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Preface

1st International Conference on Bioresource Technology for Bioenergy,
Bioproducts & Environmental Sustainability (BIORESTEC)

With growing global interest in bioenergy, biobased product
and environmental sustainability, the first International Confer-
ence on Bioresource Technology for Bioenergy, Bioproducts &
Environmental Sustainability (BIORESTEC) was organized from
October 23–26, 2016 in Sitges, Barcelona in Spain. The conference
was organized in association with Elsevier’s premier journal
‘‘Bioresource Technology” (BITE), with an aim to provide a shared
forum for researchers, academicians, industries, and policymak-
ers, to discuss the current state-of-the-art and the emerging
trends in biotechnology, bioenergy, and biobased products. The
1st BIORESTEC conference received tremendous response from
all over the globe with 754 abstracts submitted. The scientific
committee consisted of 13 eminent scientists from 11 countries.
The committee then screened and selected 54 abstracts for oral
and 166 abtsracts for poster presentations. Besides, there were
19 invited speakers from 14 countries. Apart from the scientific
presentations, a workshop on ‘‘How to write a scientific paper
and get published” was also organized for early career researchers
by Elsevier.

This special issue of the journal contain 29 papers (all presented
at the BIORESTEC conference) after peer-review process. These
papers broadly cover areas such as biomass pretreatment, algal
and lignocellulose biorefinery, biological waste treatment, white
biotechnology and biomass policies, LCA and techno-economics
and classified as below.

Biomass pre-treatment/fractionation

Microalgae fractionation using steam explosion, dynamic and
tangential cross-flow membrane filtration

Impact of ultrasounds and high voltage electrical discharges on
physico-chemical properties of rapeseed straw’s lignin and
pulps

Enhancing enzymatic hydrolysis of coconut husk through
Pseudomonas aeruginosa AP 029/GLVIIA rhamnolipid
preparation

The effect of surfactant-assisted ultrasound-ionic liquid
pretreatment on the structure and fermentable sugar
production of a water hyacinth

Impact of wet aerobic pretreatments on cellulose accessibility
and bacterial communities in rape straw

Thermo-chemical processing of biomass

An experimental approach aiming the production of a gas
mixture composed of hydrogen and methane from biomass
steam gasification as natural gas substitute in industrial
applications

Microwave-enhanced pyrolysis of macroalgae and microalgae
for syngas production

Pyrolysis of agricultural biomass residues: comparative study of
corn cob, wheat straw, rice straw and rice husk.

Algal biorefinery

Nutrient utilization and oxygen production by Chlorella vulgaris
in a hybrid membrane bioreactor and algal membrane
photobioreactor system

Bicarbonate-based cultivation of Dunaliella salina for enhancing
carbon utilization efficiency

Impact of different nitrogen sources on the growth of
Arthrospira sp. PCC 8005 under batch and continuous
cultivation - a biochemical, transcriptomic and proteomic
profile

Anaerobic co-digestion of microalgal biomass and wheat straw
with and without thermo-alkaline pretreatment

Lignocellulose biorefinery

Microreactor-based mixing strategy suppresses product
inhibition to enhance sugar yields in enzymatic hydrolysis for
cellulosic biofuel production

Co-liquefaction of spent coffee grounds and lignocellulosic
feedstocks

Separation of saccharides from prehydrolysis liquor of
lignocellulose to upgrade dissolving pulp mill into biorefinery
platform

Fed-batch operation for the synthesis of lactulose with
Aspergillus oryzae b-galactosidase

Enhanced simultaneous saccharification and fermentation of
pretreated beech wood by in situ treatment with the white
rot fungus Irpex lacteus in a membrane aerated biofilm
reactor

Enhanced volatile fatty acids production during anaerobic
digestion of lignocellulosic biomass via micro-oxygenation

http://dx.doi.org/10.1016/j.biortech.2017.05.051
0960-8524/� 2017 Published by Elsevier Ltd.
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Biomass to fuels & chemicals (LCA & Technoeconomic
assessment)

Eco-efficiency assessment of farm-scaled biogas plants

Evaluation of biochar amended biosolids co-composting to
improve the nutrient transformation and its correlation as a
function for the production of nutrient-rich compost

Techno-economic assessment of catalytic gasification of
biomass powders for methanol production

Biological wastes treatment/valorization

Long-term performance of sediment microbial fuel cells with
multiple anodes

Esters production via carboxylates from anaerobic paper mill
wastewater treatment

Concurrent hydrogen production and phosphorus recovery in
dual chamber microbial electrolysis cell

Performance evaluation of the pilot scale upflow anaerobic
sludge blanket - downflow hanging sponge system for natural
rubber processing wastewater treatment in south Vietnam

Effect of the reaction medium on the immobilization of
nutrients in hydrochars obtained using sugarcane industry
residues

Catalytic valorization of starch-rich food waste into
hydroxymethylfurfural (hmf): controlling relative kinetics for
high productivity

Effects of loading rate and temperature on anaerobic co-
digestion of food waste and waste activated sludge in a high
frequency feeding system, looking in particular at stability
and efficiency

Assisting cultivation of photosynthetic microorganisms by
microbial fuel cells to enhance nutrients recovery from
wastewater

We would like to thank delegates for their support to the inaugural
edition of the Bioresource Technology conference, ‘‘BIORESTEC”.
We also thank all the authors of this special issue and the review-
ers for their excellent contributions. We place on record our grati-
tude towards Prof. Ashok Pandey, the Edior-in-Chief of Bioresource
Technology who was the guiding force behind the launch of BIOR-
ESTEC conference as well as Ms. Marie Claire-Morley and Ms.
Katherine Eve from Elsevier, who helped with the organization
and Mr. Sankara Narayanan P., Journal Manager and entire publish-
ing team of BITE for their cooperation in bringing out this special
issue.

Guest Editors
Deepak Pant

Separation and Conversion Technology,
Flemish Institute for Technological Research (VITO),

Boeretang 200, Mol 2400, Belgium

Reeta Rani Singhania
DBT-IOC Centre for Advanced Bio-Energy Research,

Indian Oil Corporation Ltd, R&D Centre,
Sector-13, Faridabad 121007, Haryana, India

José António Teixeira
Center of Biological Engineering,

Universidade do Minho, Campus de Gualtar,
CEP: 4710-057, Braga, Portugal

Samir Khanal
Molecular Biosciences and Bioengineering,

University of Hawaii at Manoa, HI 96822, USA
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Introduction
Indian subcontinent is well known for its diversity of forest 

& the age old healthcare tradition. Every state of India has 
different culture, climates & plants. As per one Sanskrit shloka, 
“No Plants on Earth, Which doesn’t have Medicine Properties” 
[1]. As growth of the human population increase more and 
more, natural area & resources began utilized to build buildings. 
Such condition invites much new disease. With development in 
technology and industry, healthcare sector also grow rapidly, 
new generation of antibiotics are coming in market. But such 
synthetic drugs are not digested in human body & have its own 
side effect. To prepare this synthetic drug pollution of air and 
water also occur. Nowadays people get attracted toward bio-
resource because they want to stay healthy & away from side 
effect of medicine. Ayurveda are science of life, which not only 
have curative drug but have describe prevention of disease. This 
science include all natural resources for achieve its Moto, like 
herbal drug, marine thning, stones, bhasma of dhatus etc [2]. 

The uses of bio resource are best for human. But its sources 
are limited. If we decide use herbal drug than we must grow it, 
or else it subsequently result in the loss of their existence. The 
ongoing growing recognition of medicine plant is due to several 
reasons, including establishes faith of people on herbal medicine.  
Many NGO starts cultivating medicinal plants & botanical garden.  

 
Importance of ‘Gomutra’ well known to worlds so growing pet 
animals which are useful for medicine is also need of time. India 
have richest area of medicinal plants, so there is an urgent need 
to establish the traditional bio-resources value in both national 
& international perspective realizing the ongoing development 
trend.

Definition of Bio-resources
Bioresources are non-fossil biogenic resources which can 

be used by humans for multiple purposes to produce food, 
substantial products, and/or energy carriers [3].

5. Types of Bio-Resources [4]

a. Primary Bio-resources.

b. Secondary Bio-resources.

c. Tertiary Bio-resources.

d. Quaternary Bio-resources

a. Primary Bio-Resources 

Primary bio-resources are generated for a specific purpose. 
It may generate in forest, agriculture or aquaculture to enable the 
production of food, substantial products, or eventually energy.

Int J Environ Sci Nat Res 1(4): IJESNR.MS.ID.555568 (2017) 001

Abstract

Ayurveda are science of life, which not only have curative drug but have describe prevention of disease. This science include all natural 
resources for achieve its Moto, like herbal drug, marine thing, stones (jeams), bhasma of dhatus etc. In between period whole world get 
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bio resource are best for human. But its sources are limited. If we decide use herbal drug than we must grow it, or else it subsequently result 
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need to establish the traditional pathy and utilize all this bio-resources.
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Examples are Grain, fish, Potato, Wood, algae, bamboo.

b. Secondary Bio-Resources 

Secondary bio-resources are generated during primary 
processing (in further industrial processing) as by-products or 
residues, it can be generated during maintenance of large green 
areas. 

Characteristics of Secondary bio-resources are:

a) They accrue genuine from virgin materials.

b) They contain low amount of impurities

c) They are produced in large quantities.

a. As maintenance residues they are harvested on large 
green areas such as parks, lawns, sport places, and dikes as 
genuine fractions in significant amounts under controlled 
conditions in ample quality in terms of purity and freshness.

C.    Tertiary Bio-resources 

 Tertiary bio-resources are also parts from virgin materials, 
which were separated along the processing chain. But compared 
to secondary bio-resources they are residues which occur 
rather in small amounts at the generation place and/ or are 
not genuine. Also uncontrolled modifications, E.g. degradation 
during storage, may have taken place.

Characteristics of Tertiary bio-resources are:

i. They have lower value than secondary bio-resources.

ii. In maintenance of green areas such as gardens, other 
green areas, and special installations with vegetation.

iii. The plant residues are not genuine and/or often partly 
degraded before they arrive in a utilization facility.

D. Quaternary Bio-Resources 

Quaternary bio-resources occur after a product was used. 
They can be distinguished regarding the time frames of their 
generation after start of utilization into short, mid, and long-
term categories. In short-term after begin of product use they 
are generated in all cases of food and feed consumption in the 
form of human feces and urine and as animal excrements. Such 
bio-resources are generated with short delay after food or feed 
consumption at a time scale of hours. With a mid-term delay the 
quaternary bio-resources appear in days to months after begin 
of utilization.

Example No.1: packaging materials are only in use for the 
period of transport, newsprints for one time readings. The time 

frame for the long-term after use group can reach from years to 
centuries.

Example No.2: wood construction materials, integrated in 
houses may last decades to centuries till they become waste 
wood. Materials used for furniture construction commonly have 
a life-time ranging from years to decades.

Need of Use of Bio-resources 
With development in technology and industry, healthcare 

sector also grow rapidly, new generation of antibiotics are 
coming in market. But such synthetic drugs are not digested in 
human body & have its own side effect. To prepare this synthetic 
drug pollution of air and water also occur. Nowadays people 
move toward natural thing which give less side effect and which 
is eco-friendly also.

Utilization 
Herbs are natural products and their chemical composition 

varies depending on several factors and therefore varying 
from people to people, from energetic decoctions to the use of 
herbal extracts following Western methodologies of mainstream 
medicine.

In every country traditional medicines find foundation 
in magical or religious beliefs, or popular experience and the 
World Health Organization is engaged to establish definitive 
guidelines for methodology of clinical research and the appraisal 
of effectiveness of traditional medicine. India has ancient 
traditional science like Ayurveda and many cultural medicine 
too [5]. So its need of time to utilize these natural Bio-resources 
in health sector.

Discussion 
India have richest area of medicinal plants, so there is an 

urgent need to establish the traditional bio-resources value in 
both national & international perspective realizing the ongoing 
development trend.
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A.S. Isaev 
Russian Academy of Sciences, Centre for Ecological Problems and Productivity of 
Forests, Russia 
 
N.G. Rybalsky 
Ministry of Natural Resources, National Information Agency “Natural Resources”, 
Russia 
 
Keywords: Biological resources, vegetation communities, animal kingdom, terrestrial 
and aquatic ecosystems, sustainable management 
 
Contents 
 
1. Introduction 
2. Biological Resources of Plant Origin 
2.1. Forest Vegetation 
2.2. Forest Fund Characteristics. 
3. Grassy and Fruticulose Non-Forest Vegetation 
3.1. Usage of Wild Medicinal, Technical and Food Resources.  
4. Biological Resources of Animal Origin 
4.1 Terrestrial Biological Resources of Animal Origin 
4.1.1. Terrestrial Vertebrate Animals 
4.1.2. Invertebrate Animals 
4.1.3. Hunting Resources 
4.1.4. Measures for Conservation of Game Animal Resources 
4.2. Aquatic Biological Resources 
4.2.1. Assessment of the Condition of Aquatic Biological Resources  
4.2.2 Use of Fish Resources within the 200-mile Zone and the Continental Shelf 
4.2.3 Use of Freshwater Fish Resources. 
4.2.4 Use of Non-Fish Marine Produce 
5. Conclusion 
Acknowledgements 
Glossary 
Bibliography 
Biographical Sketches 
 
Summary 
 
The state of Russian biological resources is analyzed as an important indicator of 
biological security and sustainable development. Quantitative and qualitative 
parameters of plant and animal resources are considered for forest, swamp, tundra, 
steppe ecosystems and water basins. Management strategies should be based on 
complex assessment of the most important biological resources and a well developed 
ecological monitoring system providing appraisal of natural and human impacts. 
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Russia supports a greater area of forest than any other country in the world. Extensive 
territories of boreal forests with unique undisturbed ecosystems have uniquely 
important significance for conservation of biodiversity and sustainability of the 
biosphere. Rational forest use should be based on improvement of forest management, 
long-term forecast of forest fund dynamics, improvement of forest fire protection and 
defense from pests and diseases. 
 
Non-forest areas are occupied by meadow, steppe, semi-desert, desert, tundra and 
swamp ecosystems. At present many natural complexes are being subjected to strong 
anthropogenic impact. Steppe communities retained as relics of previous extensive 
areas in southern Russia are largely degraded. The scale of tundra degradation has 
increased due to development of natural resources in the Arctic. Forest and swamp 
complexes in Western Siberia have suffered environmental harm as a result of 
development of the oil and gas industry. 
 
Russia has unique animal resources, and their conservation, reproduction and 
exploitation raise complex issues. Stocks of wild animals determine not only natural 
processes, but the very basis for survival of some ethnic groups—those historically 
connected with game animals. Aquatic biological resources of Russia satisfy society 
needs, but their use isn’t full and rational sometimes. Decreases of some important 
fishery stocks, for example sturgeon, salmon and carp have been caused by exceeding 
catch norms and poaching. The biological resources of Russia are capable of fully 
satisfying the needs of society because of their size and diversity, providing the 
ecological functions can be preserved. New legislation is required as a basis for 
rational management of nature. 
 
1. Introduction 
 
The ecological security of the country and its sustainable development depends to a 
great extent on the levels of use and conservation of biological resources, represented 
by populations, species and living communities. Their intensive use in agriculture, 
forestry, hunting and trapping, and the medical-biological and pharmaceutical 
industries is increasing every year. 
 
Biological resources as the basis for life-support and sustainable development of 
humankind are inexhaustible if their direct and indirect use doesn’t destroy their 
regeneration potential and reduce biological diversity—the main depository of genetic 
information. So the usage of biological resources must be adequately combined with 
their conservation and restoration. It is important to realize that the value of biological 
resources is determined not just by their utility to humans. Each plant or animal 
biological resource is an important element of the natural environment, providing 
stability to the ecological functions of the biosphere, and aesthetic value to landscapes. 
Thus it is necessary to have a clear concept of rational nature management, combining 
resource and ecological components and reflecting structural changes of the modern 
socio-economic situation in Russia. Management strategies should be based on 
complex assessment of the state of the main biological resources and development of 
a monitoring system to provide assessment of the negative consequences of 
anthropogenic impact. To increase the productivity of biological resources new plant 
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and animal species should be researched and brought into productive use. Modern 
highly efficient biological technologies should be developed, and biological methods 
of protecting crops from pests and diseases should be improved. As Russia has great 
resource potential, especially in the less-developed regions, the conservation of the 
genetic resources of wild nature and their efficient use are considered issues of global 
significance.  
 
2. Biological Resources of Plant Origin 
 
The plant resources of the Russian Federation are of great value as the key to the 
natural renewal resource base required for the transition of the country, and its 
separate regions, onto a course of ecologically sustainable development.  
 
The vegetation of the 1700 million ha of Russia’s Land Fund is very diverse, mainly 
as a result of the wide climatic, geological and altitudinal variation. The primary 
productivity (stores of plant material and its annual production) is the most sensitive 
integral parameter of ecosystem state. The change of living phytomass is determined 
mainly by zonal distribution. The highest storage of biomass (more than 200 t ha-1) is 
recorded in forest regions with natural predominance of climax communities, e.g. in 
the southern taiga, broad-leaved and coniferous/broad-leaved forests of European 
Russia, the Caucasus and the Southern Far East. At the same time in the northern 
regions with widespread water-logging and permafrost this parameter is much less, 
being only 1.6 to 2.0 t ha-1 within Arctic archipelagos. Living phytomass in arid 
regions of southern Russia does not exceed 8 t ha-1. The natural biota of Russia as a 
whole is a unique resource producing 20 tons of organic matter per hectare annually 
on average, forest ecosystems producing the main mass. Within the territory of Russia 
vegetation communities produce as much as 230 tons of living biomass calculating per 
capita per year.  
 
There are three main centers of floristic richness within Russia: the Northern 
Caucasus, Sayan-Altai mountains and Primorye (Southern Far East). The high 
biological diversity of mountain territories is a result of the great differentiation of 
habitats represented.  
 
The status of wild flora and plant communities provides the basis for information 
about rare and vanishing species requiring protection. Assessments of these species 
have been carried out and the information presented as regional lists in the Russia’s 
Red Data Books, along with regional Red Data books. The RF Red Data Book 
contains data on about 533 floral species in need of protection. There are 440 species 
(80%) of angiosperms, 11 species of gymnosperms, 10 fern species, 4 clubmoss 
species, 22 moss species, 29 lichen species and 17 species of fungi. Species requiring 
protection over the entire country had priority for inclusion in the Red Data Book. 
 
Among 400 rare species within the flora of northwest European Russia, 140 species 
are requiring immediate protective measures. Other plants needing protection include 
500 species in the Non-Chernozem zone, 375 species in Saratov oblast, and 188 
species in Krasnodar Territory (including 127 species on the Black Sea shore). In 
recent years some species have disappeared, for example royal fern (Osmunda regalis) 
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which grew on the Black Sea Shore, and the cinquefoil (Potentilla volgarica) from 
Middle Povolzhye. Unique plant communities can be found not only in the Caucasus 
but also in the Caspian region, Transbaikalia, and the Pacific coast.  
 
Within the northern part of Western and Eastern Siberia the plant species composition 
is less varied because of the lack of refuges for relics and endemic species of Tertiary 
flora. The relatively poor species diversity in boreal ecosystems is compensated by the 
considerable intraspecific variation in the main forest forming tree species. The 
relatively small number of species does not result in any decrease of natural 
ecosystem resistance because it is supported by diversity of forms and local 
adaptation. Biodiversity research and conservation measures in this region includes 
specific tasks such as forest seed zoning and establishing plantations of highly 
productive forest stands from seeds of different origin, providing form diversity. 
The vegetation cover of Russia is dominated by forests. Non-forested land includes 
meadows, steppe, semi-desert and desert communities, plus tundra and swamp 
ecosystems. The plant resources of these natural biomes represent great national 
wealth, which are also of global significance. 
 
2.1. Forest Vegetation 
 
Russia has a larger area of forest than any other country in the world. It holds more 
than one fifth (22%) of the world’s forest area and standing volume (Figure 1). 
Russian forests perform very important environmental and protective functions. They 
include 60% of the world’s boreal forests. The extensive areas of virgin boreal forests 
with unique ecosystems undisturbed by human activity play an extremely important 
role in conservation of biological diversity and stability of the biosphere as a whole.  
 

 
 

Figure 1. Distribution of forest lands over world regions. 
 
The Forest Fund of Russia is represented by diverse forest vegetation in combination 
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with shrub thickets, swamps and meadows. The forest vegetation can be divided into 
three more-or-less geographically discrete (zonal) types: 1) boreal coniferous forests 
accompanied by swamps and meadows; 2) mixed coniferous and broad-leaved forests 
with their corresponding zonal swamp and meadow types, and 3) deciduous forests to 
the south of the dark coniferous taiga area.  
 
These zonal types include various classes of vegetation formations based on the 
dominant forest-forming tree species. Their floristic composition, structure, 
geographical distribution, ecological and geographical links are determined by the 
natural characteristics of the area: climate, geology and geomorphology, soils, 
hydrology, and the history of forest cover. The main types of forest vegetation within 
the taiga zone are the following: dark coniferous (Abies spp., Picea spp., Pinus 
sibirica, P. koraiensis, P. Pumila), light coniferous (Pinus sylvestris, Larix spp, etc.) 
and small-broadleaved (birch and aspen) forests. The latter type has a secondary 
character. These forests have appeared on the site of former coniferous forests. The 
main areas of dark coniferous forests are located in temperate cold and rather humid 
territories. These types are predominant in the western part of the taiga zone in Russia 
where the influence of humid Atlantic air masses is strong. Within the continental 
regions of Siberia extensive areas of dark coniferous forests are characteristic of 
mountain territories where air humidity increases as a consequence of vertical 
differentiation and regional climatic peculiarities. Such conditions and snow cover 
protection are favorable for the growth of a specific form of dark coniferous forest—
thickets of dwarf Siberian pine communities which are classified as shrubs in the state 
forest fund inventory. They have a wide distribution in the belt below the timberline 
of the North-East mountain ridges. 
 
Larch forests are widespread in regions of extremely continental climate and 
permafrost in Eastern Siberia and the Far East. They have local characteristics in 
Western Siberia and in the East Russian plain. In the southern mountains of Eastern 
Siberia they border the dry steppes of Central Asia, and in the northern regions they 
grade into forest-tundra. Pine forests are widespread over the whole forest zone, with 
a particularly even distribution in the western forest zone, as far as the Yenisei River. 
They are typical of alluvial plains, extensive areas forming on sandy river terraces. 
Unlike the dark coniferous forests, pine and larch forests penetrate into the steppe 
zone. Birch and aspen forests occur everywhere in the boreal zone. Normally they 
developed after coniferous forests had been affected by cutting, fires or pest invasions. 
In Eastern Siberia where larch forests predominate, birch and aspen forests occupy 
extensive areas of formerly burnt forest. Aspen is more characteristic of the southern 
regions, particularly on more nutrient-rich soils. 
 
Within the territory of Russia the mixed coniferous and broad-leaved forests consist of 
two separate natural areas—one in the European part (the Russian plain) and the other 
in the Far East (Amur basin and Primorsky Territory). Woody vegetation of these 
regions is very diverse in composition, structure and productivity because they arose 
under different historical, ecological and geographical conditions. Within the Russian 
plain the dark coniferous forests are represented by a combination of coniferous and 
broad-leaved stands or by proper mixed forests. Large areas were occupied by these 
forests in the past but now they are mostly under agricultural and other usage. 
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Coniferous and broad-leaved forests of the Far East are influenced by the Pacific 
monsoon, which provides high air humidity. These are mountain forests mainly with a 
small number of tree species and dominated by Korean Pine (Pinus koraiensis), and 
various fir and spruce species. At present these forests are being subjected to intensive 
anthropogenic impact, which is changing their appearance, particularly by cutting and 
forest fires.  
 
The deciduous forests in the southern part of the forest zone are represented by diverse 
broad-leaved forests with oak predominating within the Russian plain, and birch and 
aspen forests in the Western Siberian lowland. To the east of the Yenisei this belt is 
not clearly marked—there are forest-steppe small birch forests with meadow steppes 
in Central Siberia, and isolated broad-leaved forests with dominant Mongolian Oak 
(Quercus mongolica) in the southern part of the Far East.  
Russian forests exert considerable influence on all natural processes in the biosphere. 
The most important ecological function is considered to be their regulation role in 
atmospheric composition, due to CO2 binding during photosynthesis and carbon 
accumulation in wood, soils, and peat. These processes are of special importance in 
assessment of possible climate changes and balance of greenhouse gases in the forest 
ecosystems.  
 
On a global scale Russian forests play an important role in accumulation of organic 
carbon (see Table 1). Most of the accumulated carbon consists of detrital remnants 
and their decomposition products. The store of soil carbon accumulated in Forest 
Fund lands is 172.4 Gt, while the carbon pool in phytomass is 34.3 Gt and its rate of 
deposition is 240 Mt per year. The average carbon stock in forest phytomass is 30.9 t 
ha-1 and the average deposition value 0.22 t ha-1. For land entirely covered with forest 
these values are 44.5 t ha-1 and 0.32 t ha-1 per year. The main process providing high 
carbon sequestration capacity in boreal forests is ‘swamping’, or accumulation of 
peaty material under waterlogged conditions. The carbon store in peat and boggy soils 
is 114-118 Gt. 

 
Carbon store, Gt C  

Phytomass Soils 
Russia’s forests 34.4 172.4 
World’s boreal forests   57 338 
World’s forests 536 704 
World’s terrestrial ecosystems 
(excluding agricultural lands) 654 1567 

 
Sources: Isaev A.S., Korovin G.N. Carbon in Northern Eurasia Forests // Carbon cycle on the 
territory of Russia. – Moscow: Ministry of Science and Technology of the Russian Federation, 
1999, - p. 165-201 (in Russian); Prentice I.C., Farquhar G.D., Fasham M.J.R., Goulden M.L., 
Heimann M., Jaramillo V.J., Kheshgi H.S., Le Quere C., Scholes R.J., Wallace D.W.R. The 
carbon cycle and atmospheric carbon dioxide // Climate Change 2001: The Scientific Basis. 
Contribution of Working Group I to the Third Assessment Report of the Intergovernmental 
Panel on Climate Change. – Houghton J.T., Ding Y., Griggs D.J., Noguer M., van der Linden 
P.J., Dai X., Maskell K., Johnson C.A. (Eds.) – Cambridge: Cambridge University Press, 2001. 
– p. 85-98. 
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Table 1. The carbon pool in terrestrial ecosystems 
 
The resource and ecological potential of forests directly depends on their qualitative 
and quantitative characteristics and their distribution within the country. There are 
about 300 tree species and a great number of shrubs and lianas in Russian forests. 
However the main forest forming trees number not more then twenty species. 
Coniferous and hard-leaved forests are the most valuable and unique due to the tree 
species composition (“hard-leaved forests” is a term fixed in the Instruction on Forest 
Fund State Account for a determined list of broad-leaved tree species, the wood of 
which is harder than that of soft-leaved species). These forests form the most long-
lasting and resistant ecosystems, providing a regulatory influence over natural 
processes including carbon sequestration.  
 
- 
- 
- 
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Lecture 1 
Bioresources  

Trevor Hodkinson, School of Natural Sciences (Plant Sciences) 



Lecture	  content	  
-Bioprospecting and medicinal products  
-Genetic resources 
-Plant and animal biotechnology 
-Genetically modified organisms 
-Agriculture 
-Water technology/waste treatment 
 
-Bioresources in ecosystems (ecosystem services) 

 - carbon cycles 
 - pollinators and dispersal agents 
  



Prac,cal	  classes	  

•  Carbohydrates	  1	  -‐Seed	  germina4on,	  starch	  
and	  alpha-‐amylase	  

	  
•  Carbohydrates	  2	  -‐Pumpkins-‐sugars	  
	  
•  Cereals/domes4ca4on	  of	  plants	  
	  
•  Water	  biotechnology/waste	  treatment	  



•  What	  are	  bioresources?	  
Any	  resource	  of	  biological	  origin	  
	  
Restrict	  here	  to	  products	  from	  living	  organisms	  
Exclude	  e.g.	  fossil	  fuels,	  rocks	  of	  biological	  origin	  	  
	  

Bioresources	  



•  Biodiversity	  (gene4c	  diversity)	  

•  Bioprospect	  and	  conserve	  (in	  situ	  and	  ex	  situ)	  

•  U4lize	  (harves4ng,	  breeding,	  biotechnology)	  

Conservation and utilization of biodiversity 



Why	  is	  biodiversity	  valuable?	  

•  Value	  to	  humans	  
•  Renewable	  (popula4ons	  can	  replenish	  
themselves)	  

•  Indirectly	  contributes	  to	  ecosystem	  stability	  



Value	  of	  bioresources	  

•  Direct	  value	  
– Agriculture	  
– Medicine	  
– Bioproducts	  
	  

•  Indirect	  value	  
– Ecosystem	  services	  (nutrient	  cycling,	  pollina4on,	  
dispersal)	  



Direct	  value	  of	  biodiversity	  

•  Food	  and	  drink	  
•  Medicine	  
•  Building	  materials/construc4on	  
•  Clothing	  etc.	  
•  Energy	  
•  Hor4culture	  
	  



Agriculture	  	  
•  Domes4ca4on	  and	  breeding	  programs	  

Eg. Triticum (wheat) x Secale (rye)   à Triticale (via traditional crossing of plants)  



Ar,ficial	  selec,on	  

Wild type Brassica oleracea 

cabbage 

broccoli 
cauliflower 

kohlrabi 

brussel sprouts 

kale 



Plant	  gene,c	  resources	  

•  350,000	  spp.	  of	  angiosperm	  on	  earth	  
•  80,000	  possess	  food	  value	  
•  3,000	  used	  

Maize, wheat and rice 
=2/3 of worlds grain crop 

Within crops also little diversity –eg. Few varieties used in wheat belt of N. 
America, potatoes in N. America and coffee plantations in Brazil 



Wild/landraces	  of	  crops	  

•  Important	  as	  sources	  of	  
genes	  for	  crop	  improvement	  
–  Increased	  produc4on	  
– Disease	  resistance	  
– Drought	  tolerance	  
–  Improved	  nutrient	  content	  
eg	  Golden	  rice	  (vit	  A,	  beta	  
caroteine	  precursor)	  

	   	  Lysine	  in	  cereals	  	  
	  Sulphur	  cotaining	  aa’s	  in	  
legumes.	  



Wild	  rela,ves	  of	  crops	  

•  eg	  Zea	  mexicana	  (Mexican	  teosinte)	  
•  eg	  Zizania	  texana	  (Texas	  wild	  rice)	  



Importance	  of	  gene,c	  diversity	  in	  
agricultural	  systems	  

ç Monoculture:	  efficient,	  
high	  yielding	  

è Intercropping: tolerant 
to pests, diseases, 
environmental change 



Pests	  and	  disease	  

•  1840s	  Irish	  potato	  blight	  
•  1860s	  Vine	  disease,	  Europe	  
•  1870-‐90	  Coffee	  rust,	  Ceylon	  
•  1942	  Rice	  crop	  destroyed,	  Bengal	  
•  1946	  US	  oat	  crop	  devastated	  by	  fungus	  
•  1950s	  US	  wheat	  stem	  rust	  
•  1970s	  US	  maize	  fungus	  

Diversity therefore important for 1)crop improvement 2) coping with changing 
environment 



Bioenergy	  

•  Biofuels	  
•  Biomass	  (stored	  energy-‐	  
eg	  in	  carbohydrate)	  

•  Maize/	  Saccharum	  
•  Miscanthus	  
•  Salix	  

Ethanol 
factory -Brazil 



Animal	  gene,c	  resources	  

•  Meat	  (from	  a	  limited	  nu.	  of	  species/breeds)	  
Wild	  progenitor	  of	  cable	  is	  ex4nct	  –breeds	  

endangered	  
	  
•  Animal	  products	  (eg	  milk)	  
•  Hun4ng	  
•  Grad	  

–  Horse,	  donkey,	  camel,	  llama,	  elephant,	  yak…	  
•  Manure	  	  

–  Guano	  –	  fer4lizer	  
–  Cooking	  fires	  



Livestock	  gene,c	  resources	  
FAO State of World’s Animal Genetic 
Resources (www. FAO.org) 

World’s livestock production is 
increasingly based on a limited 
number of cattle breeds (diversity in 
these also in decline). 
 
A global total of 7,616 breeds has 
been documented 
 
20% of breeds are classified as at 
risk 
 
One breed per month lost in the last 
six years 
 



Animal	  gene4c	  resources	  
eg	  Tilapia	  	  

•  East	  Africa	  
•  164	  spp	  in	  Lake	  
Malawi	  

•  Converts	  food	  to	  flesh	  
faster	  than	  most	  fish	  

•  Used	  in	  aquaculture	  



Medicinal	  resources	  

•  50%	  medicinal	  
compounds	  obtained	  
from	  plants	  

•  Oden	  difficult	  or	  
expensive	  to	  ar4ficially	  
synthesise	  

•  eg	  Rauvolfia	  sp.	  (serpent	  
wood).	  India	  4000yrs	  –
nervous	  disorders/
mental	  illness	  

Reserpine	  (tranquilizer)	   Indole 
alkaloid 



Commercial	  synthesis	  

•  Natural	  compounds	  oden	  act	  
as	  “blue	  print”	  
	  eg	  morphine	  and	  codine	  

•  Alkaloids	  from	  opium	  poppies	  
•  Used	  to	  develop	  synthe4c	  
painkillers	  

•  Advantages	  of	  commercial	  
synthesis:	  
– Many	  plants	  difficult	  to	  
cul4vate	  

– Natural	  compounds	  may	  have	  
side	  effects	  



Other	  medicinal	  resources	  

•  Agar	  (red	  algae)	  
•  Drug testing and 

research  

Horseshoe crabs used instead of 
rabbits to test endotoxins. Also –blood 
cells can be cultured and used instead Rhesus monkey 



Other	  biological	  resources	  of	  direct	  value	  

•  Oils	  and	  waxes	  
•  Skin/hide/furs	  	  
•  Trees	  

–  Timber	  
–  Natural	  rubber	  
–  Ornamental	  
–  Pest	  resistant	  
–  Soil	  conserva4on/preserva4on	  
– Wind	  breaks/shade	  
–  Nitrogen-‐fixing	  
–  Fruit	  



Biotechnology	  for	  new	  plant	  and	  animal	  
products	  

•  Genomics,	  transcriptomics,	  proteomics	  
•  Tissue	  culture	  
•  Gene4c	  engineering	  



Potato breeding programme 

Just completed the first draft genome sequence (Irish part 
of the international consortium) 



Molecular	  farming	  

•  Use	  plants	  to	  make	  specific	  compounds/
chemicals	  

•  Plants	  make	  carbohydrates	  and	  enzymes	  
	  
Two	  of	  most	  abundant	  carbohydrates:	  
-‐Cellulose	  (C6H10O5)n	  –chains	  of	  dextrose	  (D-‐
glucose)	  

-‐Starch	  (most	  starch	  not	  directly	  eaten)-‐
polymers	  of	  glucose	  

	  



Amylose 

Amylopectin 

Starch broken down by alpha-amylase in 
grains (Practical 3) 

Enzymes used to process food and for 
industrial uses (brewing, baking, detergents) 

 -alpha-amylase 

Starch -polymers of 
glucose 



Indirect	  value	  

•  Ecosystem	  services	  
– Nutrient,	  water	  cycling,	  and	  climate	  
– Soil	  forma4on	  and	  fer4lity	  
– Detoxifica4on	  of	  noxious	  chemicals	  
–  Indirect	  agricultural	  value	  



Carbon	  cycles	  

•  Regulate	  carbon	  cycles	  	  
•  c.387ppm	  atmospheric	  CO2	  regulated	  by	  
plants	  	  



Indirect	  agricultural	  value	  
•  Pollinators	  

– Most	  flowering	  plants	  require	  animal	  pollinators	  
– E.g.	  bees,	  especially	  na4ve	  species	  
– Allow	  us	  to	  grow	  crops	  which	  require	  cross-‐
pollina4on	  eg	  apples,	  tomatoes	  

– Service	  is	  worth	  $billions	  	  
	  



Indirect	  agricultural	  value	  

Biocontrol 
Natural pest control (avoid pesticide use) 
Introducing or augmenting populations of 

natural enemies of crop pests 
l  Ladybirds and hoverflies for aphid 

control 



Water	  technology	  and	  waste	  
management	  

Plants and microbes used 
to clean up water. 
 
More from Nick Gray on 
this later in the module. 



Value	  of	  biodiversity	  

•  Environmental	  economists	  value	  global	  insect	  
ecosystem	  services	  at	  16-‐54	  trillion	  US	  dollars	  
Per	  Year	  

•  Minimum	  es4mate	  
•  Calculated	  as	  amount	  it	  would	  cost	  to	  provide	  
services	  by	  other	  means	  (if	  possible	  at	  all)	  

Pullin 2002, Costanza et al., “The 
Value of the World’s Ecosystem 
Services and Natural Capital,” Nature 
Vol. 387 (1997).  



Biodiversity	  benefits	  human	  welfare	  

•  Interest	  in	  nature	  
•  Eco-‐tourism	  
•  Human	  desire	  for	  natural	  habitats	  



Summary	  

•  Direct	  value	  
–  Improve	  current	  resources	  
– Discovery	  of	  new	  resources	  

•  Indirect	  value	  
– Ecosystem	  services	  



Further	  reading…	  

•  Wilson	  (2002)	  The	  future	  of	  life.	  Chapter	  5	  
•  Oldfield	  (1989)	  Gene4c	  Resources.	  Sinauer	  	  
•  Pullin	  (2002)	  Conserva4on	  Biology.	  Cambridge	  

University	  Press.	  Chapter	  1	  
•  Al4eri	  (1999)	  The	  ecological	  role	  of	  biodiversity	  in	  

agroecosystems.	  Agriculture,	  Ecosystems	  and	  
Environment	  74:	  19-‐31	  



Medical	  compounds	  from	  micro-‐organisms	  

•  Fungi	  eg	  
Penicillium	  

l Bacteria eg 
Streptomyces 

Old slides –not 
used…… 



eg	  Quinine	  	  
•  Used	  by	  na4ve	  Indians	  (S.	  America)	  
•  Bark	  of	  tropical	  Chinchona	  trees	  	  
•  Discovered	  by	  Europeans	  in	  C17th	  	  
•  Commercial	  extrac4on	  in	  wild	  
•  Seed	  collec4ons	  =>	  cul4va4on	  
•  Gene4c	  improvement	  	  
•  WWII:	  Japan	  controlled	  produc4on	  areas	  &	  

Germans	  synthesized	  quinine	  
•  Allies	  went	  back	  to	  wild	  popula4ons	  of	  

Chinchona	  
•  Vietnam:	  malaria	  resistant	  to	  synthe4c	  

quinine	  



eg	  an4cancer	  drugs	  

•  Madagascan	  
periwinkle	  

•  Catharanthus	  roseus	  
l  drugs effective 

against cancer 
(leukaemia testicular, 
breast, cervical), 
Hodgkins disease, 
tumors & melanomas 
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