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EDITORIAL PEN 
 
We, the editorial board, are happy to endow with the “SONSIK Journal”, an academic publication of 
Society of Nepalese Students in Korea (SONSIK) as the continuation of SONSIK publication. The 
SONSIK launched the “SONSIK Journal” in 2011 and indicated the beginning of a long-term goal as 
an academic output of Nepalese scientists, researchers, thinkers, social workers, journalists and many 
more.  

This publication explores Nepalese scientists’ researches that directly or indirectly impact on the 
development of society, scientific community and living being as whole. The number of Nepalese 
academicians and researchers in abroad are in increasing order and not all of their results are 
published due to some circumstances. Many of us do not have access and time to look at each and 
every scientific discovery that are available via other communication means but want to find all in 
one as review. The aim of this publication, at this stage, is to cover such results and reviews - not 
limited to and explore what the researchers (focus has been made to Nepalese) are doing aboard and 
within country. Since SONSIK journal includes articles from various disciplines such as biological, 
engineering, theoretical, social, and economic and many more, it is informative for all readers. 

The publication of this journal is important in the following aspects. It demonstrates our commitment 
to the declared publication project which we made in the last GA of SONSIK (Daegu, South Korea). 
As for this third volume, it represents the first attempt with thirteen articles ranging from molecular 
biology to social science including literature and environmental science. The remaining articles that 
we have accepted but not published in this issue will be published in the next issue. 

This volume differs from the first two volumes in two respects. First, the previous volumes deals 
with overall articles and SONSIK activities including essays, poems, general articles and also gave 
the space for SONSIK annual activities. Secondly, list of graduates from South Korea was included. 
This volume eliminates all those rather it intends to cover research based articles/review to shape it 
into academic based publication. However, SONSIK managed for essays or related type of articles 
and SONSIK activities as separate publication under “SONSIK Newsletter”. 

Considering further publication, authors can submit their articles at any time for the upcoming issues. 
It is intended to publish once or twice a year. At this moment, the publication covers several topics as 
mentioned in the area of publication section in the same volume. Depending upon the articles we 
received, the section will be categorized by the editorial board. This publication encourages the 
author to submit the articles based on primary or secondary data well referenced under the mentioned 
format. 

We invited prominent scholars to write their views on specific topic so that our reader will have 
benefit on it beside research article. We deeply thank the authors for providing the time and energy to 
share their research and expertise particularly to Professor Dr. Govinda Raj Bhattarai, Department of 
English, Tribhuvan University, who provided us an “invited” article. 

We are looking forward to hear comments from our readers for improvement of the SONSIK Journal 
in the next issues.  

------------------ 

Editorial Board 

SONSIK Journal 
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Invited Article 
 

Translation always transports a universal language 
Bhattarai, Govinda Raj*  

Department of English, Tribhuvan University, Kathmandu, Nepal 
 
 

1. Background 

Today, translation has emerged as an 
independent discipline of study and enquiry 
which is known as Translation Studies. One 
can study types of translation, its characteristic 
features and nature of the discipline under it. 
Until a few decades ago, translation used to be 
a subject dependent on some other discipline -
sometimes as a branch of linguistics and 
sometimes subsumed under comparative 
literature. It was considered a parasitic subject. 
It took more than three thousand years for this 
discipline to be honored or established 
independently. 

It is already some 15 years now that we have 
introduced Translation Studies as a subject or 
say as a course in our university departments 
of Nepal. There is one paper each prescribed 
at Masters level courses under humanities 
(Linguistics) and Education (both English and 
Nepali). They have introduced it even at 
Bachelors level from the current year that is 
2011. About 2000 students opt for this 
optional every year and write theses on 
various related topics. 

These courses have covered areas like types of 
translation, its nature, process, problems, 
techniques, and distinction between human 
and machine translation. Thus, the systematic 
beginning (theoretical study) of translation is 
quite recent, though the activity is as old as 
civilization itself. In ancient Roman 
civilization, Cicero had paid attention to this 
discipline first of all in the West. 

In this brief article, I would like to discuss 
how translation has promoted the expansion 

and spread of world literature and will relate  

in passing how the efforts made in translation 
(practice) help us establish a link between 
literatures of a nation and the world. 

 

2. World literature and translation 

Whatever knowledge of world literature we 
possess at present has been obtained through 
translation. It was so even in the past. All 
Greek civilization was transferred to Roman 
and all Roman civilization in turn went to 
German, French, English and other languages 
of European continent. Gradually, this activity 
crossed the borders of nations and continents 
and went far and beyond, transnationally. Not 
only the West, even the East was translated 
profusely long back and it travelled to the 
West. The great French writer Voltaire (1694-
1774) spoke long ago indicating at the 
certainty of translation being used as a vehicle 
for transporting the oriental knowledge to the 
West thus: I’m convinced that everything has 
come down to us from the banks of Ganga —
Astronomy, astrology, spiritualism, all. It is 
very important to note that at least some 2000 
years ago, Pythagoras went from Samos to the 
Ganga to learn Geometry… But he would 
certainly not have undertaken such a strange 
journey had the repetition of the Brahmin’s 
science not been long established in 
Europe…This shows how knowledge has 
travelled the world through translation since 
antiquity. The epics like the Ramayan and the 
Mahabharat, Shakuntal and Meghdoota were 
translated long ago. The West could read the 
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soul of the East through translations and it 
immediately accepted that the spiritual, 
philosophical and linguistic knowledge of the 
East had been incomparable. 

The colonial empire of the West traced the 
heart of the East through translation. It was in 
1776 that William Carey of Serampore, West 
Bengal had translated the Bible into Nepali. It 
was perhaps the first work in English to be 
rendered into Nepali. 
Gradually, translation proved to be a weapon 
(for the West) to win the Asian and African 
lands. They conquered them ultimately though 
this has left deep scars on the hearts of the 
people. Many natives of the conquered lands 
were compelled, lured and forced to yield or 
convert themselves. Despite this, the exchange 
between different people grew more intensely 
and our knowledge proliferated accordingly. 
Both translation and interpretation were used 
more extensively to release man from the 
fetters of ignorance. But translation both freed 
and arrested them. It was a double bind - a 
bondage and freedom too. 

It is since the 19th century that the translation 
of world literature increased rapidly. By the 
first quarter of the 20th century, Greek 
literature reached most languages of the world. 
The works and fame of Shakespeare spread far 
and wide. German Goethe and French Moliere 
and Maupassant were equally popular all over 
the world.  And gradually the Arabic, 
Japanese, Chinese, Russian, and mostly 
ancient Indian texts were extensively 
translated read worldwide. 

If we compare the literature of a particular 
language with a fruit garden, we can see that 
the Thai dragon fruit reached Great Britain, 
and the South American avocado was tasted 
and grown in the cold countries of the East. 
Likewise literature travelled like a fruit 
species through translation. Through the 
medium of translation, the literary treasure of 
a particular nation crossed all the geographical 
borders and became a universal human 

property. As Raffel (1971) puts it, people have 
realized that every age must find Horace Virgil, 
and Shappo and Homer and all others for 
itself. So translations from old to new, 
unknown to known become a universal trend. 

There are various reasons that have aided the 
growth of translation. Firstly, as Savory 
(1957) has put it, men wanted to dismantle the 
wall of ignorance through translation. The 
very aim of this is to get victory over the 
barrier of language so that each work could be 
made useful for many. Moreover, as Gorjan 
has said, through the use of translation, man 
can reach the world of an inner universal 
language which is beyond and away from our 
daily tongue. That universality is human 
language. The creations of Shakespeare and 
Proust, those of Goethe, Kawabata, of Khalil 
Gibran and Tolstoy are the best examples of 
universal human knowledge. A translation 
reaches the forbidden land and brings back the 
treasure for all. The forbidden treasure is in 
fact inscribed in superhuman and super 
ideological language. The light that emanates 
from their work is a kind of transcendental 
effulgence that lies beyond all languages. 
Goethe rightly has called this a universal 
language. 

Goethe himself was a great translator and 
translation theorist as well. The translation 
especially of poems and epics preserves and 
extends the voice of human existence, his 
spiritual faith. Each language thus gets 
enriched with a sense of discovery. One gets a 
rare treasure from his neighbor for nothing. It 
is therefore that Octavio Paz has rightly called 
every translation an invention. 

In fact the Roman civilization was founded on 
the Greek, the Toledo School spread the 
Arabic and the Greek knowledge to Europe, 
and the whole of European civilization bears 
the legacy of Greek and Sanskrit. Since the 
beginning of the 20th century, great writers 
like Thomas Mann, Berthold Brecht, Paul 
Valery, William Maurice, Tolstoy, Chekhov, 
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Gorky and Lu San were translated into various 
languages. In the same way, American Saul 
Bellow and Steinbeck, Russian Nabokov and 
Chekhov, German Gunter Grass, Italian 
Alberto Moravia, Latin American Octavio Paz, 
African Doris Lessing were (and are being)  
translated. The glory of the East, Rabindranath 
Tagore, was honored with a Nobel prize for 
the translation of his great work Geetanjali. In 
fact, more than half the great writers of the 
world have won Nobel prize only after their 
works are rendered into international 
(languages) widely (or immediately). 

In this way, having undergone the process of 
translation, the language of a particular nation 
and the literature has gained an international 
status. Thus, translation is the clearing house 
of international languages and cultures. It 
occupies a unique position in the 
literary/linguistic history of every nation. That 
is why Indian scholar Tirumaleh has called 
translation a third literature or literature-3. It is 
true that the history of translation is different 
from the literary histories of both the donor 
and recipient languages. So translation is 
neither first nor second but a third literature as 
such. The history of translation, its criticism, 
translation of different genres, translators, 
publishers and users — everything is quite 
different. 

Though translation is not free from criticism, 
however Goethe spoke in his note to the 
translation of West East Divan — Translation 
is indispensable spiritual means of 
communication. So it is the total inheritance 
of our culture. 

Congrat-Butler (1979) has given some 
examples of how translation has multiplied the 
world literature. But for translation, the 
English speaking world would never have 
read the Greek epic and tragedies. It would 
never have read the Bible or Cervantes, the 
name of Tolstoy, Dostoevsky, Flaubert, Balzac 
would never have been read, German authors, 
Proust, Goethe's, Thomas Mann or Herman 

Hesse would never have been read; Latin 
American Pablo Neruda, Octavio Paz or 
Marquez would never have been read. In the 
same way, had there not been capable 
translators, Milton and Wordsworth would 
never have reached Germany, Edgar Allan Poe 
would never have reached France. Likewise, 
Shakespeare and Coleridge would never have 
reached the Soviet Union, William Faulkner in 
Italy, or Ernest Hemingway and Saul Belo in 
Japan. Had there not been a provision of 
translation none of Canadian, British, Irish, 
French, Australian, Russian, and Chinese or 
Indian writings would have reached anywhere. 
They would not have crossed their limited 
geographical borders.  

It is now high time for us to seek the space of 
Nepali literature in the world through the 
translation of our works. The world can no 
longer keep on excluding or forgetting Nepali 
us.  We have an abundant treasure of Nepal 
literature available at this moment. We have 
some 100 years of active translation history 
(with other literatures), some 1000 titles, some 
200 translators but we have not promoted this 
properly. By now for instance there are 31 
novels available in English translation only, all 
other fields have such works available in 
translation in that proportion. 

 

3. Conclusion  

Translation occupies an important place in 
promoting both the national as well as 
international literatures. Whatever glimpse of 
world literature we have is largely the result of 
growing activities in translation. Let us help 
this discipline grow faster, which depends on 
the application of Translation Studies in our 
culture or academia. Besides, every Nepali 
people who is at home or away should use 
translation (texts) as a means of our identity-- 
cultural, literary and above all nation. 
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Yarsa gumba (Ophiocordyceps sinensis): its importance, current situation and future 
policies 

 
Shrestha, Bhushan*  

Green Energy Mission/Nepal, Ghatte Kulo, Anamnagar, Kathmandu, Nepal, 
 
 

Abstract 
Yarsa gumba (Ophiocordyceps sinensis) has been recognized in Nepal for last thousands of years. 
It is one of the highly potential medicinal mushrooms in the world. This paper reviewed the 
studies on the importance of Yarsa gumba in Nepali rural communities. Medicinal values have 
been described based on Chinese philosophies and pharmacopoeias. Present situation of Yarsa 
gumba collection and its trade in Nepal are also described. Availability of different products of 
Yarsa gumba in the market and their quality control and authentication are discussed. At the end, 
the policies for scientific studies, trade and its conservation in Nepal are discussed in brief. 
 
Keywords: Conservation, medicinal properties, Ophiocordyceps sinensis, trade, Yarsa gumba 
 
1. Introduction 

Yarsa gumba (Ophiocordyceps sinensis) is one 
of the highly potential medicinal mushrooms 
in the world [1]. It has been recognized in 
Nepal for last thousands of years. About three 
thousand years ago, Atreya Samhita 
mentioned it as Bhu-Sanjibani and described 
its use to cure complicated kidney and syphilis 
diseases [2, 3]. The herb is naturally 
distributed in alpine pastures of Nepal, China, 
Bhutan and India ranging from 3000 to 5000 
m altitude from sea level. Various studies have 
recorded Yarsa gumba throughout the northern 
high altitude regions of Nepal [4-25]. The 
herb’s name as Yarsa gumba is of the 
Tibetan/Sherpa origin meaning “summer grass 
winter worm” [5, 26]. In Nepal, it is variously 
pronounced in local dialects such as Yer tsa 
gunbu, Yartsa gunbu, Yarsha gumba, 
Yarsagomba, Yarcha gumbu, Yarcha gumba, 
Yarchagunbu, Yarcha and so on. A few other 
local names of Yarsa gumba are also popular 
in Nepal such as Jingani, Jivan Buti, Kira 
Chhyau, Kira Jhar, Saram Buti and Saram 
Buti Jadi. It is known as Dong Chong Xia Cao 
or Chong Cao in China, Tochu-Kaso in Japan,  

 

Dhongchunghacho in Korea and Chinese 
Caterpillar fungus or Cordyceps mushroom or 
Vegetable wasp plant worm in English. Yarsa 
gumba is the fungal fruiting body that grows 
from the insect larva after parasitizing and 
killing it. In summer, mature fruiting bodies of 
Yarsa gumba release millions of spores that 
again infect the larvae in the surrounding areas, 
grow inside them during winter and sprout 
from the dead larvae the next summer. Every 
year, the herb is collected in Nepal during 
May-July and sold to the business people 
directly in order to sustain the livelihood in 
rural areas [22, 23]. The host insects of Yarsa 
gumba mostly belong to the genus Thitarodes 
(Hepialus) of family Hepialidae, Order 
Lepidoptera.  

 

2. Medicinal properties of Yarsa gumba  

Besides Ayurved, Chinese literatures have also 
cited medicinal values of Yarsa gumba since 
last two thousand years and have officially 
included it in Chinese pharmacopoeia [12-14, 
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16, 26-31]. It was first mentioned in 620 AD 
during Tang dynasty (618-907) [12].  
Similarly, it has been mentioned in many 
works such as Compendium of Materia 
Medica published during Ming dynasty (1368-
1644) and Qing dynasty (1644-1912). 
Officially, the Chinese government recognized 
it as a medicinal herb in a document New 
Compilation of Materia Medica written by 
Wu-Yiluo in 1757. The old Chinese work has 
shown the herb as good for protecting the 
lungs, enriching the kidneys, stopping the 
bleeding, and decomposing the spittle and for 
curing consumption [32]. Also, it is 
considered to be restorative and tonic, and 
useful in jaundice, phthisis, and as an antidote 
for opium poisoning. It is taken with pork and 
chicken as a tonic and mild stimulant by 
convalescent persons to restore to health and 
strength rapidly.   

Different pharmacological actions such as 
antiasthmatic, antineoplastic, antibacterial as 
well as actions on the heart and blood vessels, 
and on the smooth muscles of intestine and 
uterus have been reported [33]. The herb has 
been used in treating consumptive cough with 
blood-tinged sputum, spontaneous sweating, 
impotence, nocturnal emission, asthenia 
following sickness, soreness and pain of low 
back and knee. The decoction of the herb 
alone may be used as a tonic after sickness; it 
may also be combined with other tonic drugs. 
For instance, in the treatment of hemoptysis 
due to tuberculosis, consumptive cough, and 
hematemesis, it is often given in combination 
with the root of Glehnia littoralis, root tuber 
of Ophiopogon japonicus, and rhizome of 
Rehmannia glutinosa, whereas in the 
treatment of impotence and nocturnal 
emission, it may be used in association with 
the fruit of Lycium chinense, fruit of Cornus 
officinalis and rhizome of Dioscorea opposita. 
Dosage of 3-9 g has been recommended as a 
decoction [33]. It has sweet and acrid tastes 
and a warm property. The herb causes smooth 
muscle relaxation and can potentiate 

epinephrine effects [34]. It is also an 
anticancer agent, which can inhibit the growth 
of Ehrlich ascites cells and increase the 
survival time of animals inoculated with these 
cancer cells. It was widely used to treat 
spermatorrhea, neurasthenia, and backache. 
The herb is relatively nontoxic, and is not 
generally prescribed as a drug or medicine, 
but as a nutritional additive to be cooked with 
meat [34]. The herb also augments the kidneys 
and tonifies the yang and helps to recover 
from impotence and sore and weak lower back 
and lower extremities from kidney yang 
deficiency [35]. It is used for chronic cough, 
wheezing from deficiency, or consumptive 
coughs with blood-streaked sputum. Because 
it notifies both the yin and yang and is a very 
safe substance, it can be taken over a long 
period of time. Major known ingredients of 
Yarsa gumba are cordycepin, glutamic acid, 
phenylalanine, proline, histidine, valine, 
oxyvaline, arginine alanine, d-mannitol and 
vitamin B12 [35]. 

Yarsa gumba was a subject of interest in the 
western world too. The scientific explorations 
of Yarsa gumba were initiated by western 
travelers and philosophers in China more than 
three hundred years ago. One of the earliest 
western accounts was given by Father 
Parennin from France who travelled China in 
late 16th century and was cured by Yarsa 
gumba when he fell very sick [36]. He was 
coded as saying “You must take five drams of 
this root entire to the very end, stuff the belly 
of a tame duck with it, and boil it over a gentle 
fire; when it is boiled take the drug out again, 
the virtue of which will have entered entirely 
into the flesh of the duck; eat of this morning 
and night for eight or ten days together. I 
accordingly made the experiment when I 
immediately found my appetite return, and my 
strength restored. It cost more than four times 
its weight in silver [36]. 

Recent studies have shown that Yarsa gumba 
contains many bioactive compounds of 
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pharmacological values [28-31, 37-41]. 
However, due to its scarcity and high price, 
many counterfeit materials and cultured 
products are sold in the market. Hence, 
authentication and quality control of Yarsa 
gumba products are obligatory for its use as a 
credible herb [31, 37, 38, 42-46]. 

 

3. The present situation of Yarsa gumba 
collection and trade in Nepal 

Usually, Yarsa gumba is collected in large 
quantity before it attains the maturity. The first 
reason is that it is sold based on its weight. It 
attains the highest weight just before the 
maturity due to the compactness of the inner 
tissue. The second reason is the tough 
competition among the collectors and local 
dealers to collect the most and sell at the 
earliest. These two reasons have caused 
adverse effects on the natural propagation of 
the fungus, leading to its extinction in 
extensively collected areas. On the other hand, 
the extensive human activities during the 
collection will also adversely affect the habitat 
of the host insects. The populations of Yarsa 
gumba are much localized due to its biological 
nature. Yarsa gumba propagates through its 
spores which spread in a localized manner. 
The spores are very short-lived and should 
infect the hosts in order to survive. Other 
mushrooms, on the other hand, propagate 
through spores and can survive in the soil 
during adverse condition. Thus, it is strongly 
recommended that certain potential areas of 
the herb collection should be prohibited 
completely, or permitted to collect on alternate 
years, in order to preserve its natural existence.  

Nepal also should develop trade-related 
policies of Yarsa gumba to develop it as a 
valuable national product. Collectors sacrifice 
their lives for Yarsa gumba collection in the 
hope of earning more money. Every year, 
deaths of the collectors due to various reasons 
such as harsh conditions of the mountains or 
conflicts among them spread as headline news. 

Despite the hardship, whole local 
communities including children, women and 
elders of all professions go for collection in 
the season. The local dealers and businessmen, 
on the other hand, are benefited from hard-
collected Yarsa gumba by selling them in 
international market. The government imposes 
rules such as collection permission and royalty. 
However, the government does not seem to 
have official data of collection annually or 
seasonly. Besides those rules, Nepal 
government does not have any plan to 
promote it in international market. Almost all 
the collected Yarsa gumba is traded in 
international market in very raw form without 
any trademark and certificate of origin. In 
such situation, Yarsa gumba collected from 
Nepal will lose its national identity in the 
international market. Nepal government 
should promote Yarsa gumba as a top priority 
national product in the international market by 
recognizing it as a local-based industry and 
awarding them trademarks so that local 
collectors can develop entrepreneurship and 
get appropriate benefit from it. In addition to 
international trade, markets should be 
promoted in Nepal itself through registered 
stores so that more and more Nepali traders 
can be involved for its trade. Also, efforts 
should be made to make value-added products 
from Yarsa gumba in the form of herbal 
medicines and health food products.  

 

4. Conclusion 

In Nepal, recently studies have been carried 
out in socio-economic aspects of Yarsa gumba 
and its vegetation [22, 23, 18, 19, 21]. 
However, in order to promote internationally, 
scientific studies should be carried out on its 
biological, biochemical and pharmacological 
aspects. Due to lack of scientific studies in 
Nepal, we are bound to depend on the results 
obtained in other countries. Mycelium culture 
and fruiting body cultivation of Yarsa gumba 
and related Cordyceps mushrooms have been 
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successfully done [47, 48]. Specially, 
countries like China, Korea and Japan have 
developed many techniques to cultivate Yarsa 
gumba and other Cordyceps mushrooms in 
controlled environmental conditions. Hence, it 
is now high time that Nepal should not only 
depend on the natural collection of the herb, 
but also develop the biotechnological tools to 
cultivate the herb and produce promising bio-
active compounds in future. Research-related 
organizations in Nepal should come forward 
to take this challenge as an opportunity.  

Many cultivated products of Yarsa gumba are 
now available in the market in Nepal. Due to 
on-going research on natural products, many 
other products are expected to be available in 
the market in near future. But, there is no 
strong mechanism in the country to regulate 
the quality of such products compared to In 
other countries where various biochemical and 
molecular techniques have been developed to 
verify such products. Scientific laboratories in 
Nepal should be equipped with trained 
manpower and facilities in order to verify the 
quality of the products.  

Similarly, the impacts of uncontrolled 
collection on the wild population of Yarsa 
gumba should be monitored periodically. In 
our neighboring countries, wild habitats of 
Yarsa gumba have been conserved with long-
term vision. In Nepal too, certain areas in the 
high altitude region should be conserved for 
Yarsa gumba with regular monitoring. 
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Abstract 
Transfer RNA (tRNA) acts as an adapter molecule that carries amino acid corresponding to 
mRNA codon to form a polypeptide.  Its function is aided by the presence of a large number of 
post-transcriptional modifications. They have very diverse functions, which range from 
maintaining genome stability to regulation of specific message translation. Lack of modifications 
causes several diseases in humans. In this article, we will highlight some recent examples about 
the roles of modification in various aspects of translation.  

 
More than 10% of tRNA nucleotides are 
decorated with post-transcriptional 
modifications in each organism, and the 
number and complexity of modification 
increase along with the increasing evolution of 
organisms. The modified nucleotides are 
enzymatically modified at various stages of 
maturation in both nucleus and cytoplasm. 
Some modifications require multiple enzymes, 
for example yW (wybutosine), which is 
present at 37 position of tRNAPhe, requires 
sequential step of modification by four 
enzymes. Although majority of the 
modifications appears to be non-essential, it is 
very curious to understand why energy 
efficient cells invest a lot of resources to 
modify certain nucleotides. It appears that 
more genetic resources are allocated for 
nucleotide modifying genes than for tRNA 
biosynthetic genes. 

Anticodon loop modification  

According to the distribution of modification 
sites in tRNA, they can be classified into two 
groups i.e. anticodon loop and body 

modification. Modified nucleotides present in 
the body regions of tRNA are mainly involved 
in the stability of its own, enzyme and 
ribosome recognition, Mg2+ binding and 
others. Whereas modifications present in the 
anticodon regions play roles in translational 
reading frame maintenance, accuracy of codon 
binding and translocation from A to P-site of 
the ribosomes. Modifications present in the 
anticodon and its adjacent positions reduce the 
conformational dynamics and maintain the 
correct structure of tRNA [1]. The nucleotides 
at position 34 and 37 of tRNA have very 
diverse and complex modification. In yeast, 
the presence of m1G37 modification in 
tRNAAsp prevents it from mischarging by 
arginyl-tRNA synthetase [2]. Similarly, in E. 
coli, the presence of S2U34 of tRNAGlu and 
lysidine34 of tRNAIle are found to be 
important for the correct recognition of 
aminoacyl-tRNA synthetases [2-4]. Many 
tRNAs that translate mRNA codons starting 
with U at their 5' position make a weak base 
pair with the A of anticodon (tRNA) and are 
usually contained with isopentenyl adenosine 



Roles of tRNA modification                              Lamichhane, T. N. 2011 

 

13 

 

(i6A) at residue 37. This relatively weak U-A 
codon anticodon pair is stabilized by a bulky 
and hydrophobic isopentenyl group which 
promotes intrastrand and interstrand base 
stacking and also prevents misreading [5, 6]. 
Thus, several modified nucleosides residing 
on anticodon loop decrease frameshifting 
errors by promoting efficient A-site selection, 
preventing peptidyl-tRNA slippage, or 
both [7]. 

Most of the modifications present in the 
anticodon loop regulate translation of specific 
codons, which are enriched in mRNAs 
encoding specific function of proteins. The 
lack of these unique modifications decreases 
the translation of specific messages in the cell. 
For instance, deletion of mcm5U modification 
in both yeast and human diminishes the 
translation of specific stress response proteins, 
thus conferring the cells with increased 
sensitivity to DNA-damaging agents [8, 9]. 
Absence of i6A modification in tRNASec in 
mammalian cells decreases the translation of 
stress related selenoproteins[10]. tRNA 
modifications can thus serve criticalregulatory 
functions by modulating the translation of a 
subsetof mRNAs 

Lack of wobble modification can cause 
several diseases. For example, lack of 5-
carbamoylmethyl and 5-methylcarboxymethyl 
modifications causes defect in translation in C. 
elegans and neurological disease familial 
dysautonomia in humans [11]. Lack of one of 
the mitochondrial tRNA modification gene, 
MTO2, causes defective expression of 
mitochondrial genes, especially CYTB  and 
COX1, and results in a respiratory-deficient 
phenotype [12]. Lack of taurine (2-
aminoethanesulphonic acid) modification in 
wobble uridine in mitochondrial tRNAs 
(mttRNAs) causes two major classes of 
mitochondrial diseases, MELAS 
(mitochondrial myopathy, encephalopathy, 
lactic acidosis, and stroke�like episodes) and 
MERRF (myoclonus epilepsy associated with 

ragged red fibers) [13]. 

Eukaryotic cells have quality control 
mechanism for tRNA biogenesis to avoid 
accumulation of nonfunctional tRNAs. The 
aberrant and hypomodified tRNAs are 
degraded inside the cell by different 
mechanisms. Alexandrov et al showed that 
lack of tRNA modifications outside of the 
anti-codon region results a rapid tRNA 
degradation (RTD) suggesting that the 
presence of modifications increases tRNA’s 
half-life [14].  This RTD pathway involves 
exonucleases such as Rat1, Xrn1 and MET22. 
They showed that lack of m5C and m7G in 
tRNAVal(AAC) decreases its half-life from hours 
to minutes at elevated temperature possibly 
due to the change in conformation of tRNA. 
Pre-tRNAiMet, which lacks m1A58 
modification due to the mutation of TRM6 or 
TRM61 is first polyadenylated by Trf4 by 
providing the single-stranded extension for 
nuclease loading. It is then degraded in 3'-5' 
direction by Rrp6  [15, 16]. Another 
interesting observation about the role of 
modification in enzyme recognition is found 
in killer strains of diary yeast Kluyveromyces 
lactis. It avoids fungus growth by secreting γ-
toxin, zymocin, which degrades 3' side of 
wobble modified nucleoside 5-
methoxycarbonylmethyl-2-thiouridine 
(mcm5s2U34) of tRNAGlu(UUC), tRNALys(UUU), 
tRNAGln(UUG) of S. cerevisiae but these 
particular modifications are absent in the host 
strain [17]. These examples highlight the 
importance of tRNA modification in 
translation.  
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Abstract 
The ribosome is the target site for a number of antibiotics. The high-resolution structures of the 
ribosome in complex with antibiotics have increased better understanding of small molecule 
interaction. A large number of antibiotics in the ribosome are mostly bound to the limited 
functional regions. Increasing structural and functional data of the ribosome has opened a 
number of possible future drug target site within the ribosome. The synergic effort of structural, 
functional, and computational study will allow researchers to employ a drug discovery paradigm 
focused on the ribosome. 
 
1. Introduction 

The ribosome is a large and complex organelle 
of living organisms, identified as a 
ribonucleoprotein particle by Palade [1]. The 
E. coli ribosome is composed of 65% 
ribosomal RNA and 35% proteins, although 
the ratio varies a bit from organism to 
organism. In bacteria, the size of the ribosome 
is about 20 nm and it has a mass of more than 
2 x 106 Daltons [2, 3]. The ribosome is an 
essential component of all living organisms 
because of its important role in protein 
synthesis.  

The ribosome of all organisms consists of two 
unequal subunits; each contains one third 
proteins and two thirds RNA. The unequal 
subunits of the ribosome are measured in 
terms of their sedimentation coefficient unit 
(Svedberg constant) rather than their size. In 
bacteria, the ribosome (70S) consists of a 
larger 50S subunit and smaller 30S subunit. 
The larger 50S subunit is composed of 23S 
ribosomal RNA with 2900 nucleotides and 5S  

 

ribosomal RNA with 120 nucleotides. Along 
with RNA, the larger subunit also contains 34 
different proteins. The smaller 30S subunit 
consists of 16S ribosomal RNA (1546 
nucleotides) and 21 different proteins. In 
eukaryotes, the 80S ribosome consists of a 
larger 60S subunit and a smaller 40S subunit. 
The large subunit is composed of 28S 
ribosomal RNA (4700 nucleotides), 5.8S 
rRNA (160 nucleotides) and 49 proteins. The 
small subunit contains 18S ribosomal RNA 
(1800 nucleotides) and 33 proteins. Despite 
the differences in size and composition, the 
ribosome has common important functional 
regions such as the decoding region, peptidyl 
transferase center, and peptide exit tunnel. 

The ribosome is organized into distinct three-
dimensional structures [4]. The folded RNA 
makes it very diverse in secondary and tertiary 
structures. The standard Watson-Crick base 
pairs found in RNA are G-C and A-U; 
however, G-U and G-A non-canonical base 
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pairs are also very common. Along with these, 
there are several modified nucleotides and 
mismatches, which further increase the 
diversity of the rRNA structure. Secondary 
and tertiary structures of the ribosome have 
very important roles in its stability and 
function. 

 

2. Antibiotics targeting the ribosome 

The ribosome is a well-validated drug target - 
because of its accessibility, structural diversity, 
and lack of known repair mechanisms. Various 
classes of antibiotics bind within the 
functional centers of the ribosome and inhibit 
protein synthesis by different mechanisms. 
About 40% of the known drugs bind to the 
ribosome [5, 6]. The binding sites are found to 
be within a limited functional region of the 
ribosome, such as the decoding region, 
peptidyltransferase center, peptide exit tunnel, 
and inter subunit regions. The smaller subunit, 
30S, is targeted by many antibiotics, including 
tetracycline, pactamycin and aminoglycosides 
(Fig. 1a, Table 1)  [7-9]. Aminoglycosides, 
such as neomycin, paromomycin, and 
geneticin, bind to the decoding region and 
cause bases 1492 and 1493 to flip out  [8, 10]. 
In addition, binding of these antibiotics to 
helix 44 of 16S rRNA causes a conformational 
change, which interferes with translational 
fidelity by increasing the misincorporation of 
aminoacylated tRNAs[11]. Recent crystal 
structure of 30S complexed with 
aminoglycosides have greatly increased our 
understanding of antibiotic sites in the 
ribosome [7, 12]. Before the success of 
crystallography, model systems of RNA were 
used to map the binding sites and interaction 
of antibiotics by chemical probing and NMR 
spectroscopy  [8, 13-15]. This early work in 
solution allowed researchers to compare and 
validate the results obtained from 
crystallography.  

Several important regions of the large subunit, 
50S, are also targeted by antibiotics (Table 

1b). Several clinically important antibiotics 
such as macrolides, streptogramins, 
chloramphenicol, and oxazolidinones, bind to 
the large subunit near the PTC and inhibit 
protein synthesis [16]. The macrolides are one 
of the important classes of ribosome-targeting 
antibiotics. Crystal structures of macrolides 
complexed with the 50S ribosomal subunit 
revealed that they block the ribosomal exit 
tunnel for the progress of nascent polypeptide 
[17]. Similarly, streptogramins and 
chloramphenicol bind to the PTC and lock the 
conformation of the ribosome [18]. Still, there 
are several antibiotics for which binding sites 
and mechanism of action have yet to be 
determined in detail. 

 

 

Figure 1. Various antibiotics bound to the 
ribosome are shown. a) Common antibiotics 
binding to the 30S subunit (PDB: 1FJG, 
1HNX, 1HNJ, and 1HNW) are overlaid b) 
Common antibiotics binding to the 50S 
subunit (PDB: 3CC4, 3CPW, 1K9M, 2ZJP 
1NJI, and 1YJN) are shown. 
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Table 1. Common antibiotics targeting to the ribosome. Helix number and subunits are 
indicated. 

 

 Antibiotics  Binding sites  Mechanism of action 
Aminoglycosides  
(neomycin, paromomycin, 
geneticin)  [7, 19, 20] 

Near A site  
(30S subunits)  

Decreases translational  
accuracy and inhibits 
ribosomal translocation  

   
Tetracycline  [19, 21]  
 

helix 34/31 (30S) Inhibits A-site tRNA 
binding  

   
Peptides (viomycin, 
capreomycin, edeine)  [21] 

30S subunits Inhibitis translocation  

   
Spectinomycin  [7]  helix 34 (30S) EF-G binding inhibitor  

   
Pactamycin  [19] helix 24/P site (30S) Inhibits initiation factor  

   
Macrolides (erythromycin, 
azithromycin)  [17, 22] 

Peptide exit tunnel  
near PTC  

Blocks outlet of 
polypeptide 

   
Lincosamides (lincomycin, 
clindamycin)  [22] 

Peptide exit tunnel  Interferes with peptide-
bond formation  

   
Chloramphenicol  [18, 22] A site, PTC  Inhibits peptide-bond 

formation 

Oxazolidinones 
(linezolid)  [23, 24] 

P site (50S) Competes with incoming  
aminoacyl-tRNA  
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3. Antibiotic resistance and current 
challenge 

The enormous use of antibiotics and 
increasing antibiotic resistance of pathogens 
are the current challenges for scientists.  
Bacteria may become resistance to antibiotics 
by various mechanisms, including target site 
modification, drug modification, and 
efflux [25].  

To keep antibiotic concentrations low, drugs 
such as tetracyclines or erythromycins are 
pumped out through efflux mechanisms by 
bacteria [26]. Penicillins were found to be 
destroyed by β-lactamases, while 
aminoglycosides such as kanamycin are 
chemically modified, which blocks binding to 
the recognition site  [27]. Mutations or 
nucleotide modifications such as methylation 
of the target residue have also been observed 
with several antibiotics targeting the ribosome. 
Modifications or mutations are found in both 
ribosomal proteins and ribosomal RNA. In 
spectinomycin resistance, mutation of a serine 
to proline at position 21 of the S5 protein has 
been observed  [28]. Similarly, a lysine to 
arginine change at position 42 of the S12 
protein leads to streptomycin resistance  [28]. 
In RNA, modification of target residues has 
been found in several antibiotic resistance 
strains. Methylation of A1408 or G1405 leads 
to resistance to many aminoglycosides  [29, 
30]. Similarly, N7 methylation of G1405 
produces resistance to the geneticin class of 
aminoglycosides [31]. Mutation of key 
residues in the decoding region, such as 
A1408G and C1409G, also causes resistance 
to most of the aminoglycosides [32-34]. In the 
large subunit, methylation of A2058 at N6 
leads to resistance of macrolide, clindamycin, 
lincosamide and spreptogramin, whereas 
methylation of C1920 makes bacteria resistant 
to capreomycin [35-38]. In anisomycin 
resistance, mutations of U2500A and C2453U 
have been observed  [39].  

The emergence of new multidrug resistance 

forms of pathogenic bacteria have been 
steadily increased in the past two decades. A 
multidrug-resistance methicillin-resistance 
Staphylococcus aureus (MRSA) is a particular 
concern. This shows the urgent need for novel 
antibiotics. . Despite this need, there is much 
less development to overcome this problem.  

 

4. Future drug target sites in the ribosome  

Target-site mutation for ribosome-binding 
drugs is difficult because eubacteria carry 
multiple copies of ribosomal operons.  E. coli 
has seven ribosomal operons, and at least half 
of them must be in the mutant form to confer 
antibiotic resistance  [40, 41]. In addition, 
mutations often alter the ribosomal structure, 
which prevents binding without impairing the 
biological function. Mutations of certain 
nucleotides in the ribosome have been found 
to be lethal and several of them are essential 
for fidelity of protein synthesis  [41]. 

The antibiotic binding sites and resistant 
mechanisms determined from biochemical and 
genetic approaches are supported by the high-
resolution crystal structures  [24, 42]. High-
resolution crystal structures can now be used 
to predict novel drug-binding sites as well as 
modified versions of existing drugs in order to 
overcome resistance. The binding sites of 
about half of the known antibiotics are found 
to be clustered in the central functional 
regions of the ribosome  [9]. A greater 
challenge is to identify and target unexploited 
sites in the ribosome. We do not know 
whether the known sites are the only ones for 
effective inhibition, or whether there are more 
possible target sites on the ribosome. The 
ribosome is a complex and dynamic molecule 
that directs translation in several steps. For the 
purpose of identifying novel target sites or 
designing drugs on the basis of structure, a 
better understanding of the ribosome structure 
in solution, as well as functional importance 
of individual nucleotides, is needed. The 
enormous wealth of structural knowledge 
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obtained from ribosome-antibiotics 
interactions enabled the researchers to pursue 
bacterial ribosome as a viable target for 
structure-based drug design.  

Most of the current antibacterial drugs were 
derived from natural products and were 
discovered while looking for agents that 
caused bacterial growth inhibition. However, 
to combat with increasing bacterial resistance, 
a clever idea is essential rather than just 
screening numerous compounds by traditional 
approach. Over the 35 years, Linezolid is only 
the entirely new class of antibiotics to reach 
the market. Linezolid inhibits bacterial protein 
synthesis by binding to 23S rRNA in the 
peptidyl transferase center (PTC) of the 50S 
subunit. It was discovered by researchers at 
the Up-john Company, Michigan, USA and 
was approved by the FDA in 2000 for adults 
and for pediatric use in 2005 [43]. Currently, 
linezolid sold by Pfizer is effective against 
gram positive bacteria including MRSA.  

Another company, The Rib-X Pharmaceuticals 
carries out structure and computation based 
drug design targeting the 50S subunit of the 
ribosome. After eight years of research, their 
drug candidate radezolid has successfully 
completed phase II clinical trials to treat skin 
infections and mild to moderate community-
acquired pheumonia [44]. This is a good 
example of structural and computational 
approach applied to develop a new antibiotic. 
In their approach, part of the two antibiotics, 
(linezolid and sparsomycin), are chemically 
linked together to create five new compounds. 
Out of five, two were found selective for 
eubacteria. The replacements of the key 
affinity element of sparsomycin alter the 
selectivity without losing the ribosomal 
binding. Several other research groups and 
companies are targeting the various regions of 
the ribosome by various methods such as 
phase display, SELEX, and FID [45-47]. A 
number of ligands with promising affinity and 
selectivity have been discovered. A similar 

method to Rib-X pharmaceuticles can be 
applied to target other regions of the ribosome 
such as helix 69 of the 50S subunit and helix 
44 of the 30S subunit. These two helices are 
closer in the folded 70S ribosome and any 
ligand binding to both helices could inhibit the 
ribosome function.  

Hitherto, several studies showed that a number 
of helices and nucleotides are essential for 
ribosome function. A number of nucleotides 
were found to be crucial for ribosome folding, 
assembly, and function. Mutational studies 
raveled functionally important nucleotides 
which when mutated leads to deleterious 
phenotype. Structural studies revealed the 
exact orientation and interaction of these 
functionally important sites. The 
understanding of antibiotic-ribosome 
interaction at the atomic level, functional 
importance, and use of computational 
chemistry tools in combination are critical to 
develop the next generation of antibiotics 
targeting the ribosome. This will help to stay 
one step ahead to overcome known resistance 
mechanism and significantly improving the 
spectrum.  
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Abstract 
Pradimicins are potent antifungal and antiviral polyketide antibiotics having an unusual 
dihydrobenzo[α]naphthacenequinone aglycone substituted with D-alanine and sugars, 
thomosamine and xylose produced by Actinomadura hibisca P157-2. The gene cluster involved 
in the biosynthesis of pradimicin has been cloned and sequenced. The aglycone moiety of 
pradimicin is formed by the minimal polyketide synthase (PKS) PdmABC and PdmD facilitated 
the cyclization of the A and B rings through intramolecular aldol condensations. The formation 
of pentangular core has been established by the PdmH-PdmK-PdmL trio. Further PdmN and 
PdmJ act as D-aminoacid ligase and C5 P450 hydroxylase, respectively, while PdmW is deduced 
to be the putative C6 P450 hydroxylase. Still the genes involved in the biosynthesis and transfer 
of sugar moiety are not characterized. In addition to this, to overcome the low level of pradimicin 
production from wild-type, the various genetic engineering approaches have been applied to 
develop the improved strains for higher production of pradimicin. 
 
Key words-ActinomadurahibiscaP157-2, Antifungal, Antiviral, Genetic Engineering, Pradimicin 
 
1. Introduction 

Actinomycetes are the abundant source of 
many commercially valuable natural products. 
Microbial secondary metabolites represent a 
large source of compounds with various 
structures and potent biological activities. In 
the broad sense, the bioactive secondary 
metabolites possessing antibacterial, 
antifungal, antiviral, antitumor 
immunosuppressant or antihypertensive 
properties can be termed as antibiotics. More 
than 70% of antibiotics including not only 
antibacterial agents but also bioactive 
microbial compounds have been produced by 
actinomycetes, which are composed of the 
genus Streptomyces (68%) and the rare 
actinomycetes (32%) [1].Among the rare 
actinomycetes, the genus Actinomadura is the 
most predominant one [1]. This fact shows 
that this genus is one of the most important 
targets as pharmacologically active 

compounds. 

In the systematic search for microbial 
metabolites effective against fungi in late 80’s, 
actinomycetes strain No. PI57-2, later named 
as Actinomadura hibisca P157-2 isolated from 
a soil sample collected in Fiji Island found to 
produce novel antibiotics. The principal 
component was pradimicin A and minor 
compounds were pradimicin B and C [2]. 
Pradimicin A is a highly decorated aromatic 
polyketide (PK) with a benzo[α]-
naphthaceneaglycone and a number of 
interesting structural features, especially on 
the D and E rings (Table 1). The carboxyl end 
of the polyketide is amidated with D-alanine, 
while the nonaromatic ring D is substituted 
with a disaccharide. Together these structural 
elements make pradimicin A an effective viral 
entry inhibitor [3, 4] and a broad spectrum 
fungicide [5]. 
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2. Secondary metabolites from 
Actinomadura 

The genus Actinomadura is one of the 
sporoactinomycete genera rarely included in 
extensive chemotaxonomic and genetic 
investigations. The microorganisms of this 
genus form stable mycelium, with or without 
an aerial mycelium, bearing arthrospores of 
different morphology. Their cell wall contains 

meso-diaminopimelic acid whilemost of the 
species are reported to contain madurose. A 
variety of pradimicin analogues produced by 
Actinomadura species are summarized (Table 
1). Most of these molecules are well known 
for their antifungal potencies. 
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Table 1. Pradimicin and its analogues produced by various Actinomadura strains 

The Actinomadura strain Actinomycete sp. 
MH193-16F4, produces benanomicins A and 
B [6, 7] and four minor benanomicins; 
dexylosylbenanomicins A and B; 2'-
demethylbenanomicin A and 7- 

 

methoxybenanomicinone [8]. Benanomicins A 
and B are active against fungi and some gram-
positive bacteria. Actinomadura sp. AB1236 
produces BMS-181184 when fermented in a 
medium containing D-serine and D-
cycloserine. The strain also produces a minor 
quantity of dexylosyl analog of BMS-181184 
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[9]. It is a semi synthetic derivative of 
pradimicin FA-2 with promising antifungal 
activity both in vitro and in vivo. This 
derivative reportedly demonstrated a broad 
spectrum antifungal activity. The potency of 
this molecule was even superior to 
ketoconazole. Actinomadura verrucosospora 
subsp. neohibisca produces Pradimicin L, a 
new congener of pradimicin A which harbors a 
D-glucosyl-D-thomosamine moiety at the C-5 
position. A new analogue pradimicin FL with 
D-serine side chain was produced by 
precursor-directed biosynthesis where an 
excess of D-serine-supplemented medium 
during fermentation [10]. Actinomadura 
verrucosospora subsp. neohibisca R103-31 
which is also known as strain A10102 
produces a new pradimicin aglycone 
designated as pradimicin Q. This compound 
exhibits a potent α-glucosidase inhibitory 
activity in vitro [11]. 

Actinomadura spinosa sp. Nov (AA0851) 
produces pradimicin S when the culture 
medium was supplemented with ferrous 
sulfate (0.1 ~0.4%). It was potent against 
human immunodeficiency virus (HIV) and 
had moderate activity against influenza virus 
type A. The antibiotic was active against a 
wide variety of fungi and yeasts in vitro. The 
molecule has also demonstrated a remarkable 
in vivo efficacy against a systemic Candida 
albicans infection in mice [12]. 

An actinomycete strain AA3798 produces 
pradimicins Tl and T2. Pradimicin Tl 
exhibited potent activity against a wide 
spectrum of fungi in vitro and demonstrated 
efficacy against systemic Candida albicans 
and Aspergillus fumigatus infections in mice 
[13, 14]. Actinomadura hibisca P157-2 
(ATCC53557) produces a variety of 
pradimicins namely pradimicin A-E. Among 
them, pradimicin A is the predominant product. 
These pradimicins are different to each other 
with the attached the sugar and amino acid 
side chain. In vitro studies revealed that the 

antibiotic is significantly more active than 
either ketoconazole or nystatin against a wide 
variety of fungi and yeasts including clinically 
important pathogens [15, 16, 17]. 

The other analogues with glycine side chain 
pradimicin D and E were isolated from the 
wild type strain as well as from the mutant 
strain A2660 (ATCC53762) of A. hibisca 
P157-2 [18]. Both analogues exhibit a 
comparable activity to pradimicin A [18]. This 
strain (mutant) also produces produce 
pradimicins FA-1 and FA-2, D-serine analogs 
of pradimicins A and C in D-serine-
supplemented medium [19]. 

Pradimicins M, N, O and P, have been isolated 
from cultures of mutants of Actinomadura 
hibisca PI57-2 through feeding the culture 
with N-methyl-N'-nitro-N-nitrosoguanidine 
[20].  

 

3. Biological Importance of Pradimicin 

Pradimicin A has shown a moderate in vitro 
activity against a wide variety of fungi and 
yeasts and in vivo activity against systemic 
fungal infections caused by Candida albicans, 
Aspergillus fumigates and Cryptococcus 
neoformans [15, 17]. Pradimicins have also 
shown inhibitory effect on human 
immunodefiency virus (HIV) in vitro [21, 22] 
and antiviral activity against influenza virus 
[15, 17]. The biological activities of 
pradimicins are attributed to the potentially 
specific binding to cell wall oligosaccharides 
of fungi or viral surfaces. Although the exact 
mechanisms of action of pradimicins are still 
speculative, but it has been suggested that the 
pradimicins form a ternary complex with D-
mannoside and calcium on the Candida cell 
wall where this ternary complex formation 
results in membrane disruption and fungal cell 
death. 

 

3.1. Commercial antifungal antibiotics and 
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pradimicin 

In the commercial purposes, several classes of 
antifungal drugs are applied in clinical 
practice; few of them are listed below. 

a. Polyene: Nystatin (MycostatinR) is used 
as enteric antifungal drug produced by 
Streptomyces nouresi and Amphotericin B 
(FungizoneR) is used as systemic 
antifungal drugs produced by 
Streptomyces nodosus 

b. Imidazoles- Ketoconazole (NizoralR): 
Synthetic antifungal drug used to prevent 
and treat skin and fungal infections 

c. Triazoles-Fluconazole: triazoleantifungal 
drug used in the treatment and prevention 
of superficial and systemic fungal 
infections 

In comparison to these available antifungal 
antibiotics, the in vitro studies revealed that 
the antibiotic pradimicin A is significantly 
more active than either ketoconazole or 
nystatin against a wide variety of fungi and 
yeasts including clinically important 
pathogens [15, 16, 17]. This has drawn a 
significant attention of scientist in worldwide 
scale towards the generation of pradimicins as 
new anti-fungal therapeutics. 

 

3.2. Synthetic modification of Pradimicin A 

Although pradimicin A is relatively less-toxic 
when compared to amphotericin B, its poor 
solubility in aqueous media appeared to be a 
major barrier for further development as a 
therapeutic agent. To improve the aqueous 
solubility, modifications of the drug were 
rigorously attempted utilizing chemical 
synthetic methodologies. In this context, 
recent advances towards the generation of 
synthetic pradimicin A analogues are 
summarized below. 

I) Modification of alanine moiety  

Pradimicin A is an amphoteric compound. The 

carboxylic acid group in the side chain 
provides a pivot for the generation of variety 
of analogues. Accordingly, a variety of amide 
analogues have been generated [23]. Thus 
produced derivatives showed activities 
comparable to pradimicin A, indicating that 
the free carboxyl group can be modified 
without impairing the antifungal activity [23].  

II) Modification of amino sugar part 

Three N, N-dimethyl pradimicins were 
synthesized by reductive alkylation of 
pradimicins A, E and FA-2 and evaluated for 
antifungal activity, water solubility and acute 
toxicity in mice. Newly generated analogues 
displayed superior antifungal activities as 
compared to pradimicin A in vitro. N, N-
dimethyl pradimicin E and N, N-
dimethylpradimicinFA-2 both had improved 
water solubility and animal tolerance as 
compared to pradimicin A. N, N-dimethyl 
pradimicin FA-2 was effective in treating 
fungal infection in experimental animal 
models [24]. 

III) Modification at C4'-position 

4'-N-carboxyl-substituted alkyl derivatives, 
the 4'-N-formyl derivatives and the 4'-axial-
hydroxy derivative showed antifungal activity 
comparable to the PRMs in addition to their 
improved water solubility [25]. 

IV) Modification of the sugar part  

Modifications at the sugar moiety of 
pradimicins were carried out by glycosidations 
of the aglycones or chemical transformations 
of natural pradimicins and their antifungal 
activities were evaluated. Among them, some 
of the D-xylose-modified derivatives showed 
activity comparable to that of pradimicin A 
[26].  

V) Modification of the aglycone part 

Several attempts were made to modify the 
various functional groups at the aglycone of 
the pradimicin A. C-11 position was found to 
be the sole site which could be modified 
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without losing antifungal activity. Among the 
new analogues, 11-demethoxy derivative of 
PRMA, 11-O-ethyl and 11-0-fluoroethyl 
derivatives of PRM Tl showed promising 
antifungal activity comparable to that of 
PRMA [27].  

 

4. Biosynthesis of Pradimicin A 

Pradimicin A is a highly decorated aromatic 
polyketide (PK) with a benzo[a]-naphthacene 
aglycone and a number of interesting 
structural features, especially on the D and E 
rings. Two chiral alcohols are present in the D 
ring of 1, and are located at C-5 and C-6. A 
disaccharide consisting of D-xylopyranose 
and 4-methylamino-4-deoxy-D- fucopyranose 
is linked O-glycosidically to the 5-OH group. 
The two hydroxyls are in opposite 
stereochemical configurations and are both 
presumed to be installed by a dedicated P450 
hydroxylases during tailoring steps. On the E 
ring of 1, the terminal carboxylic acid is 
amidated with the nonproteinogenic amino 
acid D-alanine. Pradimicin A represents the 
only known example in which a D-amino acid 
is appended to the aglycon of an aromatic 
polyketide. The D-alanine moiety is a 
frequently used building block by non-
ribosomal peptides synthases (NRPS) and by 
NRPS/PKS hybrids as found in biosynthetic 
pathway of microcystin, daptomycin, and 
leinamycin. In these pathways, D-alanine can 
be either converted from an activated L-
alanine enantiomer by an epimerization 
domain in the NRP biosynthetic assembly line, 
or directly activated by a dedicated 
adenylation domain. But the real mechanism 
behind the attachment of D-alanine to the 
aromatic aglycone is still unknown. 

In the beginning, the biosynthesis of 
pradimicin moiety was established by 
generating mutants and isotope labeling 
experiments. This study revealed that the 

backbone of pradimicin A is originated from 
dodecaketide intermediate generated through a 
sequential condensation of 11 malonyl-CoA 
extender units and an acetyl-CoA starter unit 
[2, 3, 4, 5, 6, 7]. Few years later, few orfs has 
been identified [28] and ketosynthase subunits 
that are essential for pradimicin biosynthesis 
were identified from A. verrucosospora subsp. 
neohibisca [29]. Kim group has identified the 
complete pradimicin gene cluster (Fig. 1) of 
39-kb DNA segment containing 28 open 
reading frames (ORFs), encoding a type II 
polyketide synthase (PKS), the enzymes 
involved in sugar biosynthesis and tailoring 
enzymes as well as two resistance proteins 
[30]. The deduced proteins showed strong 
similarities to the previously validated gene 
clusters of angucyclic polyketides such as 
rubromycin, griseorhodin, and fredericamycin. 
Sequence analysis revealed that PdmABC are 
the genes involved for the minimal PKS and 
PdmD facilitated the cyclization of the A and 
B rings through C9-C14 and C7-C16 
intramolecular aldol condensations. There is a 
proposed model in which three enzymes 
PdmHKL, form a multienzyme complex that 
engulfs the cyclized B-ring and uncyclized 
portion of the polyketides chain. PdmG most 
likely acts on the C19 ketone after the 
pentangular core have been established by the 
PdmH-PdmK-PdmL trio (Fig. 1). But the 
exact mechanism behind the role played by 
PdmG is still unclear [31].Further it has been 
reported that PdmN and PdmJ as D-aminoacid 
ligase and C-5 P450 hydroxylase, respectively, 
while PdmW was deduced to be the putative 
C-6 P450 hydroxylase [32]. Still the genes 
involved in the biosynthesis and transfer of 
sugar moiety are not characterized. 
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Figure 1. Gene cluster of pradimicin

 

5. Enhancement of secondary metabolite 
from Actinomadura hibisca 

 Production of secondary metabolites 
is a process influenced by several physico
chemical factors including nutrient supply,
oxygenation, temperature and pH conditions.
These factors have been traditionally 
controlled and optimized in industrial 
fermentations in order to enhance metabolite 
production. In addition, traditional 
mutagenesis programs have been used by the 
pharmaceutical industry for strain and 
production yield improvement. The 
and-screen method of strain improvement 
leads the production of penicillin from 
Penicillium chrysogenum about 1000 folds (70 
g/l after strain improvement) starting from a 
strain capable to produce only 60 mg/l. 
impressive examples of strain improvement 
are the production of riboflavin by 
gossypii that has been improved 40,000 times 
and the production of a 100,000
vitamin B12 by Pseudomonas
[33]. 

In the present era, the development of 
recombinant DNA technology has provided 
new tools for approaching yields improvement 
by means of genetic manipulation of 
biosynthetic pathways. In general, a particular 
metabolite can be overproduced following 
different approaches: (i) altering the metabolic 
flux distribution of its different precursors, (ii) 
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mutagenesis programs have been used by the 
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he production of penicillin from 

about 1000 folds (70 
g/l after strain improvement) starting from a 

to produce only 60 mg/l. Other 
impressive examples of strain improvement 
are the production of riboflavin by Ashbya 

that has been improved 40,000 times 
and the production of a 100,000-fold excess of 

Pseudomonas denitrificans 

In the present era, the development of 
recombinant DNA technology has provided 
new tools for approaching yields improvement 
by means of genetic manipulation of 
biosynthetic pathways. In general, a particular 
metabolite can be overproduced following 

nt approaches: (i) altering the metabolic 
flux distribution of its different precursors, (ii) 

deregulating its specific biosynthetic pathway, 
(iii) increasing 

self-resistance or inducing resistance to 
several antibiotics, (iv) overexpressing 
structural genes coding for enzymes involved 
in the biosynthesis of the metabolite, (v) using 
global genetic approaches such as genome 
shuffling and (vi) by expressing the 
biosynthetic gene cluster in a heterologous 
host or an industrially optimized strain [34]. 
About 2-4 mg/l of platensimycin and 1 
platencin were isolated from 
strains [35, 36]. However, those strains are 
capable to overproduce both antibiotics at titer 
of 323 mg/l and 255 mg/l
genetic manipulation and strain impr
techniques [37].  

Actinomadura hibisca
pradimicin, which is a potent antifungal 
antibiotic. The wild-type strain produces only 
8.5 mg/l of pradimicin A under laboratory 
conditions, which in terms of the industrial 
scale is a small amount. Industrially the 
antifungal classes of antibiotics are the most 
important group of secondary metabolites. To 
improve the pradimicin production from the 
classical strain and to develop an industrial 
strain of A. hibisca, the various 
engineering approaches were applied [38] and 
the pradimicin production was enhanced upto 
approx. 6 fold [38]. Further the production of 
pradimicin was achieved in higher amount by 
engineering the antibiotic resistance system 
[39].  

Paudel and Sohng 2011 

 

deregulating its specific biosynthetic pathway, 

resistance or inducing resistance to 
several antibiotics, (iv) overexpressing 

es coding for enzymes involved 
in the biosynthesis of the metabolite, (v) using 
global genetic approaches such as genome 
shuffling and (vi) by expressing the 
biosynthetic gene cluster in a heterologous 
host or an industrially optimized strain [34]. 

of platensimycin and 1 mg/l of 
platencin were isolated from S. platensis 
strains [35, 36]. However, those strains are 
capable to overproduce both antibiotics at titer 

mg/l, respectively after 
genetic manipulation and strain improvement 

Actinomadura hibisca P1572 produces 
pradimicin, which is a potent antifungal 

type strain produces only 
8.5 mg/l of pradimicin A under laboratory 
conditions, which in terms of the industrial 

ount. Industrially the 
antifungal classes of antibiotics are the most 
important group of secondary metabolites. To 
improve the pradimicin production from the 
classical strain and to develop an industrial 

, the various genetic 
approaches were applied [38] and 

the pradimicin production was enhanced upto 
approx. 6 fold [38]. Further the production of 
pradimicin was achieved in higher amount by 
engineering the antibiotic resistance system 



Importance, biosynthesis and enhancement of pradimicin       Paudel and Sohng 2011 

 

29 

 

6. Conclusion 

Pradimicins are potent antifungal 
antibiotics produced by Actinomadura hibisca. 
In addition to broad spectrum fungicide 
Pradimicin A also acts as an effective viral 
entry inhibitor. In vitro studies revealed that 
the antibiotic is significantly more active than 
either ketoconazole or nystatin against a wide 
variety of fungi and yeasts including clinically 
important pathogens. Recent progress in 
understanding the molecular basis of 
biosynthesis and regulation of pradimicins has 
laid a framework for the optimization of this 
molecule through pathway engineering. The 
rapidly growing number of various genetic 
approaches will open the door to new more 
powerful strategies for titer improvement in 
future. Ongoing efforts to generate new 
pradimicin analogues through combinatorial 
biosynthesis hold a good promise towards 
development of a new antifungal therapeutic. 
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Abstract 
Tuberculosis (TB) is more prevalent in the world today than at any other time in human history. 
Mycobacterium tuberculosis, the pathogen responsible for TB, uses diverse strategies to survive 
in a variety of host lesions and to evade immune surveillance. The current global concern in the 
treatment of tuberculosis (TB) is the emergence of resistance to the first line drugs viz., isoniazid, 
ethambutol, pyrazinamide and rifampicin. The level of initial drug resistance is an 
epidemiological indicator to assess the success of the TB control programme. Drug resistance in 
TB has frequently been reported. A strong TB control programme and continuous surveillance 
studies employing standardized methodology and rigorous quality control measures will serve as 
useful parameters in the evaluation of current treatment policies as well as the management of 
multidrug resistant (MDR) and extensively drug-resistant (XDR) TB cases. 
 
Key words- Drug resistance, extensively drug-resistant, Mutation, multidrug resistant, 
Mycobacterium tuberculosis 
 
1. Introduction 

Tuberculosis is caused by infection with 
Mycobacterium tuberculosis, which is 
transmitted through inhalation of aerosolized 
droplets. Tuberculosis constitutes a serious 
global health problem with nearly 10 million 
new cases of tuberculosis and 1.7 million 
deaths every year [1]. Furthermore, it is 
estimated that two billion people live with 
latent M. tuberculosis infection and represent 
a potential source of future active tuberculosis 
[2]. Global control of tuberculosis can only be 
achieved through the development of effective 
vaccines, improved diagnostics, and novel and 
shortened therapy regimens [3]. 

The period between 1950 and 1970 was a 
turning point in the battle against tuberculosis: 
most of the current antituberculosis drugs 
were discovered and new therapeutic regimens 
made tuberculosis a curable disease [4]. The 
initial optimism of the tuberculosis-control 

community began to wane when drug-resistant 
Mycobacterium tuberculosis strains emerged. 
Tuberculosis strains classified as multidrug-
resistant (MDR) are those resistant to at least 
the two most potent first-line antituberculosis 
drugs i.e., isoniazid and rifampicin [5-8]. 
Extensively drug-resistant (XDR) tuberculosis 
strains are resistant to either isoniazid or 
rifampicin (like MDR tuberculosis), any 
fluoroquinolone, and at least one of three 
second-line antituberculosis injectable drugs 
i.e., capreomycin, kanamycin, and amikacin 
[5-8]. The treatment of tuberculosis becomes 
more complicated as the antibiotic resistance 
profile of M tuberculosis broadens, especially 
in the case of MDR and XDR tuberculosis. 
MDR and XDR tuberculosis are generally 
thought to have high mortality rates. Since 
these patients need to be treated with 
expensive and toxic second line drugs, and 
may require hospitalization to manage their 
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toxic reactions and other complications, they 
require a sizeable proportion of health care 
resources. In this review, we present an 
overview of drug resistance in tuberculosis. 

Drug resistance in mycobacteria is defined as 
a decrease in sensitivity to a sufficient degree 
to be reasonably certain that the strain 
concerned is different from a sample of wild 
strains of human type that have never come in 
contact with the drugs [9]. 

 

2. Types of drug resistance 

Drug resistance in Tuberculosis (TB) may be 
broadly classified as primary or acquired. 
When drug resistance is demonstrated in a 
patient who has never received anti-TB 
treatment previously, it is termed as primary 
resistance. Acquired resistance is that which 
occurs as a result of specific previous 
treatment. The level of primary resistance in 
the community is considered to reflect the 
efficacy of control measures in the past, while 
the level of acquired resistance is a measure of 
on-going TB control measures. However, the 
World Health Organization (WHO) and the 
International Union against Tuberculosis and 
Lung Diseases (IUATLD), in the light of 
discussions in several international fora, have 
replaced the term primary resistance by the 
term “drug resistance among new cases” and 
acquired resistance by the term “drug 
resistance among previously treated cases” 
[10]. 

 

3. Causes of drug resistance 

The emergence of drug resistance in M. 
tuberculosis has been associated with a variety 
of management, health provider and patient-
related factors. These include (i) deficient or 
deteriorating TB control programmes resulting 
in inadequate administration of effective 
treatment; (ii ) poor case holding, 
administration of sub-standard drugs, 

inadequate or irregular drug supply and lack 
of supervision; (iii ) ignorance of health care 
workers in epidemiology, treatment and 
control; (iv) improper prescription of 
regimens; (v) interruption of chemotherapy 
due to side effects; (vi) non-adherence of 
patients to the prescribed drug therapy; (vii) 
availability of anti-TB drugs across the 
counter without prescription; (viii ) massive 
bacillary load; (ix) illiteracy and low socio-
economic status of the patients; (x) the 
epidemic of HIV infection; (xi) laboratory 
delays in identification and susceptibility 
testing of M. tuberculosis isolates; (xii) use of 
non-standardized laboratory techniques, poor 
quality drug powders and lack of quality 
control measures; and (xiii) use of anti-TB 
drugs for indications other than tuberculosis. 

 

4. Mechanism and transmission of drug 
resistance 

Drug resistance in M. tuberculosis occurs by 
random, single step, spontaneous mutation at a 
low but predictable frequency, in large 
bacterial populations. The probability of 
incidence of drug resistant mutants is 10-8 for 
rifampicin, while for isoniazid and some of 
the other commonly used drugs it is 10-6. 
Therefore, the probability for resistance to 
both isoniazid and rifampicin to develop is 10-

14, which is much larger than the number of 
organisms present in a medium sized cavity in 
a patient with open pulmonary TB. Although 
for several years, drug resistant strains of M. 
tuberculosis were considered to be less 
infectious than the drug susceptible ones, 
recent studies have demonstrated that the drug 
resistant mutants are equally infectious and 
can cause severe disease in an individual 
exposed to the same [11]. 

 

5. Detection of drug resistance 

The conventional methods of culture, 
identification and drug susceptibility testing of 
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the isolated organism require a minimum of 
10-12 wk. Although most widely used, the 
long waiting period in obtaining the results by 
these methods may delay the initiation of 
proper treatment, resulting in the patient 
transmitting drug-resistant infection in the 
community. The use of direct sensitivity tests, 
especially to isoniazid and rifampicin has 
resulted in a saving of at least 4 wk in 
obtaining the resistance status [12]. However, 
this method is not very useful in smear-
negative and paucibacillary specimens. 
Several newer methods including molecular 
diagnostics have resulted in cutting down the 
time interval between collection of the 
specimen and the receipt of results to 2-3 wk 
or even less. However, these methods require 
considerable technical expertise and impose 
financial constraints in a routine laboratory set 
up in the developing nations. 

 

6. Drug resistant TB and mycobacterial 
latency 

Treatment of drug-susceptible (DS)-TB 
involves an initial phase of isoniazid, a 
rifamycin, pyrazinamide and ethambutol for 
the first 2 months followed by a continuation 
phase of isoniazid and a rifamycin for the last 
4 months. Up to 95% of people with DS-TB 
can be cured in 6 months with this four-drug 
regimen. 

MDR-TB is resistant to at least isoniazid and 
rifampicin, the two most important first-line 
drugs used in the treatment of TB. This may 
result from either primary infection with drug-
resistant bacteria or may develop in the course 
of a patient’s treatment when non-optimal 
treatment durations or regimens are used. Cure 
rates for MDR-TB are lower, typically ranging 
from 50% to 70%. XDR-TB is resistant to 
isoniazid and rifampicin as well as any 
fluoroquinolone and any of the second-line 
anti-TB injectable drugs (amikacin, 
kanamycin or capreomycin). It has very high 
mortality rates. Latent TB is asymptomatic 
and is not infectious; it arises upon immune 
restriction of the growth of M. tuberculosis in 
hosts. Approximately 5% (higher risk if 
immune-suppressed; for example, with HIV) 
of these patients will go on to develop active 
disease at some stage in life. The term 
dormancy is used to describe latent TB disease 
as well as a metabolic state of non-replicative 
TB bacterium. Of several environmental 
stresses encountered by the TB bacterium in 
host cells, hypoxia has been shown to induce 
non-replicative bacterial phenotypes, leading 
to tolerance towards certain drugs like cell-
wall inhibitors such as isoniazid; and lack of 
potent drug activity on these bacterial 
phenotypes may be responsible for prolonging 
the TB treatment duration [13]. 
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Group one: first-line oral antituberculosis drugs (use all possible drugs)

Isoniazid

Rifampicin

Ethambutol 

Pyrazinamide

5 mg/kg

10 mg/kg

15-25 mg/kg

30 mg/kg

Group two: fluoroquinolones (use only one)

Moxifloxacin 7.5-10 mg/kg

Levofloxacin 15 mg/kg

15 mg/kgOfloxacin

Group three: injectable antituberculosis drugs (use only one)

Streptomycin

Amikacin

Kanamycin

15 mg/kg

15 mg/kg

15 mg/kg

Capreomycin 15 mg/kg

Group four: less-effective second-line anti-tuberculosis drugs 

Ethionamide/Prothionamide 

15 mg/kgCycloserine/Terizidone 

15 mg/kg

Group five: less-effective drugs 

Linezolid 600 mg

Clarithromycin 500 mg/12 h

Daily dose

Table 1

 
7. Emerging challenges in TB treatment 

At present, MDR-TB is treated by a 
combination of eight to ten drugs with 
therapies lasting up to 18–24 months; only 
four of these drugs were actually developed to 
treat TB [14]. Such suboptimal therapy leads 
to almost 30% of MDR-TB patients 
experiencing treatment failure [15]. The 
treatment options for XDR-TB are very 
limited as XDR-TB bacilli are resistant not  

 

only to isoniazid and rifampicin, but also to 
fluoroquinolones and injectables such as 
aminoglycosides. In addition, there are serious 
side effects with most MDR-TB and XDR-TB 
drugs, including nephrotoxicity and 
ototoxicity with aminoglycosides, 
hepatotoxicity with ethionamide and 
dysglycaemia with gatifloxacin [16]. Thus, the 
current situation necessitates the immediate 
identification of new scaffolds that can 
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address emerging resistance and also demands 
the conduct of appropriate clinical trials as 
historically very few clinical studies have 
been performed to evaluate the efficacy of 
drugs in MDR-TB or XDR-TB patient groups. 
Improving the diagnostics with wider 
coverage of drug susceptibility testing will 
also help to address the high mortality of 
MDR/XDR-TB and curb the emergence of 
resistance. 

 

8. Treatment overview 

There are several basic rules for the 
management of patients with MDR or XDR 
tuberculosis. The recommended regimen is a 
combination of at least four drugs to which the 
M tuberculosis isolate is likely to be 
susceptible, although more than four might be 
necessary. Drugs are chosen with a stepwise 
selection process through five groups of 
antituberculosis drugs (Table 1), on the basis 
of efficacy, safety, and cost. The duration of 
the intensive phase of treatment (when an 
injectable drug is given) should be at least 6 
months (or 4 months after culture conversion). 
The continuation phase (without the injectable 
drug) should last until 18 months after culture 
conversion. Surgery could be considered 
under specific conditions (e.g., when less than 
four second-line drugs are available, when the 
patient has localised lesions, and when the 
patient has enough respiratory reserve to 
tolerate surgery) [17, 18]. These principles are 
the same for the treatment of both MDR and 
XDR tuberculosis, but the treatment of 
patients with XDR tuberculosis is much more 
difficult, because more patients need group 
five drugs and surgery. The panel summarizes 
(Table 1) the role of the different drug groups 
in the treatment on MDR and XDR 
tuberculosis. 

 

9. Conclusion 

In many cases, both MDR and XDR 

tuberculosis can be cured with the right 
combination of available antituberculosis 
drugs. Every case of tuberculosis, including 
those caused by M tuberculosis strains with a 
broad drug-resistance profile, can probably be 
treated if the available antituberculosis drugs 
are used rationally [19]. Several factors should 
be considered when choosing the appropriate 
drug, including availability of the drug, the 
rationale to introduce a given drug, the 
patient’s resistance profile and previous use of 
the drug, the cost of the drug, and the 
possibility of toxic adverse events. Further 
information from prospective, controlled, 
clinical trials will elucidate the true role of 
each drug, and newer formulations, in the 
treatment of MDR and XDR tuberculosis. 

Apart from a strong tuberculosis control 
programme, there is also need for better and 
more rapid diagnostic methods, a continuous 
or periodic survey of drug resistance, with an 
emphasis on internal quality control and 
external quality assessment, which will 
provide information on the type of 
chemotherapy to be used for the treatment of 
patients and also serve as a useful parameter 
in the evaluation of current and past 
chemotherapy programmes. 
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Abstract 
With the rapid growth of population, natural energy resources have been consumed sharply. As a 
result, the unhygienic issues have been raised with significant amount that causes water 
contamination, indoor and outdoor environmental pollution. Industrialization & deforestation 
also generates toxic compounds that have worst impact on human as well as animal live. In this 
regard, we need to manage two aspects: first one is to supply the consumed energy which the 
world population is lacking due to the limited natural resources; the second one is to manage the 
unhygienic materials that have adverse effects on the environment. The use of semiconducting 
metal oxide nanostructures as a photocatalyst for the degradation of environmental pollutant by 
generating the most powerful oxidizing agent i.e. hydroxyl radicals through illumination of 
visible (λ≥420nm) and/or UV-visible light as well as a photoelectrode for the conversion of solar 
energy into electrical energy would be the most effective way for the mineralization of these 
pollutant and reducing the scarcity of energy. 
 
Key words: Environmental pollution, photocatalyst, visible light, decomposition of pollutant 
 
1. Introduction  

Environmental pollution and a shortage of 
natural energy sources are the major global 
challenges for human beings. In 1972, 
Fujishima and Honda discovered the 
photocatalytic splitting of water on TiO2 
electrode [1]. This event marked the beginning 
of a new era in heterogeneous photocatalysis. 
Since then, many efforts have been employed 
in understanding the process and in enhancing 
the photocatalytic efficiency of TiO2 from the 
various realm of research. Such studies are 
often related to energy renewal and energy 
storage [2-6]. In 1991, Michael Grätzel and 
Brian O’Regan invented a solar cell of low 
cost and also known as Grätzel cells [7]. The 
Grätzel cell consists of TiO2 photoelectrode 
and is extremely promising because it is made 
of low-cost materials. Up to date, several 
strategies have been attempted to improve the 

efficiency of photocatalytic reaction using 
different kind of semiconducting materials as 
photocatalyst as well as various kind of 
sensitizers to increase the light harvesting 
efficiency. In this regard, it is significant to 
discuss about the photocatalyst for benign 
environment. We would like to highlight the 
ways by which environmental pollutants could 
be substantially oxidized and converted into 
benign substances by the process of 
photocatalytic degradation wherein light from 
the visible part of solar spectrum and/or UV 
light would be mainly employed to activate 
the process. 

 

2. Photocatalysis  

In recent years, environmental pollution has 
severe negative impacts to the humans as well 
as animal lives. Degradation of organic 
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pollutants, that have a detrimental effect on 
human lives, becomes the cynosure of 
research efforts for this scientific world. There 
are many sources which produces pollutants 
that have a adverse ecological problem 
because the bio-degradation of these 
pollutants often takes very long time and 
conventional treatment are mostly ineffective 
and not environmentally compatible. In this 
regard, application of photocatalysis, 
especially photocatalysis using semiconductor 
particulate system, appears to be the most 
promising mean than any other conventional 
chemical oxidation methods for 
decomposition of toxic compounds [8-13].

  

This is because of the fact that semiconductors 
are:  

- non-toxic,  

- low cost,  

- chemically stable  : acid or base 

- photochemical stable  : oxidation or 
reduction 

- having high surface area,  

- having broad absorption spectra with high 
absorption coefficients,  

- having ability to have multi electron transfer 
process, and  

- exhibiting tunable properties by modifying 
size or doping and/or using sensitizers, etc.  

Moreover, the retrieved semiconductor 
particles by different method or particles 
immobilized in semiconductor surface shows 
their native activity after repeated catalytic 
cycle. The general photooxidizing and 
photocatalytic properties of suspensions of 
semiconducting particles are well established 
in the literature [8-12].  

  

2.1. Photocatalytic mechanism in 
semiconductor 

Photoreactions occur on the surface of 

semiconductor photocatalyst under 
illumination of light. In absence of 
photocatalyst, photoreaction do not proceed 
on illumination of light alone. Therefore, a 
term “photocatalyst” implies photon assisted 
generation of catalytically active species. In 
the case of semiconductor material the role of 
photons (light energy) is to generate electron 

(e
−
)–hole (h

+
) pair (Scheme 1) that takes part 

in the redox reactions with the surface 
adsorbed molecules to yield the ultimate 
product(s). The photocatalytic mechanism in 
semiconductor basically involves in the 
following ways. When a photon with an 
energy hv is equivalent to or greater than the 
band gap energy (Eg=gap between valence 
band position and conduction band position) 
of the semiconductor, electrons would be 
excited from the valence band (VB) to the 
conduction band (CB) of the semiconductor 
and holes would be left in the valence band. 
These electrons and holes could undergo 
subsequent oxidation and reduction reactions 
with any species, which might be adsorbed on 
the surface of the semiconductor to give the 
necessary products. In homogeneous reacting 
system, the excited electron in conduction 
band and valence band holes can recombine 
and dissipate the input energy as heat which is 
the major disadvantage of the system. Studies 
on organized assemblies (micelles, vesicles, 
microemulsions, etc.) as a means to avoid 
electron-hole recombination have been 
reported [13-14]. Although heterogeneous 
semiconductor particulate/colloidal systems 
which act as light absorbing units provides the 
alternative way to overcome recombination 
problem. The development of effective means 
to suppress electron-hole recombination 
process is a key point for the enhancement of 
chemical conversion efficiency and thus the 

e
−
–h

+ 
generated can be used to drive chemical 

reactions. Therefore, development of efficient 
redox catalysts capable of making product 
formation more competitive against these 
recombination processes is recognized to be 
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important in this field.  

 

 

 

Scheme 1. Electron (e−)–hole (h+) pair 
formation by illuminating TiO2 
semiconductor particle (a) and electron (e−)–
hole (h+) recombination process (b).  

 

2.2. Band-gap photoexcitation  

If the photon energy of light is equivalent to or 
higher than the band gap energy of the 
semiconductor, then the excitation of electron 
occurs across the band gap and have a 
sufficient lifetime, in the nanosecond regime 
[15] for the created electron-hole pair to 
undergo charge transfer to adsorbed species 
on the semiconductor surface from solution or 
gas phase contact. Fig. 1 shows the overall 
process of the heterogeneous photocatalytic 
reactions. Upon excitation, the fate of the 

separated electron (e
-
) and hole (h

+
) can 

follow several pathways. The photo-induced 
electron transfer to adsorbed organic or 
inorganic species or to the solvent is resulted 

from migration of electrons (e
-
) and holes (h

+
) 

to the semiconductor surface. The electron 
transfer process is more efficient if the species 
are pre-adsorbed on the semiconductor 
photocatalyst surface [16]. 

 

 

 

Figure 1. Schematic photo-excitation in a 
solid followed by de-excitation events. The 
enlarged area shows the excitation of an 
electron from the valence band to the 
conduction band initiated by light absorption 
with energy equal to or greater than the band 
gap of the semiconductor. 

 

While at the surface, semiconductor can 
donate electrons to reduce an electron 
acceptor (usually oxygen in an aerated 
solution) (pathway C); in turn, a hole can 
migrate to the surface where an electron from 
a donor species can combine with the surface 
hole oxidizing the donor species (pathway D). 
The probability and rate of the charge transfer 
processes for electrons and holes depends 
upon the respective positions of the band 
edges for the conduction and valence bands 
and the redox potential levels of the adsorbate 
species. In competition with charge transfer to 
adsorbed species is electron and hole 
recombination. Recombination of the 
separated electron and hole can occur in the 
volume of the semiconductor particle 
(pathway B) or on the surface (pathway A) 
with the release of heat.  

Once the photogenerated electron-hole pair 
reaches the catalyst surface accordingly to the 
pathway C and D (Fig. 1) in water matrices 
they give rise to a series of reaction ultimately 
leading to the formation of hydroxyl radical. It 
is broadly accepted that Photogenerated holes 

CB  e-

VB  h+

hhhhνννν ≥Eg(a)

CB   e-

VB   h+

hhhhνννν ≥Eg(b)
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(h
+
) could oxidize H

2
O or -OH groups present 

on the catalyst surface giving rise to hydroxyl 

radicals (OH
•
) [17-29]. 

 

3.  Different kinds of photocatalysts  

Over the years, many semiconductors with 
photocatalytic properties have either 
thoroughly or partially been investigated 
including TiO

2 
(3.2eV), SrTiO

3 
(3.4eV), Fe

2
O

3 

(2.2eV), CdS (2.5eV), WO
3 

(2.8eV), ZnS 

(3.6eV), FeTiO
3 

(2.8eV), ZrO
2 

(5eV), V
2
O

5 

(2.8eV), Nb
2
O

5 
(3.4eV), SnO

2 
(3.5eV), and 

many others [24]. Of the semiconductors 
tested, their uses and applications, if any, vary 
depending on the individual properties of the 
photocatalyst. Among the various 
semiconductors, TiO

2 
has dominated as an 

excellent photocatalyst in terms of research, 
characterization and applications. The reason 
for widespread use of TiO

2 
comes from its 

moderate band gap and position, nontoxicity, 
high surface area, low cost, recyclability, high 
photoactivity, wide range of processing 
procedures, and its excellent chemical and 
photochemical stability. It should also be 
noted that TiO

2 
is ranked as one of the top 50 

most available chemicals.  

 

4. Strategy in enhancing photocatalytic 
efficiency 

Photocatalytic decomposition of organic 
pollutants has attracted extensive attention for 
the last a few decades, and TiO2 has been 
known as the most efficient photocatalyst 
among various semiconductors due to its 
unique characteristics in band position and 
surface structure, as well as its extended 
chemical stability. However, TiO2 can only 
utilize the photons in the UV region (λ < 380 
nm) due to its large band gap (Eg = 3.2 eV), 
which limits its practical applications in sun 

light or indoor. In order to be able to utilize 
the major portion of the solar spectrum, the 
development of photocatalysts functional 
under visible light is indispensable.  

So far, for the formation of visible-light 
photocatalysts, several strategies have been 
attempted, among which are lowering of the 
TiO2 conduction band (CB) position by doping 
transition metal ions [30-32], and elevation of 
the valence band (VB) by substituting anions 
such as N, C, S, or B to the oxygen sites in 
TiO2 [33-35]. Recently, utilization of charge 
transfer reaction by grafting metal ions onto 
the TiO2 surface has been reported [36], and it 
seems to be a notable strategy in designing 
visible-light photocatalysts. Significant 
progress has been achieved so far, but the 
visible-light photocatalytic efficiency has to 
be improved further for commercial 
applications. 

Another promising approach would be 
formation of heterojunction structure between 
sensitizer and TiO2. Basically, two different 
kinds of heterojunction can be designed 
according to the relative energy band location 
between sensitizer and main photocatalyst. 
First, the conduction band (CB) of sensitizer 
semiconductor is positioned higher than that 
of the main photocatalyst such as TiO2 
(denoted as Type-A heterojunction) as 
described in Scheme 2. 

 

Scheme 2. Injection of Photogenerated 
electrons in CdSa,   
aInter-semiconductor transfer of electron from 
CdS to TiO2 with visible light irradiation. 

TiO2

e-

e- e-

h+

hν
CdSCB

VB

Type “A” Heterojunction
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For example, metal calcogenides and 
inorganic dyes can be loaded on the TiO2 
surface to form Type-A heterojunction. Under 
visible-light irradiation, Type-A sensitizer is 
excited, and the electrons are then injected to 
the TiO2 CB. These electrons can induce 
various reduction reactions and participate in 
decoloration reaction of organic dyes [37-39], 
but the CO2 evolutions as a result of complete 
oxidation of organic pollutants are very 

difficult. Serpone et al. reported that the 
complete decomposition can also be possible 
with CdS/TiO2, but its efficiency is very low, 
because the photocatalytic reaction took place 
via complicated and lengthy steps, as shown 
in equation  
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Second, the valence band (VB) of sensitizer is 
located lower than that of the main 
photocatalyst such as TiO2 (denoted as Type-
B heterojunction) as described in  

Scheme 3. 

 

Scheme 3. Photogenerated Charge Carriers 
Transfer in Coupled Semiconductorsb   
bInter-semiconductor hole transfer between 
FeOOH & TiO2 with visible light irradiation. 

(Note that band positions are for reference 
only and not drawn in scale) 

 

With irradiation of visible light, the electrons 
in the VB of sensitizer are excited to its CB. 
Thereby the VB of sensitizer is rendered 
partially vacant, and the electrons in the VB of 
TiO2 can be transferred to that of sensitizer. 
As a result, holes are generated in the VB of 
TiO2, and in turn they initiate various 
oxidation reactions. Considering the 

powerful oxidative ability of the holes located 
in the VB of TiO2, efficient and complete 
oxidation of organic compounds is expected 
with Type-B heterojunction structure under 
visible-light. However, only a few systems, 
utilizing the hole transfer between sensitizer 
and TiO2, were reported so far, because it is 
hard to find appropriate sensitizers whose VB 
is lower than that of TiO2. So far, WO3/TiO2, 
FeTiO3/TiO2, FeOOH/TiO2, Bi2O3/BiOCl and 
Bi3O4Cl/BiOCl heterojunction systems have 
been reported as Type-B heterojunction 
effective under visible-light irradiation [40-
42]. Notably, FeTiO3/TiO2 heterojunction 
formed by FeTiO3 nanodisk and TiO2 
nanoparticle was reported to exhibit 
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comparable photocatalytic efficiency as 
typical N-doped TiO2 [40]. 

 

5. Measurement and evaluation of 
photocatalytic activity  

The visible light photocatalytic efficiencies of 
the prepared photocatalytic samples were 
estimated by monitoring the decomposition  

 

of gas-phase 2-propanol (IP). An aqueous 
suspension containing 8.0 mg of prepared 
photocatalyst (or other photocatalysts) was 
spread on a 2.5×2.5 cm2 Pyrex glass in a film 
form and subsequently dried at room 
temperature. The gas reactor system used for 
this photocatalytic activity has been shown 
(Fig. 2).  

 

 

 

 

Figure 2. Schematic diagram of gas reactor system along with photograph (right bottom) 

 

The net volume of the gas-tight reactor was 
200 mL, and the photocatalytic film was 
located at the center of the reactor. The entire 
area of the photocatalytic film (2.5 cm×2.5 
cm) was irradiated by a 300 W Xe lamp or 
300 W solar simulator through a UV cut-off 
filter (λ<420 nm, Oriel) and a water filter to 
cut-off IR spectrum. After evacuation of the 
reactor, 1.6 L of the IP diluted in water (IP: 
H2O = 1:9 in volume) was injected into the 
reactor. The initial concentration of gaseous IP 
in the reactor was maintained at 117 ppm in 

volume (ppmv). Thus the ultimate 
concentration of CO2 evolved, with all of the  

IP decomposed, would be 351 ppmv, as shown 
in the following equation: 

 

2 (CH3)2CHOH (g) + 9 O2 (g) →  6 CO2 (g) 
+ 8 H2O (g)                (6) 

The total pressure of the reactor was then 
increased to 750 Torr by the addition of 
oxygen gas. Under these conditions, the IP 
and H2O remained in the vapor phase. After a 
certain duration of irradiation, 0.5 mL of the 
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gas in the reactor was automatically picked up 
and sent to a gas chromatograph (Agilent 
Technologies, Model 6890N) using an auto 
sampling valve system. For CO2 detection, a 
methanizer was installed between the GC 

column outlet and the FID detector.  

Photocatalytic activity was evaluated in term 
of remnant 2-propanal as well as evolution of 
CO2 as a function of irradiation time (Fig. 3a 
and 3b).

  

Figure 3. Evaluation of photocatalytic activity in terms of (a) remnant 2-propanol (b) evolution 
of CO2 

 

Second, for the evaluation of photocatalytic 
activity in solution phase, 50 mg of the 
prepared photocatalyst was dispersed in 50 
mL of 50 mM model organic aqueous solution 
by magnetic stirring. The remnant model 
organic compound after the irradiation of 
visible light was analyzed from its 
characteristic absorption peak detected by UV-
vis spectrophotometer. 

 

6. Conclusion and further work  

Semiconductor photocatalysis appears to be a 
promising technology which has a number of 
applications toward environmental clearance 
such as air purification, water disinfection, 
hazardous waste remediation, and water 
purification. In addition, for the utilization of 
major portion of the solar spectrum and/or for 
complete mineralization of pollutant 
substances, the development of photocatalysts 
functional under visible light is indispensable.  
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Abstract 

TOPMODEL was applied in upper Bagmati River Basin. DEM, soil, landuse and other spatial 
data were analyzed using GIS. To account for spatial variability of precipitation, climate and 
landuse, the entire basin was divided into nine number of sub-basin and the model was run 
separately for each basin. Other computer codes have been developed for computing 
evapotranspiration and channel routing.  

Less sensitive or physically based parameters were directly measured from topographic map and 
soil map using looked up table, where as more sensitive parameters like transmissivity (ln(T0), 
exponential decay coefficient (m) to each sub-basin were estimated by manual iterative method. 
Both subjective and objective methods are applied to test the goodness of fit of simulated 
hydrographs to observed hydrographs. The results are satisfactory with Nash efficiency as much 
as 84.8% in calibration and 82.5% in validation. The annual peak, monthly average stream flow, 
and monthly high and low flow simulation using the model is relatively good. Most part of Nepal 
are steep sloped, densely vegetated and receives large amount of frequent precipitation and hence 
TOPMODEL assumptions are valid to most of the catchments of Nepal. The limited available 
resources used to achieve these results showed that TOPMODEL will be applicable in medium to 
large catchments of Nepal. 

Keywords: TOPMODEL; GIS; DEM; Nash efficiency; hydrographs; Nepal. 

 

1. Introduction   

The traditional models are lumped models, 
which give the spatially averaged condition of 
the basin. The parameters of lumped models 
have no physical meanings and cannot be 
easily derived from the measurable properties 
of a basin. With the advent of GIS, spatial 
analysis is possible. Further, most of the 
physical parameters can be measured directly. 
Therefore application of distributed or semi-
distributed watershed models in hydrologic 
analysis has made possible to understand 
processes or mechanisms involved in runoff 
generation [1]. 

 

Conceptual models are easier to apply because 
their model structure is simpler and their data 
requirements are lower. TOPMODEL is a 
semi-distributed conceptual hydrological 
model. TOPMODEL has achieved some 
popularity as it provides computationally 
efficient prediction of distributed hydrological 
responses with a relatively simple framework 
through the use of DEM. Originally the model 
was used in hydrological analysis to estimate 
runoff from catchments. TOPMODEL concept 
has now been applied in wide variety of 
problems like catchment management, forest 
management, hill slope stability analysis, 
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pollution study; all those process related to 
occurrence and movement of surface water, 
sub-surface water, ground water and variable 
source area [2].  

Most of the distributed hydrological models 
require large set of data. Further, model 
accuracy depends largely upon how accurately 
the model parameters are derived. As most of 
the parameters of fully distributed models 
cannot be derived accurately, the distributed 
models will generally give poor result [8]. On 
the other hand TOPMODEL requires only 9-
12 numbers of parameters and most are related 
with the physical characteristics of a 
watershed, such as soil, land use and 
topography.  

Most of the previously used models were 
event based models. The continuous 
hydrological model explicitly accounts for all 
the components of hydrological cycle and 
continuous models are suited for simulation of 
hourly, daily, monthly or seasonal stream-flow.  
The major added advantage of a continuous 
model like TOPMODEL over other event 
based model is that it is equally applicable in 
studying draught or low flow conditions [1, 3].  

Information regarding floods, draught, dry 
season flow, base flow component, runoff 
response of a stream, etc is necessary for 
every water sector planning, management and 
development [4]. So, in this regards a 
computationally simple and low data 
demanding conceptual model, TOPMODEL, 
can be used. In light of this background an 
attempt has been made here to study rainfall 
runoff process using a semi-distributed 
hydrological model, TOPMODEL, in the 
Upper Bagmati River Basin and test its 
applicability. 

 

2. Study Area and Data 

The Bagmati River Basin is selected as the 
study area. The basin covers three distinct 

latitudinal physiographic zones: Mountain, 
Siwalik and Terai of Nepal. The location of 
the basin is shown in Fig.1. 

 

 

 

 

Figure 1. Location of Bagmati Basin above 
Pandhera Dovan 

The data required for running the model were 
collected from the different sources. The type 
of data and their sources are given in Table 1. 
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Table 1 Data used in the study 

Data Type Resolution Source 

DEM 100m Sq. Grid, 
1m Vertical 

STRM, U.S.A. 

Soil & Landuse 100m Sq. Grid Bagmati Watershed 
Manag. Project, Nepal 

Hydro-
meteorological 

Average daily DHM, Nepal 

   

3. TOPMODEL Background 

TOPMODEL (Beven & Kirkby, 1979) is a 
conceptual variable contributing area based 
upon the local saturation deficit.  The model 
is best suited for small to medium catchments 
with shallow soils and moderate topography 
which do not suffer from excessively long dry 
periods. The spatial distribution of the 
topographic index is the base for this 
modeling and this index is defined as: 
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Where aj is the upslope contributing area per 
unit contour length for each cell j and tanβj 
is the local ground slope, quantitatively 
captures the effect of topography. The 
following fundamental assumptions were 
made in deriving the theory: 

1. The local hydraulic gradient is parallel to 
the topographic slope and points with 
same value of topographic index will 
respond in a hydrologically similar way. 

2. The dynamics of saturated zone can be 
approximated by successive steady state 
representation and the local transmissivity 
follows the negative exponential law vs 
saturation deficit Si: 

)/exp(0 mSTT ii −=  

 

In TOPMODEL the rainfall-runoff process is 
hypothesized on the basis of 3 storage 
reservoirs. Homogeneous infiltration excess 
runoff (Horton overland flow) will be 
generated through the interception reservoir 
whenever the rainfall rate is greater than soil 
infiltration capacity [4]. The infiltrated water 
will first fill the root zone reservoir, depleted 
due to ET. The excess rain will then fill local 
unsaturated zone reservoir and recharge the 
local saturated zone reservoir.  As the 
catchment receives more and more water, the 
local ground water table will rise and touches 
the ground surface (local saturation). Rain 
directly falling onto these saturated surfaces 
will generate saturated overland runoff [5].  

Thus in TOPMODEL, the surface 
heterogeneity is represented by topographic 
index.  

The storage deficit Si for each homogeneous 
class i is given by: 

)( ii mSS λλ −+=  

Where  S is mean storage deficit; λ is average 
topographic index and λi is local topographic 
index. 

At place where Si ≤0 any further precipitation 
generates saturated surface runoff. In other 
words, if λ* is the value of λ that produces Si 

=0, then all points with λ≥λ* are in a saturated 
condition. 

For each time step, a continuity equation is 
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applied so that the new storage deficit will be: 

[ ]111 −−− −+= tttt QvQbSS  

Where St is the storage deficit at time t; St-1 is 
storage deficit at previous time step; Qbt-1 is 
base flow in the previous time step and Qvt-1 is 
unsaturated zone recharge in the previous time 
step. 

The recharge is defined by: 
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Where αi is the fractional area of the ith 
wetness area, SUZ is unsaturated zone 
storage; ∆t is simulation time step and TD is 
the residence time in the unsaturated zone. 

The base flow Qb is defined by: 
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Where Q0 = T0 exp(-λ) is the discharge when 
the catchment is saturated. 

In the first time step, the mean storage deficit 
is 
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Where Q0 is the initial discharge (observed 
flow) at first time step. 

In the TOPMODEL, root zone reservoir can 
be depleted through the following equations: 








 −=
SRMAX

SRZ
EE pa 1  

Where, Ea is the actual evapo-transpiration; Ep 
is the potential evapo-transpiration; SRZ is the 
root store deficit and SRMAX is the 
maximum root zone deficit. 

 

4. Methodology 

In this study distributed version of 

TOPMODEL (TMOD9502) was applied to the 
Upper Bagmati River Basin. GIS tools were 
used for topographic analysis and preparation 
of input data needed for TOPMODEL. To 
account for spatial variability of precipitation, 
climate and landuse, the entire basin was 
divided into nine number of sub-basin and the 
model was run separately for each basin. The 
data required for running the model and 
visualizing the result in TOPMODEL includes 
topographic index distribution, distance-area 
hyetograph showing percent area and their 
corresponding distance from the outlet, 
catchment area, simulation interval, basin 
average precipitation, basin average potential 
evaporation, observed runoff hydrograph at 
the outlet and optimized sets of simulation 
parameters [6]. 

DEM and other spatial information like 
location of meteorological station, landuse 
map, soil map were analyzed using GIS. The 
hydrological similar units (topographic 
indices) were obtained from DEM after 
running topographic index calculator 
(GRIDTAB) program. All the processed data 
were further utilized in running the 
TOPMODEL. The aerial coverage of each 
rain-gauge was determined by generating 
thessien polygon which was then used to 
derive basin average precipitation in each 
subcatchment.  

The model was calibrated and then validated 
using the observed discharge from two 
gauging stations. Less sensitive or physically 
based parameters were directly measured from 
topographic map and soil map where as more 
sensitive parameters like transmissivity 
(ln(T0), exponential decay coefficient (m) 
were estimated by manual iterative method to 
each sub-basin. The objective of the manual 
calibration is to improve runoff hydrograph 
and increase objective functions like Nash 
efficiency, correlation coefficients etc. By 
linking runoff hydrograph from each basin 
through a hydrological routing program, the 
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final simulated discharge at the outlet was 
obtained. Other computer codes have been 
developed for computing potential 
evapotranspiration (PET) and channel routing.  

 

5. Result and Discussion  

In this study, in order to account for both 
spatial and temporal variability, the entire 
basin has been divided into a total of nine 
numbers of topographically similar 
subcatchments and hydrological analysis for 
each of the subcatchment was performed 
separately.  The model was run for daily 
rainfall runoff data. Runoff from each of the 
subbasin was estimated and the Muskingum-
Cunge hydrological routing was used to obtain 
runoff hydrograph at the outlet. 

5.1  Model Calibration and Verification 

The model was calibrated using 1997 and 
1998 daily rainfall-runoff data. The initial 
value and possible ranges of each parameter 
was determined and iterative manual 
calibration technique was used in estimating 
model parameters. The model was calibrated 
by varying mainly four parameters m, ln(T0), 
Srmax and Chvel. 

Fig. 2 and 3 shows the observed and simulated 
hydrographs. The Nash efficiency and 
correlation coefficient was found to be 84.8% 
and 92.56% respectively.  

 

Figure 2. Observed and estimated daily 

rainfall-runoff hydrograph at 
Pandheredobhan (calibration-1997). 
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Figure 3. Observed and estimated daily 
rainfall-runoff hydrograph at Pandheredobhan 
(calibration-1998). 

The model was again run using calibrated 
parameters. The procedure applied in model 
verification was same as that applied in model 
calibration. Fig 4 and 5 shows the observed 
and simulated hydrographs. The Nash 
efficiency was again 82.5% as compared to 
the calibrated efficiency of 84.8% and the 
correlation coefficient was found to be 
92.45%. Hence the verification of model 
showed that the parameters are correctly 
estimated and TOPMODEL was able to 
represent the hydrological process in Bagmati 
River Basin for all the cases.   

 

Figure  4. Observed and estimated daily 
rainfall-runoff hydrograph at Pandheredobhan 
(validation-2001). 
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Figure 5. Observed and estimated daily 
rainfall-runoff hydrograph at Pandheredobhan 
(validation-2002). 

 

5.2 Hydrograph Simulation 

The model simulated high flow satisfactorily. 
This shows that the physical process involved 
in the generation of high flows has been 
sufficiently captured by the model. The runoff 
hydrograph shows that the recession end of 
simulated runoff after heavy precipitation 
event is greater than the observed runoff. This 
is either because the decrease in ground water 
table was more gradual, or because of the 
effect of resolution of DEM, as the average 
value of topographic index increases, and 
ranges of topographic indices decreases with 
the degree ofcoarseness.  

Peak flow, other than the annual maximum 
peak, is generally less than the observed peak. 
This is because coarse DEM (hor. resolution 
100m & ver. resolution 1m) has been used. 
Also the numbers of raingauges are usually 
less and most of them lie outside the basin. 
The model’s inability to represent distributed 
rainfall pattern within the catchment might 
also have had some impact on the simulated 
peak flow [7].  

 

 

 

 

Table 2 Statistical analysis of the simulation 
for calibration year 1997, 1998 

Observed average flow (m3/s) 148.13 

Modeled average flow (m3/s) 151.73 

Nash efficiency 84.80% 

Correlation coefficient 92.56% 

 

Table 3 Statistical analysis of the simulation 
for validation year 2001, 2002 

Observed average flow (m3/s) 138.55 

Modeled average flow (m3/s) 144.42 

Nash efficiency 82.5% 

Correlation coefficient 92.45% 

 

From calibration and validation it was found 
that, in TOPMODEL, rainfall after long dry 
period generally does not produce overland 
runoff. But in nature, in almost all cases, an 
overland runoff is generated after rainfall.  
One of the reasons for this could be that all of 
the assumptions in deriving TOPMODEL 
theory may not be valid for the catchment 
being studied.  

In well vegetated steep sloped catchments 
infiltration excess runoff is negligible and 
overland runoff will be generated after surface 
becomes saturated. So, water stored in root 
zone and saturated zone reservoir is depleted 
to satisfy ET and baseflow. If rainfall occurs 
after long dry period, then large proportion of 
rain (infiltrated water) is used to fill root zone 
deficit. In some cases, the amount of rainfall is 
even not sufficient to fill the root zone deficit 
completely. In such cases the rainfall has no 
effect on runoff generation except in 
increasing loss of water due to ET. Rain in 
excess of root zone deficit fills the unsaturated 
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zone deficit and recharge ground water table. 
But, recharge is negligible in comparison to 
the local saturation deficit and only small 
proportion of area may be under saturated 
condition. Hence, infrequent rain generally 
generates less overland runoff.  

It was found that time to peak matches but 
estimated peak was less than observed peak. 
This was mainly due to the inability of 
TOPMODEL to incorporate spatial variability 
in rainfall and ET. A single value basin 
average temporal rainfall-runoff data may not 
be able to estimate hydrologic responses 
properly [2]. Also, temporal variation in soil 
parameters given by the 

relation, 









=

m

s
ToTz exp  are always not 

correctly explained by exponential decay 
coefficients (m) [1, 4]. 

 

6. Conclusion 

From rainfall runoff modeling using 
TOPMODEL, the following conclusions are 
drawn. 

� To match the long dry season’s base flow 
and excessively high flow during monsoon, 
the exponential decay coefficient, m, was 
set at higher value and transmissivity, ln 
(T0) was kept low. Small ln (T0) and large 
m resulted saturated overland runoff 
during heavy precipitation event and 
complete infiltration and subsequent rise 
in subsurface water table during light 
precipitation event. 

� The time to peak after minor rainfall, 
generally orogaphic precipitation, did not 
match properly with the observed peak 
time. This was due to the inability of 
TOPMODEL in handling spatial 
variability in rainfall, because in real case, 
rainfall within the catchment is not 
uniform.  

� The performance of the model is judged 
subjectively with reference to how 
accurately the model is able to simulate 
high flow, low flow or draught conditions, 
monthly and annual average runoff. This 
study shows that TOPMODEL is able to 
estimate these quantities with fair accuracy 
(Table not shown). Hence TOPMODEL 
can be applied in rest of the springfed 
catchments of Nepal.   

It can be concluded that TOPMODEL 
simulated rainfall-runoff process in Bagmati 
River Basin satisfactorily. The model is simple 
and superior to traditional conceptual models 
because in TOPMODEL it is possible to 
understand physical process in a better way 
and it can relate the effect of topography in 
runoff generation. Most part of the Nepal are 
steep sloped, densely vegetated, receives 
frequent precipitation and most of the rivers 
are springfed and hence TOPMODEL 
assumptions are valid to most of the 
catchments of Nepal.  Limited resources used 
to achieve these results show that 
TOPMODEL is applicable in catchments of 
Nepal. The main drawback of TOPMODEL 
lies in its inability in handling spatial 
variability of rainfall, ET and other distributed 
parameters. The lack of considerations of 
spatial variability of temporal inputs may 
yield poor result, especially, if the size of the 
catchment is large.  
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Climate change is the variance of statistics of 
the weather parameters over periods of time 
that range from decades to millions of years. 
The average warming of Global temperature is 
0.74°C per 100 year [1]. The average warming 
of temperature of Nepal is 0.06°C per year [2]. 
The (70-85)% of rainfall occur in the monsoon 
period only (June, July, August, September) 
and (30-15)%  rainfall occur in the remaining 
8 months [3]. 

 

 
 

Figure1. Topographical cross-section of Nepal 
(S-N) [4] 

 

The primary energy output (91%) of Nepal is 
based on the Hydropower. The maximum 
numbers of hydropower plants are based on 
the Run-of-river. If there is a variation in 
rainfall pattern, then it directly affects on the 
energy productions [5, 6]. Climate change 
plays a deterministic role for the feasibility of 
hydropower projects. Climate change 
projections show the significant change in 
rainfall and temperature could affect runoff. 
The variation of runoff could affect not only 
hydropower plant performance but also impact 
on the entire watershed management.  

 

 
 

Figure 2. Spatial distribution of mean annual 
maximum temperature trends in Nepal for the 
period 1977 to 1994 [2]. It shows that high 
warming trends in most Himalaya and middle 
mountain regions. Low warning or constant 
temperature trend in most of Terai and Siwalik 
regions. Warming is not due to urban effects 
or local land use in Himalaya region. 

Seventy percent of the worlds freshwater are 
frozen in glaciers. Beside the polar caps, the 
Himalayas have the largest assemblage of 
glaciers. That is why, Himalayas are called the 
“Water Tower of Asia” and coverage area of 
33,000Km2. Himalayas provide the large 
amount of water around 8.6 × 106 m3 of water 
annually [4, 7]. Glacial melt will affect 
freshwater flows with significant adverse 
effects on the hydropower production. The 
most of big hydropower plants are in the 
perennial river. The main problem of the 
energy crisis is in the winter seasons rather 
than monsoon seasons. The glacier melting 
trend is changed by the climate change  that 
leads the decrease in the generation of 
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electricity. Hence, that the energy crisis is 
going to be more vulnerable in the winter 
seasons. 

 

Impact of temperature increase in Hydropower 
production: 

− Retreat of Glacier lakes in the Himalayan 
region which are grater then 3200 in Nepal 
only. Retreat of the Glacier lakes causes 
the decrease the quality & amount of water 
in the river, also decreases the production 
of energy. 

− Glacier lake outburst floods (GLOFs) is 
author of disaster for the different 
structure of hydropower plants.  

− Reduction of Snow-cap area and 
decreasing the precipitation in winter 
season decreased the amount of water on 
stream in the winter seasons and increases 
the energy price.  

− Variation in intensity of rainfall & 
changeable durations of rainfall in 
monsoon period will difficulties on the 
energy production and forecast. 

 

Solutions 

− Establishing the storage hydropower plant 
instead of run-of-the-river hydropower 
plant. 

− Decreasing the emission of the green 
house gases, which are the main causes of 
increased temperature? 

− Use sound optimization methods for 
designing the hydropower plants 
considering climate change impact. 

− Establish the Hydropower plant where the 
climate changes less influence regions. 

− Water restoration will be the one solution 
for more energy production. 

− Establishing the numbers of fuel cells, and 
solar energy, for the alternative of 
hydropower. 

− Used the Coordinated Multi-Reservoir 
Operating Model (CoMOM) in the 
different river basins as soon as possible to 
optimize the water used in different 
sectors. 

 

Conclusion  
In the Himalaya region, warming is not due to 
urban effects or local land use which shows 
that the regional-scale or global temperature 
effects. The climate change impact on the 
performance of hydropower due to the 
quantity of water directly varies with the 
rainfall and temperature. If there is no 
adaption of climate change, while designing 
the hydropower plants, then the vulnerability 
will going to increase severely in the near 
future. 
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Abstract 
 
This socio-economic study was done in Phuyals community of Mulpani VDC of Kathmandu 
district in 2005. Their main source of income is potato and cropping system is potato based. 
However, their improvement in socio-economic condition has not yet been studied. Hence, this 
study was carried out to know the impact of potato in their socio-economic condition and 
knowledge, practice, women role, problem and constraints in potato farming. From this study, 
real socio-economic conditions of the farmers could be understood that are significantly 
important in future for comparing and making strategies toward dynamic improvements. 
Result showed that Phuyals were professionally farmers and were intact in potato farming 
because of higher income compared to other field crops. But they were not found conscious with 
seed potato, which is an important factor to increase production. The women’s role in potato 
farming was encouraging. Their consumption rate of potato was 208 g/person/day. Due to 
intensive cultivation and lack of proper crop rotation, disease and insect pest were increasing 
continuously. However, by adopting improved technologies, they were increasing production but 
market price fluctuation has disturbed them on production strategies.  

 
Key words: Socio-economic condition, potato 
farming, Phuyal 
 
1. Introduction 

Potato is one of the important food crop in 
Nepal. At present potato ranks fifth position in 
area, fourth in total production and first in 
productivity compared with the main staple 
food crops of rice, maize, wheat and millet [1]. 
It plays an important role in the daily diet of 
Nepalese people as a staple food in high-hills 
and as an important vegetable in the mid-hill 
and plains. So, it is an important crop for both 
producers and consumers [2]. Potato farming 
contributes to not only the indispensable food 
items in the regular diet but also to 
employment.  

Potato farming is comparatively a labor-
intensive and profitable enterprise than other 
food crops, which can generate stable  

 

 

 

employment with adequate remuneration. This 
was proved from the adoption by the 
particular group of people (Phuyals) since 
time immemorial. Phuyals are originated from 
Fuyu village, Jumla. Here in Mulpani VDC of 
Kathmandu district, they have been living 
since Malla ruling period. There are 180 
houses in Ward nos. 5, 6, 7, 8 and 9. They 
have initiated potato farming since 70 years 
back due to suitable land and climate. They 
have selected potato as a cash crop since 1967. 
They are laborious, practical and early 
adopters, however, their knowledge, skill, 
capabilities and economic condition are not 
fully known yet. There is lack of information 
regarding the structure of socio-economic 
group of farmers and their need in relation to 
potato farming.  
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This study was done to find out the socio-
economic status, women’s role in agriculture 
and problems faced in agriculture by Mulpani 
potato growers and to explore the production 
areas, production groups, their knowledge, 
practices, problems and constraints that work 
as a bench mark for further users.  

The socio-economic condition of Phuyal is the 
reflection of their knowledge and practices 
gained through the experience of several 
generations in the course of time. The potato 
based farming system they gained through the 
experience has played the crucial role in terms 
of sustainable development and natural 
resource management. However, their 
knowledge and practices in potato farming 
have not yet been studied.  

This research has focused on the description 
of socio-economic condition of Phuyals in the 
potato farming. It describes the knowledge 
and practice of Phuyal farmers in potato 
farming along with women’s role in it.  

 

2. Research method 

To study the socio-economic condition of 
Phuyals in potato farming, various literatures 
showing important model approaches for the 
purposes were extensively reviewed. The 
livelihood development generated from potato 
farming was an important part of the study. 
Women’s role in agriculture development is an 
important aspect, hence their participation in 
various aspects in farming were also reviewed 
to justify the study.  

 

2.1. Rational of the selection of study area 

The Ward nos. 6, 8 and 9 of Mulpani V.D.C. 
were selected for the purpose of study because 
about 70 percent of the population were 
Phuyals e and were growing potatoes. There 
was availability of transportation and 
marketing facilities along with the agricultural 
services from government side.  

 

8 and 9 of Mulpani VDC. These three wards 
were selected purposively for the study 
because of large population of Phuyals 
inhabitant. From total 130 households of 
Phuyal in three wards, 30 households were 
selected randomly under the sampling. 

 

2.2. Data Processing and Analysis 

Since data were qualitative and quantitative, 
these were analyzed and presented in proper 
way.  

 

3. Description of study area 

Mulpani is one of 56 VDCs of Kathmandu 
district. It lies at 1325-1380 msl altitude [3].  
Most part of this VDC is river belt area of 
Manohara river and also this river is a 
demarcation between Mulpani VDC and 
Bhaktapur district in the east.  

The larger part of the area was irrigated. 
Potato covered 20 ha area out of 174 ha of 
cultivated land in the VDC [4]. Most of the 
river belt areas were covered by potato and 
other vegetables crops during autumn and 
spring season and with paddy during summer. 
Winter is cold and dry, less rainfall whereas 
summer is hot with frequent rainfall by 
monsoon. The main source of irrigation of in 
this VDC is Manohara river and ground water. 
The maximum temperature recorded is 33°C 
in summer and minimum temperature up to -
1°C during winter night. The average rainfall 
is 300 cm where 80% rainfall is received 
during monsoon season (Asadh to Asoj, i.e., 
mid-June to mid-October). Most of the soil in 
potato growing areas is alluvial having more 
sand and silt. Soil sample analyzed data in 
2005 showed that soil is acidic with medium 
level of nitrogen and organic matter content 
and high level of phosphorus content. The 
total population of the VDC was 5880 with 
1148 households distributed in 24 major 
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residential areas. 94 percent male and 75 
percent were literate [5].  

 

4. Data analysis and presentation 

The socio-economic information collected 
from semi-structured interview, key informant 
interview, group discussion and observation 
were placed in five sub topics; i.e. social 
aspect, economic aspect, knowledge/practice 
aspect, participation aspect and women’s role 
aspect. Information were placed in sequential 
order and analyzed logically.  

 

4.1. Demographic structure of selected 
households 

Highest percentage of heads was in the age 
group of 41-59 followed by the age group of 
31-40. Household head of between 41-50 
years share 40% and 31 to 40 were 30%. 
Majority of family members are between 16-
30 years that is equivalent to 29.9%. What is 
the percentage of population below 16 and 
above 59? Average family size was 5.8 
persons per family. Age group of 16-60 years 
that constituted 66.1% was productive and 
directly correlated with the potato cultivation.  

 

4.2. Social Aspect 

Education 

The literacy was 93.3%. Among educated 
groups, majorities were found literate  up to 
college level.  

Market 

Phuyal farmers mostly sale their produce to 
local village level middle men that constituted 
two third and the rest to Kalimati wholesale 
market, even though they knew the middle 
men in the village level were not giving good 
price as in Kalimati market. If the farmers 
could keep at least one month for spring 
harvest in their house and sale to the market, 

they could fetch very good price but main 
problem was Potato Tuber Moth (PTM) attack 
and lack of handling after harvest.  

Health 

Two families (6.6%) of Phuyal consumed <1 
kg potato/day/family. However, 15 families 
(50%) was found consuming 1-<1.5 kg 
potato/day/family followed by 12 families 
(40%) consuming 1.5-<2.0 kg/day/family and 
one family (3.4%) consuming 2 kg potato/day. 

Housing 

66.7 percent households had pucka houses and 
the rest have katcha houses. Out of 30 
households, 7 households were constructed 
from potato farming. 

Professional Change 

90 percent Phuyals were growing potatoes for 
commercial purpose whereas only 10 percent 
Phuyals were diverting towards service. 

Institutions 

There were Manohara farmer’s field school 
group, one women group and two agro vet.  

Land holding size 

Farmers having 15-20 ropanies of land are 3.3 
percent followed by 6-10 ropanies (26.7%), 
11-15 ropanies (23.3%), respectively. Phuyal 
farmers mostly had less than 20 ropanies land 
but they produced more per unit area by hard 
labor.  

Farmers grew potato in irrigated land twice a 
year. 67.9 percent land held by Phuyal 
community was irrigated that is called Khet 
land and the rest 32.1 percent was non 
irrigated known as bari land. 43 percent 
households had in the range of 6-10 ropanies 
irrigated land that was in average 7.8 ropanies. 

Source of income 

Forty percent households had potato + other 
crop+ livestock as source of income followed 
by potato+ other crop+ livestock+ service 
(13.3%). 43.3 percent households had been 
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utilizing the potato income for sending their 
children to the boarding school otherwise they 
had to educate in ordinary government school. 
83.3 percent reported that autumn crop is 
more important for upliftment of socio-
economic condition. For the management of 
off-season potato planting, Phuyal cultivate 
early maturing paddy crop.  

Source of seed 

15 farmers used own seed as a source of seed 
tubers whereas 14 farmers bought seeds from 
seed producer groups especially from Nala 
and one farmer used local seed. 29 household 
heads out of 30 did not know about seed plot 
technique for quality seed production. They 
were growing old varieties were heavily 
degenerated. 

Pesticide application 

29 households out of 30 sprayed 6-10 times 
fungicide in a autumn crop for controlling late 
blight disease whereas in spring crop it was 
less than five sprays. Their cropping pattern 
was potato-potato-paddy. 

Women’s role 

20 household heads (67%) told that women’s 
role was encouraging, 3 households very 
encouraging and 17 households reported 
satisfactory. In seed related issues in 20 
households (67%) decision was made by male. 
Likewise in fertilizer issue in 22 households 
(73%), tool related 16 households (53%), 
market related, in 29 households (97%) 
whereas for cultural practices in 26 
households (87%) decision was made by 
female. 

5. Conclusion and recommendation 

Phuyals are professionally farmers and are 
intact in potato farming because of getting 
higher income as compared to other field 
crops. The education level of the Phuyal 
household heads are very good, mostly college 
level. All the household heads expressed that 
education is basic need for better potato 

farming. If they are given training on potato 
cultivation they will easily adopt the new 
technology. Phuyal farmers were not found 
conscious with seed potato which is an 
important factor to increase production. The 
women’s role in potato farming was found 
encouraging. However, their access to 
decision making power and properties were 
weak. They were found very optimistic in 
potato production even they said potato 
cultivation is gambling, sometimes profit and 
sometimes loss. Potato consumption per day 
was 208 g/person that was higher than the 
average. Phuyal farmers grow major potato 
and followed by paddy, wheat, maize, and 
vegetables. Age group has very important role 
in potato farming because very old and 
children cannot work in the field. If the 
farmers can keep at least one month more 
from spring harvest in their house and sale to 
the market, they can fetch very good price but 
main problem was found on potato tuber moth 
(PTM) attack and lack of handling after 
harvest.  

 
6. References 
 
[1] APSD., 2009. Statistical information on 

Nepalese agriculture. Agri-Businee 
Promotion and Statistics Division, 
Ministry of Agriculture and Co-operatives. 
Singh Durbar, Kathmandu, Nepal. 

[2] Shrestha, S.L., Khatri, B.B. 2000. Specific 
gravity and dry matter content of some 
local cultivars of potato in Nepal. Nepal 
Agri. Res. J. 3, 102−106. 

[3] CSR. 2003. Community Survey Report. 
Mulpani VDC, Kathmandu, Nepal. 

[4] DADO. 2003. Annual Progress Report. 
District Agriculture Development Office. 
Kathmandu, Nepal.  

[5] KTM DDC. 2004. Kathamandu district 

profile. District Development Committee, 

Kathmandu, Nepal. 



SONSIK JOURNAL, VOL3,  PP 64-71 2011 

 

Basnet, P. 
� debha07@yahoo.com 

Review

An analysis of Urbanization trend, pattern and policies in Nepal 
 

Basnet, Prabha* 
Dept. of Public Administration, #409 Building #9, 

Inha University # 253 Yonghyun-dong, Nam-gu, Inchoen 402-751, Korea 
 
Abstract 
Urbanization is increasing in both the developed and developing countries. However, rapid 
urbanization, particularly the growth of large cities, and the associated problems of 
unemployment, poverty, inadequate health, poor sanitation, urban slums and environmental 
degradation pose a formidable challenge in many developing countries. It is very important to 
understand the current trend in urban growth to know if it is sustainable considering the 
accompanying urban challenges such as unemployment, slum development, poverty and 
environmental degradation, especially in the developing countries. This paper will describe about 
such trends of urbanization, its existence, challenges and consequences. Finally, the paper 
attempts to provide the recommendation to the concerned authority to take care of it while 
planning new urbanization policy. 
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1. Introduction 

Urbanization refers to increasingly large 
number of people living in small places and 
basically engaged in non-agricultural activities, 
which depends on development of 
industrialization, infrastructure within cities, 
towns and their neighborhoods, thus 
urbanization is considered as an index of 
modernization [1-3]. The concept of 
urbanization has been treated in many 
different contexts [4-6]. The most often used 
concept of urbanization refers to the 
proportion of the total population concentrated 
in urban settlements or else to a rise in the 
proportion [7]. The beginning of urbanization 
can be traced back to Renaissance times in 
16th century. Turkish assaults resulted in 
movement of Christians from the east to 
western European countries. As a result, trade 
grew and European cities along the coasts 
developed greatly, however, the onset of 
modern and universal process of urbanization 
is relatively a recent phenomenon and is 
closely related with industrial revolution and  

 

associated economic development. Historical 
evidence suggests that urbanization process is 
inevitable and universal.  

The character of urbanization is nonetheless 
changing as the biggest cities in the 
developing world gain denser populations and 
extend further into the countryside, and as 
crossroads and market towns rapidly 
transform into urban centers. Nepal is a small 
country, which occupies a geographical area 
of 141,181 square kilometers sandwiched 
between two Asian giant’s China and India. 
The country is divided administratively into 5 
development regions and 75 districts. Nepal is 
predominantly a rural country, with more than 
80 percent of the population living in rural 
areas and is one of the least urbanized 
countries in the world. However, with the 
economic growth induced by the service 
sector and foreign remittance, rapid 
urbanization is taking place.  

In the past two decades, Nepal has witnessed 
rapid urbanization, motorization, 
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industrialization and migration of people 
resulting from socioeconomic growth and 
development. With mechanization and 
revolution in technology, traditional ways of 
living and working are being altered. Rapid 
urbanization of Kathmandu and other major 
urban centers has resulted in haphazard urban 
growth with subsequent concentration of 
population and their socio-economic activities 
within the area. Urbanization, in the 
developing country like Nepal, is rapidly 
growing phenomenon which is introducing 
several positive and negative aspects. As time 
goes by, the process goes side by side. 
Understanding urbanization process, its 
mechanism, effects and consequences will 
surely help to make good policies, and this 
will improve the living standard of the people 
in developing countries. The basic aim of this 
paper is to analyze the trend of urbanization in 
Nepal with a glimpse of the concept of 
urbanization, its existence in the present Nepal, 
policies adopted then and now; and finally the 
challenges due to urbanization in spite of 
many benefit of it. The paper will end with 
specific recommendation to the Nepal 
government to adopt to cope with urbanization 
that will take place in the future.  

 

2. Trend of urbanization in Nepal 

Urbanization is an essential part of economic 
growth, social and political change, technical 
and scientific advances and progress in 
various areas. Urbanized settlement or the 
cities are probably the most complex 
settlements evolved from primitive villages to 
towns, then to the cities. In the past half-
century, the pace of urbanization in 
developing countries like Nepal, India has 
accelerated greatly.  

The origin of urban settlements in Nepal is 
obscure. Very little is known about urban 
living in Nepal during the period of Kirants. 
The historical evidences on the existence of 
towns in the Kathmandu valley are found only 

for the Lichhavi period (100 BC to 1000 AD). 
By the eleventh century, three principle 
settlements in the Kathmandu valley had 
already started to be referred to as capital 
towns. After 1769, Kathmandu became the 
capital of unified Nepal as well as the seat of 
political, economic and social power. Outside 
the Kathmandu valley, many new settlements 
were developed. The spread of Newar traders 
and small manufactures from Kathmandu 
during the later half of the nineteenth century 
further contributed to the physical and 
economic growth of a number of settlements 
in the hills [8]. 

Political, demographic and climatic reasons 
discouraged the growth of large permanent 
settlements in Terai until 1920. The trade 
treaty of 1923 between Nepal and British-
India has made positive impact on the growth 
of urban centers in Terai. The industrial 
development that took place in Terai during 
1930s further enhanced the importance of 
southern towns [9].  

The political change of 1951 had significant 
impact on the urban growth in Nepal. The 
country was opened to the outside world, 
transplantation of new ideas, and country’s 
development plans were commenced. The 
country was divided into development regions. 
The development activities, most of which 
through foreign assistance, resulted the 
dramatic change in the growth of towns and 
urban centers in Nepal. The initiation of 
malaria eradication programme and the 
resettlement programme in the late 1950s 
created the frame work for a long-scale 
migration of hill people to the Terai. Hill-Terai 
migration due to rich agricultural base in the 
Terai, increase in the volume of trade with 
India, expansion of the state bureaucracy, and 
the creation of physical infrastructure 
contributed to the urban growth and 
urbanization in Terai after 1951. 

Urbanization is viewed as one of the most 
viable processes of development. However, it 



 An analysis of Urbanization trend, pattern and policies in Nepal        Basnet, P. 2011 

 

66 

 

has not yet unfolded in Nepal and the state of 
urbanization shows that over the last half 
century, urbanization has been discouraged 
and even hampered. Based on observations of 
development in Nepal, migration to urban or 
urbanization can be formulated. In Nepal, 
migration and urbanization tend to be 
perceived as negative phenomena and the 
wrong approach to development therefore the 
Government of Nepal has discouraged and 
restrained migration to urban areas and left 
processes of urban migration and urbanization 
largely to the spontaneous response of 
population movements and adjustments. It is 
the absence of a comprehensive national 
human settlements policy, particularly an 
urbanization policy, that has prevented the 
promotion, facilitation and management of 
migration and urbanization in Nepal. 
Officially, the Government of Nepal has 
declared 58 urban and semi urban areas as 
municipal areas: 53 of them being 
municipalities, 4 sub-metropolises and 1 
metropolis. According to Portnov et. al. [10] 
“Currently, 58 municipalities in Nepal qualify 
as urban centers. 

At present, urban areas in Nepal spread across 
3,276 km2 but cover only 2.2 percent of the 
total area of the country [11]. The smallest 
urban area covers 5.6 km2 while the largest 
spreads across 319.9 km2. The average size of 
an urban centre is 56.5 km2. However the 
urban population of nepal estimated in 2010 is 
19% of total population. While rate of 
urbanization is 4.7% (2010-15 est.) 

 

3. Factors of urbanization in Nepal  

Natural population increase and migration are 
significant factors in the growth of cities in 
Nepal. The natural increase is fuelled by 
improved medical care, better sanitation and 
improved food supplies, which reduce death 
rates and cause populations to grow. Living in 
cities permits individuals and families to take 
advantage of the opportunities of proximity, 

diversity, and marketplace competition. It is 
rural poverty that drives people from the rural 
areas into the city in search of employment, 
food, shelter and education. Most people 
migrate into the urban areas because they are 
‘pushed’ out by factors such as poverty, 
environmental degradation, religious strife, 
political persecution, food insecurity and lack 
of basic infrastructure and services in the rural 
areas or because they are ‘pulled’ into the 
urban areas by the advantages and 
opportunities of the city including education, 
electricity, water etc.  

The major reasons for rapid growth in Nepal’s 
urban population include the following [12]. 

- High levels of rural to urban migration: 
the general trend of migration in Nepal is 
from Hill/Mountain regions to the Terai 
(plain) and from rural to urban. The 
insurgency that began in 1996 had 
significantly accelerated rural-urban 
migration; 

- A high population growth rate; 
- Extension of existing municipal 

boundaries; and 
- Designation of new municipalities. 

 

4. Challenges of Urbanization in Nepal 

At the moment, Nepal's governance is in a 
transitional phase as people hope for peace 
and democratic rights that will bring new 
opportunities. While there are huge challenges 
to balance development in social, economic 
and regional terms, economic growth will 
result in continuing urbanization. There are 
public and private choices to be taken which 
will influence the pace and face of Nepal's 
urban future. The challenge of shaping 
tomorrow's towns will continue. 

Although urbanization is the driving force for 
modernization, economic growth and 
development, there is increasing concern 
about the effects of expanding cities, 
principally on human health, livelihoods and 
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the environment. The implications of rapid 
urbanization and demographic trends for 
employment, food security, water supply, 
shelter and sanitation, especially the disposal 
of wastes that the cities produce are 
staggering .As cities grow, managing them 
becomes increasingly complex. The speed and 
sheer scale of the urban transformation of 
Nepal presents formidable challenges. The 
major challenge is to reduce the spread of 
urban poverty, to improve the access of poor 
populations to basic services such as housing, 
drinking water and sanitation, and to propose 
development solutions that preserve the 
environment and foster sustainable urban 
planning and organization. 

When the population is scattered across a 
difficult to reach terrain of hills and mountains, 
as in much of Nepal, it is virtually impossible 
to provide such basic services as roads, 
education, agricultural training, or marketing 
opportunities. The recent trend in Nepal 
indicates that when people migrate, they 
choose larger cities instead of small towns. 
Thus, bigger cities will continue to grow faster 
than small towns putting more pressure on 
available resources, including clean air. 

Nepal remains one of the least urbanized 
countries in the world and also in South Asia. 
While this low level of urbanization is a 
matter of considerable concern for the 
economic development of the country, the 
present state of urbanization and urban 
development also manifests distinctive 
characteristics and problems that demand 
urgent attention. Urbanization and the 
consequent process of economic, social and 
even political changes that it entails has to be 
very much part of Nepal’s development vision 
because a large proportion of population live 
in far-flung settlements without adequate 
infrastructure, facilities and services, and 
depend on traditional agriculture as a source 
of livelihood. Diversification of agriculture, 
creation of off-farm employment opportunities, 

creation of conditions where the comparative 
resource advantages of particular regions can 
be fruitfully realized, and dealing with issues 
of gender and ethnicity, among others, is 
facilitated by the process of urbanization. 
While the nature and form of urban 
development may be debated, the fact that 
urbanization has to be an integral part of 
Nepal’s development agenda can hardly be 
contested.  

 

5. Urbanization policies in Nepal 

An urbanization policy would be both 
systematic and guided by public and private 
investment in existing urban and rural 
settlements. Regional investment in the 
development would contribute to 
commercialization and agricultural 
industrialization. Although urbanization in 
Nepal has to be an important and well 
emphasized development agenda, it remains a 
spontaneous process without particular focus. 
The positive aspects of cities and towns as 
engines of economic growth in the context of 
national development have not been 
adequately appreciated by policymakers, 
planners, academicians and development 
partners. Nepal has first introduced the 
national urban policy focusing on the balance 
urban development in 2007 and the MDG 
based Three Year Interim Plan to align with 
the subsequent urban development plans. 
Despite this, little time is left and alarm bells 
have started ringing to notify not enough has 
been done to take decisive actions to achieve 
the MDG by the target year 2015. The five 
year national plan document is only the basis 
of urbanization policy.  

The urbanization policy included in the 
Seventh Plan (1985-1990) was actually 
supplementary to a plan aimed at 
strengthening rural development [13]. The 
policy was not substantiated by any 
urbanization strategy, sector plan or action 
plan. The Eight Plan (1992-1997) did not 
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formulate any urbanization policy separately 
either. Rather, it incorporated urbanization 
policy issues under the regional policy 
framework. Despite some discussions on 
initiatives to promote small and medium-sized 
towns in Nepal, no workable urbanization 
policy was laid out until the Ninth Plan (1997-
2002). This Plan integrated urbanization 
policy into regional policy, in a programme 
“to support market-oriented urban systems in 
the course of regional development” [14]. The 
plan also had sector activities and presented 
some ideas on urban development, notably by 
preparing physical plans for newly and soon-
to-be designated urban centers. The Tenth Plan 
(2002-2007) includes a housing and urban 
development sector plan [15]. However, like 
earlier plans, it has not specified any 
systematic and comprehensive urbanization 
policy. It includes plans on urban development, 
particularly preparation of the town plan, 
establishment of infrastructure, urban services 
and others. Yet there is no national 
urbanization policy as neither such, nor any 
urban migration policy to deal with or manage 
migrants in urban areas. Unless urban 
planning is not in place and urban investment 
is not systematic, the achievements will 
neither be possible nor sustainable. 

 

6. Consequences of urbanization 

The contribution of the urban areas to the 
national economy is 61 percent, whereas the 
annual investment in the urban areas is only 2 
percent. Poverty has been linked with rapid 
urbanization in Nepal as more and more 
people move to cities and urban areas. They 
are unable to cope with the combined pressure 
of rising populations and limited resources 
thereby trying to find affordable solutions, 
which often are inadequate, temporary and 
insecure [16] .      

Whatever or however the urbanization taking 
place in Nepal, it introduces both positive and 
negative aspect. Positive aspect of 

urbanization include economic benefits with 
higher productivity and better income; 
demographic benefits lowering of age at 
marriage, reduction of fertility rate; socio-
cultural benefits with modernization; political 
benefits with empowerment, democracy and 
improved access to information technology 
can be considered. On the other hand, its 
negative consequences are of great concern. 
Most of the urban areas in Nepal have been 
symbolizing unplanned and unmanaged 
settlements. As a result, we can see more and 
more sufferings of a multifarious nature 
among the urban dwellers of our country. The 
environmental consequences which is 
introduced by urbanization, encroachment on 
productive agricultural land and forests; 
extreme pressure on housing, growth of slums 
and the pressure on and urban services; 
economic consequences leading to income 
inequality and poverty, ill effects of 
globalization; social consequences, resulting 
in increased violence and crime, social 
degradation; cultural consequences: entry of 
alien culture, loss of national cultural identity; 
political consequences such as criminalization 
of politics etc are negative consequences of 
urbanization which are revealed in Nepal. 

Developing countries like Nepal by virtue of 
their developing economies and a significant 
proportion of population still living below 
poverty line are particularly vulnerable and 
tend to have a higher burden of diseases with 
an already compromised primary health care 
delivery system. The range of disorders and 
deviancies associated with urbanization is 
enormous and includes psychoses, depression, 
sociopathy, substance abuse, alcoholism, 
crime, delinquency, vandalism, family 
disintegration, and alienation. Thus, it is a 
heterogeneous mix of problems and 
categorizing them to one particular subtype 
seems daunting and undesirable.  
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7. Discussion  

Urbanization is not all bad or all evil. It may 
be prudent to say that urbanization is driving 
the economies of all the countries in the 
South-Asian region and enabling them to 
surge ahead from strength to strength. The 
UNFPA report mentions “no country in the 
industrial age has ever achieved significant 
economic growth without urbanization.” 

In most cases, the four major facets of 
urbanization are commerce, manufacturing, an 
occupational shift towards secondary and 
tertiary sectors and the politics of nation-
building [17]. None of those facets developed 
in Nepal as expected, but they are not 
completely absent. Until recently, urban 
services were not attractive to rural 
populations. Neither the national infrastructure 
nor the provisions of economic and social 
services were sufficient to encourage this 
population to migrate to urban centers. 
Moreover, the lack of an appropriate national 
policy has left migration and urbanization to 
unfold spontaneously and effectively. The 
resulting urbanization process is not slower, 
but it ignores certain areas; for example, the 
transport network and other basic 
infrastructure are deficient throughout the 
entire northern mountain zone and most of the 
hill zone. 

If the correlation between urbanization and 
economic development-- historically based on 
the experience of the industrialized nations is 
accepted, then Nepal has a long way to go 
before it becomes economically advanced.  

Migration to cities has increased dramatically 
over the past few decades. Most migrants 
come from rural areas, bringing values, beliefs 
that are often very different from the ones they 
encounter in their new location. They need to 
acculturate and adapt not only to a new 
challenging urban environment, but also to 
alternative systems of symbols, meanings, and 
traditions. There have been suggestions that 
social deviance could be traced to many of the 

social processes accompanying urbanization, 
including competition, class conflict, 
accommodation, and assimilation [18]. 

There are no minimum standards for 
infrastructure and services. Unplanned urban 
sprawl is characteristic of all urban areas, 
more so in rapidly growing cities like 
Kathmandu, Pokhara, Bharatpur among others. 
The institutional capacity of municipalities to 
manage urban infrastructure and urban growth 
remains severely constrained. Indeed, in many 
cases the ad hoc nature of designating urban 
areas and the considerable over bounding to 
provide municipal status make it difficult to 
assess the true nature and character of Nepal’s 
urbanization. 

Sustainable urbanization passes only through 
integrated approaches. It is, therefore, 
important for achieving urbanization inclusive 
and sustainable to include actions arising in an 
integrated framework, the key being that the 
shares in these sectors are in a dynamic 
complementarity rather than divergence.  

 

8. Conclusion and recommendation  

It is obvious that urbanization offers 
significant opportunities to reduce poverty and 
gender inequality, as well as to promote 
sustainable development. Yet, without 
effective approaches in preparation for the 
massive increase in the number of poor people, 
slums will multiply and living conditions will 
continue to deteriorate. The “urban 
governance”, formerly equated with urban 
management, has come to be understood as 
both government responsibility and civic 
engagement. Generally, it refers to the 
processes by which local urban governments--
in partnership with other public agencies and 
different segments of civil society—respond 
effectively to local needs in a participatory, 
transparent and accountable manner. Good 
governance will indeed be essential in our 
urban future; however, its concerns and 
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planning horizons must extend beyond current 
needs. In many developing nations, present 
urban problems are only the beginning. As 
globalization continues, massive future urban 
growth is both inevitable and necessary, but 
the way it grows will make all the difference. 
Cities need a longer-term strategy for expected 
change. 

With challenges accompanied with 
urbanization, the need of planned and 
organized urbanization has become a great 
concern as the proportion of urban population 
has been increasing. The level of urbanization 
that would be most suitable for a country like 
Nepal should be delineated. This must take 
into consideration that poorly urbanized Nepal 
urgently requires the establishment and rapid 
expansion of urban functions particularly in 
hilly and remote areas, a disintegrated primary 
production-based economy and a 
decentralization of development benefits 
through an integrated spatial development 
strategy. 

Urban planning, especially land-use planning, 
is a tool to develop an area in a proper way. 
Therefore, it needs clear rules and regulations 
to guide the development. To develop an area 
effectively, the municipality has to prepare 
local acts and regulations. These building by-
laws should derive from urban planning for 
the entire area. In Nepal, the Local Self 
Governance Act and its regulations provide 
precise guidance for urban planning. To 
establish proper way for planned development, 
the Central Government will have to carefully 
examine existing laws and regulations and 
make them coherent and implementable. 

Urban housing facilities are the need for better 
economy and future generation. Urban 
squatters should be made such a way- like 
productive, safe, healthy and humanic. The 
State shall pursue a policy of raising the 
standards of living of the general public 
through the development of infrastructures as 
education, health, housing and employment of 

the people. Housing has been identified as a 
national problem.  

Enhancing communication through 
communication tools such as web forum, as 
well as other tools for visualization, 
knowledge formation and enhancing of 
awareness, is needed in working towards more 
sustainable urbanization. Building and 
strengthening relationships between various 
actors and stakeholders through more effective 
communication is expected to help support the 
development of solution-oriented approaches 
with augmented policy impact, and thus help 
to enable more sustainable future patterns of 
urbanization. Feedback from the members of 
the community needs to be considered after 
each of the phases applied in the 
"urbanization" implications.  
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Abstract 
Saemaul Undong, a Korean community development movement initiated in early 1970s, was the 
most successful movement for rural transformation of Korea into a modern state within a short 
period of time. This paper attempts to portray how Korean experience of rural transformation be 
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1. Introduction  
Saemaul Undong, the Korean version of 
community development movement, was 
initiated by the late President Park Chung Hee 
in early 1970s to improve socio-economic 
conditions of rural communities. During that 
period, Korea was experiencing extreme 
poverty. Korea was just awaken up from 
miseries of Japanese colonization, devastating 
Korean War and the division of Korean 
peninsula into North and South. Since the 
initiation of Saemaul Undong, Korea has 
made an impressive progress in reducing the 
incidence of poverty during the past several 
decades [1].  During the time 1971 to 1985, 
Korea became able to achieve stable economic 
growth with prolonged investment in human 
resources, land reform, rural development and 
labor intensive, showing an example to other 
Asian country and other developing countries 
in the world.  
In spite of rapid urbanization and 
modernization in the most part of the world, 
rural poverty remains a major problem in the 

developing countries of Asia, Africa, and 
Latin America [2]. Despite the developing 
counties’ national planning for rural poverty 
eradication and their commitment to 
Millennium Development Goals (MDGs), 
they are failed to achieve substantial 
improvement in community development and 
poverty eradication. Based on the published 
literatures and disseminated information about 
Saemaul Undong, this paper explores the 
literatures on the ideals of Saemaul movement, 
the modality of the movement, the importance 
of leadership, success stories, conditions for 
the success and its applicability on other 
developing countries. To sum, this paper sees 
how Korea transformed itself from the 
extreme poverty to prosperity in reference to 
Saeamaul Undong highlighting what 
developing country could learn from Korea 
led Saemaul Undong Movement.  
 
2. Saemaul movement ideals 
Etymologically, the word, “Saemaul” 
(Korean: 새마을) comes from the Korean 
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language which combines elements of Sae (새, 
which means ‘new’) and maul (마을, which 
means ‘village’ or ‘community’). In another 
word, Sae means ‘progressive renewal based 
on past experience’ and maul means regional 
and societal communities’ like village, 
neighborhood, city, farm, country, 
representing the better place to live a better 
life for ourselves, neighborhoods and future 
generations with spiritual and material well-
being [3]  
The essential spirit of Saemaul Undong 
Movement is 'we can do it.' [4] . This “can do” 
spirit comes from the values of ‘be diligent’, 
‘be cooperative’ and ‘be self-help’ and the 
principles of ‘participation’, ‘accommodation’ 
and ‘permanency’. The description of diligent 
refers to sincerity. Self help is described as 
‘one’s fate based on one’s effort’, sense of 
responsibility, become independent, and sense 
of ownership. Cooperation is the pursuit of 
community growth for efficiency and unity 
with the concept of ‘two heads are better than 
one’. Participation refers to ‘nobody can live 
another’s life’. Accommodation is to include 
all localities and communities. Permanency 
refers to ‘tomorrow will be better than today’ 
[5]. Therefore, these three values and 
principles of Saemaul Undong are the essence 
for building a prosperous new nation. 
Ultimately, the goal of Saemaul Undong is to 
build a united community storing peace and 
order to mankind [6]  
 
 
3. Modality of the Movement 
 
The Saemaul Undong was aimed at rebuilding 
Korean rural villages as better-off 
communities by eradicating centuries-old 
poverty [7]. Initially, it is an economic 
developmental model of South Korea which 
seems to be typical that was started without a 
well defined formal or theoretical framework 
[8]. Another important feature of the model is 

that it is a pure Korean concept and the 
slogans and terminology are based on Korean 
way of thinking. After having positive 
progress especially in economic sector, there 
has been some attempt to explain it in 
theoretical model [8].  
By the late 1970s, Saemaul Movement was no 
longer simply a program of “integrated rural 
development”, but rather a framework for 
social action build upon an ideology stressing 
self help, and communal cooperation [9]. For 
the Saemaul movement, it is viewed for both 
part of government involvement for shaping 
the Saemaul and also in the same way 
Saemaul is also changed the nature of 
government simultaneously. Thus, when we 
argue about the modality, it is viewed as both 
ways: top –down and bottom up modality. 
Top-down policy is viewed as the President 
Park’s direct involvement in the movement 
whereas bottom up strategy is of the ‘popular 
participation and rural leadership’ in Saemaul 
project [10]  
Since the early 1960s, Korea had been 
dominated by strong presidents who sought to 
exert control over all aspects of policy process. 
The absolute influence of presidents was 
noticeable and traditionally, they made their 
mandate absolute from strong “top-down” 
approach with government intervention and 
innovations [8]. The Saemaul Undong is a 
president – central model [11] as top- down 
model that President Park played a significant 
role for the achievement of economic growth 
[12]. 
As I mentioned in earlier paragraphs, Saemaul 
Movement was initiated primarily from “top-
down”. Later authorities recognized that 
government cannot function alone to uplift the 
living standard of country side, it has 
emphasized the requirement of active 
participation, cooperation and support of 
village residents. Park Sooyoung (2009) says 
that central Government was limited to 
leading and coordinating the nationwide 
activities of the various stakeholders, villagers, 
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at the opposite end, took responsibility for 
village level activities, tailoring them to the 
needs and circumstances of the communities 
[13]. The model of Saemaul started as the 
government was being in charge while it gave 
self governance to the village council too.  
 
4. The importance of leadership and 
villager’s participation  
In the preceding paragraphs, I mentioned 
about the modality of Saemaul Movement. 
Based on this modality, we could see two 
types of leaderships in Saemaul movement: 
central leadership under the President Park 
and the community level leadership where 
there is active participation of locals in 
Saemaul program with the spirit of self help, 
cooperation and diligent.  
Park Sooyoung (2009) mentions about the 
importance of national leadership and political 
commitment are vital for Saemaul Movement 
success in Korea. Strong commitment, 
leadership and continuous support from the 
very top played a crucial part in its success 
[13]. The president made Saemaul Undong is 
a top priority of Park government, checking 
monthly progress, inviting villagers to cabinet 
meetings to give presentations, and making his 
surprise visits to villages and training centers. 
A strong commitment from the top leader 
enabled effective vertical integration linking 
all the levels of government and created a 
holistic approach horizontally mobilizing 
resources and coordinating plans among the 
relevant ministries. With Saemaul Undong a 
top government priority, government officials 
made significant efforts for the programme’s 
success as they knew their personal gains, 
such as promotion, were dependent on their 
performance. 
Along with government intervention and 
direct participation in Saemaul projects, the 
locals including village leaders and women 
participation is also an important aspect of 
Saemaul success. Government authorities 
recognized that the raising of living standard 

in the country side was not a task that could be 
borne by government alone, but one which 
required the active cooperation and support of 
20 million rural residents [10]. Realizing this 
fact, the local administration office ask 
villagers to elect one male and one female 
leader for Saemaul projects independent from 
the existing village head who had been the 
official representative of the village [14]. 
These village leaders are chosen for strategic 
unit for rural modernization projects. Kun Goh 
mentions in key note speech that Korean rural 
villages had organizations for mutual 
cooperation among farmers called Dure 
(farmers' fraternity for mutual aid) and 
Hyangyak (autonomous regulatory charter) [7]. 
Villagers were united around some traditional 
characteristics, such as regional affinity, 
common interests and group works. In view of 
these features, villages were designated for the 
main engines to push ahead Saemaul projects, 
and were thus to directly receive the 
government's materials support. 
 
5. Success Stories of Saemaul Movement 
Some reviews claimed different picture of 
Saemaul Undong after 1979 arguing that, 
though it was true Saemaul Undong 
accomplished the quantifiable objectives 
directed from the central government with 
massive resource mobilization and the 
enforcement of the authoritarian government, 
the impact was not sustained, and was 
therefore not successful. 
Various interpretations have been made about 
the success stories of Saemaul. Yet, many 
researchers argued that Saemaul Undong 
achieved most of its objectives and brought 
unprecedented success in rural development. 
This review paper based on Park Sooyoung 
(2009), Park Jin-Hwan, (1998), Chung Ki-
Whan (1986), Reed Edward P. (2010), Whang 
in Joung, Kwon Soo-Won( 1996)’s review 
articles and documented articles and 
presentations on Saemaul Undong and its 
office summaries meaningful improvements 
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brought in the social development dimension 
in Korean society on the topics: improvements 
in basic infrastructure; increased 
accountability of local governments; and the 
empowerment of villagers, while producing 
limited impact on income poverty reduction 
and economic development [2, 13, 14, 15, 16, 
17]. 
 
5.1. Income Generation and income poverty    
reduction 
Various income-generation projects were 

implemented with the aim of increasing rural 
household income and reducing poverty. New 
agricultural technologies and improved crop 
varieties were introduced and the usage of 
chemical inputs and fertilizers became more 
widespread. Improved physical infrastructure 
helped productivity increase and income grow 
by opening a new window of opportunity for 
villagers to venture into new activities and by 
providing efficient access to the markets, 
resources and assets necessary for their work.  

Table 1. Ratio of rural household income to urban household income (won)  
 

Average Montly Income of 
Urban Wage Warner 
Household (1) 

Average Monthly 
Income of Farm 
Household (2)  

2/1 (%) 

1967 
1970 
1973 
1976 
1979 

20,720 
31,70 
45,850 
95980 
219,133 

12,456 
21,317 
40,059 
96355 
185,624 

60.1 
67.1 
87.4 
100.4 
87.4 

 
Sources: Economic Planning Board, and Ministry of Agriculture and Fishiries 
 
5.2. Living environment improvement and 
basic rural infrastructure establishment 
Most studies concur that Saemaul Undong 
brought significant improvements in the rural 
living environment and infrastructure (Table 
2). Enlarged and extended roads made 
mechanized farming possible, while the 
extension of telephone lines and 
electrification provided timely information 
and enabled villagers to cope with changing 
market situations. The improvement 
consequently created a virtuous circle of 
human development. Improved basic 
infrastructure helped to increase productivity  
 
and income, with better access and wider 
opportunities, while also creating a healthier 
environment with better sanitation. Their 
experience of cooperation with the 
government provided learning-by-doing 

opportunities for building capacities in 
project management. It also boosted 
confidence and changed attitudes, which led 
to empowerment of people in the villages and 
transformations in local governance. 
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Table  2.  Major achievements of some Saemaul Undong projects in the 1970s: 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  

Sources:  Park Sooyoung (2009)  
 
 
5.3. Capacity-building and attitudinal change 
The government attempted to change people’s 
pessimistic attitude focusing on three core 
values—diligence, cooperation and self-
reliance through large-scale training, seminars 
and workshops. The culmination of all those 
attitudinal changes was in the empowerment 
of people and improvements in local 
governance. Saemaul Undong created an 

enabling environment where rural people 
voiced their opinions and made themselves 
heard. Government agencies and officials 
were considered as potential sources of 
assistance rather than as feared exploiters.  

 
 
6. Conditions of success of Saemaul Undon 
 
Research on Korean studies mentions many 

Project  Unit  Target  Performance   
 

Ratio  
(%)  

Village roads expansion  Km  26 266  43 558   166  

Farm feeder roads 
construction  

Km  49 167  61 797  126  

Small bridge construction  Ea  76 749  79 516  104  

Small reservoirs 
construction  

Ea  10 122  10 742  106  

Traditional small irrigation 
(channel)  

Ea  22 787  28 352  124  

Traditional small irrigation 
(raceway)  

Km  4 043  4 442  109  

Traditional small irrigation 
(embankment)  

Km  17 239  9 180  53  

Village centre construction  Ea  35 608  37 012  104  

Public warehouse 
construction  

Ea  34 665  22 143  64  

Housing improvement  Ea  544 000  225 000  42  

Village layout renovation  Ea  -  2 747  -  

Sewage system 
upgrade/construction  Km  8 654  15 559  179  

Electricity supply system 
installation  

Household  2 834 000  2 777 500  98  

Telephone lines  -  -             345 240  

Saemaul factory 
construction/operation  

Ea  950  717  75  

Reforestation Ha 744354 347153 47 
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factors attributed for Saemaul achievements. 
While some are context-specific 
circumstances which created a favorable 
environment for community-based rural 
development programmes in Korea, others are 
policies deliberately designed for Saemaul 
Undong. Here, this mentioned factors are 
favorable in Korean-specific context for pre-
condition in Korean situation; the lists policies 
and strategies developed specifically by the 
Government for Saemaul Undong, and details 
village-level contributions. The followings are 
the basic conditions in Korean context that 
contributed for making the Saemaul success:  

- Korea as Homogeneous culture and 
communities with strong tradition of 
cooperation  

- Egalitarian society with land reform  
- National leadership and political 

commitment  
- Incentive system and competition  
- Capacity-building training 

programmes 
- Role of Mass Media for Saemaul 

participation  
- Village level efforts  

 
7.  Applicability on other developing 
countries 
Despite the movement formula an indeed 
appealing to many other developing countries 
[18], there is a debate on its applicability in 
other developing country. Researchers argue 
that Saemaul Undong having been 
implemented some 30 years ago would not be 
appropriate in the new millennium. Others 
have pointed out that the rural development 
model has evolved with new findings and 
Saemaul Undong might be outdated. Yet, 
Korean experience could be a substantial for 
the other developing counties. I argue that 
with right policies and right strategies, based 
on their specific political, social, economic 
and political context, some aspects of Saemaul 
Movement could be helpful. This paper 
intends to say that blindly adopting the 

Saemaul Movement definitely not produce 
success result therefore the  developing 
countries should carefully study their own 
situation and devise workable and practical 
solutions of their own. The most important 
lessons learned from Saemaul Undong are that 
“we can do” sprit based on appropriate 
strategies and measures depending on the 
enabling environment. 
 
8. Conclusion 
Korean version of community development 
movement, Saemaul Undong is a great success 
in Korea to transform Korea into a modern 
industrialized country within a short period of 
time. The success of Korean Saemaul 
Movement is its spirit of ‘we can do’ that 
comes from the values of ‘be diligent’, ‘be 
cooperative’ and ‘be self-help’ and the 
principles of ‘participation’, ‘accommodation’ 
and ‘permanency’. Along with this, 
homogeneous culture and communities with 
strong tradition of cooperation, egalitarian 
society with land reform strong national 
leadership and political commitment, 
incentive system and competition, capacity-
building training programmes, Mass Media 
role on Saemaul participation and village level 
efforts. The Saemaul Undong Movement is a 
great lesson for other development countries 
based on Korean experience that some aspects 
of the movement could be applied their under 
the developing countries enabling 
environments. However, the developing 
countries need to have a strong political 
commitment, creating an enabling 
environment based on meritocracy, motivation 
and utilizing personal interests, and most 
importantly, developing countries need to 
understand their local context in order to 
implement the Saemaul model in their 
countries. 
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Unlike Western fear of uprising nationalism in 
third world, we still have examples of failure 
nationalism in many developing countries. 
Wave of nationalism has been continued in 
some countries regardless of regime change 
while some couldn’t. For example, regime 
doesn’t matter for nationalism in South Korea. 
It was started, and widely diffused from 
establishment of state during Rhee Syng-Man 
era, when it was politically imperfect 
democracy, and continued during military 
dictatorship era. Transition to democracy 
doesn’t weaken its nationalism. I do not 
assume that Korean nationalism was/is always 
similar. However, its most of population 
remain as nationalists, regardless of regime 
change. 

Another Asian country Nepal, its regimes 
changes similarly with South Korea, has very 
different picture of Nationalism. Nationalism 
is being weaker and weaker when its regime 
changes on. Korea became independence in 
1945 from 35 years colony, Nepal was 
democratized in 1953 from 107 years 
authoritarian Rana Regime. Nepalese 
democracy couldn’t continue for more than a 
decade, while Rhee Syng-Man’s regime also 
finished after 12 years. King Mahendra took 
power and Shah Dynasty ruled Nepal under 
one party system form 1962-1990. In Korea 
Park-Jung Hee took power in 1962 and Korea 
was rule by military dictators until 1987. Kim 
Young Sam’s government in 1992 was the 
first civilian government. B.P. Koirala’s 
government in 1992 was first elected 
government after its democratization in Nepal.  

Both Nepal and Korea, small countries of Asia 
are in between/middle of great powers. Why 
some countries Nationalism  

weakened after its regime change? Regime 
change itself is an important issue or not? 
How can we understand nationalization 
process of contemporary third world counties? 
Why elite nationalism couldn’t success in 
some countries? These are the question this 
article attempts to answer through Nepalese 
case. Though, this research has a comparative 
perspective, rather than comparing success or 
failed nationalism, it will try to challenge 
existing theories of nation making and 
nationalization process through Nepalese 
example and aims to present a new way of 
understanding third world nationalism. 

In a broad sense, debate of nationalism can be 
divided on two parts: Instrumentalist and 
Primordialist Approach. First, Instrumentalist 
Approach: Where it is believed that 
nationalism totally new phenomenon or 
concept in new era of modern state that can be 
constructed through contemporary political 
mobilization. Every social community 
reproduced by the functioning of institution in 
imaginary under certain conditions, only 
imaginary communities are left [1]. Ernest 
Gellner argues that nationalism is not the 
awakening of an old, latent, dormant force, 
though that is how it does indeed present itself. 
It is in reality the consequences of a new form 
of social organization, based on deeply 
internalized education-dependent culture, each 
protected by its own state It uses some of pre-
existing cultures, generally transforming them 
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in the process, but it cannot possibly use them 
all [2]. 

While in other hand there’s primordialist 
Approach. They argue that nationalism is not a 
modern phenomenon, it has long root at pre-
modern society. Contrast with instrumentalist 
thought that nationalism creates nations [3], 
on various names such as imagined 
community [4], primordalist approach claims 
that nation creates nationalism. Explaining 
European nationalization process, primordalist 
argues that ‘nation is the product of a long and 
complicated process of historical development 
in Europe’ [5].Anthony Smith argues that 
‘nation is a named community of history and 
culture, possessing a unified territory, 
economy, mass education system and common 
legal rights’ [6].  

Nationalismis not simply the soul, a spiritual 
principle [7], a modern phenomenon based on 
communication which has root on pre-modern 
era [8] or imaginary communities [9, 10], or 
so on. It is also not an extreme product of 
modernization, industrialization [11]. As 
Daura argues nationalism is rarely the 
nationalism of the nation, but rather marks 
the site where different representations of the 
nation contest and negotiate with each 
other[12]. It can produce by state elites [13] or 
by social, economic and political actors, what 
Kosaku Yoshin called ‘secondary nationalism’ 
[14]. 

I believe nationalism need not be either 
priodordalist or instrumentalist. It’s just a 
combination of narrative/s. There has been 
long debate about nationalism as narratives 
[15]. Major problem with existing narratives 
thesis is assumption of grand or single 
narrative [16, 17], which is basically produced 
in state level [18] I argue that nationalism is 
combination of different narratives.  

Regarding Nepalese nationalism, Richard 
Burghat summarized that the concept of 
nation state is created as a compound of six 

episodes: (1) The demarcation of a defined 
birder possession (c.1816); (2) overlapping of 
the boundary of the realm with the boundary 
of possessions (c.1860); (3) the interpretation 
of country in terms of species (c. 1860); (4) 
the designation of Nepali as the official 
language of Nepal (c. 1930); (5) the implicit 
differentiation if the kingship from the state 
(c.1960); and (6) the formation of a culturally 
unique polity (c. 1960) [19]. In once sentence, 
we can summarize that starting from mid-18th 
century, Hinduism, Nepali language, and 
Monarchy have homogenized Nepal, which 
becomes Nepalese national identity [20].As 
like instrumentalist argument, education was 
an extremely important in nation building 
process, which was only provided in Nepalese 
language [21, 22]. 

Do most of Nepali Political parties and groups 
are arguing that above mentioned Nepalese 
nationalism is in crisis? This is the most 
important question we have to answer to 
understand contemporary Nepalese politics.  

Nationalism is just a combination of 
existing narratives on basis of political needs. 
Since narratives are different, it is obvious that, 
they have different understanding about past, 
present and future. What is needed for a strong 
nationalism is a common understanding about 
country’s descending period, which doesn’t 
exist in Nepal, today. Hence, our nationalism 
is being weaker and weaker. Streets of 
Kathmandu are full of regional, ethnical and 
religious agendas. National agendas are 
disappearing both in public level and party 
level. All the debate we do for new 
constitution is about special right for special 
groups, no matter who claim. Liberty is not 
our agenda, equality is not our agenda. Our 
politics is politics of fraction: Fraction among 
parties, fraction inside the parties, and inside 
the country. 

There’s a hidden answer form the fact of the 
history that why our nationalism becomes 
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stronger from 1960s. King Mahendra and 
existing political groups including Nepali 
Congress had different narratives. There was 
serious disagreement about Panchayat system. 
However, Rana regime was descending period 
in both narratives. It was most reinforcing 
factors that have led to a strong nationalism. 
Someone can argue that we need a strong 
government for nationalism. It’s fault. South 
Korean nationalism emerged from 
establishment of state during Rhee Syng-Man 
era, when it was politically imperfect 
democracy and state was weak. Not a strong 
government is needed; we need strong 
narratives, basically which have common 
understanding of descending period. For 
South Korean nationalism regime change also 
doesn’t matter. Transition to democracy 
doesn’t weaken its nationalism. I do not 
assume that Korean nationalism was/is always 
similar. However, its most of population 
remain as nationalists, regardless of regime 
change. 

Chinese nationalism is another example which 
proves that common understanding of 
descending period for nationalism. Chinese 
nationalism emerged after 1919, when 
Republic of China established. It has 
experienced a serious internal conflict, 
including ideological debate Mao and 
Kuomintang,(Chinese Nationalist Party) 
which didn’t weaken Chinese Nationalism 
rather strengthen. How could it was possible? 
There is no compromise about Opium War as 
a descending period of history. Century of 
humiliation is most common slogan among 
Chinese. Humiliation has been an integral part 
of the construction of Chinese nationalism 
[23]. 

In our history, after 1950s, we never have any 
common understanding on descending period 
of history. Mostly, after 2006, new narratives 
have totally different understanding. Most 
often, it is arguing that political parties are 
struggling for power or they have different 

meaning of ‘New Nepal’ of so on. However, 
that is rooted on different narratives, which is 
always undermined. Our nationalism is being 
weaker because of lack of common 
understanding on descending period not 
because of increasing movement of 
indigenous movement or external threat. They 
are only the symptoms, not the causes. From 
its early period of history Newar and  

 

Figure 1. People movement in Nepal in 2006 
compared to the same in Korea 1980. 

Hilly Brahman were coalition in ruling 
alliance. Neither cast/culture nor language 
obstructs them to cooperation. Diversity is not 
an issue. In fact the diversity was not existed; 
we create it, which we can recover. There was 
no official caste in Nepal before1854 (Muluki 
Ain), Hinduism becomes country’s official 
language only in 1962. According to our 
political needs we continually increased the 
number of such groups. In 1991 national 
census there were only 62 castes or ethnic 
groups while in 2001 it grew up to 100 groups 
[24 ]. 

All the contemporary debate has root on how 
we interpret the latest history from 1990 to 
2006.Some are arguing that until 1990 was the 
country’s descending period, some argue that 
it was until 2006. Some has argued that 2006’s 
change was not real change, and demonstrated 
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in country’s various parts. For us 
interpretation of past is important as future. 
How we are going to teach our next 
generation about ‘Jana Andolan 2046’. How 
we are going to tell them about Nepalese 
constitution 1990. These are the serious issue 
for further agreement so called Sahamathiin 
Nepal. The deadlock is not only for the future 
issues that are being highlight in every media; 
it is an issue how we understand our past.  

Our nationalism is failed nationalism. It failed 
to create new narratives after monarchy and 
Hinduism disappeared from our constitution. 
We couldn’t define our value: What does a 
real  

Nepal means. It’s the time to identify us 
through history, reexamine narrative and find 
a sprit that makes alive the state Nepal.That 
will be creating common understanding on 
country’s descending period. That will be the 
way to ‘New Nepal.’ 

Not the Nepalese nationalism is in crisis. 
Our nation building process is in crisis. Our 
narratives are in crisis. It’s not time to save 
nationalism, creates nationalism, create our 
national value and identity.In world, all the 
nationalisms were created, there’s any natural 
nationalism.  

Let’s do not go to street with party’s flag, let’s 
go with country’s flag. Let’s do not fight for 
few especial group’s right, lets fight for 
Nepalese right. Let’s make our own value that 
we just call Nepali. 
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