutant: The method described by Adams (1966) was used. One 

ml of liquid bacterial culture containing 10
8
 cells of (B. megaterium) was mixed with 1 ml of 

phage suspension containing 10
10

 plaque forming unite in an eppendorf tube. The tube was 

incubated for 5 min at 30-33°C, to ensure that all bacteria, which can adsorb phages, were 

infected. One hundred l of the adsorption mixture was placed on the surface of a plate 

containing nutrient agar medium and spread uniformly with glass rod until all the liquid had been 

adsorbed by agar. After incubation for 24-30 h, single colonies appeared. A single colony was 

picked from this plate, suspended in 1 ml of nutrient broth and from this suspension a loopful 

was streaked on another plate. Two repetitions of this procedure (streaking on agar plates) were 

carried out to obtain a pure isolate of phage-resistant mutant free from contaminating phages. A 

liquid culture of the obtained pure isolate of phage-resistant mutant was prepared to be used as 

inoculum. 

Preparation of free cells inocula:The used phosphate dissolving bacterial isolate (wild type of 

B. megaterium) and the isolated  phage resistant mutant were grown in Erlenmayer flasks 

containing 100ml of nutrient broth medium (Allen, 1959)/flask and incubated in a shaker at 30°C 

for 96 h. (giving 16-19 x 10
8 
cell/ml). These liquid cultures were used as inocula.  

Sodium alginate-immobilized cells inoculum: One hundred ml of a sterile solution of sodium 

alginate (5% w/v) was mixed with an equal volume of the prepared liquid culture of B. 

megaterium (the wild type). The mixture was added dropwise into 200 ml of 2% CaCl2 sterile 

solution using a sterile Pasteur pipette. Beads of approximately 2 mm in diameter were formed 



and were hardened in 2% CaCl2 solution for 2 h before washing. The beads were then washed 

with sterilized water and stored at 4°C. All steps were carried out under aseptic conditions.  

Experimental design and treatments: 

In vitro study: 

Efficiencies of free, immobilized cells and the phage resistant mutant of B. megaterium in 

releasing phosphorus as well as their susceptibility  to phage attack were evaluated. The 

evaluation was carried out in Erlenmeyer flasks containing 90 ml of Bunt and Rovira liquid 

medium (1955). The flasks which contained Bunt and Rovira liquid medium were supplemented 

with 0.25 gm tricalcium phosphate/flask and the pH  was adjusted to 6.8. The prepared flasks 

were subjected to the following treatments:  

1-Inoculation with  free cells. 2- Inoculation with immobilized cells.  3- Inoculation with phage 

resistant mutant. 4- Inoculation with free cells and phage suspension. 5 - Inoculation with 

immobilized cells and phage suspension.  6- Inoculation with phage resistant mutant and phage 

suspension. 

In treatments inoculated with free cells and phage resistant mutant, 5 ml of the prepared 

liquid cultures  inocula were added to each flask. In case of inoculation with the immobilized 

cells, a calculated weight of beads containing the same number of bacterial cells (in the 5 ml of 

free cells inoculum) was added to each flask. For inoculation with phages, 5 ml of the high titre 

phage suspension were added to each flask. Four replicates for each treatment were employed. 

All flasks were incubated at 30°C for 7 days . changes in pH and amount of soluble phosphorus 

in each treatment were measured at intervals of 24 h up to 7 days. The soluble phosphorus was 

determined colorimetrically according to Wilde et al. (1979).  

In vivo study: 

A pots experiment was carried out to evaluate the efficiency of free, immobilized cells 

and phage resistant mutants of B. megaterium in dissolving precipitated form of phosphate and 

their susceptibility to phages. Fired clay pots containing 3 kg soil/pot were prepared. The pots 

were planted with wheat  and were subjected to the same inoculation treatments which were used 

in the in vitro study.  Uninoculated plants as a control were involved. Four replicates for each 

treatment were employed.  



 In the treatments inoculated with free cells of either the wild type or mutant of B. 

megaterium, 5 ml of the prepared liquid cultures inocula were added to each pot. In case of 

inoculation with the immobilized cells, a calculated weight of beads containing the same number 

of bacterial cells (in the 5 ml of free cells inoculum) was added to each pot. For inoculation with 

phages, 5 ml of the high titre phage suspension were added to each pot. 

 Number of P-dissolving bacteria was determined in rhizosphere soil of wheat plants at 

intervals of 15 days up to 75 days. The standard plate method was used for determining number 

of P-dissolving bacteria as described by Abdel-Moniem et al (1988) fresh and dry weight/plant 

as well as phosphorus percent in plants were determined when plants were 60 days old.  

Results and Discussion  

1- Bacteriophages of Bacillus megaterium 

As shown in Figure (1), the spot test indicated that phages of B. megaterium  are of 

widespread occurrence and were found to be common in the collected soil sample. Similarly, 

Hegazi et al. (1980) isolated phages of B. mycoides, B. subtilis  and B. cereus from several soil 

samples collected from the Nile Valley. Zayed (1998) and Hammad (1999) isolated phages of B. 

megaterium from soils of Minia Governorate. Moreover, Abo-Sinna (2004) isolated phages of B. 

subtilis from soils of different Egyptian Governorates.  

 

Figure (1): A bacterial lawn of B. megaterium spotted with a drop of the prepared phage lysate 

and incubated for 24-30 h, at 30-33°C.  

 

2- Titre of the prepared phage suspension  

Two hundred ml of high titre phage suspension were prepared as described by Maniatis et al. 

(1982), to be used in this study. Titre of the prepared suspension was estimated and was found to 

be 9.2 x 10
11

 pfu/ml. Such high concentration of phages was not surprising, since a single plaque 

of 2mm in diameter may contain between 10
7
 and 10

8
 recoverable phage particles (Gunsalus and 

Stanier 1960, Adams 1966, Hammad 1998).   



 

3- Phage-resistant mutant of B. megaterium  

As shown in figure (2), the isolated mutant of B. megaterium exhibited resistance to the 

phages of the wild type. I.e. no lyses was detected on plates seeded with the mutant and spotted 

with  the isolated phages, whereas, lyses of the wild type can be clearly seen. Defives et al. 

(1996); Coakley et al. (1997) and  Hammad (1999) successfully isolated phage resistant mutants 

of B. megaterium and Azospirillum sp.  

 

                                                A                           B 

 
 

Figure (2): Bacterial lawns of the phage-resistant mutant (A) and the wild type (B) of B. 

megaterium, spotted with the phage lysate. Susceptibility of the wild type and resistance of the 

mutant can be clearly seen.   

 

4- Effect of  Bacteriophages on activity of B. megaterium in Dissolving insoluble 

phosphate  

a- In vitro study:  

The reduction in pH values and the increase of the soluble phosphorus in the media 

inoculated with the different forms of  B. megaterium inocula were used as indicator for their 

efficiency in dissolving insoluble phosphate.  

Data presented in Table (2) indicate that in absence of phages the initial pH (6.8) was 

brought down due to inoculation with any form of P-dissolving bacteria (free, immobilized cells 

or phage resistant mutant). The lowest values were recorded at the 6
th

 day after inoculation and 

hence the highest concentrations of soluble phosphate were detected.  

 On the other hand, in presence of phages no pronounced change in pH values was observed 

in media inoculated with the free cells. However, phages had no pronounced effect on the 

efficiency of the immobilized cells. Such observation may indicate that the immobilization 

system protects the cells against phage attack. This may be due to the presence of the host cells 

inside alginate beads, which may prevent the direct adsorption of phage particles on the bacterial 



surface and hence no infection can be occurred. Similar results were obtained by Hammad 

(1998); Zayed (1998) and Fathy (2004). 

Moreover,  presence of phages had no effect on the efficiency of  the phage resistant mutant 

in dissolving insoluble phosphate. Such results may indicate that the mutation process did not 

alter the efficiency of this bacteria in dissolving phosphate. These results are in agreement with 

those obtained by Hammad  (1999) and Fathy (2004).  

 

Table (2): pH values and concentrations of soluble-phosphate in media inoculated with different 

forms of B. megaterium inocula  in presence and in absence of phages.  

 

 

Treatments 

Days after incubation at 30°C 

2 4 6 8 
pH P.  ppm pH P.  ppm pH P.  ppm pH P.  ppm 

 

  Free cells  

  Free cells + phages  

  Immobilized cells 

  Immpbilized cells + phages 

  Mutant  

  Mutant + phages 

 

4.21 

6.70 

4.08 

4.13 

4.23 

4.22 

 

196 

23 

228 

223 

212 

207 

 

4.10 

6.81 

3.81 

3.92 

4.00 

4.13 

 

218 

26 

230 

226 

219 

211 

 

3.86 

6.78 

3.53 

3.71 

3.81 

3.96 

 

251 

29 

336 

325 

261 

252 

 

4.20 

6.81 

3.86 

3.91 

4.00 

4.11 

 

246 

27 

321 

317 

245 

238 

 

b- In vivo study: 

Since the immobilized cells of B. megaterium and the isolated phage resistant mutant 

exhibited high resistance to bacteriophages and high efficiency in dissolving insoluble 

phosphate, under aseptic conditiona, it was of a particular interest to evaluate their efficiencies 

under the cultivated soil conditions. 

Densities of phosphate dissolving bacteria in rhizosphere soil of wheat plants: 

Data presented in Table (3) indicate that under any inoculation treatment numbers of  

phosphate dissolving bacteria  in rhizosphere soil of  wheat plants tended to increase 

progressively and reached their maxima when plants were 60 days old , then decreased. This 

may be due to the changes in multiplication rate of these bacteria as a result of qualitative 

changes in nature of root exudates  of the plants during the different growth stages (Fayez  et al., 

1985; Abdel-Ati et al., 1996; Hammad, 1999; Fathy, 2004). 

At any sampling time, the rhizosphere soil of wheat plants which inoculated with the 

immobilized cells of B. megaterium contained much higher numbers of  P-dissolving bacteria 



than those inoculated with the free cells.  Such results may indicate that the immobilization 

system provides suitable condition for growth and multiplication of the immobilized cells inside 

the beads and hence high number of these bacteria can be liberated from the beads to colonize 

the rhizosphere zone. Similar results were obtained by Van Elsas et al. (1991); Saad and El-

Mohandes (1998) and Fathy (2004).  

Presence of phages markedly reduced the number of P-dissolving bacteria in the rhizosphere 

soil of wheat which inoculated with free cells of B. megaterium as compared to those inoculated 

with free cells in absence of phages. On the other hand, presence of phages had no pronounced 

effect on densities of  P-dissolving bacteria in rhizosphere soil of wheat which inoculated with 

either immobilized cells of B. megaterium or the phage resistant mutant.   These results are in 

agreement with those obtained by Hammad (1999) and  Fathy (2004).  

 

Table (3): Densities of  phosphate dissolving bacteria in rhizosphere soil of wheat inoculated with 

free and immobilized cells of B. megaterium  and its phage resistant mutant, in presence and in 

absence of phages. 

 

Treatments 

Days after inoculation  

0 15 30 45 60 75 

Number of P-dissolving bacteria x10
4
 

 

  Free cells  

  Free cells + phages  

  Immobilized cells 
  Immpbilized cells + phages 

  Mutant  

  Mutant + phages 

  Control  

 

10.3 

10.3 

10.3 

10.3 

10.3 

10.3 

10.3 

 

36.8 

19.6 

47.6 

45.2 

38.4 

36.0 

16.3 

 

42.6 

22.1 

51.9 

50.8 

40.3 

42.3 

22.8 

 

51.0 

32.0 

63.2 

63.6 

56.8 

53.9 

28.0 

 

62.7 

38.9 

70.1 

68.1 

61.0 

60.8 

32.6 

 

47.3 

27.1 

55.8 

61.1 

45.8 

41.0 

23.3 

 

 

Growth of wheat plants and their phosphorus content: 

 As shown in Table (4), plant height, fresh and dry weight/plant as well as phosphorus 

percent in plants inoculated with the free cells of B. megaterium plus phages were lower than in 

the other treatments. This may indicate that bacteriophages had a depressive effect on their 

bacterial host. Therefore, densities of this host decreased due to presence of phages in the 

rhizosphere soil and consequently the growth and phosphorus content of the plants reduced as 

well. Moreover inoculation of wheat plants with the immobilized cells of B. megaterium, 

significantly increased the studied measurements as compared to the uninoculated plants 

(control), even in the presence of phages.  Such results may indicate that the immobilization 



system provides these bacteria with high resistance against phages. Similar results were obtained 

by Hammad (1998) and Fathy (2004).  

Presence of phages in the soil did not affect neither growth nor P% in plants inoculated 

with phage resistant mutant. This may indicate that the mutation process does not alter the 

efficiency of B. megaterium in dissolving insoluble phosphate. These results are in agreement 

with those obtained by Hammad (1999); Zayed (1998) and Fathy (2004).  

 

Table (4): Growth and phosphorus percent in wheat plants inoculated with B. megaterium in 

free, immobilized form or phage resistant mutant in presence or absence of phages. 

 

 

Treatments  

 

Plant height  

 

Fresh weight 

g./plant  

 

Dry weight 

g./plant 

 

P% 

 

Free cells  

Free cells + phages  

Immobilized cells 
Immpbilized cells + phages 

Mutant  

Mutant + phages 

Control 

 

41.1 

32.8 

47.6 

45.9 

43.0 

42.6 

28.8 

 

14.31 

11.62 

16.94 

15.40 

13.82 

13.51 

8.96 

 

3.20 

2.69 

4.11 

3.90 

3.16 

2.98 

2.61 

 

0.43 

0.28 

0.58 

0.54 

0.47 

0.45 

0.26 

L.S.D.   5% 3.9 2.52 0.40 0.13 

 

Generally, on the basis of the obtained results it can be concluded that, presence of 

phages specific for B. megaterium in the soil is one of the most important environmental factors 

affecting the activity and maintenance of such desired bacteria. Whereas, application of such 

bacteria as a biofertilizer in alginate immobilized form may provide these bacteria with high 

resistance against phages. 

Moreover, the phage attack can be avoided by isolation of phage-resistant mutant of these 

bacteria to be used as biofertilizer.  

 Therefore, preparation of B. megaterium in alginate immobilized form or  isolation of 

phage-resistant mutant of these bacteria to be used as phosphate dissolving biofertilizer is highly 

recommended to avoid phage attack.  
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ABSTRACT 

Field experiments were conducted on pigeonpea-fingermillet cropping system in an Alfisols at 

University of Agricultural Sciences, Bangalore, Karnataka, India. The objective was to study the 

effect of three tillage practices viz., Conventional (3 ploughings + 3 inter cultivations), reduced 

(2 ploughings + 2 inter cultivations) and minimum tillage (1 ploughing + 1 inter cultivation) and 

three nutrient management practices viz., 100 % N through Urea, 100 % N through organic 

sources (50 % N each through FYM and glyricidia loppings) and 100 % N through integrated 

supply (50 % N through Urea+ 25 % N each through FYM & glyricidia loppings) on soil 

microbial population and enzyme activity. The results showed that minimum tillage practice 

improved bacteria, fungi and actinomycetes population as well as urease and dehydrogenase 

activity in soil. Among nutrient management practices 100 % N through organic sources also 

showed similar effect on soil microbial and enzyme activity in soil resulting improvement of soil 

health. 

Keywords: Tillage, Soil enzyme, Ploughing, Inter cultivation, Glyricidia, FYM (farm yard  

                     manure). 

INTRODUCTION 

 The type of tillage practices and sources of nutrients like farm yard manure (FYM) and 

glyricidia known to improve biological properties of soil are salient features of better farming 

practices. Tillage is one of the vital practices which will help in getting good tilth but at the same 

intensive tillage operations will enhance soil degradation by accelerating soil erosion and 

decomposition of organic matter present in the soil and in turn it will deteriorate soil health 

causing yield reduction in rainfed agriculture. So maintenance of soil biological properties is one 

of the indicator of good soil health by selecting appropriate tillage practices assumes greater 

significance. The integrated system of nutrient supply through efficient use of different organic 

sources of nutrients, improvement in soil biological properties can substantially increase crop 

production more so in the long run. In this regard selection of appropriate tillage practices and 

nutrient management practices assumes significance for maintenance of soil health.  Keeping the 

above points in view, an investigation was undertaken to study the Changes in soil biological 

properties under different tillage and nutrient management practices in an Alfisols of southern 

India.  

 



MATERIAL AND METHODS 

 Field investigations were carried out during 2010 and 2011 under rainfed conditions, to 

study the changes in soil biological properties under different tillage and nutrient management 

practices in an Alfisols. The soil of the experimental field was red sandy clay loam having a pH 

5.5, with 0.36 % organic carbon, available nitrogen 175 kg ha
-1

, phosphorus 68.40 kg ha
-1

 and 

potassium 160 kg ha
-1

.  

  The treatments consisting of three tillage practices viz., Conventional tillage (3 

ploughings + 3 inter cultivations), reduced tillage (2 ploughings + 2 inter cultivations) and 

minimum tillage (1 ploughing + 1 inter cultivation) in main plots combined with three nutrient 

management practices viz., 100 per cent N through Urea, 100 per cent N through integrated 

supply (50 per cent N through urea+ 25 per cent N through FYM+ 25 per cent N through 

Glyricidia) and 100 per cent N through organic sources (50 per cent N through FYM+ 50 per 

cent N through Glyricidia) in sub plots were replicated thrice in split- plot design. Tillage 

practices were done as per treatment details viz., Conventional tillage: three ploughings (15-20 

cm deep) and three inter cultivations during the crop period was done  first after 30 days after 

sowing and remaining  two at an interval of fifteen days.  Reduced tillage : two ploughings (15-

20 cm deep) and two inter cultivations during the crop period was done first inter cultivation 

after 30 days after sowing and remaining  one after an interval of fifteen days. Minimum tillage: 

one ploughing (15-20 cm deep) and one inter cultivations during the crop period was done after 

30 days after sowing.  Nutrient management practices were followed as per the treatment details 

viz., 100 per cent N through Urea: entire dose of nitrogen was applied through urea as basal in 

pigeonpea where as in finger millet 50 per cent N as basal and remaining 50 per cent after 30 

days after sowing, 100 per cent N through organic sources: 50 per cent of N through FYM  and 

50 % of N through glyricidia was supplied to the crop by incorporating to the field 20 days 

before sowing of crop, 100 per cent N through integrated supply : 50 per cent N through urea, 

remaining nitrogen was supplied through farm yard manure and glyricidia in equal proportion to 

meet the remaining nitrogen based on their nitrogen equivalent before 20 days of sowing.  

Whereas recommended phosphorus and potassium was supplied through Single Super Phosphate 

and muraite of potash respectively to all the treatments as basal. The pigeonpea-fingermillet 

cropping system was followed as test crop.  

   After harvesting of crop, soil samples were taken from the surface layer (0-15 cm) in 

three replication. Soil samples (100 g) were sieved (2 mm) after removing plant materials and 

roots. Half of the samples were air dried for 3 days and stored at room temperature until analysis 

is done. The rest of the sieved soil (2 mm) was kept at 4
o
C and then analyzed within 2 weeks. All 

microbiological and enzymatic results reported are means of three replications and are expressed 

on oven dry basis. Activity of dehyrogenase and urease were measured. Soil dehydrogenase 

activity was estimated by reducing 2, 3, 5 - triphenyltetrazolium chloride (Casida et al., 1964). 

Urease activity was measured by following the method of Tabatabai (1982). 

The rhizosphere soil samples were collected at a soil depth of 15 cm before sowing and at 

the time of harvest of the crop for studying the biological properties of the soil, i.e total as well 

as beneficial fungi, bacteria and actinomycetes (Walksman, 1922).The serial dilution and plating 

technique was used for isolation of microorganisms from the soil (Warcup 1950). The bacteria 

were isolated on Nutrient agar medium (SubbaRao, 1986), Martins Rose Bengal agar medium 

was used for isolation of fungi (Martin 1950) while actinomycetes was isolated from Kusters 

agar medium. The colony forming units were measured by using digital colony counter. The 



microbial number was calculated by multiplying the average plate count with the dilution factor 

(Cappuccino and Sherman 1987). 

RESULTS AND DISCUSSION 

 Tillage and nutrient management practices had significant effect on soil 

microbiological properties and enzyme activity. Soil microbial population (total bacteria, fungi 

and actinomycetes) was significantly influenced by tillage and nutrient management practices 

(Table 1 and 3). Among the microbiota, the population of bacteria was more followed by 

actinomycetes and fungi. Though all the treatments showed influence on population of soil 

microbes.  

   Among tillage treatments, mean population of Bacteria, Fungi and Actinomycetes was 

highest (46.51×10 
5, 23.03×10 

4
 and 14.18 ×10 

3 CFU per gram of soil, respectively) in the 

treatment of minimum tillage (1 ploughing + 1 inter cultivation) where it was lowest (29.22×10 
5, 

14.55×10 
4
 and 9.33×10 

3 CFU per gram of soil, respectively) in the treatment of conventional 

tillage (3 ploughings + 3 inter cultivations). This indicated that the microbial count was directly 

dependent on organic matter content of soil which will be disturbed by tillage practices. The 

microbial load decreased with increase in intensity of tillage and increased with decrease in 

intensity of tillage this may be attributed to more loss of organic matter in soil in conventional 

tillage and their by decreased substrate availability to microbes for their multiplication where as 

in minimum tillage due to more accumulation of organic carbon and more availability of crop 

residue, optimum decomposition hence increased the microbial population. Minimum tillage 

maintains optimal temperature, water and aeration there by favoring suitable environment for the 

growth and activity of micro flora and macro fauna (Blevins and Frye, 1993). On the other hand 

among nutrient management practices, 100 per cent N supplied through organic sources (50 per 

cent N through FYM and 50 per cent N through Glyricidia) recorded highest mean population of 

Bacteria, Fungi and Actinomycetes was highest (41.91×10 
5, 21.65×10 

4
 and 13.77×10 

3 CFU per 

gram of soil, respectively) where it was lowest  in the treatment of 100 per cent N supplied only 

though Urea (Table 1). This indicated that the microbial load was directly dependent on soil 

organic matter. The microbial count increased as the substitution of N increased from 50 per cent 

to 100 per cent through FYM and Glyricidia loppings and it was reduced with supply of N 

through Urea only. This was due to direct addition of organic matter to the soil both through 

Farm yard manure and Glyricidia and in fact FYM also adds directly microbial load to soil. The 

results are in conformity with Sarkar et al., 2003; Yadav et al., 2005; Varalakshmi et al., 2005 

and Bajpai et al., 2006. 

 Tillage also had significant influence on soil dehydrogenase and urease enzyme 

activity. Dehydrogenase activity varied from 91.60 to 134.42  µg TPF g
-1

 soil 24 hr
-1

and was 

significantly higher in minimum tillage (1 ploughing + 1 inter cultivation) as compared to other 

tillage practices. Urease activity was also higher in minimum tillage as compared to reduced 

tillage and lowest urease activity was observed in conventional tillage.  This was due to presence 

of more organic substrate in soil due to lesser disturbances which promoted more biological 

activity resulting in increased microbial population and in turn resulting in high enzyme activity. 

These results are in conformity with findings of Mina et al. (2008), Dick et al.(1997) and 

Nannipieri (1994). 

 Increase in enzyme activity may be attributed to differential accumulation of organic 

carbon, nitrogen and inorganic nutrients in top soil under different tillage practices tends to 



increase soil enzyme activity Dick et al.(1997). The biochemical environments of differently 

tilled soils are having differential oxidation capacity and it is less in minimum tillage soil than in 

conventionally tilled soil, as dehydrogenase activity is higher in minimum tilled plots 

Significantly higher dehydrogenase (123.82 and 136.52 µg TPF g
-1

 soil 24 hr
-1

) and 

urease (21.85  and 27.0 µg NH4-N g
-1

 soil  hr 
-1

) activity was recorded in the soil due to entire 

supply of N through FYM and Glyricidia followed by integrated supply of N over supply of N 

through Urea (Table 2 and 4 ). This could be related to creation of favorable soil pH and 

consequent congenial conditions for the microorganisms to become very active (Manna et al, 

1996) and increase in population of microbes by addition of FYM and Glyricidia in the soil 

(Singaram and Kamalakumari, 1995). The dehydrogenase activity was significantly lower (99.96 

and 102.10 µg TPF g
-1

 soil 24 hr
-1

) with only Urea than with FYM and Glyricidia or in 

combination with urea. This was due to increase in concentration of nitrates and nitrites 

produced upon hydrolysis of urea and nitrification of ammonium ions in soil, which could serve 

as an electron acceptor and hence reduced dehydrogenase activity in soil (Gajanana et al., 1999)       

                                          CONCLUSION 

Two years continuous management practices on red sandy clay soil (Alfisols) of southern 

India improved the quality of soil organic matter and promoted soil biological and enzyme 

activities. It is suggested that minimum tillage and organic nutrient management practices may 

be successful in maintaining sustainability and improvement in soil biological properties in 

Alfisols of southern India. 
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Table 1. Soil microbial load as influenced by tillage and nutrient management practices in pigeonpea 

Treatments 
Bacteria 

(×10 
5
 cfu g

-1
 of soil) 

Fungi 

(×10 
4
 cfu g

-1
 of soil) 

Actinomycetes 

(×10 
3
 cfu g

-1
 of soil) 

Tillage practices (M) 

M1: 3 Ploughings + 3 Inter cultivations  29.22 14.25 9.33 

M2: 2 Ploughings+ 2 Inter cultivations 36.25 18.19 11.91 

M3: 1 Ploughing+ 1 Inter cultivation  46.51 23.03 14.18 

S.Em± 0.79 0.76 0.39 

CD at 5% 3.09 2.35 1.52 

Nutrient management practices(F) 

F1:50 % N through FYM+ 50 % N through  

     Glyricidia 
41.91 21.65 13.77 

F2:25 % N through FYM+ 25 % N through  

     Glyricidia+ 50 % N through Urea 
37.76 18.22 12.02 

F3: 100 % N through Urea 32.31 15.60 9.63 

S.Em± 0.62 0.45 0.46 

CD at 5% 1.91 1.77 1.42 

Interaction (M XF) 

F at same level of M 

S.Em± 1.07 1.32 0.80 

CD at 5% NS NS NS 

M at same or different levels of F 

S.Em± 1.18 1.17 0.76 

CD at 5% NS NS NS 

NS- Non significant 

 
 
 



Table 2. Urease and dehydrogenase activity of soil as influenced by tillage and nutrient management practices in 
               pigeonpea 

Treatments 
Urease  

(µg NH4-N g
-1

 soil hr
-1

) 

Dehydrogenase  

(µg TPF g
-1

 soil  24 hr
-1

) 

Tillage practices (M) 

M1: 3 Ploughings + 3 Inter cultivations  14.32 91.60 

M2: 2 Ploughings+ 2 Inter cultivations 20.73 112.71 

M3: 1 Ploughing+ 1 Inter cultivation  22.56 134.42 

S.Em± 0.41 1.23 

CD at 5% 1.59 4.82 

Nutrient management practices(F) 

F1:50 % N through FYM+ 50 % N through Glyricidia 21.85 123.82 

F2:25 % N through FYM+ 25 % N through Glyricidia+ 50 % N through Urea 19.66 114.94 

F3: 100 % N through Urea 16.10 99.96 

S.Em± 0.70 1.74 

CD at 5% 2.17 5.35 

Interaction (M XF) 

F at same level of M 

S.Em± 1.22 3.01 

CD at 5% NS NS 

M at same or different levels of F 

S.Em± 1.07 2.75 

CD at 5% NS NS 

             NS- Non significant 

 

 



Table 3. Soil microbial load as influenced by tillage and nutrient management practices in finger millet 

Treatments 
Bacteria 

(×10 
5
 cfu g

-1
 of soil) 

Fungi 

(×10 
4
 cfu g

-1
 of soil) 

Actinomycetes 

(×10 
3
 cfu g

-1
 of soil) 

Tillage practices (M) 

M1: 3 Ploughings + 3 Inter cultivations  32.86 16.53 11.81 

M2: 2 Ploughings+ 2 Inter cultivations 41.32 22.61 14.59 

M3: 1 Ploughing+ 1 Inter cultivation  55.14 28.81 17.67 

S.Em± 1.12 0.40 0.29 

CD at 5% 4.40 1.57 1.13 

Nutrient management practices(F) 

F1:50 % N through FYM+ 50 % N through Glyricidia 48.64 26.79 17.55 

F2:25 % N through FYM+ 25 % N through  

     Glyricidia+ 50 % N through Urea 
44.01 23.73 15.48 

F3: 100 % N through Urea 36.67 17.42 11.03 

S.Em± 0.99 0.70 0.37 

CD at 5% 3.06 2.15 1.14 

Interaction (M XF) 

F at same level of M 

S.Em± 1.72 1.21 0.64 

CD at 5% NS NS NS 

M at same or different levels of F 

S.Em± 1.80 1.06 0.60 

CD at 5% NS NS NS 

NS- Non significant  

 
 
 



Table 4.Urease and dehydrogenase activity of soil as influenced by tillage and nutrient management practices in 
              finger millet 

Treatments 
Urease  

(µg NH4-N g soil
-1

 hr
-1

) 

Dehydrogenase 

(µg TPF g soil
-1 

24 hr
-1

) 

Tillage practices (M) 

M1: 3 Ploughings + 3 Inter cultivations  16.81 92.23 

M2: 2 Ploughings+ 2 Inter cultivations 24.35 124.26 

M3: 1 Ploughing+ 1 Inter cultivation  27.52 145.57 

S.Em± 0.39 1.38 

CD at 5% 1.54 5.43 

Nutrient management practices(F) 

F1:50 % N through FYM+ 50 % N through Glyricidia 27.0 136.52 

F2:25 % N through FYM+ 25 % N through Glyricidia+ 50 % N through Urea 24.01 123.45 

F3: 100 % N through Urea 17.67 102.10 

S.Em± 0.81 1.49 

CD at 5% 2.50 4.58 

Interaction (M XF) 

F at same level of M 

S.Em± 1.41 2.57 

CD at 5% NS NS 

M at same or different levels of F 

S.Em± 1.21 2.52 

CD at 5% NS NS 

NS- Non significant 

 

 

 



 


