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INTRODUCTION

desertification that involves sand movement is spreading in Sudan

management of soil water and organic matter. A severe form of

tIn Sudan, cultivation of desert soils is inevitable and needs efficien
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30-60cm), yield andnutrient content weredetermined.
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FLORISTIC AND STRUCTURE OF CAATINGA PRESERVED AREAS AND FROM 
DIFFERENT MANAGEMENT SYSTEMS
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INTRODUCTION

Agroforestry systems (AFs) are proposed as alternatives to traditional crops adopted in the Brazilian 
semiarid region, causing great loss of diversity and environmental degradation. 

It was evaluated the floristic composition and community structure of herbaceous components of arboreal 
/ shrubby, in order to assess whether during fallow periods, they return to their initial condition, and assess 
whether the AFs maintain them similar to the vegetation conserved. 

MATERIALS AND METHODS

Two AFs were avaluated: agrosilvopasture (AGP) and silvopasture (SILV), a traditional management system 
(TRAD0), fallow area six (TRAD6) and nine (TRAD9) years and a conserved area of caatinga (MATA). 

Individuals present in the strata herbaceous and arboreal/shrubby were identified and quantified. 
Absolute density and absolute frequency of species were determined and arboreal/shrubby individuals 

were divided into diameter classes. 

RESULTS
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FIGURE 2: Floristic Similarity based on cluster analysis 
among agroforestry systems (AGP and SILV), traditional 
cultivated (TRAD0) at different periods of fallow 
(TRAD6 and TRAD9) and preserved caatinga (MATA), in 
Sobral-CE, 2010.
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analysis

Herbaceous 

Species 
AGP 

Species 
SILV 

Species 
TRAD0 

DA 
ind m-1 

FA 
% 

DA 
ind m-1 

FA 
% 

DA 
ind m-1 

FA 
% 

A. ficoidea 36,7 100 H. suaveolens 146,5 100 B. plantaginea 36,6 100 
C. nudiflora 16,5   80 Amaranthus sp. 120,3   90 Amaranthus sp 29,6   80 
C. virginica   8,5   30 C. virginica   13,8   50 A. adscensionis 22,8   50 
B. plantaginea   1,5   10 B. plantaginea   10,6 100 D. aegyptium 17,6   60 
Chloris sp.   0,9   20 B. bipinnata     5,3   70 C. nudiflora    9,1   20 
T. subulata   0,8   10 H. tiubae     3,6   40 A. ficoidea    4,4   30 
R. contracta   0,5   20 Oxalis sp     3,3   20 C. virginica    4,4   30 
Anaphyllopsis sp   0,2   20 A. ficoidea     3,0   30 E. indica    3,3   30 
B. bipinnata   0,1   10 Urtica sp.     2,9   50 B. verticillata    2,5   40 
C. tora   0,1   10 W. subpeltata     1,8   60 S. dulcis    2,3   60 
Total 68,0 -  328,0 -  154,0 - 

Species 

TRAD6 

Species 

TRAD9 

Species 

MATA 

D 
ind m-1 

FA 
% 

D 
ind m-1 

FA 
% 

D 
ind m-1 

F
A 
% 

C. virginica 16,9 90 C. virginica 7,1 90 C. virginica 9,8 90 
E. indica 13,3 90 B. plantaginea 3,0 50 H. tiubae 5,4 90 
B. plantaginea 12,4 70 Amaranthus sp 1,6 50 B. plantaginea 5,6 60 
Amaranthus sp.   8,0 60 H. tiubae 1,4 60 B. plantaginea 5,6 90 
C. nudiflora   5,8 40 O. martiana 1,1 40 A. ficoidea 2,9 50 
H. suaveolens   2,1 50 R. contracta 1,1 20 Amaranthus sp. 1,2 30 
H. tiubae   1,4 70 Anaphyllopsis sp 0,6 50 Anaphyllopsis sp 1,2 30 
A. ficoidea   0,8 30 W. subpeltata 0,6 50 S. cordifolia 1,0 30 
B. bipinnata   0,8 30 H. suaveolens 0,3 20 B. verticillata 0,3 10 
Anaphyllopsis sp   0,7 40 Urtica sp. 0,3 10 Ipomoea sp. 0,2 20 
Total 74,0 -    27,0 -    54,0 - 

Arboreal/shrubby 

Species 
AGP 

Species 
SILV 

 
 

D 
ind m-1 

FA 
% 

D 
ind m-1 

FA 
% 

  

C. oncocalyx 70 60 C. ancocalyx 90 50    
C. gardneriana 50 30 M. hostilis 30 20    
C. ferrea 20 20 C. trichotoma 20 20    
A. cearensis 10 10 C. gardneriana 10 10    
A. pyrifolium 10 10 C. leprosum 10 10    
B. cheilantha 10 10 A. cearensis 10 10    
M. caesalpinifolia 10 10       
Z. joazeiro 10 10       
Total 190 -  170 -    

Espécie 
TRAD6 

Espécie 
TRAD9 

Espécie 
MATA 

D 
ind m-1 

FA 
% 

D 
ind m-1 

FA 
% 

D 
ind m-1 

FA 
% 

M. caesalpinifolia 700 100 C. blachetianus 1300   86 C. ancocalyx 670 90 
C. gardneriana 486   86 C. leprosum   700 100 M. caesalpinifolia 500 80 
C. leprosum 286   86 C. trichotoma   671   86 C. leprosum 430 70 
C. ancocalyx 229   86 C. gardneriana   600 100 C. blachetianus 210 30 
M. hostilis  129   71 M. caesalpinifolia   443   86 C. gardneriana   60 20 
A. colubrina 129   43 B. cheilantha   443   71 B. cheilantha   30 30 
B. cheilantha 86 29 C. ancocalyx 429 100 M. glaziovii     30 30 
C. blachetianus 71 14 M. hostilis   71   57 M. urundeuva    20 10 
J. pohlian 71 57 A. colubrina   71  43    
C. trichotoma 57 29 J. pohlian   43  14    
Total 2243 -  4799 -  1950 - 
 

TABLE  1: Absolute density (AD) and absolute frequncy (AF) of ten species 
of herbaceous and arboreal/shrubby layer more representative of 
agroforestry systems, traditional in culture and at different periods of 
fallow and caatinga conserved in Sobral-CE, 2010



Investigation of geological criterion on land 
degradation in geomorphological units  

(Case study: Eastern part of Shoor river)

H. Ahmadi1 , T. Mesbahzadeh 2, S. Feiznia3

A. Salehpor 4

1. Professor of Azad University, Tehran, Iran,
2.Ph.D student, Faculty of Natural resources, 

Tehran, Iran.

The membership function of each unit
and boundries is defined as:

A={x, μA(x)}
Where: A is the stage subset, x is
member of reference set of μ and μA(x)
is the membership degrees of A.
The weigh of each unit is also defined
as:

Wi=1-e-2(I)
Where I is the cross validate index and
Wi is the weighted value of each factor.
To obtain membership function, the
following step was considered.
Where μ(x) is the membership

Abstract

In this research, three indices consisting of
erodibility, salinity and permeability of rock
units were chosen, by field and laboratory
analyses and finally their classified maps were
prepared, they were then overlaid and zonation
map of the area according to the three indices
were presented. Due to the fact that the
determination of desertification intensity or
potential in homogeneous units by using
mathematical or statistical equations is not
possible, therefore, the concept of fuzzy logic
was used for zonation that after determination
of the weight or value of the factors, fuzzy

University of Tehran

Tehran, Iran.
3. Professor, Faculty of Natural Resources, 

university of Tehran, Karaj
4. Ph.D student, Faculty of Natural resources, 

Tehran, Iran.

ahmadi@ut.ac.ir

Where μ(x) is the membership
function of each stage, x is the value of
independent variable, a is the distance
between classes and b=xmax-h, h is
defined as: And: k=1+3.3 logN
Where: N is the valume of samples and
R is the distance between maximum
and minimum values.

Disscussion and conclusion
The comparative results of the
maps obtained from different
operators with the contol map
shows that γ=0.8 as the most
relevant fuzzy operator in the
region. While other research have
proposed γ=0.1 and γ=0.2 for flood

of the weight or value of the factors, fuzzy
algebraic sum, fuzzy algebraic product and
fuzzy gamma were used. The results obtained
from the comparison of maps prepared using
different fuzzy operators with a control map
and maximum and minimum measured
desertification in the studied region, has shown
that the most suitable fuzzy operator for
desertification potential or intensity in the
studied area is 0.8 gamma fuzzy function.
Finally by overlaying the zonation map of
desertification intensity with respect to
geological criterion and the geological map,
different geological units were characterized
based on their desertification effect.

Keywords: Desertification, Fuzzy logic, 

Introduction
A lot of research has been conducted on the

effects of saline lithologic formation in land
degradation (Esenov 1999, Bonham 1996,
Metternicht and Zinck 1996 ,Kaushalya 1992
). Tahmasebi (1998) has studied the effective
factors on soil and water salinity in Shour
river catchment and identified point and
extensive salinity sources such as diaperes and
evaporative marls. Other researches was
conducted by Bouwer (1976) and Walton
(1970) in other to find out the infiltration
capacity of separate lithologic units. This

Salinity zonation of the region
To determine the salinity index of each 
unit, at least three samples were taken. 
Then EC of 406 samples were measured 
and classified according to USSL 
including low (0<EC<2), medium 

proposed γ=0.1 and γ=0.2 for flood
spreading site selection. Ghodosi
for proposed γ=0.8 for gully
erosion detection as well.
Overland maps obtained from
different criteria indicates that
potential desertification is mostly
in tree ckasses as shown in table 9.
Evapontes with low slope and
higher water table are more
susceptible to desertification, then
represent higher potential in this
Quaternary units including Qal,
Qc, Qf3, Qf2 and Qt2 in the
southern slopes of hillsides show

Keywords: Desertification, Fuzzy logic, 
Geological criterion, Evidence map, Erodibility, 
Salinity, Permeability.

Fig .1. Work units map of the study area

capacity of separate lithologic units. This
research aims to suggest some indices to
determine the effect of geologic criteria on
land degradation in order to classify the
intensity of desertification.

Materials and methods
- Study area
Roud Shour catchment with an area of 17000
km2 is located in Tehran, Zanjan and Markazi
provinces. The geographic coordinates of the
study area are 48˚ 30΄- 51΄ E and 35˚ 21΄ to 36˚
30΄ N. the region has a range of annual
precipitation of 200 mm in the plain to 350 mm
in the uplands.
- Methodology

including low (0<EC<2), medium 
(2<EC<4), high (4<EC<8) and very high 
(8<EC).
Infiltiation coefficient zonation
In this step, three samples were taken 
using GPS. Then the infiltiation rate was 
determined based on Darcy's method 
using 403 samples. Finally four classes 
of infiltration based on Bouwer's 
method were determined as very low 
(<0.069 cm/min), low (0.069-1.38 
cm/min), moderate (1.38-6.94 cm/min) 
and high (>6.94 cm/min)( Figure 2). 

southern slopes of hillsides show
moderate potential of
desertification. Finally Qal, Qt3,
Qf3, Qt2, Qf2, Qt1 and Qf1 units
mostly related to alluvial deposits
of Kordan rive located in the
northest of the region indicaqte
higher potential of desertification
intensity.

Reference:
-
             Bonham-Carter,G.F.,1996.Geographic

Information Systemfor Geoscientists;
Modelling with GIS. Computer methodsinthe
Geosciences.Vol.13,Pergamon,Elsevier Science- Methodology

First, the geologic formation units effective on
land degradation were selected on the geologic
map. Then, landuse, slope and geologic unit
maps were prepared.
- Slope classes map
The topographic map of the region was scanned
and digitized in ILWIS 3.3 software in order to
generate DEM and then slope classes.
- Landuse map
Based on previous watershed management
projects and landsat ETM+ images (2004), the
landuse map was prepared and analyzed
(Figure1).

Geosciences.Vol.13,Pergamon,Elsevier Science
Ltd. UK.
-Bouwer, H., 1978. Groundwater Hydrology,
New York: McGraw-Hill Inc.
-Esenov,P.E.and K.R.Redjepbaeu, 1999.Desert
Problems and Desertification in Central Asia,
The Reclamation of Salin Soils, Springer
Publishers, 239 p.
-Kaushalya, Ramach and Ran,1992.
MonitoringtheImpact of Desertification in
Western Rajasthan Using Remote Sensing,
Journal of Arid Environments 22, pp.293-304.
-Metternicht,Graciela,Zinck,Alfred,
1996.Modelling Salinity Alkalinity Classes for
Mapping Salt-Affected Top soils in the Semi
Arid Valleys of Coch Abamba (Bolivia), ITC
Journal, Vol. 2.
-Walton,C.W.,1970.Groundwater resource

evaluation.MC-Graw.Hill,Inc.,ogakusha664 p.

Fig.2. Infiltiation coefficient zonation map



ECONOMIC AND SOCIAL IMPACTS OF LAND DEGRADATION IN MOUNTAIN
AREA IN TRANSITION PERIOD OF ECONOMICS

H.M.Ahmadov

Resume: Tajikistan is a mountainous agrarian country and any change in land use management leads to both negative and positive consequences. After Tajikistan has got its independence and civil war (1992) has been accomplished the country faced economic and agricultural problems. Stabilization of economics has been started
since 1997 and it influenced standard of living of the population. The whole land use history can be divided into three periods: before 1925 (before soviet period), from 1925 till 1992 (soviet) and after 1992 (independence period) and every period has its own features. The dynamics of land use change and its impact on environmental situation
and development of country economic were investigated. It was identified that significant negative changes in land use have taken place in irrigated as well as rainfed areas. Destruction of irrigated and drainage systems has led to increasing of underground water table and secondary salinization process. And as a result of it the harvest level of
agricultural crops have been decreased and subsequently it caused the lowering of standard of living of the population The damage inflicted by erosion processes of different branches of economy and agficulture has been calculated It was stated that the total annual soil losses from wash out can achive 127.1 million tons, that
lowering of standard of living of the population. Different methods of rational and irrational land management were collected and described. Government policy directed at increasing of land resources productivity and reduction of rural population poverty. Now reorganization of kolkhozes and sovkhozes is being conducted and on their basis
peasant farms of different types are organized.

. conducing the

Republic of Tajikistan –is a mountainous landlocked country in the South-east of Central Asia. Afghanistan borders it to the south, Uzbekistan to the west, Kyrgyzstan to the north, and People's Republic of China to the east. Territory - 143.1 thsd.
square kilometers. Population - 7529,6 thsd. people. Mountains cover over 93% of the country. Government policy directed at increasing of land resources productivity and reduction of rural population poverty.In 1999, no less than 81 %

of Tajikistan's population were poor (84% in rural areas) and 36 per cent were extremely poor (38% in rural areas). A reduction in poverty incidence was recorded between1999 and2004 when the overall poverty declined to 64% (65%in rural areas)
and extreme poverty to 18% (same for urban and rural areas). In The improvements were the greatest in the two poorest regions of the country, i.e. the Gorno-Badakshan
Autonomous Region (GBAO) and Khatlon oblast. Rural poverty declined by slightly more than urban poverty Agriculture production by all types of farms made up 18.7% of GDP in 2010. 66% of the economically active population works in agriculture.
About 73.50% of the total population lives in rural areas. The problem of land degradation in Tajikistan has its roots in the interplay of natural and anthropogenic causes the latter group undergoing major changes in the wake of the collapse of the
collectivized management of land of the soviet period and disappearance of the secure outlet for agricultural production. The fundamental cause of degradation has been lack of incentives to invest in safeguarding or enhancing long-term productivity
of land. Observed technical causes of land degradation are usually only symptoms of the more fundamental reasons. In Tajikistan these reasons typically include one or more of: (1) insufficient stake in the outcome of the investment (linked to restricted
ownership, or incomplete management autonomy), (2) an environment that makes investment risky (extortion, corruption, etc.) or lowers its profitability (e.g. high transport cost, trade barriers, dys-functional regulations, etc.), (3) low capacity on the part
of the authorities to impartially enforce laws and regulations, (4) uncertain and changing policies, (5) poverty, (6) undeveloped use of credit, (7) insufficient or inappropriate technical know-how, and (8) reaction to a sudden change in the financial and
livelihood parameters confronting local communities. Where integrity of ecosystems matters, the causes include also factors that contribute to the decline of the ecosystems' critical mass: policies uncoordinated in space, investment support conceived
without account of eco-system conservation requirements and the power of tradition. The principal categories of land degradation in Tajikistan include (1) irrigation-related land degradation, in particular secondary salinity, waterlogging and irrigation-
related soil erosion (2) soil erosion in rainfed farmlands, (3) pasture degradation, (4) degradation of forests and related loss of biodiversity, and (5) other forms of land degradation (e.g. soil contamination, damage created by careless infrastructural

development etc.). Concerns also exist about degradation of parts of the nature reserves and fragmentation and reduced resilience of important land ecosystems such as semi-desert pastures or several of the special types of forest and shrubs of the
middle mountains. The severity of most of these problems increased after 1990 as a result of civil strife and the difficulties of economic transition that saw a rapid emergence of poverty in most rural area where three quarters of Tajikistan's population live.
In a country that continues to depend on land use for much of employment and about a third of national income, land degradation matters.

-

2009 relative poverty was 29.7%;extreme poverty - 17.5% and total 47.2%.
.

Relief map of Tajikistan

Any changes in land managements results in both negative and positive effects. Intensive irrigation of cotton fields
has led to the rise of the ground water level and the formation of gigantic gullies which destroyed part of the settlement

Intensive agricultural use of land on steep slopes without soil conservation measures led to the destruction of top soil
and to formation of “bad” land. Use of a simple soil and water conservations measures, is a prime example of sustainable

use of land on steep slopes.

The formation of a gigantic gully in a The destruction of the village of Soil erosion on steep slopes cultivated Use of a simple soil conservations measurescotton field production accumulation

After Tajikistan has got its independence and civil war (1992) has been accomplished
the country faced economic and agricultural problems.

The main barriers of sustainable land management
�

�

�

�

�

�

�

�

�

�

�

�

�

Weak explanatory work among members of farms about various categories
of the lands located in a farms;
Shortage of water for an irrigation;
Irrational use of water for an irrigation;
Shortage of the irrigated lands;
Insufficient knowledge of local population of fundamental laws on land tenure
Low knowledge of local population of rational use of slope lands;
Low knowledge legislatively statutory acts.
Absence of corresponding technics;
Reduction of the pasturable areas due to increase in arable lands around of settlements;
Question of fastening pasturable lands between villages for grazing of private cattle;
Low knowledge of local population of traditional methods of conducting agriculture;
Shortages of techniques and means for leaning up of drainage networks;
Shortages of progressive technology and methods of cultivation agricultural crops
on irrigated territories;

A large number of reforms have been initiated in Tajikistan since political stability was restored, in 1996-1997. The most
successful may have been macroeconomic stabilization, an important pre-condition for other reforms and for investment.
Essential as such stabilization is, even for land management, it is not enough especiallyin a land-locked and small country
like Tajikistan where new obstacles to regional and foreign trade in agricultural produce (e.g. export of fruits, agro-based
products) have powerful repercussions on land use. There is little point in, for instance, terracing land to plant fruit trees
or rehabilitating Soviet-time orchards if foreign markets for the produce are closed and the local market is small. In
circumstances where border clearance is long and unpredictable one of the attractions of cotton growing in Tajikistan –
with its controversial influence on the pattern of land degradation - is its non-perishable nature. Calls for self-sufficiency
in grains, another policy favorite with significant land-use and environmental repercussions in Tajikistan, seemto be also
driven by the hard realities of regional trade restrictions. In a different domain, the conditions of local transport (state of
the roads and extortion along them) is a powerful disincentive to investing in land productivity. These examples serve as
reminders that theanalysis of barriers to SLMin Tajikistan can start in unexpected quarters. If trade- and transport-related
factors are usually ignored in the discussion of SLM it is not because they are unimportant but because they are
considered tobe beyondcontrol of the technical agencies dealing with SLM.

Agricultural productionper capita, kg

1991 2005 2006 2007 2008 2009 2010
2010 to 1991

in%

Grain 54,3 133,8 129,8 129,3 128,4 179,8 165,7 3,0(times)

Potatoes 32,3 80,2 81,6 91,9 92,6 95,9 100,9 3,1(times)

Vegetables 112,1 103,8 108,1 116,0 123,6 145,4 151,7 135,3

Melons 31,2 24,6 31,0 33,5 38,8 59,0 64,1 2,05(times)

Fruits 31,6 21,4 29,7 21,8 35,7 29,3 29,9 94,6

Grapes 21,6 13,1 15,0 16,2 16,1 19,2 16,5 76,4

Meat 26,9 7,8 8,0 8,2 8,8 9,3 9,5 35,3

Milk 104,9 77,2 77,5 80,9 81,8 87,4 87,8 83,7

Eggs (units) 81,1 14,3 15,0 15,4 20,6 26,2 30,8 38,0

Sources of household income by consumption quintile, percent

Quintile Urban Households Rural Households
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Poorest 54 23 9 2 6 38 35 11 10 4

2 47 29 10 3 4 36 39 10 8 4

3 50 29 8 1 4 34 41 11 8 3

4 50 26 11 1 5 32 44 11 7 3

Richest 55 22 8 1 5 35 39 11 8 3

Total 51 26 9 2 5 35 40 11 8 3

The whole land use history can be divided into three periods:
before 1925 (before soviet period), from 1925 till 1992
(soviet)and after 1992 (independence period) and every
period has its own features.
The improper irrigation has led to the destruction of several
hundred of irrigated land, which were previously used for
growing crops, such as cotton, wheat, maize, etc

Formation of gullies resulting from improper watering and
intensive rainfall in the former cotton fields, which destroyed
homes.
It was identified that significant negative changes in land
use have taken place in irrigated as well as rainfed areas.
Destruction of irrigated and drainage systems has led to
increasing of underground water table and secondary
salinization process. And as a result of it the harvest
of agricultural crops have been decreased and subsequently
it caused the lowering of standard of living of the population.

Destruction of settlements dueto the destruction

of irrigationsystems

Destruction of agricultural lands andbuildings as a

result of improper irrigation
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The dynamics of land use change and its impact on environmental
situation and development of country economic were investigated.

The total area of agricultural land (thousand ha)
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The dynamics of unused land in Tajikistan, 2006-2010 (h)
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If we assume that 260 hectares of rainfed are located on the slopes of eroded
soils, it is now farms both private and state loses 268 thousand tons of grain.
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Income of the local population from the agricultural products on eroded lands

The damage inflicted by erosion processes of different branches of economy and agriculture has been calculated
It was stated that the total annual soil losses from wash out can achieve 127.1 million tons, that lowering
of standard of living of the population.

conducing the

Measures for restoration of the degraded lands
To develop recommendations and offers on rational land tenure.
To improve systems of legislations and statutory acts of a basis of wildlife management;
To develop recommendations and offers on rational land tenure;
To improve antierosion methods to combat soil degradation;
To develop methods of social-economic mechanisms of action against desertification;
To increase the role of the international cooperation in struggle against desertification;
To increase the role of local population, nongovernmental the organizations on struggle against desertification
To organize a stationary quality monitoring behind processes of desertification;

To create information system on problems of desertification.
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Different methods of sustainable and unsustainable land management were collected and documented.

Stone terraces in the high mountain zone Hanging Gardens on rocky slopesfor growing crops

Sloping terraces Broadband terraces in the mountainous zone

The centerpiece of the Government’s efforts to raise land productivity has been the land reform. The aim is to transform
the old collectivized agriculture consisting of about 500 large kolkhozes and sovkhozes (active in all types of productive
lands including pasturelands) into a more responsive and efficient sector by creating new forms of farm enterprises
supported by the right to lease land. By 2010, a total of about 52,000 units had indeed been created of which 49,400 were
individual dekhan farms, and another 2,600 dehkan farms groupings (to be distinguished from the old kolkhozes). In a
formal sense, the land reform has been largely implemented but a closer examination reveals a number of unresolved
problems, a superficial nature of the change, and weakness or absence of several attributes that provide the incentive to
take care of the land (length of the lease, adequate legal protection, transferability etc.). Important to note is that
Tajikistan’s land reform exclude the possibility of individual ownership of land, and this is widely agreed to weaken the
reform’s impact. As a generalization, the policytowards land management has been right but shallowand incompletewith
implementation the weak link. The incompleteness is a matter of pastureland and forelandmanagement, the two neglected
until now in an understandable effort to address the most productive lands -the irrigated lands-first. As it is, no formal
policy has been formulated for the management of pasturelands the field realities determined by inconsistent awards of
grazing permits and uncertain management oversight by hukumats. The forestry sector has been in crisis for many years,
run as a technical service largely divorced from local communities. The management of forest lands, especially the de-
forestedparts of the forest estate, remains ineffective or downright absent..
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The overwhelming need is to pursue and improve the process of land
reform as a principal driver of SLM of irrigated lowlands, and extend
the process to other lands. It is essential to fill several gaps in the enabling
environment:

absence of policies on management of pasturelands,other rainfed lands,
and forests,

poor state and management of information relating
to the conditions of land,

slow and superficial implementation of the land reform;
insufficient collaboration among the key Government agencies charged

with land administration and management;
under-funded research out of tune with the needs of a land-using sectors

undergoing extensive restructuring, and
poor translation of SLM priorities into regular budgets and official

investment programs, to mention only the most important.
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Socio-Economic Indicators of Desertification in 
Al-Batinah Plain, Sultanate of Oman 

Dr. Ali Al-Buloshi 
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1- Physical and Social Setup of  AL-Batinah Plain 
 

 Latitudinal Location: 23.58 and 25.28 N 

 Occupies in a crescent shape the coastal plain between Gulf of Oman and Western Hagar mountain Range and is composed f a 

number of coalesced alluvial  fans of streams draining  the Range.  

 Climatically, the Plain is classified as “arid”, annual rainfall 109.3mm. and temp. 28 Celsius 

 Ground water aquifers are the main source of potable water. Soils are poor in organic matter and are mostly skeletic and gypsic 

 Plain exhibits  marked  population concentration: 27.9% of total population according to 2010 Census, 86.2% of population in the 

Plain are Omanis, Urban population is 66.8%. 

 50.1% of population work in the sectors of  public administration, army, compulsory social security and 15.2% in education. The  

rest in other occupations 

 Expatriate workforce amounts to 13.6% of total population in the Plain. Of these 26.9% work in agriculture, 18.9%  in construction, 

13.6% in commerce and 12.2% in manufacturing industries 

2-Ground Water Budget Depletion In 

Batinah Plain  
 

 Since the early 80s official water budget assessments have 

continued to register steady depletion year after year. 

Reasons are as follows: 

 the   high-geared development which has taken place in 

the region 

 the State`s strive towards diversification of resources of 

the 5-year plans 

 development of the agricultural sector as a major source 

of income 

 Unrestricted application of modern technology in 

agricultural activities 

 withdrawal of ground water 

 agricultural, urban and industrial expansion 

 The ensuing disequilibrium in the supply and demand of 

water due to these activities is behind many of the negative 

impacts of desertification on the socioeconomic systems  in 

the Batinah region 

Ground Water salinity for Al-Batinah 

Region in 2005` 

3-Deterioration of the Natural Vegetation 

Cover 
 Natural vegetation in Batinah region suffers from deterioration 

mainly because: 

 urban expansion at the expense of grazing lands.  

 Rise of ground water salinity to values more than 10000 

MicroSiemens/cm. 

 overgrazing carried out by domestic animals which graze 

available vegetation that grows immediately after rain.  

 encroachment of mobile coastal sand dunes visible especially 

in Sawadi. 

 extension and expansion of tarred roads between settlements 

and into farms near the coast. 

 The swift invasion of salinity-resistant species on areas in 

which vegetation receded . This type of invasion can be called 

“ Green Desetification”  

4-Deterioration of Agricultural Crops Productivity 
 

Most important indicators of this deterioration include; 

 

1. Dwindling of cropping areas: 

 Despite expansion of cultivation area and the number of allotments, the period 

1997-2000 witnessed noticeable reductions in the cultivated areas of many crops 

except for those for fodder. 

 Areas of vegetable crops diminished by approx. 1551Feddans and field crops 

such as wheat, oats and sugar cane by approx. 640 Feddans and fruits by 2213 

Feddans . 

 Because of pest infestation, the most highly hit are the lemon areas which were 

reduced from 6564 Feddans in 1977 to 3800 Feddans, a reduction rate of 43%.  

 Currently, the mango crop witnesses a swift recession in number and area 

because of pest infestation. The number of trees which should be exterminated till 

2001 is approx. 33530 trees distributed over 7553 surveyed allotments. 

 

2. Reduction of productivity of cultivated Crops; 

 

 The most hit is the productivity of vegetable and fodder crops. Vegetable crops 

witnessed a reduction of approx. 2058 tons/Feddan and fodder crops 3.3 

tons/Feddan. This occurred despite the increase in the cultivation area during the 

period 1997-2000. 

 Despite the leading importance of Rhodes grass and Alfalfa in the region, these 

crops  also witnessed marked decreases in productivity, whereby reductions  

approx. 3.27 and 3.4 tons/Feddan were registered in both respectively 

 Also, the productivity of lemon decimated from 3.87 tons/Feddan in 1997 to 2 

tons/ Feddan in 2000 

Boundary of the extremely 
degraded land for Al-Batinah Region 

in 2005 -  2010 

5-Abandonment of Agricultural Lands 
 

 Abandonment of agricultural lands, especially date palm farms ,  is the most visible indicator 

of desertification in Batinah region. The abandoned farms in Shinas Willayat  and Barka 

Willayat reach 26.8% and 6.8% respectively  

6-Migration 
 

 Deterioration of the environmental setup  and, consequently, its impacts on the economic 

base in rural areas in Batinah has forced the rural population to migrate into the neighboring 

cities. This trend is especially noticed in Willayat Sohar. There are 97 villages in Willayat 

Sohar but in spite of that 91.4 of their population mass in the capital Sohar. Also, although 

Willayat Al-Khabora embraces 84villages 79% of their population live in the capital. 

7-Increase of the Number of Families under Social 

Security Program  
 

 The majority of abandoned allotments whose areas are 3-10 Feddans are mainly owned by 

small farmers. However, following the deterioration and abandonment of agriculture, many of 

these farmers became unemployed because of illiteracy. Accordingly, no other option was 

open to them except knocking the doors of the Social Security Program for monthly subsidies 

 Statistics of the Ministry of Development  registered that the total number of families 

depending on social security grants increased from 10553 in 1993 to approx. 11486 in 1995, 

and to 12963 in 1999 

 Expenditure on families under social security program totaled approx. R.O. 7229900 

(27,473,620 USD ) in 1999 (Ministry of Development, 2000) 

Aspects of Prosopis julliflura invasion 

The swift invasion of salinity-resistant species (Prosopis julliflura) 



Salinity's effect on the development of Lippia gracilis, a native plant from Northeast semiarid  

ALBUQUERQUE, Cynthia Cavalcanti1; RAGAGNIN, Roberto Carlos Grillo2; OLIVEIRA, Francisco Fábio Mesquita3; GURGEL, Eleneide Pinto2; SANTOS, 

Ricardo Gonçalves2; SILVA, Kathia Maria Barbosa1; DINIZ, Jaécio Carlos1. 1Teachers; 2Students; 3Technical. University of Rio Grande do Norte, Faculty of Exact and Natural 

Sciences, Mossoró, Brazil. (cycavalcanti@gmail.com).  

Results Introduction 

Taking into account that in Rio Grande do Norte is salinized areas, the 

strong influence of the salt industry, this paper aims to assess the 

development of L. gracilis in saline soils. 

The salt negativity affected the growth and the formation of dry 

biomass, observing increasing levels of proline on the tissues according 

to the increasing salt concentration on the solution. 

The efficiency and productivity of plant species are dependent, among 

other factors, the environmental conditions imposed, the genetic 

variability of the species and also of genotype and environment. When 

it comes to environmental factors, the presence of salts in soil and 

irrigation water noteworthy for growth and crop production. This 

abiotic stress affects many metabolic processes of the plant, including: 

decreased osmotic potential, nutritional imbalance due to the high 

ionic concentration and toxicity of some ions, especially sodium and 

chlorine. 

Objective 

Materials and Methods 

Conclusions 
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STATISTICAL DESIGN: Randomized block design (RBD) – 4 

blocks with 3 samples of each treatment. 

Means followed by the same letter do not differ significantly by Tukey test at 5% 

probability. 

25 cm 

8 a 10 mm 

Pots  (8 L) for 60 days 

0 mM  

25 mM   

50 mM  

75 mM 

Salt concentration (NaCl) 

On the other hand, there are reports in 

the literature that environmental 

stresses activates the secondary 

metabolism of various species 

encouraging them to produce 

chemical compounds of medicinal 

importance. Lippia gracilis is a 

species native to the semiarid 

northeast and produces essential oil 

proven antimicrobial activity.  

STAKEOUT 

100 mM 

VARIABLES EVALUATED 

Relative 

growth rate 

Relative water 

content 
Dry biomass 

Content of 

Proline 

DURATION OF EXPERIMENT: 60 days 

Specimen collection to 30 and 60 days) 

Figure 1. Dry biomass of shoots and roots of plants of Lippia gracilis at 20 and 40 

days of cultivation under saline conditions with NaCl. Mossoró, RN, 2012.  

Capital letters equal in open bars and lower case bars filled not differ by Tukey test (** 

P ≤ 0,01) 

Table 1. Percentage of relative water content of plants of Lippia gracilis at 20 and 40 

days of cultivation under conditions of salinity with NaCl. UERN, Mossoró, RN, 2012. 

Figure 2. Relative growth rate compared to control plants of Lippia gracilis between 

20 and 40 after stress. ** Significant at 5% probability. 

Figure 3. Proline content in plant leaves Lippia gracilis at 20 and 40 days of cultivation 

under saline conditions with NaCl.** Significant at 5% probability. 
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1. INTRODUÇÃO

A consolidação do combate à desertificação na 

agenda internacional se deu com o advento da 

Convenção das Nações Unidas de Combate à 

Desertificação em outubro de 1994. O Brasil ratificou a 

Convenção em junho de 1997, fato que estimulou a 

adoção de políticas e planos de ação voltados para o 

combate à desertificação, como a Resolução nº 

238/1997 do Conselho Nacional do Meio Ambiente 

(CONAMA), que aprovou a Política Nacional de 

Controle da Desertificação.

No Estado do Ceará foi promulgada a Lei nº 14.198, 

de agosto de 2008, que instituiu a Política Estadual de 

Combate e Prevenção à Desertificação, guardando 

conformidade com os objetivos e diretrizes 

estabelecidas na Convenção das Nações Unidas e na 

Resolução CONAMA nº 238/1997.

O presente estudo objetivou analisar a efetividade e 

adequação dos instrumentos legais para o combate à 

desertificação. A metodologia compreendeu pesquisa 

de caráter bibliográfico em livros, artigos, periódicos, 

publicações avulsas e dados disponíveis na rede 

mundial de computadores - internet.

ASPECTOS DA EFETIVIDADE DOS INSTRUMENTOS 
LEGAIS DE COMBATE À DESERTIFICAÇÃO

Maria Alice Cruz Alencastro
Doutoranda em Desenvolvimento e Meio Ambiente - UFC. -
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Apesar dos avanços na edição de instrumentos 

normativos, notadamente a partir de 1994, constatou-

se que nenhum dos documentos legais analisados 

estabeleceu medidas de caráter coercitivo. Constatou-

se que a inexistência de metas claras e de prazos de 

implementação compromete a efetividade dos 

instrumentos legais para o combate à desertificação 

no cenário internacional e no Brasil. No mesmo 

sentido, o Projeto de Lei nº 2.447/2007, que objetiva 

regulamentar, a nível nacional, a política de combate à 

desertificação, não traz avanços, limitando-se a 

reproduzir o teor de outros documentos sobre o tema.
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Table 1: Extent of soil salinity in coastal areas (1973-2009) 

S3 (moderate) = 8.1-12.0dS/m, S4 (strong) = 12.1-16.0dS/m;     Source: SRDI, 2010 
          
          
 
 
 
 
 
 
 
 
 
 
 
 

Salinity class and area (000’ha) Salt affected area 
(000’ha) S1 (very slight)  

2.0-4.0 dS/m 
S2 (slight) 

4.1-8.0 dS/m 
S3 + S4

8.1-16.0 dS/m 
S5 (very strong) 

>16.0 dS/m 
1973 2000 2009 1973 2000 2009 1973 2000 2009 1973 2000 2009 1973 2000 2009 

833.45 1020.75 1056.26 287.37 289.76 328.43 426.43 307.20 274.22 79.75 336.58 351.69 39.90 87.14 101.92 

Note: Fig.1: (a) Bhoirab river, (b) Rupsha river, (c) Kakshiali river, DS= Dry season, WS= Wet season; SB= Sundarbans, the world heritage site 

Table 2: Water quality ratings 
Water quality rating ECw (dS/m) 
Good quality water <2.0 
Marginal quality water 2.0-4.0 
Poor quality water >4.0 

         Source: Irrigation and crop management with 
           brackish water, CSSRI Bull. No. 12, 19889 
 

Results: From 1973 salt affected area significantly
increased. During 2000-2009 periods, there was a speedy
increase in salt affected area in each salinity class except
S2. In case of river water, there was a steady increase in
salinity during dry season while salinity sharply declined
in wet season. There was a significant (P<0.001, Oneway
ANOVA) difference in salinity level between dry and wet
season. 

Discussion: Rivers water possessed moderate to severe salinity in dry
season. Surface and ground water salinity (by capillary rise) (SRDI,
2010), climatic factors combine to multiply the scale of land
degradation in the coastal region. Due to high soil and water salinity
cropping intensity reduced considerably (SRDI, 2010). Physiological
dryness increases as salt concentration increases where water
becomes increasingly difficult for the plant to absorb and thus, plant’s
death symptoms of salt injury resemble drought.  
 
Quicker advancement of salinity front upward especially in the dry
season further jeopardizes overall development. So, there is a big
dilemma in the country’s developmental manifesto and provide
continuous challenges to the economic emancipation (NAP 2005). 

Conclusion: High soil salinity and lack of good
quality irrigation water severely constraining crop
production in the coastal area that posses additional
threat to food security. Regional / global
cooperation is a must to address the issues of land
degradation due to salinity through increased flow
of transboundary rivers. 

Damaged 
rice plant in 

the salt 
affected 
rice field 

Bangladesh

Barren 
crop field 

Deposition 
of salt on 
soil surface, 
SB forest 

Fig. 2: River water salinity

Fig. 1: Soil salinity map of  
Bangladesh. Source: SRDI 

Introduction: Agrarian Bangladesh a deltaic plain, has a very flat and low topography in
the southwest coastal region. It has a total land surface of 12.31Mha (NAP 2005) with a
population size of 142.3 million. The per capita arable land (0.05ha) is diminishing with
the increase in population and accelerated conversion of arable land for other uses. The
extent of land degradation estimates that nearly 5.0Mha land falls below the threshold for
sustainable cultivation. 
 
Out of 2.86Mha of coastal and offshore lands, about 1.056Mha arable lands are affected
by varying degrees of salinity. Most of the lands remain fallow during dry season due to
increased soil and water salinity (Karim et al. 1990, SRDI 2001). Further intrusion of
saline water, by increasing salinity of some areas, made normal crop production very
risky. Crop production and quality of livelihood are much inferior to that in other parts of
Bangladesh (BBS 2001). The situation could deteriorate further due to climate change
(Islam 2006). 
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DYNAMICS TEMPORAL AND SPATIAL RISK OF DESERTIFICATION 
IN THE SÃO RAIMUNDO NONATO NUCLEUS, PIAUÍ, BRASIL
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The desertification process, according with the Convention of the Desertification Combat and The Mitigation of the Drought Effects – CCD, 
can be defined as a degradation of land in the arid and dry semiarid and subhumid regions, resulting from various factors, including the climatic 
variation and humam activities. 

In Brazil, the areas susceptible to desertification are located primarily in the Northeastern semiarid region (Figure 1).

                                                 Figure 1 – Nucleus and severity of desertification in the brazilian territory. 

2The territorial extension of the state of Piauí, 251.576,644 Km , allied with the geoenvironmental variations (lithology, geomorphological 
units, soils, climate and vegetal formations) require that sensibility to desertification to be evaluated in its semiarid territory from the use of 
concensuated indicators. In face of this evidence, the work objectives are:

I Evaluate, from the biophysical indicators (climatic, morphopedological and biotic) the process of desertification in the São Raimundo 
Nonato Nucleus – Piauí, Brazil, identified in the work of Aquino (2002). The localization of the cited Nucleus in a semiarid environment, allows 
according with the Convention of Desertification Combat, to analyze it in the desertification perspective.

The study area is located in the southeastern portion of the state of Piauí, integrating the microregion of São Raimundo Nonato. It is 
distributed in a discontinuous form from the coordinates 8º 57'65” e 9º 59'03” of latitude South and 42º 06'44” e 43º 03'25” of  longitude West, 

2 totaling an area of approximately 6.988 km .
The nucleus of São Raimundo Nonato is composed of five municipalities: São Raimundo Nonato, Coronel José Dias, Bonfim do Piauí, São 

Lourenço and Dirceu Arcoverde, all belonging to the microregion of São Raimundo Nonato. (Figure 2).

Figura 2 – Localization of the study area and spatial distribution of the municipalities that integrate the Nucleus of São Raimundo Nonato – Piauí.

The analysis of climatic data revealed annual average values of precipitation varying from 707 to 996 mm. The potential evapotranspiration 
(ETP) of the study area presents values, in all analysed stations, superior to 1000 mm, with an average value of 1462 mm. These high values of ETP 
result from elevated temperatures that occur because of the reception of high tax of solar radiation and its consequences over the concentration of 
heat and energetic surplus, conditions that are submitted to the Brazil´s northeastern region where the study area is located.

A comparative analysis between the average values of precipitation and of potential evapotranspiration justifies the significant hydric deficit, 
higher than 400 mm in the Nucleus of São Raimundo Nonato. The variability of the set of such climatic conditions, imprints this region, 
characteristics of instability, which makes it susceptible to process of desertification.

The conceptual amplitude of the desertification theme, defined as “the degradation of land”, an idea that is complex, but vital, presents itself as 
the employment of systemic approach, as well as the use of indicators already proposed by VASCONCELOS SOBRINHO (1978), MATALLO 
JÚNIOR (1999) or by BRASIL (2004). Evidenced in the Convention of Desertification Combat, that orients the use of biophysical indicators in 
the studies about desertification and, still, considering the available data, climatic, morphopedological and biological indicators of the Nucleus of 
São Raimundo Nonato, were selected for evaluation of degradation/desertification.

In the climatic axis, the Climatic Index, the UNEP`s Aridity Index (UNEP, 1991) and the Rainfall Erosivity were evaluated.
The Climatic Index evidences the severity of climate in the study área. This Index was obtained from the combination of data from the 

Effectiveness of Humidity Index and from dry months, computed according with Thornthwaite & Mather (THORNTHWAITE &  MATHER, 
1955).

The Aridity Index (IA) is determinant in the identification of areas of the globe that are susceptible to desertification. SALES (2003) indicates 
that the determination of this index allows the prior knowledge of the limitations imposed by the climate for the realization of primary biological 
activities, and consequently, the agricultural productivity that is necessary for the development of human societies. This index proposed by UNEP 
(1991), is the quotient between the average precipitation and the annual potential evapotranspiration, where this last one is calculated by the  
Thornthwaite method..

The erosivebility expresses the capacity of rainfall to erode the soil. The erosivebility of rainfall is estimated from the equation proposed by 
BERTONI & LOMBARDI NETO (1999):

                                                                                                          (1)              

Where:
EI is the average monthly of the erosion index, in  MJmm/ha.h.year;
r   is the average monthly precipitation, in mm,
P  is the average anual precipitation ,in mm.

 The twelve monthly values for EI were summed up in order to obtain the annual erosivebility of rainfall of the study area.

The morphopedological Indicators evaluated were the Declivity and the Erodibility of Soils.
The determination of classes of declivity was based in a digital elevation model (MED). In order to identify them, the utility  SLOPE of  

IDRISI 3.2 was used.
The erodibility represents the susceptibility that each soil presents in relation to the erosive potential of rainfall. The erodibility of the soils of 

the study area was estimated from the equation proposed by RÖMKENS et al. (1987, 1997), which was adapted to generate values in international 
units, such as follows:

2                                   K =  0,0034+0,0405 exp( (-1/2) ( (log (Dg)+1,659 ) / 0,7101 ))   (2)

Where:
K is the erodibility of soil, in  ton.ha.h/ haMJmm,
log is the decimal logarithm,
Dg is the geometric mean of the diameter of primary articles, in mm, calculated in accordance with SHIRAZI & BOERSMA (1984) and expressed 
as:

Where:
f is the percentage of granlometric fractions of particles of sand, silt and argile,i 

ln is the natural logarithm,
M é is the arithmetic mean of the two limits of the diameter of particles.i 

In the biological axis, the vegetal cover index was evaluated from the dynamics of NDVI. The absence or presence of vegetal coverage can 
accentuate or attenuate the process of soil erosion. The greater the proportion of soil exposed by the decrease of vegetal coverage, the greater the 
soil loss tax.

The NDVI is the difference between the reflectance on the next infrared (band 4 of the thematic sensor of Landsat 5 and 7) and the reflectance 
in the red (band 3 of thematic sensor of Landsat 5 and 7); this difference is then normalized by the sum of the two reflectances as follows: 

                                                                                                      NR-R
         NDVI = -----------                             (4)

� � � � �                                                                   
                                                                   NR+R

Where:
NDVI  is the vegetation Index by normalized difference;
NIR is the reflectance in the closest infrared;
R is the reflectance of the closest red.

The situation of degradation/desertification of the study area in its different levels of compromise, was evaluated according with the 
following algorithm:

RD = [ IC+R+K+D+ICV ]      (5) (1987 e 2007)

Where::
D is the Degradation/Desertification;
IC is the Climatic Index;
R is the Erosivebility;
K is the Erodibility;
D is the Declivity;
ICV  is the Vegetal Coverage Index for the years of 1987 and 2007. (1987 e 2007)

   The Aridity Index proposed by UNEP (1991) for the identification of dry lands susceptible to desertification was applied and revealed 
differentiated levels of aridity for the study area with values varying from < 0,20 to <0,65, with a predominance of values varying between 0,20 
and 0,50, allowing the climatic framing of the area as semiarid. The values of Humidity Effectiveness Index (THORNTHWAITE & MATHER, 
1955) obtained, varied from -33 to -60 indicating an occurrence of a semiarid climate for the study area. The coefficient of variation of the 
pluviometric precipitation of the pluviometric stations employed in the characterization of the climate of the study area, varied from 28,2% to 
43,9%.

In relation with the timely distribution of precipitations, it was found that the study area presents from 8 to 11 dry months, evidencing the 
problem of low availability of water in the region, and the concentration of timely rainfall in a period that varies from three to four months, which 
may form the processes of erosion aggravated by the low protection offered by the area´s vegetation.

This set of climate characteristic, evidences the climate fragility and, consequently, the ecologic fragility of the study area.
The lower value of erosivebility R obtained, considering the stations inserted in the study area, was of 4.006 Mj.mm/há.h.year in the station 

Riacho das Vacas and the highest value was of 5.217 Mj.mm/há.h.year in the station Cavalheiro 
The spatial distribution of values of erosivebility indicates that 67,7% of the study area, presents values of R varying from very low to 

moderate and that only 32,3% of the area, the values vary from high to very high erosivebility. 

There is a predominance in the study area of reliefs of plane to smoothly ondulated kind. The sum of these two classes amount 74,7% of the 
total studied area, which implies that only 25,3% of the area presents reliefs that vary from ondulated to steep, allowing to infer that the declivity 
factor is favourable to combined agriculture and stock raising, limited only in function of the climatic aspects and, in special, the concentration of 
precipitations. 

The smaller and the bigger the values of K, in ton.ha.h/MJ.mm.ha, were  0,015 for the  Latossolos group and  0,030 for the Neossolos 
Litólicos group.

 The data allowed to infer that 20,3%, 19%, 36,7%, 9,6% e 14,4% of the study area presents, respectively, values of erodibility very low, low, 
moderate, highly moderate and high. 

In 60,7% of the study area there are associations of soils situated in the categories of moderate, highly moderate and high erodibility, with the 
predominance of these categories in the following soils associations: Argissolos, Neossolos Litólicos and in  Luvissolos.

In general, the associations of soils mentioned above, present predominantly physical characteristics not favourable, especially linked to the 
textural gradient ( a fine granulometry of the argile and silt kind) allied to low permeability on subsuperficial horizon, which allows elevated 
values to erodibility and consequently, high susceptibility to erosion.

The Vegetation by Normalized Difference Index (NDVI) varies between -1 to 1, where the closest the value to 1, the bigger the vegetation 
robustness, the denser the vegetal cover, the bigger is the protection it offers against erosion and the bigger the activity of photosynthesis 
(SANTOS & NEGRI, 1997). 

In general, it was found in the study area, that there was a variability of bands of NDVI from > 0 to < 0,4. These values were similar to the ones 
obtained in the study of BRAGA et al. (2008) that, analyzing the seasonable variability of NDVI in the northeastern region for the  period of 1981 
to 1991, found that the values of NDVI oscillated between 0,15 and 0,62.

The dynamics analysis of degradation/desertification of the Nucleus of São Raimundo Nonato was based in the use of equation 5. The 
combination of the set of informations resulting from the use of this equation in software IDRISI 3.2.2. allowed the generation of Figure 2.

Figure 3 presents the distribution of degradation/desertification in the study area for the years of 1987 and 2007. In 1987, the distribution of 
classes of average and high degradation/desertification was, respectively, of 70%and 30% in 2007. The distribution changed to 71% and 29%  to 
classes  of average and high degradation. Very subtle modifications can be seen, in the sense of an improvement in the environmental condition, 
since a decrease in the class of effective high degradation that in 1987 was 30% and in 2007 was of 29%, a reduction of 1%, therefore we may admit 
that the area in the analyzed period, evidenced a situation of dynamic equilibrium. 

                                    

                                       Figure 3 –Degradation/desertification in the Nucleus of São Raimundo Nonato.       
                                                             Comparison between the years of 1987and 2007.

The evaluation of the degradation/desertification of the study área, considering the use of climatic, morphopedological and biological 
indicators, in a multitemporal analysis, indicates that for the year of 1987, levels of moderate (70%) and high (30%) degradation. For the year of 
2007, it was found that 71% of the area presents a situation of moderate and 29% of high degradation. These data reveal a situation of dynamic 
ecological equilibrium in the area, with a tendency to improvement, although small in the conditions of environmental degradation, or in other 
words, in the process of desertification for the study area. At first, these results suggest a reduction in the pressure over the resources that, with 
time, may lead to a recovery of the area.

It is worth noting that, allied with a natural fragility of the studied environment, an inadequate practice of water and soil management, exists at 
the same time in this same environment, that according with the Convention of Desertification Combat, may unleash processes of degradation of 
desertification kind.

We suggest the continuity of the monitoring of the processes of degradation/desertification of the Nucleus de São Raimundo Nonato – Piauí, 
as well as the amplification of the use of the methodology in the other areas of the state, susceptible to desertification.
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Introduction 

Desertification and poverty: is there a low level 

equilibrium? 

 The semi-arid Northeast , which suffers from drought since 

colonization times, also faces environmental degradation, 

potentiated by anthropic activities that are leading to 

desertification. 

 Nelson (1956), studying the economics of underdeveloped 

areas , verified that these areas survive under a condition defined 

as Low Level Equilibrium, where, due to cultural and economic  

aspects, it is not possible to increase the region’s income which is 

then restricted to the condition of subsistence of the population. 

This pattern is observed in the semi-arid Northeast and in other dry 

regions around the world. The trend of the equilibrium is further 

compromising the environmental quality of the region, ending in 

desertification. 

 The present study aims at identifying the existence of a low 

level equilibrium condition between desertification and poverty in 

the semi-arid Northeast through the analysis of the income  and 

the productivity of corn and bean crops in Ceará state, in the 

period from 1990 to 2010. 

Methodology 

Conclusions 

 Fifteen municipalities with 

smaller susceptibility to 

desertification (BSdes.) were 

compared to 15 municipalities with 

higher trend (ASdes.). The studied 

municipalities are shown in figure 

1.  

 Average rainfall data, the 

IBGE historical series of corn and 

bean production from 1990 to 

2010, and the change in Gross 

Domestic Product were surveyed. 

Corn and bean crops were chosen 

because they are present in all the 

municipalities of the state.  

The results confirm the existence of an equilibrium between the 

studied variables, which may be considered as low level. Efficient 

public policies are necessary to break such equilibrium condition 

and foster the increase of income and environmental quality levels.  
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 Figures 4 and 5 show productivity variations. Figure 7 shows   

GDP variations in the municipalities under study.  

Results and Discussion 

 Figures  2 and 3 compare the productivities of bean and 

corn crops in Brazil and Ceará state. Figure 6 shows their 

behavior as a function of average rainfall in the period under 

study. 

Figure 2 – Bean productivity (Kg/ha). Figure 3 – Corn productivity (kg/ha).  

Figure 4 – Bean productivity (Kg/harvested area)  Figure 5 – Corn productivity (Kg/harvested area   

Figure 8 – Low level equilibrium model between poverty and desertification observed in the semi-arid.  
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Figure 1 – Selected municipalities. 

Figure 6 – Bean and corn production vs average 

rainfall in Ceará. 
Figure 7 – GDP between 1999 and 2009 in the 

studied municipalities.  

 Figure 8 presents a conceptual model for the low level 

equilibrium condition between poverty and desertification observed 

in the semi-arid and figure 9 indicates the strategies required to 

break such condition.  

Figure 9 – Exogenous variables required to break the Low Level Equilibrium.  
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Introduction

In the Brazilian semiarid region there are the constant drought, higher
average temperatures and evaporation rates ( of water mirrors ) and
evapotranspiration (soil and plant) as well as a rather uneven rainfall
distribution (in space and time) associated with a model of land use that
has contributed to a process of land degradation, resulting from
economic activities such as family agriculture, oriented predominantly
for subsistence, extensive cattle ranching, mining and extraction,
without due care for the environment. As a result, the United Nations
(UN) recognizes four major desertified areas in the Northeast: Gilbués
(PI), Irauçuba (CE), Seridó (RN/PB) and Cabrobó (PE).

The land degradation was first studied by soil science, where the
possibilities for agricultural use were restricted or prevented because of
soil degradation. As Kertész (2009) land degradation (landscape) is a
set of negative processes and has been extended by vast areas on all
continents.

It is known that environmental factors contribute to establishing
degradation processes. Socio-economic factors and the role of human
society is equally important and, in some cases, even more important
than natural factors. Tóth; Szalai (2007) studying the typology of
ecology landscape in watersheds claim that land degradation means the
decline of all the factors that shape the landscape and its synthesis
which is called of landscape ecology or landscape, the physical
geography.

The methodologies of physical and social geography are the best tools
for the investigation of processes of soil degradation due to the complex
nature of these processes (KERTÉSZ, 2009). Landscape ecology and
physical geography in accordance with various aspects of landscape
development (TÓTH; SZALAI, 2007).

Thus, this study aims to develop and adapt techniques that promote the
resilience of degraded areas in the homogeneous microregion of

paraiban Serido through the restoration of vegetation and water
retention and soil.

Objectives

a) To know the structure and floristic composition of arboreal compo-
nent of the degraded environment in paraiban Serido;

b) To identify the correct period to plant native species forestry through
local climatology;

c) To compare the efficiency of direct planting of native species in sim-
ple graves with the option of planting in individual hydrographic
nanobacias.

Methodology

With the annual average rainfall of around 540 mm, irregularity in the
temporal and spatial distribution, it´s necessary the right knowledge, at
the local level, of basic information on the botanical aspects, soil and
climate.

Thus, it was made recognition of the floristic composition of the whole
area, identifying the particular ecological group of species. A part of the
large area was prepared with the construction of hydrographic
nanobacias to capture rainwater and elsewhere with the tillage of forest
seedlings of native species in simple pits, and, finally, was installed an
automatic weather station to monitor the moisture soil and reference
evapotranspiration by Penman-Monteith method. These skills are tools
to determine: i) what to plant, ii) when to plant, and, iii) how to plant, to
increase the index takes the seedlings.

In the picture 1, satellite image (Google Earth), and in the pictures 2-6
(collection of the author) has a sequence of research records. The
climatological studies are in graphics 1 and 2.

Were planted 360 seedlings of nine species native pioneer, secondary
and climax, being 180 in a land with nanobacias in level and 180 in
simple open pits lines leveled ground without it being worked.
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Conclusions

Based on the historic series of rainfall data of Santa Luzia (Paraiba) city
and seeking to establish limits for transplanting seedlings native forest,
the rainy season got its start in the 5th week, and its end in the 19th

week, approximately in May 15th. The wet season in that city, by the
average of the series studied, is only 10 days, corresponding to the
period of March 25th and April 4th.

In isolated years there was a large variation in the time of hydric limits,
rainy season and wet season, which may occur over a period rainy
interspersed with dry spells. Thus, analyzing the year 2011, monitored
with an automatic weather station, seedlings would be planted on day
21th day. The nanobacias would guarantee soil moisture during the dry
spells.

When the soil was prepared with nanobacias, the seedlings transplanted
there survived in greater number of plant and species than when it was
prepared right at planting. This difference in the percentage of survival
was credited to soil preparation in nanobacias shaped by these plants
have provided the longer availability of moisture, since these areas did
not occur superficial runoff.

Overall, soil fertility in degraded areas studied increased in all chemical
attributes analyzed, compared with values of soil fertility before the
experiment. The retention of soils within nanobacias provided an
improvement in the quality of the soil through their chemical attributes
when compared with the ground of the right planting areas where the
soil was exposed to erosion.
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1 – INTRODUCTION

In the Brazilian semiarid the small farmers during the prolonged periods of drought, live a incessant search
for water (Figure 2) due to lack of infrastructure and public policies to mitigate the effects of drought. Is in
this period that the territories affected, especially the municipalities and states, decreed the state of
emergency. In this way, they can release from the federal government the disaster relief emergency fund,
which actually has not solved the problem of drought in semi-arid, but is a welcome money to the political
class and the local oligarchies, for being a money which does not lend account. As we live a period of
emergency, and everything needs to be resolved very quickly, the definition of public policies to mitigate
droughts in semiarid and to combat desertification are always postponed for a tomorrow that never comes.
And so the poor farmer will continue his search for water, the desertification process (Figure 3) will continue
to progress, and water trucks (Figure 4) will continue to play the role of a structure for mitigating the effects
of drought, which does not exist. This situation increasingly enhances the vulnerabilities and risks of the poor
facing drought.
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2 – Objective:

To update the data that has been obtained by Silva (2003) and check if in this 9-year period (2003/2012)

significant change has occurred in the indexes of vulnerability of the rural families, with respect to the

application of programs to combat poverty of the federal government, together with the state government.

3 – METHODOLOGY

It was based on three steps:

1 - Literature search;

2 - The creation of a database of georeferenced using the public domain software SPRING, developed by the

National Institute for Space Research (INPE);

3 - Fieldwork with landscape description and image registration by digital cameras and visits to farms in

assessing vulnerabilities, applying a questionnaire the rural families, with a sampling of 10% of the total of

families.

5 – CONCLUSIONS

Non usage of conservation agricultural techniques and the lack of public policies for a social and environmentaly

sustainable development has produced significant economic losses for small and poor rural producers in Picuí

(BARBOSA, et al, 1998), exacerbating until today their poverty and vulnerabilities . The lack of public policies

and infrastructure for coexistence with the semiarid climate, has caused over time serious economic and social

problems. There is an urgency that the municipality builds its own Plan of Action to Combat Desertification and

Mitigation the Effects of Drought, that will replace the policies of emergencies, whose unique result has been the

perpetuation of the poverty and of the social differences. The increase the value of the technological vulnerability

shows the state of abandon of the small peasantry and the value obtained in 2012 equal to 2003 for the economic

vulnerability shows that poverty has been perpetuated throughout time.

5 – REFERENCES

BARBOSA, M. P. ; MELO, A. B. C. ; OLIVEIRA, P. R. S. . El evento ENOS y sus implicaciones en el semiárido

del Estado de Paraíba, Brasil. Desastre Sociedade, Lima, v. 9, p. 112-125, 1998.

OLIVEIRA JUNIOR, M. A. R. de. Geoprocessamento como ferramenta de análise integrada de riscos de acidentes

industriais. Dissertação em saúde pública. São Paulo: Faculdade de Saúde Pública da USP; 2008.

SILVA, E. P. da. Estudo da Vulnerabilidade Socioeconômico-Ambiental e os Riscos a Desastre ENOS (El Niño

Oscilações Sul) no Município de Picuí - Paraíba. Um estudo de caso. Dissertação (Mestrado em Irrigação e

Drenagem) – Universidade Federal de Campina Grande, Centro de Ciência e Tecnologia Campina Grande/PB,

2003. Orientador: Prof. Dr. Marx Prestes Barbosa

Figure 2 – A poor rural farmer,

accompanied by his son, transporting

water on the back of a donkey.

ABSTRACT

The scientific information on the patterns of risks to the disaster in the municipality of Picuí, State of Paraiba,

is an important subsidy for the creation of public policies for local development, environmentally and socially

sustainable. The geoprocessing appears as a major tool in managing the risks of degradation of land and water

resources. The water an essential natural resource to life lacks tools that local people can better manage it and

cope with its shortage and at the same time, to allow the understanding the hydrometeorological processes

The aims of this work is to subsidize public policy for managing the risks of degradation of land and water,

when much of its territory is at high risk of desertification. Economically, the livestock sector is developed so

extensively and the largest herds are of goats. The ceramic industry today has 10 potteries midrange, and the

wood is their energy source. Water resources are highly committed to land degradation that interferes with

water supply for the rural population both domestic as for agricultural production. Thus, the rural becomes an

environment incapable of producing and the region increasingly difficult to be inhabited. While the decades

of the 70s the rate of urbanization was around 40%, this index is now above 70%, which portrays the exodus

from rural to urban. The situation is very worrying, because the more degraded areas are the areas with the

highest concentration of poverty and misery, with a population highly vulnerable socially, environmentally

and economically.

Figure 1 – Location of the municipality ofPicuí in the State of Paraíba

Figure 5 – Areas affected by severe process of desertification. Source: Silva (2003)

The geographic information systems (GIS) are an important tool in the study of the problems of the drought

and of the degradation of land in arid, semi-arid and dry sub-humid regions, as well as in the study and

mapping of the vulnerabilities of the poor rural populations, enabling faster responses to the problems, as well

as allowing a better evaluation of different variables within a geographic space (OLIVEIRA JUNIOR, 2008).

A preliminary analysis of questionnaires applied in 2012 (they are still being evaluated) have shown that there

were no significant changes in the values found by Silva (2003) for global vulnerability of the rural population of

the municipality of Picuí (Table 2) showing that for the region, the results of government policies to combat

poverty have been timid, as show the values of economic vulnerability for the years 2003 and 2012 that remained

practically unchanged (Table 2). Only the federal program that is being developed together with ASA (construction

of cisterns) appears to have been effective because analyzing the value of vulnerability to drought it is verified that

it decreased from 80 in 2003 to 68 in 2012. On the other hand, in the social field is perceived a worsening in the

index increased from 47 in 2003 to 54 in 2012, as well the technological that increased from 75 to 90.

4 – RESULTS

The data of Silva (2003) showed that the municipality was Picuí with all its territory committed to the high risk to

severe desertification process (Figure 5, A and B), and that 36.96% of its territory was already in severe

desertification process and that only 1.66% (14.38 km2) could be considered as unaffected. Moreover the rural

population of the municipality had a high vulnerability index (Figure 6).

Economic assessment of desertification, sustainable land management and 

resilience of arid, semi-arid and dry sub-humid areas

04 - 07 February 2013 - Fortaleza, Brazil

Figure 3 – Area under the process of

desertification. (Source: Silva, 2003)

Figure 4 – Water trucks transporting water in the semiarid

A B

Figure 6 – Map of  vulnerabilities of the rural population of Picuí. (Source: Silva, 2003) 

(Source: Silva, 2003) 

Table 1 – Critial units of vulnerabilities (UVC) for the rural areas of the municipality of Picuí – PB

Vulnerabilities

Unit Social Economic Technological Drought

Unit I + Subunit I 50 89 81 73

Unit II 48 85 79 73

Unit III 41 89 66 78

Unit IV 49 83 76 82

Unit V* 0 0 0 0

Global vulnerability for all

municipality
47 84 75 80

* uninhabited area - very severe land degradation level . Adapted from Silva (2003)

Table 2 – Comparing the Global Vulnerability – years 2003 / 2012

Years
Comparing the Global Vulnerabilities

Social Economic Technological Drought

2003 47 84 75 80

2012 54 87 90 68
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1. INTRODUCTION

According to the article 1(a) of the UNCCD, “desertification means land degradation in arid, semi-

arid and dry sub-humid areas resulting from various factors, including climatic variations and human

activities”.(UNCCD, 2009). The linkage between the desertification and human settlements appears to

be a concept of general application, and FAO proposes the following definition: “The sum of the

geological, climatic, biological and human factors which lead to the degradation of the physical,

chemical and biological potential of lands in arid and semi-arid zones, and endanger biodiversity and

the survival of human communities” (FAO, 1993). For BARBOSA (2011) "the process of

desertification is a long, slow and extreme disaster, and its risks are historically and socially

constructed. It occurs because arid, semi-arid and dry sub-humid ecosystems, are at risk due to the

exploitation of the land, over the support. The relations of capital in the field have degraded hundreds

of thousands of land along the years, by the exhaustive use of lands. Desertification is not a natural

phenomenon but economic, i.e., is the territorialization of capital. "

1.1. Characterization of the study area

The municipality of Araripina is located in the State of Pernambuco, in Mesorregião Sertão and

Microrregião de Araripina (Figure 1). The municipality is part of the plasterer Araripe pole, which is

located in the extreme west of the state of Pernambuco, covering the municipalities of Araripina,

Trindade, Ouricuri, Bodocó and Ipubi, and is considered the largest producer of gypsum in Brazil,

responsible for 95% of the country's production (BALTAR et al., 2005). According to the classification

of Köeppen (EMBRAPA, 1973) occurs in the area the following climatic types: BSw'h '(Weather too

hot, semiarid, steppe type) and BSwh' (Weather too hot, semiarid, steppe type, with the rainy season in

summer and also a strong evaporation in the summer as a result of high temperatures).

Figure 1. Location of the study area in the State of Pernambuco

2. METHODOLOGY

The study was conducted using TM/Landsat-5 images (Figure 2):

In the generation of maps of land degradation levels, the following procedures were applied to the

images: preprocessing, contrast enhancement, image classification, arithmetic operations for obtaining

NDVI (Normalized Difference Vegetation Index); multispectral adjusted RGB (CMA - (b3 + NDVI

+b1), image segmentation, classification of NDVI images and finally the edition of the thematic maps.

The field work aimed to validate the data obtained in the digital image processing of the TM/Landsat-5

images, and data collection that comprised the georeferenced database with description of visited

places. Were considered seven levels of land degradation: very low, low, moderate, severe and very

severe, based on BARBOSA et al . (2005).

3. RESULTS

Comparing the levels of land degradation for the year 1987 with the data for the years 2003 and 2008,

we can note a strong trend that the natural resources of the municipality from time to time have been

suffering environmental disequilibrium, with areas at risks to desertification and strong impact in

relation to the degradation of the local landscape (Figure 3 and Table 1).

The main economic activity that has a significant contribution to increase the degradation of lands is

the sector of mining industries that indiscriminately use the savanna vegetation as cheaper energy

source, followed by cattle-raising, deforestation and burning feasible by the agricultural sector.
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4. CONCLUSIONS

In the municipality of Araripina within two decades (1987-2008) the increment of the level of degradation

very serious was significant and this situation require urgently the targeting of public policies for this region,

aiming the sustainability of the households with risk reduction. The main activities that contributed to land

degradation are related to mining, deforestation of the savanna, cattle-raising, cassava monoculture and

burnings. The mining areas have caused a breakthrough in the land degradation, with serious environmental

problems and putting these areas at risk of desertification, exerting enormous pressure on natural resources

and no action for recovery of those areas are being performed up to now.
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ABSTRACT

The municipality of Araripina is located in the State of Pernambuco, comprising an area of 1.893 km2

and an altitude of 622 meters. This study aimed to map the areas at risk to the process of

desertification, in order to support public policies that come to mitigate the environmental risks. Based

on the use of Landsat 5 TM image interpretation, complemented with field data, it was possible to

create maps of land degradation levels for the years 1987, 2003 and 2008. The main economic

activities that contributed to the increase of land degradation, are related to mining, which among other

things is responsible for deforestation of the savanna vegetation used as energy matrix by the industrial

sectors of the Plaster Pole of Araripe, followed by cattle-raising and deforestation of the areas of Red

Yellow Eutrophic Latosols for planting cassava, whose initial tillage operations is carried through the

burning. It is noted that for the year 2008 the level of land degradation considered very serious

occupied 25.45% of the municipality, which indicates an advanced process of desertification, and

moreover, an area already quite anthropized of 10.2% of the territory, where was identified the

moderate-serious level, is at risk of advancing to level serious to very serious. So, in the period of two

decades (1987-2008) the increase of the serious and very serious level of land degradation has been

significant and require urgently the direction of public policies for this region, aiming at the

sustainability of the local population.

Mapping areas at risk to process of desertification in the municipality of Araripina-PE.
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Figure 2 - Path, row and date of the TM/Landsat-5 images

Land degradation

Levels

Km2 (%) Increases

1987-20081987 2003 2008 1987 2003 2008

Very Low 10,43 15,64 22,72 0,54 0,80 1,16 + 12,29

Low 95,94 115,80 121,91 4,95 5,93 6,24 + 25,97

Moderately Low 580,89 570,59 558,16 29,99 29,21 28,58 - 22,73

Moderate 597,66 553,09 380,32 30,86 28,32 19,47 - 217,34

Moderately Severe 277,91 161,73 200,08 14,35 8,28 10,24 - 77,83

Severe 333,20 368,44 497,05 17,20 18,86 25,45 + 163,85

Very Severe 40,92 167,79 173,00 2,11 8,59 8,86 + 132,08

ARARIPINA-PE

(1987-2008)

POSITIVE INCREASES NEGATIVE INCREASES

Very low, low, severe and very severe Moderate low, moderate, moderate severe.

Table 1. Land degradation levels for the municipality of Araripina-PE

Figure 2. Comparative between the Land Degradation Levels for the years 1987, 2003 e 2008.

3.1. Comparative analysis of the areas at risk to desertification process: 1987, 2003 e 2008.

Levels of Land 

Degradation
Where they occur

Moderadtely low farm Samambaia

Moderate

farms Feira Nova, Serra da Rodagem,

Serra do Jardim, Serra da Palma, Vila

Morais e Cajueiro.

Moderately severe

In several places in the municipality, for

example, the farm Lagoinha, where

there are many factories of gypsum.

Severe
farms Lagoa do Barro, Serra do Jardim

and in areas of exploitation of gypsite.

Very severe

Where are located the large mining

companies, in Vila Feira Nova Fair; in

higher areas of the slopes in the farms

Batinga and Lagoa de Dentro

3.2. Areas at risk to desertification process in the municipality of Araripina-PE

Activities that contributed to land degradation:

♦ mineral exploration;

♦ clearing of savanna (caatinga);

♦ cattle-raising

♦ monoculture of cassava

♦ burning

Mining activity carries enormous pressure on natural

resources and no recovery action of those areas was observed

during the field work.

Area infested by termites and ants - being prepared for

planting of cassava

General appearance of a gypsite mine
General aspect of occurrence of

degradation level SEVERE TO

VERY SEVERE. farm Batinga

Cattle-raising area
Area of the mine tailings.. 

The results show a strong tendency  that natural resources from time to time have 

been suffering environmental disequilibrium, with areas at risk of desertification 

with a strong impact in relation to the degradation of the local landscape.

A) pasture area infested by termites. B) Area of exposed soil,

exploited with grazing.

A)
B)

In the lower part - elephant and

buffel grass - fruit trees - On

slopes of the mountain the erosion

in furrows is present. Level of

degradation: VERY SEVERE

Aspecto geral da mina de 

gipsita

3.3. The landscape view of the areas of occurrence of the very severe degradation level.

Slope with cactus - on the highest

parts level of land degradation: SEVERE.

Moderate 

Severe
Moderate 

Severe Moderate 

Severe
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Sustainable Land Management Practices to Cope with 

Climate Change in the Republic of Mauritius 

By Kheswar Beeharry Panray  
Environmental Protection and Conservation Organisation 

kheswar@intnet.mu 

Introduction: 

Conclusion: 

EPCO 

• Mauritius is a basaltic/volcanic 

2040km2 island in the Indian 

Ocean. 

 

• Population 1.3 Million 

 

• 323 km of coastline - includes 

some 100 public white sandy 

beaches 
 

• Inlands are mostly covered with 

the Sugar cane plantation - 

500,000 Tonnes sugar yearly 

 

• Labour shortage - mechanization 

of sugar cane exploitation 

 

• Being a Small island developing 

State - Mauritius is highly 

vulnerable to climate Change. 

 

• Tourism is the main economic 

activity - 800,000 visitors yearly 

• To maintain or improve services 

of coastal resources, in the 

context of Climate Change, 

coastal zone management plan 

should be an integral part of 

sustainable land management 

plan. 

Sustainable Land Management Plan 

in the context of climate change 

should: 

 

• Revise present legislation to 

include regulations to protect 

coastal resources. 

 

• Optimize use of compost 

 

• Explore new weeding and weed 

control techniques. 

 

• Involve coastal community in the 

decision making process. 

 

• Monitoring of coastal services 

Methodology: 

Agricultural run off and silting are 

having a direct impact on coastal  

services. 

 

Sustainable land Management 

practices: 

 

• Include the integrated coastal 

zone management plan, with 

special attention to Climate 

change impacts. 

 

• Practice sound agricultural 

methods - Compost instead of 

fertilizer, control importation of 

pesticides 
 

• Re-rocking for mechanization 

 

• Use the appropriate irrigation 

practices - From overhead to 

drip, improve storage capacity of 

water. 

 

• Improve fertilization techniques - 

Use of liquid instead of solid , 

use new application techniques, 

regular testing of soil 

constituents 

 

• Innovate plantation methods - 

Contours, terraces, interline 

plantation, tends to Zero runoff. 

 

• Use new weeding techniques - 

Use Light Deprivation Methods 

(LDM) to control weeds, Zero 

bare lands, control of alien 

species 

Recommendations: 

Fig. 1. Map showing location of 

Mauritius in the Indian Ocean. 

Fig. 3. Mechanization of de-rocking Fig. 2. Sugarcane plantation in Mauritius 

Fig. 4. Weeding without weed- killer 
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    Taking as a basis the growing use of remote 

sensing in natural resources, developed this 

work in order to conduct the evaluation of the 

temporal dynamics of surface temperature in 

semi-arid area of Brazil, to identify the 

presence of diversity of features vegetation 

cover and areas susceptible to desertification 

process, based on images from the Landsat 5 

of 2007 to 2010, using methods and 

techniques coming from geotechnology. 

INTRODUCTION 

MATERIALS AND METHODS 
 
    The work was carried out in the area near 

the National Park of Furna Ugly and irrigated 

perimeter of Baraunas (RN, BRAZIL). 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Location of Semi-arid region of Brazil, Rio 

Grande do Norte State and municipalities Mossoró and 

Barauna. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Map of classification of land use and occupation 

of the study area. 

 
    A total of six images from Landsat 5 TM, 

which were obtained in the image catalog of 

the National Institute for Space Research 

(INPE), the orbit / point 216/63 that cover the 

study area, for the dates shown in Table 1 and 

Figure 3. 

CONCLUSIONS 
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Witnessed to the expansion of anthropogenic exploitation of natural resources, as well as 

use and occupation of land by the action of replacing native vegetation with areas of 

irrigated agriculture. b) It can be argued that changes in vegetation cover were instrumental 

in explaining the variations in temperature. c) The use of remote sensing technique helps the 

management of precision agriculture, indicating the spatial distribution of heterogeneous 

areas in different agroecosystems. 
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Figure 3. Graphic of the precipitation regime of meteorological station Mossoró / RN. 

Figure 5. Thematic map of the surface temperature of the study area. 
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BARAÚNA

MOSSORÓ

LEGENDA

DSA 271 193 353 212 276 23 

Image Date 28/09/2007 12/07/2008 19/12/2008 31/07/2009 03/10/2009 23/01/2010 

Elevation Angle 63.4270 49.3430 55.1930 51.6766 63.2147 55.0857 

Cos Z 0.89437 0.75862 0.82108 0.78452 0.89270 0.82001 

Time Passing 09:33:35 09:27:32 09:24:58 09:29:43 09:30:36 09:31:27 

dr 0.99844 0.96754 1.03230 0.97116 1.00128 1.03045 

Table 1. Images TM/Landsat-5, with the date and coverage of orbits 216/63. 

DSA: Sequential Day of the Year; Cos Z: Cosine of zenith angle; dr: square of the ratio between the 

earth-sun distance and their average value. 
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Figure 4. Flowchart of calibrations performed based on the algorithm SEBAL. 
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For display and performance of mathematical operations within and between banda and 

calibrations (Figure 4), it was necessary to use Geographic Information System (GIS), ERDAS 

Imagine 9.1 of Leica Geosystems® and Arcgis 9.3 of ESRI.  
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    The area is located in Campinas (São Paulo, 

Brazil). The soil is a Oxisol, clayey (EMBRAPA, 

2006). The climate according to the Köppen 

classification is Cwa type. 

    The study area has been managed with crop 

rotation and tillage since 1985. Currently, the 

study area has been cultivated with crops with 

potential for biodiesel production as soybean 

(Glycine max L.), corn (Zea mays L.) and 

castor bean (Ricinus communis L.). 

 

 

 

 

 

 
 

Figure 1. a) Geographical location of the study area in 

Campinas b) Study area in Campinas with 3.42 ha, 

planted with tillage since 1985 for grain production. 

 

    Soil bulk density, porosity, macroporosity 

and microporosity was collected with 100 cm3 

rings. Besides the determination of the 

resistance to penetration, finally was 

determined to soybean yield and triticale. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Sampling scheme attributes. 

 

INTRODUCTION 

MATERIALS AND METHODS 

CONCLUSIONS 
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   The physical attributes sampled showed that the study area does not present problems of 

compression, and that the state of soil aeration offers no limiting conditions for vegetative 

growth of crops. Soybean yield and dry matter production of soybean have maps of spatial 

variability similar to the map of spatial variability of soil density. While that map the spatial 

variability of yield of triticale and dry mass production of maps relate to the microporosity and 

water content in the soil. 

RESULTS AND DISCUSSION 
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Figure 4. Maps of spatial variability of soybean yield 

and dry matter production (t ha-1) for the study area 

in Campinas (Sao Paulo, Brazil) in 2009/2010. 
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Foundation of Support for Science 

and Technology of Pernambuco 

Table 1. Fitting parameters of the semivariogram for the attributes of Oxisol in Campinas 

(Sao Paulo, Brazil) under no tillage. 

Ds: Density of soil, PT: Porosity total; Macro: macroporosity; Micro: microporosity; C0: nugget effect, 

C1: structural variance, a: range (m) GD: degree of spatial dependence. 

 

    Precision agriculture - AP is a method of 

administering careful and detailed soil and 

culture to suit the different conditions found in 

each piece of farming, in view of the intrinsic 

imbalance edaphoclimatic (SCHUELLER, 

1992; WEIDA; BORGELT, 1993).  

    The main objective of this study was to 

evaluate the impact of bioenergy 

agroecosystem in Campinas (Sao Paulo State, 

Brazil), mapping the productivity of crop and 

soil attributes using geostatistical techniques. 

Campinas

Ribeirão Preto

Mogi Mirim

a) b) 

  Modelo C0 C1 a GD 

Ds Pure Nugget Effect 

PT Exponential 0,00007 0,00101 42,87 99,99 

Macro Exponential 0,00021 0,00254 40,50 99,99 

Micro Pure Nugget Effect 

Soybean Gaussian 0,0573 0,217 111,30 99,80 

Soybean straw Exponential 0,0310 0,383 37,80 98,99 

Triticale Exponential 0,00234 0,0159 65,00 87,17 

Triticale straw Spherical 0,0450 0,0531 120,00 54,12 

(a) Density of Soil (Mg m-3) (b) Porosity Total (m3 m-3) (c) Macroporosity (m3 m-3) 

 

(d) Microporosity (m3 m-3) 

 

    

  

  

  

  

  

  

  

Figure 3. Maps of spatial variability of soil density, total porosity, macroporosity and microporosity. 

(a) Production of soybeans in 

the crop 2009/2010 (t ha-1) 

(b) Production of soybean straw 

at cycle 2009/2010 (t ha-1) 
(a) Production of 

triticale grains cycle 

2010 (t ha-1) 

(b) Production of 

triticale straw at cycle 

2010 (t ha-1) 

Figure 5. Maps of spatial variability of yield and 

production of triticale dry matter (t ha-1) for the study 

area in Campinas (Sao Paulo, Brazil) in the 2010. 
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    The study area has approximately 0.25 ha 

and is located on the property "Pazos de 

Viveiró" in the municipality of Muras northern 

province of Lugo (Galicia, Spain). 

    Measurements of soil and plant were 

performed in 122 sampling points distributed 

randomly (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Sampling scheme attributes. 

 

    The soil of the study area is classified as 

Humic Umbrisol, whose parent rock is 

presented between 0.25 to 0.50 m deep with a 

sandy loam texture according FAO-ISRIC 

(1994). The climate according to Koppen 

classification Cfb is the type. 

    The study area has been managed with 

Pinus pinaster (Aiton) planted in 1994. 

    Data were analyzed using the suite of 

programs GEOSTAT (VIEIRA et al., 2002). 

𝛾 ℎ =
1

2𝑁 ℎ
 𝑍 𝑥𝑖 − 𝑍 𝑥𝑖 + ℎ 2

𝑁 ℎ

𝑖=1

 

    The program Krige (VIEIRA et al., 2002) was 

used to make data interpolation by kriging 

technique and the program SURFER 11 was 

used for spatial data interpolated. Evaluated 

the correlation and spatial attributes 

dendométricos and soil. 

INTRODUCTION 

MATERIALS AND METHODS 

CONCLUSIONS 
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   The maps of spatial variability demonstrate that there is a similarity in the pattern of 

distribution of contour lines between the maps of plant attributes (DB, DAP and ALT). 

However, there is a pattern of similarity in the distribution of contour lines between the maps 

of plant attributes (DB, DAP and ALT) and soil (CEa-V, CEa-H e PROF. Using the tool of 

precision forestry subsidizes the rational use of soil and biosystem in question, enabling the 

rational use of natural resources exploitation and orderly, allowing to evaluate the 

development of ecological evolution of the fragment to be recovered. 
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Figure 2. Thematic  map of  the  surface temperature of  the  study area. 
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DB: diameter of the base of the trees: DAP: 

diameter at breast height (1.3 m high), ALT: tree 

height; PROF: depth of rock; CEa-V: bulk electrical 

conductivity in the layer of 0.0 - 1.5 m deep; CEa-

H: bulk electrical conductivity of the layer from 0.0 

to 0.3 m deep. 

Foundation of Support for Science 

and Technology of Pernambuco 

  DB DAP  ALT  PROF  CEa-V CEa-H 

DB 1.000           

DAP  0.801 1.000 

ALT  0.639 0.743 1.000 

PROF  0.087 0.020 -0.103 1.000 

CEa-V -0.088 -0.008 -0.056 -0.104 1.000 

CEa-H 0.051 0.077 0.103 -0.082 -0.433 1.000 

Table 1. Simple linear correlation to the attributes 

of plant and soil. 

Attribute  Model C0 C1 a RD CV 

DB Esférico 2,40 2,60 20,00 48,00 17,3 

DAP  Esférico 2,80 1,30 17,00 68,29 30,0 

ALT  Esférico 3,00 1,40 20,00 68,18 16,6 

PROF  Efeito Pepita Puro 39,2 

CEa-V Esférico 0,30 1,20 29,00 20,00 15,4 

CEa-H Esférico 0,30 0,50 30,00 37,50 16,9 

Table 2. Parameters of adjustment of semivariograms for the 

attributes under study. 

C0: Nugget effect, C1: structural variance, a: range (m), 

RD: spatial dependency ratio (%), CV: Coefficient of  

Variation (%). 

 

    Siqueira et al (2009) describe what you 

need to enter the information management 

process of climate and soil to determine how 

they influence growth and the relationship 

between the characteristics dendrometric trees 

within the biosystems. 

    Thus, this study aimed to assess the spatial 

continuity of dendrometric characteristics of 

Pinus pinaster (Aiton) and bulk electrical 

conductivity and soil depth in Muras (Province 

of Lugo, Galicia, Spain). 

http://ufrpe.br/index.php
mailto:joel_medeiros@oi.com.br
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Années Superficie reboisée 
(ha) 

Nombre de 
plants 

2008 3 000 480 000 

2009 3 000 480 000 

2010 3 500 560 000 

2011 3 500 560 000 

2012 3 000 480 000 

TOTAL 25 000 2 560 000 

Nombre de 
Foyers  

21 300 

13 076 

15 384 

18 227 

18 496 

86 483 

 

 

 

 



WATER ACCESS IN THE STATE OF CEARÁ, NORTHEAST 

BRAZIL: FROM THE HISTORICAL NEGLECTED 

PROBLEM TO NOWADAYS IN THE CONTEXT OF 

JURIDICAL SCIENCES 

Ana Paula Assis Buosi, Daniel Assis Buosi, Gina Vidal Marcílio Pompeu 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

Law School, Juridical Sciences Center, University of  Fortaleza. Brazil 
 

Introduction 
          Several Brazilian citzens still do not have access to proper water. Recently, in 23th 

April 2012, the Brazilian president Dilma Rousseff  anounced a plan to face the worst 

drought in the last 40 years. The United Nations (UN) recently affirmed the access to 

water, as well as to basic sanitation, as an objective of  international law linked to the 

States (resolution 15/9, 2010). In this context, the present study aims to bring to 

discussion the problem of  effectivating proper water access right, through the analysis of  

data disclosed by governmental organs and the goals proposed by the UN Program for 

the Development. 
 

Methods 
          Through the reading of  papers regarding the topic of  water access right, an 

analysis of  most relevant data was done and presented here. It is important to reappraise 

the possibilities of  juridical knowledge action in the perspective of  fundamental rights, 

as the access to proper water is a basic condition of  human dignity and development 

“under what is factual and legally possible” (ALEXY, p. 91, 2008).  

 

Results and Discussion 
          The discussion focus is the situation faced by the population of  the semi-arid area 

of  the Ceará State, which still do not fill the perspectives of  an inclusive and sustainable 

development as a mean of  facing climate changes. 

          The Court of  Auditors of  the Union, in 2009, performed an audition regarding the 

public policies and these climate changes in this region of  Brazil with the aim to 

investigate which actions were taken by the public administration to face these problems. 

It was observed that the government do not incentivate researches which enables a 

detailed modeling of  the semi-arid region with the objective of  measure the impact 

caused by climate changes. 

          Another demand of  the semi-arid is related to the lack of  coordination and 

cooperation within the Brazilian federation. The competences, if  not well stablished, 

increases the expenses and generate competitivity between the states in place of  

generating partnership. 

          In 2010, the “Research and Applied Economics Institute” (IPEA) “Research and 

Economic Startegies Institute of  Ceará” (IPECE) presented the results of  the research 

“Development Goals of  the Millenium”. In this study, the goal number 10 (“Warranty of  

Environmental Sustainability”), which deals with the 50% reduction of  the population 

without water acces and sanitation, has problems to be fulfilled. 

          The following figures demonstrates the percentage of  inhabitants of  urban and 

rural households with water supply and sanitation. It was observed that the piped water 

supply is near to be fulfilled, as 87% of  urban households and 26% of  rural ones have this 

supply (Figure 1). The other analysis demonstrate that the current coverage of  sanitation 

is 37.2% in urban area and less than 0.5% in rural area, and this can be a potential source 

of  water polution. 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  Conclusion 
              Our findings bring to discussion the local reality, which is far from the ideal. 

Unfortunately there are still several citizens without water and sanitation access, 

evidencing a disrespect of  human rights. It is necessary that the government make an 

effort to provide piped water access and sanitation to all the citizens. It is relevant to 

investigate possible solutions to this problem in times of  sustainable development and 

to request a change in the public policies in order to solve the problem of  water access 

in our region, which is still neglected. The juridical sciences can have a fundamental 

role in this context, taking part on the elaboration of  public policies and laws which 

would warrant the proper water access to this population, always taking into account 

the regions’ specificities and avoiding environmental degradation. 
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Figure 2. Percentage of  inhabitants of  urban and rural households with sanitation in 

Brazil, Northeast and Ceará State between 1992 and 2008. 

Source: PNAD/IBGE/IPECE, 2010. 

Figure 1. Percentage of  inhabitants of  urban and rural households with piped 

water supply in Brazil, Northeast and Ceará State between 1992 and 2008. 

Source: PNAD/IBGE/IPECE, 2010. 
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COEXISTENCE WITH THE BRAZILIAN SEMIARID: THE TESSITURAS

IDENTITY PROJECT FOR A TERRITORIAL

Luzineide Dourado Carvalho, UNEB/DCH III/NEPEC-SAB, Juazeiro, Bahia, Brasil.

lcarvalho@uneb.br

PRIMARY OBJECTIVE:

Reflect on emergence Coexistence with the of Brazilian Semiarid, an innovative design-idea, that directs civil society, social movements and the state itself to actions, practices and intervention programs considering the climatic characteristics, culture and the 
specific contexts of Semiarid.

SPECIFIC OBJECTIVES:

?  To analyze the critical, active and articulator of Brazilian civil society from the 1990s;

?  Identify the different flags of Brazilian Semiarid socais struggles within the Coexistence;

?  Identify and analyze the principles and guidelines for actions of networks of Coexistence;

?  Understanding Coexistence as an idea-development project for sustainable territorial Brazilian Semiarid;

?  Analyze political action networks to state public policies in context with the dynamic environmental, cultural and identity of Brazilian Semiarid.

METHODOLOGY:

The research methodology is anchored in Boff (1998) and Heidegger (1981) to understand the joints and mobilization of networks of Coexistence, evaluating how to configure in a social nature, rhizomatic, decentralized and multi-scale, promoting the 
inclusion of the Coexistence spaces of power and proposing public policies for the Brazilian Semiarid.

RESEARCH PROCEDURES:

Examination of documents of social networks and government institutions, participant observation in the spaces of articulation and mobilization of organizational actions and educational programs and practices of Coexistence with the Brazilian Semiarid.

THEORETICAL FOUNDATION:

The nature semiarid has received different meanings within the historical-geographical formation and development of the Brazilian Semiarid territory. Between these meanings, emerges the 'Coexistence with the Brazilian Semiarid'.

The emergence of another/ new contemporary naturalism (interaction of nature and culture), understanding the worldliness in Arid, Semi-arid and Sub-humid Droughts and new international guidelines for use, preventing and combating desertification 
processes and their repercussions have reverberated in Brazil in the process of reframing the Brazilian semiarid territory.

Understanding the physical dimensions-material, political and symbolic-cultural space that marked by drought and desertification enables understanding the complex network of relationships and sociability between nature, culture and territory in the 
Brazilian Semiarid and designing interventions and actions to fight no more drought, but rather, to get along with with and geoenvironmental dynamic climate characteristic of the Blasted Lands.

The Coexistence falls within the world movement of contemporary redefinition and reappropriation of social nature. In Brazil other / new meanings technical, economic, cultural and symbolic of their semi-arid lands open possibilities for culture of 'good use' 
of natural resources, creation and institutional strengthening of government and civil society in favor of contextualized practices and combat desertification and mitigation of the effects of the droughts.

The Coexistence is a transition paradigm, the scientific-technical rationality for environmental rationality.

The claim and valorization of semiarid territory by environmental movements lead the meanings of belonging and identity roots territorial sertaneja. Natural or political territory, the Semiarid emerges as a cultural and symbolic territory.

FINAL COMMENTS:

The Coexistence is not a social movement and not institutional, but a nascent state which maintains the enthusiasm, charisma and a sense of utopia. A proposal that acts articulating and mobilizing the popular bases, through social networks and wins the 
format of 'rhizome', because when we weave her at all geographic scales, she manages to bring together the different flags of social struggles braked in contemporary Semiarid that demand the democratization of the use and access to water, land, and other 
contextual education.

Is a process that creates the social reappropriation of nature semiarid claiming the Environmental Justice and break definitely with the public policy of 'combat drought', which for decades has guided more by state interventions of regional development 
Northeastern.

In the the contemporary context, the study aimed to evaluate that there is no semiarid, but semiarid territories, once they are superimposed and that configures a mosaic of senses, past tenses and contemporary in nature and semiarid territory, whose intentions, 
relationships or appropriation rooting are being woven into and guiding the actions and policy interventions, economic and cultural-symbolic of individuals and groups towards that space.

UNIVERSIDADE DO
ESTADO DA BAHIA
DCH Campus III - Juazeiro/BA



Climate change impacts and land degradation in Anambra State, Nigeria.
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1. Land degradation occasioned by gully erosion is a major ecological 

    challenge in Anambra State, Nigeria which is exacerbated by

    extreme rainfall due to  climate change.

2. The precipitation data and soil profile pattern of the country.

    Fig 1 gives the precipitation data of the country and fig 2 shows the

    soil graduation.

The study area lies between latitude 5° 42´ N and 6° 47´N and longitude

 6° 37´ E and 7° 23´ E, with a land mass of 44,116 sqkm. It accounts for

65% of land degredation resulting from gully erosion incidence in  

the country. The study area is the most densely populated zone in

 the southeastern part of  Nigeria, making the people most

 vulnerable to land degradation.

The methodology involves field data acquisition, evaluations and 

verification. The landuse and landcover maps of Anambra state as

captured with Landsat EMT+ (2001) and NigeriaSat-1 (2005).

 The imagery classification of gully erosion in the state combining the
2

 results of Landsat EMT+ and NigeriaSat-1 shows that 1789.52 km  of

 the total land area or 40.1% is severely gullied.  The map of

 classification depicting land degradation occasioned by gully erosion

 due to intense rainfall and flooding is as shown.

INTRODUCTION & OBJECTIVES

Fig 1: Precipitation Pattern                            Fig 2: Soil Profile 

From the analysis of the study it is evident that there is large scale 

land degradation in the form of landslide or gully erosion occasioned

by extreme rainfall with enormous damage to the ecosystem services 

of the zone with severe impacts on the livelihoods of the rural 

population. It is worthy to note that more than anywhere else in the

world, the people of this zone like other parts of sub-Saharan Africa 

depends on their environmental resources for sustenance, therefore 

alterations of the system natural that results in degradation

inadvertently aggravates poverty and social inequalities. 

 STUDY AREA

METHODOLOGY AND GULLY EROSION DATA

DISCUSSION AND CONCLUSIONS

Over 40% of the land area of
the study area is severely 
degraded, due to the 
topographic features and the 
soil type. 

The soil is porous, easily 
detachable enhancing 
erodability when expose to 
heavy rain drops and human 
disturbances. 

With increases in precipitation
 levels and intense flooding 
as indicated by IPCC fourth 
assessment report for 
UNFCCC, extensive land 
degradation in the area 
severely impacts on 
agricultural productivity, 
livelihoods and food security.

PREPARED FOR: UNCCD 2ND SCIENTIFIC CONFERENCE
Economic assessment of desertification, sustainable land management and 
reselience of arid, semi-arid and dry sub-humid areas.
04 - 07 February 2013 - Fortaleza, Brazil
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Challenges for implementing biodiversity conservation strategies in 
Romania to minimize the effect of climatic changes on wildlife 

Marcel CIOBANU 

Institute of Biological Research, Cluj-Napoca, Romania. E-mail: ciobanumarcel@yahoo.co.uk  

ABSTRACT: The Intergovernmental Panel on Climate Change stated in its fourth assessment report that warming of the Earth’s 
climate system is unequivocal. A global warming of about 0.2°C per decade associated with greenhouse gas emissions is 
projected to take place within the next two decades. In Europe, annual mean temperatures are predicted to increase by 1.0°C-
5.5°C, depending on scenarios, by the end of this century. In Romania, current climate models indicate the same trend, 
suggesting that the country will be affected by severe droughts during this century. These changes could have significant impacts 
on biodiversity, depending on their duration, intensity and species vulnerability. The present contribution is focused on three 
directions, as challenges for implementing appropriate strategies in Romania to minimize the effects of predicted climatic 
changes on the country’s biodiversity, as follows: i) the need for an improved coordination between institutions at various levels 
in order to assure optimal planning, management and monitoring of Romanian natural protected area network, with special focus 
on vulnerable species and regions at higher risk from climate changes; ii) the need to take into account climate changes, models 
of future environmental conditions and species responses when implementing conservation planning and actions; iii) the need to 
consider simultaneously, both spatial and temporal perspectives in biodiversity management and conservation and the use of 
actions that build ecosystem resilience. 

Keywords: Climate change, ecosystem resilience, global warming, Romania, wildlife. 

Earth’s climate is a complex, interactive system consisting of atmosphere, hydrosphere, cryosphere, lithosphere and biosphere. 
Atmosphere, however, characterises the climate which is usually described in terms of temperature, precipitation and wind over a 
period of time. Earth’s climate system evolves in time under the influence of its own internal dynamics and due to changes in 
external factors (volcanic eruptions, solar variations, as well as human-induced changes in atmospheric composition). Climate 
system is powered by solar radiation and changes in the radiation balance affect Earth’s climate. Climate, in turn, responds 
directly and indirectly to such changes through a variety of feed-back mechanisms that can either amplify or diminish the effects 
of changes in external factors. Detecting, understanding and accurately quantifying climate feed-backs have been the focus of a 
great deal of research by scientists unravelling the complexities of Earth’s climate. For more than 50 years climatologists and 
other scientists have warned that the accumulation of CO2 and other greenhouse gases in the atmosphere is leading to global 
warming and other significant climatic, ecological, and societal changes. The Intergovernmental Panel on Climate Change stated 
in its fourth assessment report that warming of the Earth’s climate system is unequivocal. A global warming of about 0.2°C per 
decade associated with greenhouse gas emissions is projected to take place within the next two decades. The rate of further 
warming strongly depends on uncertain factors as population growth and socio-economic development, changes in the energy 
and land-use systems and global architecture of the climate change mitigation policy and efficiency of its implementation. Global 
warming probably represents the most important threat to the planet’s biodiversity, given its potential to affect even areas far 
from human habitation. There is increasing concern about the consequences of climate change in Europe, where annual mean 
temperatures are predicted to increase by 1.0°C-5.5°C, depending on scenarios, by the end of this century. Climate change is 
already affecting European biodiversity, by changing species’ ranges and ecosystem boundaries, shifts in reproductive cycles and 
growing seasons, and changes to the complex ways in which species interact (predation, pollination, competition and disease). In 
Romania, current climate models indicate the same trend, suggesting that the country will be affected by severe droughts during 
this century, which could as well have impacts on biodiversity, depending on their duration, intensity and species’ vulnerability. 
It is expected that climate warming will cause the existing life zones to migrate to higher altitudes whereas the lower altitudes 
will become suitable for life zones nowadays existing in Minor Asia and in the south of the Balkan Peninsula. After 2040 forest 
biomass might decrease due to enhanced desertification as a result of temperature rise and precipitation decrease, especially 
during the summer season. For mountain areas, the biomass might slightly increase during 2000-2070. The forest in the plain area 
seems to be as sensitive to the climate changes as the forest in the hill area. Even under current climate condition, a negative 
tendency of the forest should be expected after 2030. The National Strategy on Climate Change of Romania (2005-2007) outlined 
Romania’s policies in meeting the international obligations under the United Nations Framework Convention on Climate Change 
and the Kyoto Protocol as well as Romania’s national priorities in climate change. This strategy has not been renewed since 2007 
(although a National Climate Change Strategy for 2013-2020 is currently being developed, with two main components: 
mitigation and adaptation), but during the last years certain National Plans regarding the allocation of greenhouse gas certificates 
or the reduction of greenhouse gas emissions in civil aviation have been approved. The Romanian strategy on Biodiversity 
Conservation (2010-2020) identifies direct threats on biodiversity in the country and aims to fulfil the aspirations of biodiversity 
conservation and sustainable use of natural resources. Given the variety and magnitude of anticipated changes in biodiversity as 
the climate changes during the next century, it becomes increasingly important to identify priorities to alleviate the impact of 



 

2 
 

 

climate change on biodiversity and implement appropriate conservation strategies. Romania has demonstrated its interest and 
commitment to the conservation of biodiversity and natural areas by signing international agreements, adopting national 
regulations and designation of a large number of protected areas. Despite these efforts, the country has experienced difficulties in 
implementing policies and strategies to achieve effective biodiversity conservation due to the poor coordination between 
institutions at various levels, although it has a strong scientific research tradition in the area of natural sciences. The present 
contribution is focused on three directions, as major challenges for implementing appropriate strategies in Romania to minimize 
the effects of predicted climatic changes on the country’s biodiversity, as follows: i) the need for an improved coordination 
between institutions at various levels in order to assure optimal planning, management and monitoring of Romanian natural 
protected area network, with special focus on vulnerable species and regions at higher risk from climate changes; ii) the need to 
take into account climate changes, models of future environmental conditions and species responses when implementing 
conservation planning and actions; iii) the need to consider simultaneously, both spatial and temporal perspectives in biodiversity 
management and conservation and the use of actions that build ecosystem resilience.  
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INTRODUCTION

Water reuse is a feasible alternative for soils with limited available water, organic matter

and nutrients and its application is being strongly considered in areas where access to

water is scarce, such as the Brazilian semiarid region (1 million km² and 25 million

inhabitants). Green sewage modules technology (GSM) appears as an option for a

better wastewater destination once soil-plant system has a depurating capacity,

supplying plants with reusable water and nutrients from disposable sewage (Figures 1

and 2). Further promoting the natural resources protection, this solution contributes for

the rural sanitation system and enables the formatioser n of so-called productive

backyards. The areas are used for production of banana (Musa sp.), tomato (Solanum

esculentum), pepper (Capsicum chinense), papaya (Carica papaya L.) and/ or

ornamentals species, as poppy (Papaver somniferum L.). It is relevant however to

know about the generated substrate quality for an acceptable development of plants.

Microorganisms have ability to provide rapid response in soil quality. Therefore, the aim

of this work was to evaluate the use of substrate microbial biomass - C (SMB),

substrate basal respiration (SBR) and metabolic quotient (qCO2) as quality indicators

for green sewage modules substrate.

MICROBIOLOGICAL INDICATORS TO EVALUATE GREEN SEWAGE SUBSTRATE QUALITY 

FOR AGRONOMIC PURPOSE IN BRAZILIAN NORTHEAST SEMIARID REGION
COELHO, Christine Farias[1]; MENDES FILHO, Paulo Furtado; MASCENA, Aldenia Mendes; ARAÚJO, José Carlos de 

Centre for Agrarian Sciences, Federal University of Ceará, Brazil. [ 1] E-mail: chrisfcoelho@yahoo.com.br

METHODS

The research was conducted in May 2012 in the "Sertão" (Hinterland),

State of Ceará. The zone climate is Tropical Warm Semiarid, average rainfall of 600 mm

/ year and potential evaporation rates of 2200 mm / year. Concerning pedological

conditions, the soil (on crystalline basement) has low permeability and limited fertility.

The substrate samples were collected in triplicate from five GSM at a 20 cm depth in the

“25 de maio” land reform settlement (Madalena, Ceará, Brazil) under differentiated

systems managements: GSM 1 with good banana and tomato development; GSM 2 with

the growing banana not developed; GSM 3 with good papaya, banana and poppy

development; GSM 4 with good pepper, green pepper, banana and tomato

development, and GSM 5 with good banana development. Modules receive wastewater

from domestic restrooms in an intermittent output, except GSM 5 that receives effluent

from a health center in a constant output. SMB was calculated using the indirect method

of irradiation-extraction with ammoniacal ferrous sulfate titration; for SBR (evolution C-

CO2) the titration was applied with HCl; and qCO2 was obtained by SBR/SMB ratio. It

was also considered chemical properties of substrates. The analyses of pH, Nitrogen

(N), Phosphorus Assimilable (P), Organic Matter (OM) and Electrical Conductivity (EC)

were made by the Laboratory Analysis of Water and Soil of FUNCEME-UFC.

CONCLUSIONS 

It is noted that qCO2 may be representative of biological functionality of substrate

green sewage modules technology, evidencing the stress suffered by the microbiota

present against the flow of effluents and established cultures, moreover the ability to

retain carbon in the substrate and consequently agronomic use. The evaluation of

microbiological processes proved to be more consistent when related to the chemical

parameters. This work suggests that the planned reuse of wastewater presents itself

as an alternative source of water resource, organic matter and nutrient, and its

application is of particular interest to the family farming. Concerning the substrate

fertility potential, is also important to consider which plant species better

tolerate salinity levels.

The alternative technology treated in this paper consists in a feasible option for

dryland areas, promoting social welfare for the beneficiary families in synergy with

the environment. However, this social technology has been replicated with little

information about agronomic criteria. Thus, this research provides important early

elements and adding report for the GSM regulation. It emphasizes the prospect of

formulating public policy of rural sanitation for agrarian reform projects and improves

the habitat planning in the semiarid region.

RESULTS & DISCUSSION  

Note:

The green sewage treatment modules (GSM) were implemented by project entitled “Biorremediação vegetal do esgoto
domiciliar: Água Limpa, Saúde e Terra Fértil” (CNPq 577048/2008-2).

Figure 3 – Location “25 de maio” land reform settlement with rural villages. (PINHEIRO, 2011).   

Projected Coordinate System 

SAD 1969. UTM_ 24S  

Meters  

GSM 4  (habitation)   

GSM 5 (Health center) 

GSM 1 (habitation) 

GSM 2 (habitation) 

GSM 3 (habitation) 

Higher levels of soil basal respiration (C-CO2) imply greater biological activity and may

be positively related with the content of organic matter and microbial biomass. The

results showed that systems with higher qCO2 are those with the best scenarios for

plant development and can be explained by the efficiency of the SMB-C utilize

available carbon for biosynthesis. When compared to other systems, GSM 2 presents

the lowest values for qCO2. In this case, the plants did not develop and this fact can

be explained by the restricted action of the microbial biomass in repairing the damage

in the substrate (input of organic matter present in the wastewater) limiting the

maintenance cell. Another important factor is related to salinity levels expressed by

electrical conductivity. Under high evapotranspiration rate, the salts are concentrated

in the substrate, especially in the root zone, decreasing water availability and

accelerating its scarcity. This process interferes in the crop yields and possibly

represents another motive whereby GSM 2 has not obtained plant development.

Although GSM 5 presents values of the EC close to those observed in samples of

GSM 2, the continuous sewage flow (greater water content) may be favoring the

development plant in this system, acting in the dissolution of salts. On the other hand,

GSM 5 offers the highest levels of Nitrogen and Phosphorus, that can be linked to the

type of wastewater produced, whereas this system receives effluent from a health

center, with medicine residues. This system deserves special attention because

excess of N and P may prevent the assimilation of other elements, slowing plant

growth. The analysis showed pH values close to neutrality with minimal variation

observed between samples. The pH is also considered a consequence of several

factors (climate conditions, management, source material) and may interfere in plant

nutrition and microbial activity. In systems 1, 3 and 4 the satisfactory development of

crops, including fruits (papaya, banana, peppers, tomatoes), may be associated with

the type of management, because in these modules, a cropping species combination

is used.

Figure 1 - Schematic drawing GSM. (HIDROSED)  Figure  2 – Operating GSM (HIDROSED)  

Table 1 – Mean values of the chemical properties of Green Sewage Substrate – GSM  

Identification pH N (g/Kg) P Assimilable (g/kg) OM (g/Kg) EC (dS/m) 
GSM1 7,42 1,59 0,152 54,44 2,43 
GSM2  7,97 1,59 0,129 53,96 7,14 
GSM3 8,04 1,68 0,145 55,36 2,9 
GSM4 7,28 3,64 0,123 64,69 4,11 
GSM5 7,11 4,85 1,710 64,79 7,55 

 N = Nitrogen; P = Phosphorus; OM = Organic Matter; EC = Electrical Conductivity 

UNCCD 2nd Scientific Conference

Economic assessment of desertification, sustainable land management and

resilience of arid, semiarid and dry land sub-humid areas

04 – 07 February 2013 – Fortaleza, Brazil

Figure 4 – Microbiological indicators of  green sewage substrate quality    
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EDAPHIC FAUNA IN SEMIARID AREAS UNDER DIFFERENT VEGETAL COVER

1. INTRODUCTION

Ecosystems characteristics as vegetation, climate and type of

soil influence edaphic fauna diversity. Vegetation can influence

edaphic fauna providing different kinds of niche and food

resources. Edaphic fauna is responsible for the nutrients

cycling provided by soil organic matter, which is

provided, mainly, by vegetation. The aim is to study

serrapilheira and soil fauna associated to leguminosae which

occur in semiarid,

Amburana cearensis (Allemão) A. C. Smith, Bauhinia

cheilantha (Bong.) Steud, Bursera leptophloeos (Mart.)

Engl, Mimosa caesalpiinifolia Benth. e Poincianella pyramidalis

(Tul.) L. P. Queiroz.

2. METODOLOGY
The sampling was made using four traps of two types: of

falling (soil) and of litter, one per crown of studied leguminosae.

Organisms were counted and identified in functional groups.
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Brasil1, Janaina Martins de Sousa1, Marcela Bernardes Portela1, Jamili Silva Fialho2, Claudia Miranda Martins1
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3. RESULTS AND DISCUSSION

4. CONCLUSION
Vegetal coverage influences edaphic fauna diversity under

semiarid climate. Poincianella pyramidalis demonstrated to promote

higher diversity in fauna groups of soil. There are indications that

serrapilheira provides better conditions to the development of

ecosystem engineers group, while soil provides better conditions to

saprophagous organisms.
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Functional group ecossystem engineers (eng. Eco)

presented higher diversity for soil colections and

serrapilheira. While for pitfall collections saprophagous

functional group presented greater abundance.

Poincianella pyramidalis (Tul.) L. P. Queiroz presented

higher diversity for pitfall collections.

Bursera leptophloeos (Mart.) Engl. Presented higher

diversity for serrapileira collections and Amburana

cearensis (Allemão) A. C. Smith, Bauhinia cheilantha

(Bong.) Steud, and Poincianella pyramidalis (Tul.) L. P.

Queiroz presented the highest values of diversity for soil

collections.

Legenda: Amb. Cea. - Amburana cearensis (Allemão) A. C. Smith, Poin.pyr. -

Poincianella pyramidalis (Tul.) L. P. Queiroz., Mim.caes. - Mimosa

caesalpiinifolia Benth., Bau.cheil. - Bauhinia cheilantha (Bong.) Steud e

Bur.lepto. - Bursera leptophloeos (Mart.) Engl.
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Objective:

The aim of this work is to use the WASA-SED model, a semi-distributed hydrological model, to detect the influence of 
land use and degradation on the streamflow generation of a medium-sized catchment in Semiarid Northeastern Brazil.

Fig. 2 – The WASA-SED Model (Guentner, 2002).

Conclusion and Outlook
•The virtual scenario with ‘naturalized’ areas cannot match realistically the hydrology of  the studied catchments.
•Therefore, a relevant amount of the streamflow is high likely a runoff response from the degraded and pasture areas in the 
upstream catchment.
•The WASA-SED model can be used to study the impact of land cover/use changes on the streamflow generation in that 
catchments.

Material and Methods:

•The model  (Fig. 2) was run for two scenarios: one with degraded 
lands (real scenario, Fig. 1) and another  one  without them (virtual 
scenario).
•The degraded and pasture areas of the upstream catchment were 
changed to their original land cover (virtual scenario).
•The model was calibrated simultaneously for the both 
streamgauges (monthly, 2000-2010) based on the Pareto-front 
approach.

Fig. 1 – Study Area.

Results and Discussion:

•The model was calibrated for the most sensitive parameters (2 from landscape characteristics (bedrock conductivity and 
average runoff length), 3 from soil properties (porosity, saturated hydraulic conductivity and coarse fragments) and 3 
from vegetation (root depth, albedo and stomata resistance)).
•The calibration of the streamflow series for the both scenarios converged to the same Nash-Sutcliffe (NS) values: 0.86 
for the upstream catchment and 0.92 for the another one (the median from the Pareto set was assumed).
•The vegetation and soil parameters remained between acceptable ranges for the both scenarios.
•On the one hand, the average runoff  length (ARL) of the virtual scenario was only 30% of the original parametrization, 
 on the other hand, the ARL of the real scenario was 75% of the original parametrization.
•The ARL of the virtual scenario (without degraded and pasture areas) is a quite unrealistic value of this parameter, 
which in fact balanced the less runoff generated from the ‘naturalized’ areas.
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ABSTRACT:The drought in the semiarid northeast is a weather phenomenon that causes social harm, economic 

and environmental issues for the people who inhabit these regions. Thus, study on this phenomena, allows us to 

understand the real need and importance of public actions turn to these surroundings. In view of this, this 

research aims to discourse about the problem of drought in the Brazilian semiarid region, defining actions that 

may mitigate the impact of the same. The research it is a literature review on which we try to check some 

aspects concerning the difficulties experienced by much of the population. In this sense, we obtained results that 

are as immense challenges faced year-on-year by individuals who live from agriculture and livestock in 

semiarid, since water scarcity, causes serious problems for farmers and livestock producers that without 

economic resources tend to suffer from poverty and unemployment. Finally we conclude that drought should be 

targeted for priority projects and programs in both the Federal and State government in order to possiblilitar this 

part of Brazilian society to guarantee equal rights. 

Keywords: Semiarid, drought, public actions. 

1.0.  Introduction 

      From the colonial period to today, reports and pictures on the Semi-arid mostly 

emphasize natural landscapes and bleak social scourge population hinterland during dry 

periods. The first recorded occurrence of droughts in the hinterland, according to historian 

Joaquim Alves (1982),dating from 1587, with the story of Ferdinand Cardin on the trail 

Indians of the interior to the coast in search of food. Since then, drought in northeastern 

backlands appeared as an element of disorder in the colonization project. There was a 

significant contrast between a prospect sedentary occupation and the establishment of 

settlements in exploration of wealth, with the possibilities of occurrences of the scourges of 

hunger and thirst caused by major droughts (SILVA, 2007). 

    Droughts are characterized by both the absence and scarcity as the high spatial and 

temporal variability of rainfall. It is not rare in the history of the region succession of 

consecutive years of drought (SILVA, 2007).  

Within an observational perspective, it appears that the drought in northeastern 

semiarid climate is a phenomenon that cuts across several generations and the problems 

related to it generates economic damage, political and social rights for the country. An 

example, just mention the situation of small and large farmers who have losses in livestock 

and agriculture, in addition, the income of these tend to shrink as many of them fail to export 

their products to other countries, and as a reflection of this negative impact to an interference 

in the country's economy.  

In order to ensure their survival, the man of the Semi-arid sought to develop practices 

that ameliorate the effects of drought. With regard to water management, can be cited: the 

system of water collection in situ, underground dams, the trench-pits, tanks, etc. With respect 

to the production system integrated in the environment, are adopted technologies of 

management and conservation of natural soil fertility and raising bees, goats and sheep in 

integrated natural vegetation of the caatinga. (PINTO, 2004). 
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Given this scenario, this paper aims to discuss about the problem of drought in 

northeastern Brazil, defining actions that will reduce the impacts of drought in the brazilian 

society.  

2.0. Materials and methods 

According to Law No. 7827 of 27/09/89, Article 5 paragraph IV the Semi-Arid 

Region of Northeastern Brazil, data from 2000, has an area of 895,254.40 km ², involving 

1042 cities with a population of 19,326 .007 inhabitants, with 56.52% living in urban areas 

and 43.48% in rural areas (JÚNIOR,2007). 

2.1.Methodology 

  This work is is a Literature Review, on which tries to understand through research and 

analysis in books, articles, theses, dissertations on issues that address the problems associated 

with drought in the Brazilian semiarid. In this sentico, this study sought to describe the 

influence of drought within the socieddae and thus highlights the importance of planning on 

the part of public policy in order to minimize the effects resulting drought periods. 

3.0. Results and Discussions 

Water scarcity, causes serious problems for farmers and livestock producers that 

without economic resources tend to suffer from poverty and unemployment. Hence the need 

for public policies intervene through projects that viabiliz these social actors to reconstruct its 

history. 

   According to Morrison (2010): 

 
                                          (...) The drought is a climatic phenomenon, it also incorporates distinct social,       

economic, and political, since the effects of drought can result in complications 

egregious and potentially devastating to communities in regions afflicted by 

drought. In general, these effects are felt disproportionately by the most vulnerable 

sectors of the population, particularly small producers and family farmers. 

(MORRISON, 2010). 

 

According to Silva (2003) droughts in the semi-arid region only began to be 

considered as national problem from the second half of the eighteenth century. Besides the 

great slaughter of people in dry de1877, weighed political interests of the colonels with losses 

of livestock and the possibility of increasing their wealth through established disaster 

situation. That way, they can put their service to the drought and make it a big deal, popularly 

titled "drought industry". 

The front of these issues, it is clear that since this era to the present day, some actions 

are being gradually designed to ensure the survival of the population of the Brazilian semiarid 

region and allow them remain in their place of origin, not having to move in search of better 

living conditions. Among them stands out: The innovation of technologies aimed at the 

development of irrigated horticulture, construction of reservoirs, the encouragement by 

government projects, such as crop insurance, which aims disponiblizar individuals with small 

holdings of land have a monthly income the most.  

However, it is necessary that some actions should be prioritized by the government, 

among them are: Water distribution through car kites in areas of difficult access to water 

supply, construction of dams and reservoirs, wells and etc.. Furthermore, it is essential that 

new government projects can be implemented in order to provide economic development of 

the regions affected by drought, and so on. 

Conclusions: 

  Finally drought is a social problem that tends to increasingly get worse if not taken 

preventive measures and mitigation, contributed to increased poverty and misery. Hence it 

makes extema importance of strengthening public policies with regard to the development of 



programs that viabiliz the development of both social and economic sector in the Brazilian 

Semiarid. 
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          INTRODUCTION 

           The processes of occupation and evolution of 

natural environments as result of a haphazard process of 

implementing economic practices agrosilvopastoris, are 

today a key role in the degradation process of changing the 

landscape and natural resources of semi-arid Northeast. 

The Serra de Santana has natural elements important for 

the state of Rio Grande do Norte as the source of the 

Potengi. Thus, the present study aimed to analyze the 

degree of susceptibility of degradation in the municipality 

of Cerro Cora - RN. To measure such proposals were 

required to use images from Landsat-5 satellite and census 

data for the year 2008.  

METHODOLOGY 

          The method was made use of the proposed Karmieczak 

and Seabra (2007) which includes land use, NDVI, 

precipitation, livestock and erodibility in the evaluation of 

environmental degradation.  

          To generate the map of susceptibility to environmental 

degradation of the municipality of Cerro Cora, all indicators 

were divided into 5 levels according to each class set for each 

index. The ISDA may vary from 5 to 25, is given by the 

following algebraic equation: 

ISDA = USE  + NDVI + PPT + PEP + ERRO 

Where USE is Land Use, NDVI is Vegetation Index 

Normalized Difference, PPT is precipitation, PEP is the 

pressure exerted by the Livestock and ERRO is the Potential 

Erodibility. 

 LOCATION 

          The municipality of Cerro Cora is located in the 

Serra de Santana, Seridó Potiguar (Figure 1), which in 

Geographic coordinates are 6 ° 02 '44 "South and 

longitude 36 ° 20' 45" West, at an altitude of 575, has a 

Total area area of 393.57 km ², equivalent to 0.76% of 

the surface state. It has a total population of 10,916 

inhabitants and qualified with an average HDI of 0.592 

occupying the 147th position in RN (IDEMA, 2008) 
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RESULTS AND DISCUSSION 

          CONSIDERATIONS PARTIAL 

          The proposed model is applied to semiarid Northeast, Susceptibility Index Environmental Degradation - ISDA, proved an 

effective tool, since it uses GIS as a technique for quantification and qualification of environmental data, which can and should be 

spatialized form of a map . 

          However, although the municipality of Cerro Cora present with low levels of degradation Potengi River spring is in an area 

of the High Very high degradation, which may undergo changes in its cycle and water demand. 
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LAND DEGRADATION & DESERTIFICATION 
We provide 21ST Century Technology  

INLINE MAGNETIC 
IRRIGATION DEVICES 

ENHANCE GROWTH  & YIELD 
AND REDUCE DISEASE 

DROUGHT AND SALT CONTAMNATION  DIMINISHES  THE AVAILBLE  NUTRIANTS 
AND  RENDERING PREVIOUS FERTILE GROUND NON-PRODUCTIVE   

INDUSTRIAL POLLUTION AND DIMINISHING  AND MISMANAGED WATER RESOURCES  
ALSO AFFECTS LIVESTOCK AND THE ECOLOGICAL BALLANCE  

TO THE SOCIAL ECOLOGICAL PERSPECTIVE CREATING SOLUTIONS FOR PHYSICAL AND  
ECONOMIC RESILIENCE TO LAND DEGRADATION AND DESERTIFICATION AND CONTAMINATION 

 
WE NEED TO UNDERSTAND THAT 

ECONOMIC MIGRATION,  RURAL NEGLECT,   RESOURCE MISMANAGEMENT, DEFORRESTATIONS, 
UNPLANNED URBAN DEVELOPMENT,  LAND ABANDONMENT,   

AGRICULTURAL  CROP DIVERSIFICATION 
ALL POTENTIALLY CONTRIBUTE TO  

LAND DEGRADATION  AND DESERTIFICATION 
 
 

 

         Enquiries : soluzioninfo@aol.com More data : www.magneticeast.com 

MAGNETISED WATER MOLECULES  
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INFLUENCING LOCAL ATMOSPHERE PROCESSES  
PROVIDES THE OPPORTUNITY TO DEVELOP RAIN CLOUDS 

AND TO GENERATE PRECIPITATION  OVER RESERVOIRS 
AND DISTRIBUTION SYSTEMS USING THE MAGNETIC 

TECHNOLOGY  ILAP WEATHER STATIONS  

IONISED AIR ENHANCES 
CLOUD FORMATIONS 

INCREASING HUMIDITY 

RAIN IS GENERATED   
UPON CLOUD SATURATION 

OVER TARGETED 
CATCHMENT AREAS 

IONISATION OF THE AIR  
PREVENTS DUST STORM 
POLLUTION  PARTICLES 

FROM BEING SUSPENDED 

SOLUTIONS MUST 
INCLUDE AN HOLISTIC 
APPROACH TO WATER 

RESOURCE PROTECTION 
WITH SOCIAL, ECONOMIC 

AND TECHNOLOGICAL  
COLLABORATIONS 

IF WE ARE  TO STEM 
DESERTIFICATION AND 
LAND DEGRADATION 

& 
FUTURE 

POTENTIAL CONFLICT  
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AGRICULTURAL TECHNOLOGY SYSTEMS BUILDING ECOLOGICAL BARRIERS  TO PROTECT FARM PRODUCE AND 

COMMUNITIES AND TO MAINTAIN THE SOIL NUTRITIONAL INTEGRITY IF TO AVOID INCREASED LAND DEGRADATION 

OR 



Desarrollo 
Durante todo el año se realizó un curso de 

capacitación, recolección de insectos, el montaje 

de cajas de colecciones entomológicas, del 

material vegetal y la captura de imágenes del 

Bioma en diferentes momentos climatológicos  

de la región para la producción de paneles; 

Pronto el museo visita escuelas de la zona, 

haciendo eventos educativos para la difusión del 

material obtenido y promoviendo, a su vez,  las 

explicaciones sobre las actividades 

desarrolladlas y sobre todo la frágil situación en 

el proceso de desertificación que se encuentra 

en la ciudad de Tauá, en el interior de Inhamuns, 

Ceará, Brasil. 

Conclusión 
Los puntos claves del proyecto están dirigidos, 

mayoritariamente, a la generación de energía, a la 

recolección de productos forestales y la obtención de 

nuevos ingresos financieros a muchas familias, 

además de su importancia ecologica intríseca.El 

principal objetivo es la explotación sistemática, que 

está acelerando la degradación y desertificación de la 

Caatinga. El mini museo hasta el mes de noviembre 

llegó a varios eventos y escuelas que alcanzan más 

de mil jóvenes con sus exposiciones. 

Introducción 
Nuestra propuesta se basa en la creación de un  

museo de ciencias naturales, que no sea 

estático, sino dinámico e interactivo, traspasando 

los muros de la universidad,  hacia las escuelas,  

los eventos culturales de la ciudad y los 

condados vecinos, llevando informaciones sobre 

la biodiversidad de la Caatinga y la necesidad de 

su conservación. El objetivo es atraer la atención 

sobre la rica biodiversidad de nuestra región a 

ser conocida, respetada y valorada por la 

población local y en otras regiones a través de 

diversos talleres; la conciencia y la reflexión 

sobre el estado del Bioma Caatinga, única selva 

brasileña por antonomasia, que debería ser mas 

conocida y respetada en vista de su importancia 

para la región y su  temeroso proceso de 

desertificación. 

Mini Museo Itinerante de Ciencias Naturales como Herramienta 

para la Conservación, Conciencia y Lucha a la Desertificación del  

Bioma Caatinga 
DE MATOS, José Carlos Rodrigues¹ matosjcrm@live.com; DE SOUSA, Maria José Alves¹; DA SILVA, Rutielle Clarentino¹; MENDES, 

Poliana Gabriella Araújo²; ALMEIDA, Maria do Socorro³;  DE SOUSA, Jonatas Carlos²; GUERRA, Maria Elane de Carvalho² 

1. Estudiante, Departamento de Ciencias Biológicas, Facultad de Educación, Ciencias y Letras de Inhamuns-UECE, Tauá, Ceará , Brasil 

2. Profesora del Departamento de Ciencias Biológicas, Facultad de Educación, Ciencias y Letras de Inhamuns-UECE, Tauá, Ceará , Brasil 

3. Superintendente Municipal de Meio Ambiente de Tauá-SUPERMATA, Prefeitura Municipal de Tauá, Ceará , Brasil 

TAUÁ, CEARÁ, BRASIL  

Ciudades más deforestadas entre 2002 y 2008, de acuerdo a la 

deforestación absoluta.  

Tauá deforestado 173 Km². Según el Ministerio de Medio Ambiente. 
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MODELO DE GESTÃO INTEGRADA PARA MUNICÍPIOS DO SEMIÁRIDO NORDESTINO 

INTRODUÇÃO 
  
O atual quadro de explorações e esgotamento dos recursos naturais 
comprometem diretamente a dinâmica dos sistemas ambientais e 
suscitam a necessidade de se elaborar modelos e medidas de gestão 
integrada para regiões com características climáticas mais rigorosas, como 
no caso do semiárido cearense. Partindo dessa realidade, o presente 
trabalho foi realizado no município de Nova Russas, situado na porção 
centro-oeste do estado do Ceará-Brasil, na latitude 4º42’24” S e longitude 
40º33’47” W, com área de 742,69 km. O município possui uma série de 
problemas como: poluição, contaminação e ocupação desordenada das 
planícies fluviais, utilização de técnicas de manejo do solo inadequadas, 
dentre outros. Objetivando estabelecer um modelo de gestão compatível 
com a realidade socioambiental do semiárido, a pesquisa foi efetivada no 
município a partir do levantamento detalhado das características naturais, 
socioeconômicas e culturais, embasada nos procedimentos teóricos e 
metodológicos da Geoecologia das Paisagens. 
 
METODOLOGIA 
 

Na pesquisa em questão, a metodologia adotada baseia-se na análise 
geoecológica da paisagem, sendo efetivada nas seguintes fases: 
organização e inventário, análises, diagnóstico e propositiva. 

 
 

 

 
CONSIDERAÇÕES FINAIS 
 

Para Nova Russas e os demais municípios inseridos em regiões 
semiáridas, a pesquisa realizada, destacando-se os procedimentos 
teóricos e metodológicos, surge como um documento que busca 
estabelecer diretrizes que conduzam essas áreas a uma 
sustentabilidade geoecológica a partir de um processo de uso e 
ocupação do espaço ambientalmente equilibrado. 
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 Figura 01: Localização geográfica do município de Nova Russas - CE 

LAGEPLAN 
Laboratório de Geoecologia da  

Paisagem e Planejamento Ambiental 

 
RESULTADOS E DISCUSSÕES 
 

A visão sistêmica e integrada viabilizou a elaboração de mapas 
temáticos na escala de 1:170.000 e de uma proposta de zoneamento 
geoecológico e funcional, a qual destaca-se como a ferramenta que 
viabiliza a implantação de um modelo de gestão integrada, pois 
contempla os aspectos socioeconômicos, ambientais e culturais locais.  
Sendo assim, as zonas definidas na área foram: zona de preservação 
ambiental permanente, zona de uso disciplinado, zona de 
recuperação ambiental, zona de ordenamento urbano, zona de 
conservação ambiental e zona de preservação cultural. 

 
 

 

 Figura 02: Zoneamento do município de Nova Russas - CE 
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Abstract 4. MethodologyAbstract 
This study examines the socio-ecological attributes required to improve natural resources management and strengthen the resilience and
adaptive capacity of rural communities in the wooded savanna of Nigeria. Remote sensing, GIS and vegetal analysis methodologies were
combined with participatory rural appraisal. Vegetation and land-cover conditions were extracted from satellite imageries. Site identification,

4. Methodology

combined with participatory rural appraisal. Vegetation and land-cover conditions were extracted from satellite imageries. Site identification,
geo-tagging and mapping of economic and dominant tree species was assisted by GPS. Rainfall and temperature data was analyzed for 5
stations. 191 households, 4 key informants and 5 focal groups were engaged in 11 communities across 10 LGAs in 2 States. Ministry
officials and managers of protected sites were engaged. Several policy, programme and project documents were reviewed. A stakeholders’
workshop was convened to present and get feedback on the preliminary results. The findings suggest that strategies to improve naturalworkshop was convened to present and get feedback on the preliminary results. The findings suggest that strategies to improve natural
resources management, rural livelihoods and food security are well articulated in the policy and programme documents, but there were no
evidence from the field to suggest their implementation. The sites are dominated by woodlands and grasses interspersed by small-holder
cultivations. The protected tract of the Old Oyo National Park is the most extensive forest area. About 84% depends on fuelwood, and
charcoal making remains a big trade for the male youth. About 56% agrees that trees harvested are never replanted. Over 90% believes
there has been a shift in the patterns of rainfall and temperature and this is consistent with hard measured data. Farmers have startedthere has been a shift in the patterns of rainfall and temperature and this is consistent with hard measured data. Farmers have started
adapting by switching crops and this could be improved with local seasonal forecast. Communities are resolving resource conflicts through
dialogue. Every stakeholder is willing to partner for improved natural resources management to improve rural livelihoods. Translating policy
intentions into action projects is critical to improving natural resource management, rural livelihoods, and food security and to reduce rural
poverty.

1.  Introduction

poverty.

The ecosystems play vital role in sustaining a growing human society. Giving their current rate of degradation and
the emerging threats of climate change, it is doubtful that existing approaches to integrating environmental concerns
with economic policy development will be sufficient by themselves to tackle the problems we face (Mumba, 2010).

Engagements With Stakeholders
191 households in 11 selected communities –
4 traditional rulers
5 focal groups

Engaging different stakeholders

with economic policy development will be sufficient by themselves to tackle the problems we face (Mumba, 2010).
Instead, whilst the ecosystem-based adaptation approach is not a panacea for all problems, it can be integrated with
other strategies (climate mitigation, poverty alleviation and sustainability) to form the foundation for a successful
integrated strategy for food, water and ultimately societal security. The Millennium Ecosystem Assessment highlights

5 focal groups
Environment/Natural Resource officers in 10 LGA
Managers of Parks and Protected Areas
Stakeholders Workshop – attended by representatives from 14 communities, 9 LGAs, State

5. Results

integrated strategy for food, water and ultimately societal security. The Millennium Ecosystem Assessment highlights
the role and importance of ecosystem services in supporting food production; healthy ecosystems are an essential
element of food security (MEA, 2005). Food security requires a multiple objective approach where many ecosystem
services continue to be delivered (Munang et al., 2011). Hence, ecosystems management should be recognised as
an essential tool in national, regional and international strategies to achieve food security under a changing climate.

Stakeholders Workshop – attended by representatives from 14 communities, 9 LGAs, State
Ministries, Park Managers , Academia, NGOs and the Press

5. Resultsan essential tool in national, regional and international strategies to achieve food security under a changing climate.

The semi-dry Nigerian savanna is a densely settled zone with agrarian population that relies on small-holder rainfed
agriculture. Livelihood is substantially tied to the terrestrial ecosystem and rainfall determines the rhythm of life. The
climate is highly variable and responds to local land surface processes including interaction with terrain and

Nigeria national polices and programme documents related to NR, ecosystems, rural livelihoods
and food security are detailed, well intentioned and cross cutting.climate is highly variable and responds to local land surface processes including interaction with terrain and

vegetation (Fasona et al., 2011, Omotosho and Abiodun, 2007). Future climate projections suggest that the wooded
savanna will become drier (Fasona et al., 2011). This will have severe impact on the land and water that presently
support food production and rural livelihoods. Ensuring sustainability by meeting the challenges of livelihoods (which

and food security are detailed, well intentioned and cross cutting.

Evidence from field suggests a disconnect between these documents and the true situation on
ground even after over a decade of their supposed implementationsupport food production and rural livelihoods. Ensuring sustainability by meeting the challenges of livelihoods (which

depend on short-term ecosystems provisioning service) and preserving the ability of ecosystems to perform long-
term regulating and supporting services such as climate regulation and regulation of floods, drought, land
degradation, disease and nutrient cycling is a tough task. Rural communities have a role to play in maintaining the
integrity of ecosystems and ensuring that the climate systems continue to support food and water production and

The ecology is dominated by shrubs, grassland and woodlands interspersed with footprints of
small-holder rainfed agriculture. The protected lands of the OONP remains the most important forest
block.integrity of ecosystems and ensuring that the climate systems continue to support food and water production and

other livelihood activities. Local management of ecosystems plays an important role in generating services both for
local people and for the global good. Rrecognising the role of communities as stewards of ecosystem services, and
their empowerment, is essential to strengthen the capacity to manage ecosystems sustainably for human well-being

block.
84% of the population depend on firewood for cooking and heating, and Fuelwood is the most

preferred source of fuel by 59% . 56% agrees that trees harvested for both charcoal and fuelwood
are never replanted.

2. Study Objectives

their empowerment, is essential to strengthen the capacity to manage ecosystems sustainably for human well-being
(Folke et al, 2002; Fabricus and Koch, 2004).

2. Study Objectives
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Wood as major energy source
Charcoal ready for evacuation to cities

No local economic tree is cultivated on woodlot or plantation either by government, private
organizations or individuals.

Making Local soap from wood ash
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organizations or individuals.

24 different species of trees contribute significantly to livelihoods and resource use

Anogeissus leiocarpus, Prosopis Africana, Vitalaria Paradoxa, and Azadiractathta Indica are the
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Anogeissus leiocarpus, Prosopis Africana, Vitalaria Paradoxa, and Azadiractathta Indica are the
most preferred wood species fand Vitalaria Paradoxa is the most endangered because of its use for
charcoal
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3. Study  Area

communities on the
recent changes in
climate – (rainfall
and temperature)3. Study  Area

Temperature – Perception of local people
Temperature- Long-term trend from Station data

and temperature)
substantially agrees
with results from
analysis of hard
datadata

Rainfall- perception of local people
Rainfall- Shifts over 3 decade from Station data

Rainfall- perception of local people
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A network of individuals and organizations that areA network of individuals and organizations that are
willing to bring together their resources to work towards
improving the resilience of rural communities and
promoting evidence-based adaptation

It seeks to encourage partnership and integration of all
knowledge systems to stimulate innovation in
ecosystems and natural resources management .

It recognizes the Natural Environment and its

Annual rainfall -900mm -1300mm – 75% from mesoscale processes, Population – High density agrarian
landscape. Livelihood – tied to small-holder rain-fed agric , Irrigation – potential high, actual very low , Natural

The Study area map (Left) and its subsistence small-holder characteristics (Right) It recognizes the Natural Environment and its
components as our basic life support systems and
heritage.

6. Conclusions

landscape. Livelihood – tied to small-holder rain-fed agric , Irrigation – potential high, actual very low , Natural
capital - significant to human well-being, Actual and Potential Natural Resource Conflicts – Very high
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Implementation of existing policy and programme documents is critical to mobilizing rural communities for
participatory actions on ecosystems and natural resources management to improve rural livelihoods.
Climate and agricultural services including seasonal forecast and distribution of seedlings of local
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economic tree species is important. Existing local networks including traditional rulers, community leaders,
trade associations, age groups, women societies, and cooperatives, offer opportunity for lasting
partnership for driving action research on natural resources management in the savanna.

Acknowledgment:Acknowledgment:
This research was carried out under the Global Environmental Change (GEC) in Africa Programme awarded to the University of Lagos. The GEC Africa is
supported by the Climate & Development Knowledge Network (CDKN), US National Science Foundation (NSF), Climate Change, Agriculture and Food
Security (CCAFS), US Global Change Research Program (USGCRP). The International START Secretariat is the implementing agency.



SOIL QUALITY IN TRADITIONAL AGROECOSYSTEMS AND AGROFORESTRIES

1. INTRODUTION

Intensive use of the natural resource soil may cause a

decrease of environmental quality. Thus, soil quality

can be used to assess sustainability. Considering that

the tree component is essential for agricultural

sustainability, it is expected they maintain soil quality

similar to those in unaltered ecosystems. The objective

of this study was to evaluate the effect of management

used in traditional agroecosystems and agroforestries

on soil quality.

2. MATERIALS AND METHODS

The study was performed in the experimental areas

of Crioula Farm (3°41'S and 40°20'W) of the Brazilian

Agricultural Research Corporation - Goats and Sheep

(Embrapa), located in Sobral, State of Ceará in

northeastern Brazil. Six areas were selected:

agrosilvopastoral (ASP), silvopastoral (SILV), traditional

(TRAD), traditional in fallow areas for six (TRAD6) and

nine years (TRAD9) and unaltered ecosystem (CAT)

(Table 1). Small trenches were dug randomly to collect

soil from three depth increments: 0 to 5, 5 to 10 and 10

to 20 cm. Soil quality (SQ) was evaluated using

chemical, physical and biological indicators.

Soil quality indicators were subjected to an analysis

of variance, and means were compared using the

Tukey test at a significance level of 0.05.

3. RESULTS AND DISCUSSION

Comparisons of the means of soil quality indicators,

by soil depth increment (Table 1) indicate that ASP and

SILV maintained soil quality, since indicators in these

systems show values equal to or greater than those of

CAT. The traditional in fallow areas were able to

recover because their indicators are similar to that of

the unaltered ecosystem. The traditional system

showed a decrease in SQ.

Soil quality under agroforestry systems was more

similar to the unaltered ecosystem than to traditional

cropping. Maia et al. (2007) and Silva et al. (2011)

obtained similar results in the same plots of Brazil’s

semiarid northeast, after assessing soil organic matter

pools and soil physical parameters. Such similarities

can arise because trees and crops complement each

other functionally and structurally (Jordan, 2004), and

this favours a constant supply of organic matter to the

soil (Maia et al., 2007).
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ASP agrosilvopastoral, SILV silvopastoral, CAT unaltered ecosystem, TRAD9 traditional cropping followed by fallow for 9 years,

TRAD6 traditional cropping followed by fallow for 6 years, TRAD traditional cropping. NS = values in columns do not differ significantly

by the F test. Means followed by the same letter do not differ among themselves at 5% probability, according to Tukey’s test.

4. CONCLUSIONS

Agroforestry systems are sustainable, mainly under

silvopastoral management.

Traditional soil management leads to reductions in SQ,

especially in surface soil.

Fallow periods are useful to recover SQ in Brazil’s

semiarid region.
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Table 3 - Chemical, physical and biological indicators of soil quality in agroforestry, traditional agroecosystems and an unaltered ecosystem in Sobral – Ceará, Brazil (n=6)

ASP agrosilvopastoral, SILV silvopastoral, CAT unaltered ecosystem, TRAD9 traditional cropping followed by fallow for 9 years, TRAD6 traditional cropping followed by fallow for 6 years, TRAD traditional cropping. NS = values in columns do not differ significantly by the F test. Means followed by the same letter do not differ among themselves at 5% probability, according to Tukey’s test.

Area pH P K Ca Mg

H + 

Al SB CEC V NMB CMB TOC

CMB

TOC-1 TN

NMB

TN-1 SBR M Bd

---mg dm-³---

-----------------------mmolc dm-³----------------

------- % ------µg g-1------- g kg-1 % g kg-1 % µg g-1 g g-1 g cm-³

0 – 5 cm

ASP 6.8B 35.3A 200.5CD 82BC 20A 9C 109C 118C 92.0A 15.4D 118.0NS 1.83B 7.1 NS 1.66NS 1.1B 13.63 NS 0.018B

1.17AB

C

SILV 6.5BC 8.2CD 85BC 31AB 21AB 125BC

150B

C 83.3B

23.7C

D 153.6 NS 2.95A 5.2 NS 2.36NS 1.0B 11.37 NS 0.026B 1.12BC

CAT 6.5BC 5.9CD 225.6BCD 115B 32AB 22AB 153B 175B 86.7AB 41.5A 206.7 NS 2.78A 7.7 NS 2.06NS 2.6A 10.78 NS 0.040A 1.09C

TRAD9 6.3C 4.1D 175.1D 69C 33AB 25A 107C 133C 81.0B 36.4AB 165.8 NS 2.54AB 6.9 NS 1.76NS 2.1AB 9.83 NS 0.023B 1.22AB

TRAD6 6.7BC 14.3BC 278.0ABC 161A 41A 15BC 209A 224A 93.2A 29.7BC 193.9 NS 2.55AB 7.7 NS 2.00NS 1.4AB 14.25 NS 0.048A 1.10C

TRAD 7.3A 19.3B 307.5AB 85BC 22B 11C 147B

142B

C 91.5A 16.6D 137.3 NS 2.06AB 7.0 NS 1.68NS 1.2AB 14.59 NS 0.022B 1.25A

5 – 10 cm

ASP 11.5A 141.3B 76BC 20C 9C

101B

C 111C 91.0A 24.1B 107.6C 0.92B 12.1B 1.02NS 2.3AB 17.56AB 0.029C 1.32AB

SILV 6.4BC 2.7B 196.1AB 74C 24BC 24A

113B

C 140BC 81.1BC 24.2B 124.2C 1.66A 7.8B 1.37NS 1.7B 10.91C 0.039BC

1.26AB

C

CAT 6.5ABC 3.3B 196.6AB 108B 35AB 21AB 148B 170B 86.7AB 29.3B 281.8A 1.32AB 22.1A 1.26NS 2.4AB 19.16A 0.054AB 1.17BC

TRAD9 6.2C 2.0B 143.3B 48C 26ABC 26A 78C 104C 74.8C 32.2B

130.6B

C 1.27AB 10.2B 1.13NS 3.2AB 12.32BC 0.026C 1.39A

TRAD6 6.6ABC 11.0A 233.6A 165A 38A 14BC 232A 236A 93.8A 56.5A 221.0AB 1.50AB 14.7AB 1.43NS 4.0A 20.21A 0.065A 1.13C

TRAD 5.5B 151.0B 67C 25BC 17ABC 147B 145BC 86.3AB 26.8B 117.7C 1.34AB 10.7B 1.33NS 2.1B 16.29AB 0.030C 1.29AB

10 – 20 cm

ASP 5.1 NS 107.5B 77BC 29B 10D

109B

C 119BC 91.2A 20.6B 113.1A 0.63B 20.6A 0.66B 3.2B 15.78 NS 0.046BC 1.25BC

SILV 6.1AB 2.4 NS 178.8AB 64CD 34B 26AB

103B

C 132BC 80.8B 25.8B 112.7AB 1.27A 9.7B 0.91A 2.9B 13.60 NS 0.056BC 1.22BC

CAT 6.4AB 1.7 NS 169.5AB 107B 42AB 20ABC 154B 174B 87.4AB 25.6B 95.0AB 0.86AB 10.8B 0.96A 2.6B 13.91 NS 0.065AB 1.12CD

TRAD9 6.0B 1.6 NS 122.6B 38D 28B 28A 69C 100C 71.0C 36.5AB 124.4A 0.90AB 14.1AB 0.8AB 4.7AB 16.48 NS 0.032C 1.41A

TRAD6 6.6A 5.2 NS 207.6A 164A 68A 13CD 254A 244A 94.4A 52.8A 115.4AB 0.79B 15.1AB 0.8AB 6.3A 16.06 NS 0.090A 1.07D

TRAD 6.6A 3.2 NS 125.1B 55CD 36B 17BCD

117B

C 135BC 85.4AB 25.9B 70.6B 0.63B 9.2B 0.8AB 3.3B 14.53 NS 0.044BC 1.31AB

Table 3 - Chemical, physical and biological indicators of soil quality in agroforestry, traditional agroecosystems and an unaltered ecosystem in Sobral – Ceará, Brazil (n=6)

ASP agrosilvopastoral, SILV silvopastoral, CAT unaltered ecosystem, TRAD9 traditional cropping followed by fallow for 9 years, TRAD6 traditional cropping followed by fallow for 6 years, TRAD traditional cropping. NS = values in columns do not differ significantly by the F test. Means followed by the same letter do not differ among themselves at 5% probability, according to Tukey’s test.

Table 1 - Chemical, physical and biological indicators of soil quality in agroforestry, traditional agroecosystems and an unaltered

ecosystem in Sobral – Ceará, Brazil (n=6)
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SALT AFFECTED AREAS IN IRRIGATION PROJECTS OF DNOCS 
 
Irrigation Project Localization Irrigated Area 

(ha) 
Salt Affected Area 

(ha) 
% 

Caldeirão Piripiri-PI 388,0 69,0 17,8 

Fidalgo Simplício Mendes-PI 308,0 9,0 2,9 
Gurguéia Cristino Castro-PI 1974,0 0,0 - 
Lagoas Luzilândia-PI 469,0 12,0 2,6 

Sub Total  3.139,0  90,0 2,9 

Araras Norte Reriutaba-CE 3.225,0 0,0 - 
Ayres de Souza Sobral-CE 615,0 40,0 6,5 
Curu-Paraipaba Paraipaba-CE 3.357,0 0,0 - 
Curu-Pentecoste Pentecoste-CE 1.068,0 60,0 5,6 
Ema  Iracema-CE 42,0 15,0 35,7 

Forquilha Forquilha-CE 218,0 60,0 27,5 
Icó-Lima Campos Icó-CE 2.712,0 120,0 4,4 
Jaguaribe-Apodi Limoeiro do Norte-CE  2.893,0 0,0 - 
Jaguaruana Jaguaruana-CE 202,0 60,0 29,7 
Morada Nova Morada Nova-CE 3.611,0 120,0 3,3 
Quixabinha Mauriti-CE 293,0 60,0 20,5 
Várzea do Boi Tauá-CE 326,0 30,0 9,2 

Sub Total  18.562,0 565,0 3,0 

Cruzeta Cruzeta-RN 138,0 8,0 5,8 

Pau dos Ferros Pau dos Ferros-RN 587,0 4,0 0,7 
Itans-Sabugí Caicó/Sabugi-RN 510,0 25,0 4,9 

Sub Total  1.235,00  37,0 3,0 

Engo. Arcoverde Condado-PB 281,0 40,0 14,2 
São Gonçalo Sousa-PB 2989,0 195,0 6,5 
Sumé Sumé-PB 272,0 23,0 8,5 

Sub Total  3.542,00  258,0 7,3 

Boa Vista Salgueiro-PE 86,0  1,0 1,2 

Cachoeira II Serra Talhada-PE 230,0  29,0 12,6 
Custódia Custódia-PE 263,0  45,0 17,0 
Moxotó Ibimirim-PE 5.051,0  0,0 - 

Sub Total  5.630,0  75,0 1,3 

Brumado Livramento-BA 2.450,0 0,0 - 
Jacurici Itiuba-BA 130,0 12,0 9,2 
Vaza Barris Euclides da Cunha-BA 1796,0 135,0 7,5 

Sub Total  4.376,0 147,0 3,4 

TOTAL  36.484,0 1.172,0  3,2 

Source: DNOCS/Diretoria de Irrigação, 1998). 

LAND DEGRATION IN PUBLIC IRRIGATION PROJECTS OF 
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GOVERNMENT IN SOIL SALINIZATION 
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Irrigation is a leading factor on the development of semiarid regions as Brazilian 

Semiarid Northeast. Nonetheless, when not properly managed, this agricultural practice 

can cause land degradation through the soil salinization, what treats the sustainability 

of regional development programs. Most of the researches that deal with salinization 

issue attach it to environmental and technical factors. This work intend to go further 

including the role of institutional factor in soil salinization in public irrigated areas of 

Brazilian Northeast region. So, through a research of documents, interviews and visits 

to public agencies responsible for irrigation and irrigated areas, it searched to verify the 

knowledge of government on the salinization in semiarid Northeast and how it faces this 

problem. It was concluded that, though the institutional actions in order to solve this 

problem, there were many faults, lapses and the lack of diffusion of the technical 

knowledge already reached that, even in an indirect way, show the role of the 

government in the enlargement of salinized areas in irrigation projects of Brazilian 

semiarid Northeast. 

 

Key-words: government, public irrigation projects, salinization, Brazilian semiarid 

Northeast 
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

A causality relationship between poverty and desertification,

although often discussed among researchers of environmental

issues, is not well-established. However it is an uncontested fact

that the two variables are closely linked. In the state of Ceará

(northeasthern of Brazil) most of the counties included in the

three Areas classified as Susceptible to Desertification (ASD) is

poor. The poverty and desertification follows parallel paths. In

this context, it is impossible to separate social actions focused on

reduction poverty and public policies to combat desertification.

OBJECTIVEOBJECTIVEOBJECTIVEOBJECTIVE

To analyze the poverty behavior in areas susceptible to

desertification in the Ceará, Brazil, between the years 2000 - 2010.

TECHNICALTECHNICALTECHNICALTECHNICAL ANALYSISANALYSISANALYSISANALYSIS

A Index of Multidimensional Poverty

(IMP) was calculated for each one of the

counties of the ASDs, adopting scopes:

human capital, infrastructure, and

economy.

Secondary data sources were consulted from censuses

published by the Brazilian Institute of Geography and

Statistics (IBGE) and Yearbooks provided by Institute for

Research and Economic Strategy of Ceará (IPECE).
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METHODOLOGYMETHODOLOGYMETHODOLOGYMETHODOLOGY

RESULTSRESULTSRESULTSRESULTS

CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS

The worst result was seen in ASD in Sertões do Médio Jaguaribe. In this region it is observed that the increase in

poverty has generated intensive use of natural resources and depletion of these, especially of the firewood. On the

other hand, ASD Sertões dos Inhamuns achieved the best results, with emphasis on human capital observed in Tauá.
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INTRODUCTION 
D’après les Nations unies, le taux d’urbanisation est passée de 30 à 50% entre 1950 et 

2007 et devrait atteindre 60 % en 2030 (UN/UNFPA, 2007). L’Afrique est le continent 

où la croissance urbaine a été la plus rapide (Graph. 1), avec un taux moyen de 4,3 %, 

pour une population estimée à plus de 1,5 milliards d’habitants à l’horizon 2050 (Véron, 

2007). Cette croissance  urbaine s’accompagne d’une augmentation des besoins ali-

mentaires et l’essor de nouveaux secteurs de production alimentaire tel que l’agricultu-

re urbaine. A Cotonou, elle  s’est généralisée avec des réplications sur plusieurs sites, 

formant ainsi un vaste réseau de production de légumes frais -feuilles, fruits et racines- 

(Agossou  et al., 2001 ; Kakai et al. 2010 ; Lee-Smith, 2010 ).  Elle couvre environ 25% 

de la consommation de légumes des ménages de Cotonou, (Temple et Moustier, 

2004 ; IAGU, 2011). Mais, comme l’ensemble du secteur agricole, l’agriculture urbaine 

et l’activité maraîchère en particulier subit l’impact du changement climatique, notam-

ment les impacts liés à la disponibilité et l’accès à l’eau (Mendelsohn et al., 2000 ; 

GIEC, 2007, Morton, 2007 ; Hertel et Rosch, 2010). L’objectif de cette étude a été d’a-

nalyser l’impact de la qualité des sols et des système d’accès à l’eau dans un contexte 

de changement climatique à Cotonou.  

Climate change, water access and irrigation system in urban farming: the case study in Cotonou 

Changement climatique, accès à l’eau et irrigation dans l’agriculture urbaine: étude de cas à Cotonou 
 B.J. Foé éloundou1,2, A. Hounkpatin3, B. Fayomi1,2, Z.S. Bachirou1,3, M. Hountondji1 et B. Cissé4 

 
1 Communauté de pratique en Eco santé pour l’Afrique de l’Ouest et du centre (COPES-AOC), Université d’Abomey-Calavi, Benin 
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Abstract  
En Afrique, l’agriculture urbaine reste un pilier de l’équilibre alimentaire des villes. La crise alimentaire de 2008 ayant mis au 
jour de nouveaux enjeux, la sécurité alimentaire est devenue une priorité dans l’atteinte des OMD. Aussi avec croissance dé-
mographique et particulièrement en milieu urbain, avec une tendance d’environ 60% en 2050 la demande alimentaire urbai-
ne s’accroit. Mais, les changements environnementaux notamment la dégradation des terres et la crise de l’eau sont les 
nouveaux auxquels fait face la production agricole en général et l’agriculture urbaine en particulier. Ainsi, cette études avait 
pour objectifs : (i) d’analyser les systèmes d’accès à l’eau dans la production de légumes frais à Cotonou et (ii) communiquer 
sur les actions qui peuvent être mises en œuvre dans contexte de changement climatique. L’ensoleillement et l’augmenta-
tion des températures favorisaient l’assèchement des cultures et des puits d’approvisionnement en eau, alors que les irrégu-
larités des précipitions entrainaient des inondations soudaines qui engorgeaient les cultures avec des impacts sur les quanti-
tés de productions. En plus de l’utilisation du compost qui améliorait l’humidité des sols et leur capacité de rétention, l’adop-
tion d’un système d’irrigation basée sur l’aspersion aérienne par motopompe était utilisée par les maraîchers. Cependant, 
pour une production durable face à la demande urbaine croissante, d’autres aspects devraient être améliorés : (1) l’accès 
aux ressources foncières et financières pour faciliter l’acquisition et l’installation des systèmes d’irrigation  et de drainage ; 
(2) l’utilisation optimale des TIC dans le partage d’informations et de connaissances liées aux risques climatiques.     

MATERIEL ET METHODE 

Site: Ville de Cotonou entre janvier et juin 2011 dans la ville de Cotonou (Image 1)  

 

Groupe cible: deux groupes de maraîchers (Houéyiho et Enagnon), situés respective-

ment dans le 12
ème

 et le 4
ème

 arrondissement et spécialisés dans la production des lé-

gumes frais. 

Echantillon: 75 maraîchers sélectionné de façon aléatoire sur les deux sites.  

Technique de travail:  (i) Les observations directes sur les sites de production et (ii) les 

entretiens.  

Analyse des données: Les données quantitatives issues des observations ont été 

saisies sur le tableur Excel pour une analyse statistique descriptive à travers le calcul 

d’un indicateur de position (moyenne). Les entretiens, préalablement enregistrés, ont 

été transcrits pour une analyse de contenu, afin de dégager les similarités et les diver-

gences pertinentes entre les discours des acteurs et  les observations de terrain.  

RESULTATS ET DISCUSSIONS 
Tableau 1: Principaux risques climatiques ayant des impacts sur l’accès à l’eau identifiés par les maraîchers  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source : Projet clim-info, JVE, Bénin, 2011 
Tableau 2: perceptions des maraîchers des incidences des contraintes liées à l’accès à l’eau  

 
Source : Projet clim-info, JVE, Bénin, 2011  

 
Tableau 3 : Principales mises en place pour améliorer l’accès à l’eau  

 
Source : Projet clim-info, JVE, Bénin, 2011  
 

Incidences 
Augmentation 

du temps de tra-
vail 

Irrégularité de 
production 

Instabilité des prix des 
spéculations maraîchè-

res 

Baisse du revenu 
des maraîchers 

Effectif/75 68 53 38 73 

Pourcentage 90% 70% 51% 97% 

 

Graphique 1 : Tendance d’évolution de la population urbaine en Afrique 
1950-2050 

 

Source :  UNFPA 2007  

Image 1 : ville de Cotonou 

 

Source : Google Earth 2010 

Abstract  
In Africa, urban agriculture remains a pillar of cities food balance. The food crisis in 2008 gets out news stakes and food se-
curity became one of the main fields of MDGs achievement. Also, the urban population growth, with trend of 60% of people 
living in urban area in Africa in 2050, increase the cities food needs. But emergent challenges as such as land degradation 
and water crisis are the new stakes which influence urban farming production. The objectives of this study were to: (i) ana-
lyze the impact water access system in fresh vegetable production in Cotonou and communicate on action which can be im-
proved in context of climate change. The temperature rising caused drying out of water sources, cultures and soils with were 
characterized by low retention capacities. Rainfall irregularities increased the floods which blocked cultures. These chal-
lenges disrupted the production calendar and working conditions of urban farmers. The using of compost as biological fertiliz-
ers, were adopted by farmers to improve soil humidity and water retention capacities and reduce water quantity needed. 
Also, farmers adopt small irrigation system based on motor-pump pipeline to optimize the use of water resources available 
and reduce human physical efforts. Although the use of compost improves land quality, reduces soil/land pollution, it does 
not ensure a mass production for an urban food needs. So, new action need to be take: (1) improve access to financial sup-
port and land resources to enhance the installation of irrigation and drainage system and (2) optimize the use of ICT to share 
new knowledge’s on farmer’s communities.  

Photo 3 et 4: Principal système d’irrigation utilisé par les maraîchers à Cotonou 

Source: projet clim-info, JVE-Bénin 2011. 

                 Risques 
              climatiques 
  
Impacts 

Ensoleillement Augmentation des 
température 

Irrégularité des précipitations 

Poches de sè-
cheresse 

Inondations 

 Assèchement et tarisse-
ment des points d’eau 

X X X 0 

Evapotranspiration des 
sols 

X X X 0 

Assèchement des cultu-
res 

X X X   

Engorgement des  sols 
cultures 

      X 

Actions d’adapta-

tions 
Technologie Avantage 

  

Contraintes 

  

Installation d’un sys-

tème d’irrigation 

Aspersion aérienne  

d’eau par motopompe 

(Voir Photo 2 et 3) 

Remplace l’arrosage manuel ; 

Réduit la charge de travail et l’effort 

physique d’arrosage 

Moyen financier pour l’acquisition et 

l’installation ; 

Le risque d’expulsion des maraîchers 

des sites d’exploitation réduit l’ins-

tallation de tel système 

Amélioration de la 

qualité des sol 

Utilisation du compost Augmentation de la capacité de réten-

tion en eau et l’humidité des sols 

Réduit la pollution des sols issus de 

l’utilisation des engrais chimiques ; 

  

N’assure  pas une production suffi-

sante face au besoins croissants ; 

RECOMMANDATIONS 
1. Faciliter l’accès au foncier et au crédit pour l’installation 
des systèmes d’irrigation et drainage adaptés; 
2. Optimiser l’utilisation des TIC dans le partage des 
connaissances nouvelles pour le renforcement des capaci-
tés et l’anticipation locales face aux risques et phénomènes 
extrêmes; 
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Potencial  impacts  of  climate  change and its  relation to extreme events 
ENSO on Binational Basin Puyango - Tumbes
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ABSTRACT:  Binational Basin Puyango - Tumbes is the center of the impacts of El Niño, specifically Tumbes Region, 
presents critical conditions of vulnerability that constantly expose its people and production systems to natural events. In 
this  context,  it  was  considered  essential  to  analyze  the  potential  impacts  associated  with  climate  change  and  its 
relationship with physical events, threats and climatic variables ENSO extreme events. Information was processed and 
systematized in Weather Station, National University of Tumbes. Furthermore, climate scenarios were designed for basin, 
trends  in  temperature,  precipitation,  water  balance,  recurrent  drought,  indicating evidence  of  climate  change  in  this 
important  Binational  Basin,  identified  following  impacts:  Threats  and  presence  of  ENSO,  presented  significant 
abnormalities in the hydrological regime, presence of heavy rains causing flooding and landslides scour; presence of tides 
and strong waves, variation of surface and ground water availability .During ENSO 1997 - 1998 showed large anomalies 
are  significant  in  hydrological  regime,  highlighting  the  ranges  of  variation  of  river  flows,  with  respect  to  normal 
situations. The maximum flow in Tumbes River Basin was 2318 m3/sec (registered on 12 April), while 1982-1983 year 
was 1277 m3/sec registered on 30 January). The study confirms that under a global warming Cycle El Niño / Southern 
Oscillation (ENSO) could be more frequent and intense. Also found that in the Binational Basin, climate change means 
greater recurrence of ENSO events, it is likely that in the period 2011 - 2015 is presented at least one episode of rainfall 
with intensity similar to ENSO 1982 - 1983.

Keywords: climate change, ENSO, binational basin.

1. INTRODUCTION

Climate change is a fact about the world of science, which is attributed directly or indirectly to human activity that alters 
the composition of the global atmosphere and which is in addition to natural climate variability observed over comparable 
time periods (article 1, paragraph 2, of the United Nations Framework Conventions on Climate Change - UNFCCC).
The current global forms of production,  consumption and trade have caused massive destruction of the environment 
including global warming that is threatening our planet's ecosystems and human communities leading to disaster. 
In the global climate change is starting to affect some of the poorest and most vulnerable communities in the world, and 
considering that our country is heterogeneous, climate change affects the regions of our country differently. 
The Binational Puyango - Tumbes, comprised of the territories bordering the provinces of El Oro and Loja in Ecuador and 
Tumbes Region in the Republic of Peru. Geographically, the basin area lies between latitudes 9'530, 000 - 9'615, 536.000 
-680.000 000 N and E, covering an area of 4850 km2, about 60% of the catchment is in Ecuador and 40% in Peru.
It is conceived that climate change beyond being an environmental issue has strong economic and political and social 
implications of the development.; These implications are reflected in increased risks and vulnerabilities of livelihood of 
which depends directly on a large sector of the population living in the Binational Puyango - Tumbes
Therefore, the management of this important basin and is being implemented as protected areas covering 03 (Amotape 
Hills National Park, National Sanctuary of Tumbes Mangroves and Tumbes National Reserve), is developing a Land Use 
Plan in  which  has  determined that  besides  presents  agrobiodiversity areas  with  climatic  hazards  zones and areas  of 
drought and desertification, considering essential to analyze the potential  impacts associated with climate change, its 
relationship with ENSO extreme events  and designing adaptation strategies  to  ensure  sustainability of  the  processes 
productive economic development in this important watershed.
1.1 Problem

The Binational Puyango - Tumbes is the center of the impacts of El Niño, specifically the Tumbes Region presents critical 
conditions of vulnerability that expose its people permanently and productive systems to natural events. (INDECI Hazard 
Map)
There is no study of the territory of the Binational to categorize, exactly, the areas of greatest vulnerability and impacts of 
climate change, there are also valuable tools or mechanisms, not appropriate institutional synergies, from which we can 
find adaptation and take additional steps towards mitigation of climate change, taking into account its relationship with 
ENSO extremes.
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1.2 Hypothesis

The observational evidence of climate scenario of the Binational Puyango - Tumbes, related ENSO extreme events, allow 
designing mitigation and adaptation strategies to address the potential impacts of climate change.
1.3 Objectives

Analyze the physical and the threats associated with climate variability and its relationship with ENSO extreme events, 
proposing adaptation strategies in vulnerable areas of the Binational Puyango - Tumbes.

2. METHOD

Climate scenarios were determined to assess the consistency of the meteorological data for the years 1998 to 2007. Data 
were extracted from the Meteorological Station Los Tumpis.
For the analysis of potential impacts of climate change on this important information was revised Basin National Service 
of Meteorology and Hydrology (SENAMHI), INRENA and PROCLIM., Is also coordinated actions and strategies with 
the Regional Government - Regional Environmental Commission (CAR ), Natural Resources Institute (INRENA), District 
Board of Irrigation Users Tumbes.

3. RESULTS

3.1 Observational evidence

For the Binational Puyango - Tumbes, the most important climate change are those associated with precipitation.

3.2 Climate Variability

In this important Binational Basin, climate variability on seasonal and interannual scales (El Niño - La Niña) has great 
impact on patterns of precipitation variability, hence we can admit that according to the Contingency Plan of El Niño , 
INDECI, 2002, Phenomena occurring the year 1983 and 1997 were very severe in magnitude and presented anomalies in 
surface heating of seawater (greater than 8 ° C).
Detected fluctuations in climate demonstrate the kind of conditions that our experience could Basin under climate change.
It has been determined that under a global warming cycle El Niño / Southern Oscillation (ENSO) may be more frequent 
and intense., In this way, vulnerability to climate variations can be measured according to the most recent experiences of 
the conditions Child.
In the Binational Basin, climate change means greater recurrence of events FEN, is likely in the period 2009 - 2015 is 
presented at least one episode of heavy rainfall with intensity similar to or greater than FEN 1982 - 1983 (SENAMHI,  
Stage of Change Climate 2050, PROCLIM - CONAM, 2005).
In the coastal marine area is expected by 2050, an increase of 21 cm above the present level of the sea.

3.3 Floods

In the Binational Puyango - Tumbes, is the El Niño phenomenon, with a number of weather phenomena causing the most 
damage along its history, these effects coupled with the vulnerability of existing infrastructure, cause extensive damage 
and occur permanently and in different intensity; have been some periods when these currents have been unusually high, 
causing catastrophes. The peak intensities are obviously those that occurred in 1925, 1983 and 1998, each with different 
characteristics, the first large-scale, short-duration (03 months), the second large-scale and long-term (09 months) and 
unforeseen occurrence, the third with high intensity and short duration (03 months) and expected occurrence that allowed 
the implementation of some mitigation measures.
Critical infrastructures involved in the production process of the area and are exposed to the effects of floods are the 
irrigation infrastructure, road infrastructure, irrigation areas, shrimp farm infrastructure, populated areas.



The relationship between infrastructure and flood irrigation shows that there is a high risk to the intake of the left bank of 
the main channel and Tumbes, for being next to the river, so does the pumping stations of the irrigation High Bruges, 
Bruges Low, Puerto El Cura, La Tuna, Romero I, Romero II and El Palmar is located in lower river, where the floodplain 
widens considerably, a fact not true of pumping stations Becerra irrigations, Bethlehem, Higuerón, Casablanqueada, Oidor 
and showing medium risk, and be better placed to withstand the flood construction.

The main channels of irrigation located in the lowest part of the valley is highly vulnerable, because the river wanders 
through these areas  during floods,  being more exposed those channels of irrigation Left  Bank,  El Palmar,  La Tuna,  
Romero I and Romero II.
Precipitatión upstream Tumbes river in February 27 of 2006, was 85 mm, while flow behavior Tumbes river, was 1300 
m3/sec.          

3.4 Impacts of FEN associated with ENSO

In the Lower Rio Tumbes, when the phenomenon El Niño (FEN), the excessive water and sediment load exceeds the 
capacity of the channel and it begins to widen while erosion and flooding occurs, affecting agricultural areas, shrimp and 
towns located on the banks of the river.
The vulnerability of the homes in the social and economic infrastructure is also affected by the improper management of 
stormwater drains and land, there is also inadequate sewage system and wastewater treatment.
While Tumbes River Basin is the third most productive basin freshwater coastal Peru, 35,000 mm3 of water flow to the 
sea each year, with respect to the hydrological regime has identified the following impacts:
During the El Niño 1997 - 1998 showed large anomalies are significant in the hydrological regime, highlighting the range 
of variation of river flows, compared to normal situations. The maximum flow in Tumbes River Basin was 2318 m3/sec 
(recorded April 12), while the year 1982 to 1983 of 1277 m3/sec was recorded on January 30).

4. POLICY ORIENTED RECOMMENDATIONS

Strengthen the proper management of watersheds, involving the same local governments, community organizations and 
focusing it on users.
Identify and prioritize projects that address the reduction of carbon emissions from deforestation and forest degradation. 
Implementing Watershed Management Plans consider identifying and aquifer recharge areas, vulnerable areas, risk areas, 
protected areas, among others.
It  is  recommended  to  continue  working  through  the  Regional  Environmental  Commission  -  CAR,  sustainable 
development  projects,  on  the  central  axis  of  the  adaptation  process  of  economic  social  life  Tumbes  to  reduce 
vulnerabilities.

5. CONCLUSIONS

It  was  determined  that  there  is  evidence of  climate  change  in  the  Binational  Puyango-Tumbes,  for  it  is  considered 
necessary that both public and private institutions and civil society organizations, to come together to create synergies to 
incorporate  regional  policies  consider  climate  change  in  different  developmental  processes,  implementing adaptation 
measures focused on improving the quality of life of the population.
The main threat is the El Niño phenomenon, presenting significant anomalies in the hydrological regime also has been 
detected tropicalization climate with consequent crop physiological alteration.
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INTRODUCTION 
Biochar has amendments effects on dry lands, attacking two of the 

most important global issues: food security and climate change, 

also collaterally presents an alternative to residues management. 

Biochar reduces the constraints on food production because of 

infertility in cropland and desertification as the United Nations 

Convention to Combat Desertification (UNCCD). 

 

Besides the pyrolyzing plant and animal biomass stabilizes the 

CO2 captured in structures called graphenos preventing their 

release into the atmosphere, because now you have 385 ppm of 

this greenhouse gas, this is a good answer to close the loop and 

reintegrate the carbon that plants need for photosynthesis. The 

largest planet recervoir having CO2 is soil and after the plants, ie. 

biochar is returning the elements necessary for optimum plant 

growth and stored stably for thousands of years, making the floor 

a more conducive to the development of beneficial 

microorganisms. 

Javier E. GARCÍA DE ALBA VERDUZCO1, Blanca C. RAMÍREZ HERNÁNDEZ1, Salvador MENA MUNGUÍA2, Miriam VALLE ARÍZAGA1,  
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University (UdeG), Km 15.5 Carretera a Nogales, Predio las agujas, Zapopan, Jalisco, México 45110 

Biochar potential usage for land remediation in 

drylands: evaluation of substrates for increasing 

percentages of germination rate 

Abstract: The biochar is a novel substrate and international pioneer for agriculture, and possesses cutting-edge features, for example: high porosity which retains 

moisture, increasing the availability of Ca, Mg, P, K, cation exchange capacity and carbon sequestration (Lehmann 2007), likewise, the use of biochar has been reported to 

potentiate the success in the first stage of development of crops with nutritional value (Lehmann 2003, 2006, 2009). In addition to the above, one of the main problems in agricultural 

production is to obtain high germination rates as soon as economically reduce operating costs, and optimize the management of seedling. That is why research on the use of biochar 

amendments to improve crop productivity are cutting-edge projects in addition to being a sustainable alternative for waste management, as the biochar is result of the pyrolysis of 

biomass (agricultural residues) . Also used seaweed extracts, which are traditionally used as biofetilizante. This project was carried out in the University Center for Biological and 

Agricultural Sciences, University of Guadalajara in the Laboratory of Plant Ecophysiology. Ten treatments were used based biochar (cellulose, agave, coconut and corn) and 

seaweed extract (S. liebmannii and Padina sp.). Twenty seeds were used previously disinfected by treatment with one minute washes in a solution of NaClO at 30%  and 3 washes 

with bidistilled water. Equidistant placed in Petri dishes on filter paper previously soaked in the solution of the corresponding treatment. The conditions in the germination chamber 

were 25 ± 2 ° C in darkness. During the eight days of the experiment the frequency of sprouts was evaluated. The treatments were significant difference compared to the control 

were: 1α (cellulose and S. liebmannii), 2α (cellulose and Padina sp.) And 4β (agave fiber and Padina sp.) were more successful in comparison to the response obtained only with 

seaweed extract. Our results with treatment 1α (cellulose and S. liebmannii) represent a significant reduction in time to germination of tomato; achieving rapid emergence at 5 days 

with 95% efficiency, reducing germination time by approximately 40% . Other treatments obtained maximum germination the eighth day with 95% (2α, 4β, 5, 9). We observed the 

remarkable generation of roots promotion (30%) during germination, so we believe the phyto-hormonal signaling promotes biochar for root production. So we conclude that the 

amendments of biochar and algae contributes significantly reduced germination of tomato by 40% germination time associated with high survival rate of 95%. This research provides 

a basis for further studies in premature germination of tomato seeds 

MATERIALS AND METHODS: The experiment was conducted in 

laboratory of Ecofisiology at Ecology Department (CUCBA), in Zapopan, Jalisco, México. It was tested 

10 treatments with biochar (Aagave, Cellulose, Coconut, Corn and algae extract S. liebmannii y Padina 

sp.). For each treatment 200 tomatoes seeds (Solanum lycopersicum) were used, which ones where 

previously desinfected, whased in a solution of  NaClO at 30%  for a minute and three more washes in 

bi-distilled water (see table 1).  For each treatment the biochar was pulverized  and mixed with the 

seaweed extract, trying to obtain an homogeneous liquid solution, then the paper filter placed in the 

Petri dish was filled with the solution. The seeds were placed equidistant in the Petri dishes, which all 

ready have the filter paper soaked with the treatment; it was closed and sealed with Parafilm, to 

prevent contamination.  The extract of seaweed was elaborated with 2 grams of dry seaweed per liter 

and boiled in the autoclave for 30 minutes at 121 ºC. Subsequently cooled and stored in the fridge for 

optimal conservation. For the production of biochar, the agricultural  residues is subjected to pyrolysis 

at temperatures between 430 to 450ºC. Subsequently  were stored in hermetic plastic bags. Average 

temperature in the germination camera where 25 ± 2°C  in darkness. During 15 days of experiment the 

frequency of germination was  evaluated. 
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Fig. 1 Pyrolysis machine for biochar production and  tomatoes seeds germination 

nº  Residues Algae extract 

plant length 

Average 

(day 7) 

Overall time 

Germination 

  

Germination 

percentage  

 

1 α Cellulose S. liebmannii 11 cm Day 5 98% 

2 α Cellulose  Padina sp. 9 cm Day 6  92% 

3 β Agave S. liebmannii 10 cm Day 6  98% 

4 β Agave  Padina sp. 10 cm Day 6  95% 

5 γ Coconut S. liebmannii 11 cm Day 8 85% 

6 γ Coconut  Padina sp. 12 cm Day 6  83% 

7 δ Corn S. liebmannii 9 cm Day 11 90% 

8 δ Corn  Padina sp. 9 cm Day 8 92% 

9 - S. liebmannii 7 Day 12 92% 

10 -  Padina sp. 8 Day 12  90 

11 - - 4 Day 15 85% 

RESULTS AND DISCUSSION  
 

• The compound of biochar and seaweed compounds (1α, 2α, 4β) were 

more successful compared with the ones of seaweed extract alone (9, 

10). Since nutrients and plant hormones present in the extracts were 

more widely available due to the high porosity of biochar. 

 

• Our results represent that treatment 1α  is significantly reduced the 

germination time and promotion to generate roots. 

 

• Biochar signaling promotes the production of new roots and therefore 

promotes early germination at 5 days with 95% efficiency. 

 

Table 1:  Treatments with biochar:  Aagave, Cellulose, Coconut, Corn and  

Algea extract S. liebmannii y Padina sp. 

CONCLUSIONS 
 

• Biochar usage in drylands has a high potential in food production and 

CO2 sequestration, since it reduces the use of water and fertilizers and 

increases the percentage of seed germination.  

 

• Biochar treatments and seaweed (1α, 2α, 4β) were more successful 

compared to the single seaweed treatments, because the  nutrients and 

plant hormones in the seaweed extract is provided by the increased 

availability encountered due to the high porosity of biochar feature. 

 

• Finding himself in a nutrient-rich medium root seeds developed villi to 

absorb biochar in change in control did not. 

 

• Biochar signaling promotes the production of new roots, thus promoting 

early germination at 5 days with 95% germination. 

 

• These data represent the biochar with algae cellulose and reduce 

germination time and promote the generation of new roots, giving a 

benefit to producers in reducing time to get a seedling and germination 

percentage increased 



Navigating challenges and opportunities of land degradation 
and sustainable livelihood development in dryland  
socio-ecological systems: a case study from Mexico 
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ABSTRACT: Drylands  are  one  of  the  most  diverse  yet  highly  vulnerable  social-ecological  systems  on Earth.  Water  scarcity  has  contributed  to  high  levels  of  heterogeneity,  variability  and  

unpredictability,  which  together  have  shaped  the  long  coadaptative  process  of  coupling  humans and nature. Desertification and land degradation in drylands are some of the largest and most far-
reaching global environmental and social change problems. In  this  study,  we  merged  the  Drylands  Development  Paradigm (DDP),  Holling’s  adaptive  cycle  metaphor  and  resilience  theory  to  
assess  the  challenges  and  opportunities  for  livelihood  development  in  the  Amapola  dryland  social-ecological system,  a  small  village  in  the  semiarid  region  of  Mexico. Furthermore in this 
research a technique of Cultural Consensus Analysis was applied for desertification local knowledge. Cross-scale  connectedness  feeds  back  on  and  transforms  local  self-sustaining  subsistence  
farming  conditions  causing  loss  of  livelihood  resilience  and  diversification  in  a  globally  changing  world. Biophysical results indicated that change in land-use has lead to a soil loss and severe 
reduction of water recharge capacity of approximately 7,000 million of liters and an increase in run-off of about 15 million liters as compared to quantities 39 years ago. With respect to soil cover we 
observed a 34 % and 43 % reduction in grasslands and fallow agriculture, respectively; to surface run-off, an increase of 300% in grassland, and 30% in active agriculture sites. Socioeconomic results 
confirm that: there are two bodies of desertification knowledge related to gullies. Cultural consensus analysis remark that the community is not aware of land degradation causes and its implication on 
hydrological sustainability, and promises to be of methodological value to perform comprehensive strategies and aid to decision-making both political and operational to implement a successful 
programs to combat desertification in a specific region and for the restoration of desertified areas.  

Huber-Sannwald Javier García de Alba, 2012 

Land use 
Soil 

depth 
Infiltration 

rate 
Soil bulk density 

0-15cm 
Soil bulk density 

15-30cm 
Runoff 

Organic matter 
content 0-15cm 

Organic matter 
content 15-30cm 

cm mm/hr g cm3 g cm3 l m-2 g cm-3 g cm-3 

Agriculture 20 to 180 675 1.1 1.1 6.5 3.7 3.3 

Grassland 1 to 50 94 1.5 1.3 14.5 3.0 2.3 

Pine forest 20 to 80 303 0.8 1.0 6 6.4 4.1 

Oak forest 20 to 80 403 0.8 0.9 4 9.3 7.2 

Fallow 1 to 30 74 

Gap frequency 
(m) 

Forest Grassland 

0.2 - 0.5m 25 32 

0.5 - 1m 16 28 
1 - 2m 1 15 
> 2m 0 5 

Earthen dams 
Year Dams 
1960 1 
1980 2 
2001 4 
2002 8 
2004 13 
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METODOLOGY: The aim of our study was to apply the Drylands Development Paradigm (DDP) (table 4), which is a holistic framework to address the inherent 

complexity of desertified landscapes by identifying how key socioeconomic drivers interact with hydrological variables (shared water) in a rural community in Central 
Mexico. In 2006-2008, the “shared water” was examined by monitoring precipitation, runoff, and infiltration (fig. 1,5) in each land use type. We sampled soil (fig. 4) at 
15 and 30 cm depth to determine soil bulk density. We determined percent plant and soil cover at each site (fig. 2). With semi-structured interviews, we explored past 
and current uses of water (fig. 3,6,7), community responses to government subsidy programs and community perceptions of climate change, water cycle, soil water 
erosion and gully formation. We used two aerial photographs from 1969 and 2004, and determined with a supervised classification (fig. 9) of land use types percent 
land cover change in 3 decades and its potential implications for the hydrological cycle in La Amapola. Statistical analyses were performed to identify (i) changes in 
hydrological processes due to land cover change with time (P1), (ii) human adaptation to these changes (P5) and potential thresholds (P3) of key slow (P2) variables in 
Amapola. 

RESULTS 
Runoff occurred when precipitation exceeded 8-10 mm. an increase of 300% in grassland, and 30% in active agriculture sites  
(Table 1)(P<0.0001). 

Large vegetation gaps were more frequent in grasslands than forests (Table 2). Over the years, this caused greater soil loss and 
compaction in grasslands than forests. Agricultural fields in the valley bottom seem to accumulate most of the eroded sediment. 
Tillaging and ploughing of crop soils contribute to relatively high infiltration rates compared to the soils of grasslands and forest being 
more heavily affected by livestock impacts. The number of livestock is increasing due to the number of Amapola’s earthen dams.  (Table 
1, 3; fig. 7) (P<0.001). 

Based on current infiltration rates and run-off in different land-use types, we estimated that by converting of forest to grassland area 
substantially more water gets lost (up to 700 mill. Liters) than thirty years ago. (fig. 9)  

COMMUNITY CONSENSUS PERCEPTION (fig. 10) 
Land degradation: Declining water supply from wells (less groundwater/aquifer recharge); reduced crop yield; less 
forage for livestock. 
Gully: Formed by frequent torrential rainfalls; perceived as highly beneficial: earthen dams are established at base of 
gullies to collect runoff water (for livestock), which allows households to increase herd size of goats and ultimately to 
improve economic situation in short term (fast variable). 
Water use: Water use is strictly associated with water source (see concern under Land degradation) 

SYNTHESIS AND OUTLOOK 
The perception on land degradation from the population of La Amapola is primarily linked to water issues. E.g. the water supply from water wells has been declining over the years, even though many families have 

migrated out of Amapola (fig. 8). While this trend is of great concern with respect to meeting basic life support needs of this community, the community does not relate any of their activities (livestock) as potential 

causes leading to this decline (fig. XX and 10). However, our observations indicate that over the last three decades the increasing pressure on the vulnerable plant cover and soil stability of some land use types by 

livestock grazing (key fast variable) and variable precipitation (P1) have impacted the hydrological processes at the landscape scale (P4), by reducing the overall water retention potential of the system (P2, P3). This 

trend has led to a continuous decline in aquifer recharge (key slow variable).  While the community shows a certain adaptive capacity to land degradation by collecting run-off in earthen dams, this measure only 

exacerbates the problem as it permits the people in Amapola to increase livestock production. Also, several government help programs and a lack of management policies at the ejido (communal land) level aim 

towards increasing livestock production (P4). Applying the DDP to Amapola allowed us to identify a suite of critical variables and processes acting at different spatial and temporal scales, that must be addressed 

when developing management and mitigation efforts to convert the complex process of land degradation into sustainable development.     
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DDP PRINCIPLES 
(Reynolds et al 2007) 
P1: Human-Ecological (H-E) systems are 
coupled, dynamic and co-adapting, so that 
their structure, function and interrelationships 
change over time. 

P2: A limited suite of ‘slow’ variables are 
critical determinants of H-E system dynamics.  

P3: Thresholds in key slow variables define 
different states of H-E systems, often with 
different controlling processes; thresholds 
may change over time.  

P4: Coupled H-E systems are hierarchical, 
nested and networked across multiple scales 

P5: LEK (local environmental knowledge) is key 
to functional co-adaptation of H-E systems. 

INTRODUCTION 
Desertification is one of the most significant environmental problems in drylands of the world. This is also the case in Mexico, where fifty percent of its territory is drylands, which is home to 60% of the country's 
population. High variability in rainfall, coupled with increasing livestock numbers, have caused severe deterioration of plant cover, soil structure and the water retention capacity of drylands, resulting in increased 
run-off and, therefore, increased water loss and gully formation.  

Due to land use change 
they lose 700 million liters of water as result of 

decreased infiltration. There is also a 15 
million liters increase of water runoff 

fig. 1 fig. 2 fig. 3 fig. 4 fig. 5 fig. 6 fig. 7 

Gullies 
are good 

fig. 8 

fig. 9 

Table 1 

Table 2 Table 3 

fig. 10 

Table 4 



Kachchh is unique due to its climate tectonic and geomorphology. 

.

Rainfall: Decadal average has increased. 

Cyclones: Frequency  increased since 1990, as 6 recorded in last 
10 years.
 

Increase in pest attack due 
to increased humidity. 

Strategies for Adaptations
Water scarcity
· Rain water harvesting in coastal area to prevent salinity 

ingress
· A policy for judicious use if ground water 
Agriculture
· Accurate weather forecasting at block level on 

fortnightly/weekly basis to prevent crop damage
· Strengthen surveillance mechanism for pests
Animal husbandry, 
· training to the locals on maintenance of hygiene and 

water-logging free stall area to prevent outbreak of 
diseases. 

Health
· Monitoring and awareness to prevent epidemics like 

malaria
Biodiversity
· Action plan for species conservation in the Ranns and 

Banni
 Natural calamities 
· Improved risk management through early warning 

system
·  Awareness/training  for the industries and industrial 

workers.
Urban environment
· The concept of green belt and eco-friendly houses be 

promoted to combat urban heat islands

Agriculture:  increase in crop diversity 

20091980

Human Factor

Large scale investment in industrial sector in coastal talukas
Mangrove deforestation 
Over exploitation leading to ground water degradation in  areas 
bordering the Gulf and the Great Rann  
 

· Cattle population declined

· Increase in buffalo due to fodder cultivation

· Increase sheep and goat indicative of grassland degradation

Biodiversity

What should be the strategy to tackle climate change in arid region?

Deepa Gavali* & Jayendra Lakhmapurkar

· Arid climate: low rainfall (300 mm), extreme temperatures  (0 to 50°C)

· Temperature mean max. increased by 0.5°C, 

· Mean mini. Declined by 0.5°C

Livestock

· Improving grass diversity
· Higher inflow of freshwater  affecting breeding of greater 

flamingo
· Increased water stagnation destructing the habitat of Banded 

Gecko  (Cryptopodion kachhensis) and Spiny tailed lizard 
(Uromastix hardwickii).

Spiny tailed lizard          Banded Gecko               Flock of flamingos
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Desertification is one of the most important consequences of 

climate change; and also, wind erosion is one of the 

undesirable consequences of desertification. Wind erosion 

includes three phases of entrainment, transport and 

deposition of soil particles that has some undesirable effects. 

Effects of wind erosion are divided in two categories 

including on-site and off-site, which have negative effects on 

sustainable development. The most important on-site effects 

are land degradation, abrasion damage and other damages 

and also off-site effects include short terms (reduced 

visibility, deposition of dust on houses, roads, agricultural 

crop, etc) and long terms effects. Now days, there are several 

methods to study of provenance Aeolian sediments. One of 

the most common methods is using geochemical and isotopic 

tracers. In this study, various geochemical tracers were used 

for provenance Aeolian sediments in Ashkzar Erg in central 

Iran as the case study. The results showed that different 

tracers have different capability for provenance study. 

Key words: Wind erosion, Desertification, Aeolian Sediments, 

Geochemical Tracers. 

Nowdays, Geochemical elements using as tracers for provenance 

studies Aeolian sediments in worldwide. Geochemical elements 

divided to  Rare Earth Elements, Trace Elements and Major 

Elements. 

1.1 Rare Earth Elements: La, Pr, Nd, Ce, Sm, Eu, Gd, Tb, Dy, 

Er, Ho, Tm, Yb, Lu

1.2 Trace Elements:  Rb, Sr, Ba, V, Cr, Ni, Zn, Y, Zr, Nb, Hf, 

Th, W, Te, Se, S, P, Mo, Li, In, Ge, Ga, Be, As, Cd, Cu, Sn, Sb, 

Zn, Ac, Bi, Co, Cs, Pb, Ra, U, Ta, Tl

1.3 Major Elements: Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K.

2.1 Case study: Ashkzar erg is part of Yazd - Ardekan plain 

which located between longitudes and latitudes, 53  ₀43′  to 54  ₀

20.5′  and 31₀51′  to 32₀26′  respectively. Precipitation and 

evaporation annual average are 65 and 3463 mm respectively. 

 2.2 Searching and Provision maps

2.3 Field works and Sampling

We collected multiple samples from 1-5 cm depth and also; 

samples collected according geomorphology units map.

2.4 Experimental measurements

2.4.1 Samples Preparation

First, we should carry out samples granulometrie and then 

separated different fractions (<75, 75-150, 150-300, 300-600 um, 

600-1.18 and 1.18 -1.7 mm).We done geochemical experiments on 

<75 um fraction. For determination geochemical elements were 

used ICP-OES.

2.5 Data Statistical Analyze

Rare earth elements (REE) and immobile trace elements were 

generally regarded as useful tracers identifying the origin. In recent 

years, the methods were increasingly used to trace the provenance 

of surface sediments because immobile elements are less 

fractionated during the weathering, transport and sedimentation. 

According to result, Different tracers have different capability for 

provenance study.

Rao, wenbo, et al (2011). Trace element and REE geochemistry of 

fine- and coarse-grained sands in the Ordos deserts and links with 

sediments in surrounding areas. Chemie der Erde, CHEMER-     
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USE OF REMOTE SENSING TECHNIQUES IN THE DETECTION OF 
DEGRADED AREAS IN THE PARAIBANO SEMIARID 

ABSTRACTABSTRACTRESUMO
Environmental degradation is unleashing processes of 
desertification in arid, semi-arid and dry sub-humid areas. According 
to Giongo (2011), human action has causing very profound changes 
in the environment. One cause of these changes is due to the 
removal of the soil's cover.
In order to investigate these changes, we performed a 
spatiotemporal analysis of vegetation in the city of Patos, located in 
the semiarid region of Paraíba, between the years of 2004 and 2010 
using the algorithm Sebal - Surface Energy Balance Algorithm for 
Land and sensing techniques remote.
We used digital image sensor Thematic Mapper (TM) Landsat 5, 
obtained in orbit 215 and paragraph 65 obtained from the website of 
the National Institute for Space Research - INPE. For the image 
processing software was used Geographic Information Systems - GIS 
Erdas, through the Model Maker tool, and for the preparation of 
thematic maps presenting the results, we used the ArcGIS 9.3.
We detected a sudden reduction in the vegetation indices in the 
studied region over the years. The analysis of images from different 
times enabled a greater understanding of the transformations that 
have occurred over the years. The vegetation indices used in the 
study were highly effective in extracting information from existing 
vegetation in the region. What enables any action for the recovery of 
degraded areas and projects in pursuit of sustainability, in an 
attempt to combat and minimize environmental impacts in the 
region.

Keywords: Desertification, Geographic Information Systems, 
Vegetation
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INTRODUCTIONINTRODUCTIONRESUMO
Changes caused by unplanned urbanization and inadequate 
agricultural activities cause predatory use of natural resources. 
This compromises the quality of life and sustainability of 
biomes. And influence, among other factors, the conservation 
of soil and water sources. From this fact arises the need for 
studies focusing on vegetation that allow identifying and 
quantifying this resource. Based on this assumption, the 
Remote Sensing and techniques of digital image processing are 
widely used to analyze the behavior of vegetation. For 
employees that are some of the best known indices such as the 
NDVI - Normalized Difference Index of vegetation, used for 
monitoring the condition of vegetation and bioclimatic 
variability on Earth's surface (LIU, 2007), SAVI (Adjusted 
Vegetation Index Solo) and LAI (Leaf Area Index). Indexes can be 
compared at different times allowing for temporal analysis. 
Thus, this study aims to analyze the temporal vegetation indices 
in the city of Patos-PB, using satellite images LANDSAT 5-TM.
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METHODSMETHODSRESUMO
The area of study comprises the city of Patos-in Paraíba state, 
located at 07 º 01 '04 "South Latitude and 37 º 16'40" West 
Longitude, as Figure 1 is inserted in the geographical area 
covered by the Brazilian semiarid region, the altitude is of 240 m 
(Ferreira et. al. 2001).
According to climatic classification of Köppen (1948), the 
climate is semi-arid type (BS) and hot (h), with vegetation or 
landscape dominated by small plants, annual average 
temperature exceeding 180C and maximum rainfall occurring 
between late summer and autumn.
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RESULTS AND DISCUSSIONRESULTS AND DISCUSSION
The Normalized Difference Vegetation Index vegetation 
indicates the amount and condition of vegetation. Figure 2 
shows variations in ground cover between the years between 
2004 and 2010, with values in the range from -1 to 0.85. 
Negative values are assigned to water bodies and were 
represented by the color purple in a lilac tone.
 It presents the soil exposed, and the other colors were 
attributed to the types and amount of vegetation present in the 
area of study. The darker shade of green greater value as 
presented in a range from 0.6 to 0.85 refers to the highest rate of 
vegetation present.
Figure 3 refers to the Soil Adjusted Vegetation Index, which 
function to reduce the influence of large amounts of exposed 
soil on the results from the correction factor of brightness, with 
values ranging from -0.38 to 0.8, where the highest values are 
related to the presence of vegetation, the lowest values 
attributed to water bodies and intermediate values were 
presented as bare soil and urban areas.The leaf area index can 
be seen in Figure 4, showing a color palette comprising the 
range of 0 - 6, where 0 is the lack of vegetation and 6 the 
maximum value which presents the vegetation types. It is 
clearly perceived the presence of riparian vegetation present in 
the margins of ponds Jatoba and Farinha, as well as the riparian 
vegetation of the river traversing the subbacia Espinharas
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CONCLUSIONCONCLUSION
It could be observed a reduction in vegetation indices over the 
years, mainly due to human action. The region has extensive 
farming practices, and the insertion of new urban 
environments, within the city limits. The images were of 
different dates of the year, however both images, 2004 and 
2010 are located in the dry season in the region, which also 
influenced the sudden reduction in the amount of vegetation. 
The analysis of images from different times enabled a greater 
understanding of the transformations that have occurred over 
the years. The vegetation indices used in the study were highly 
effective in extracting information from existing vegetation in 
the city of Patos-PB. What enables any action for the recovery of 
degraded areas and projects in the quest for sustained use of 
forest resources in an attempt to combat and minimize 
environmental impacts in the region.
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RESUMO
For the image processing software was used Geographic Information 
Systems - GIS, ERDAS, and for the preparation of thematic maps 
presenting the results was used ArcGIS 9.3. To obtain the radiometric 
calibration was applied the method proposed by (Markham & Baker, 
1987):

Where “a” and “b” are the minimum and maximum spectral 
radiance, ND is the intensity of the pixel and corresponding 
bands (1, 2, 3, ..., 7) Landsat 5 - TM. To obtain a reflectance 
product was used equation proposed by (Bastiaansen, 2000), 
where in the monochromatic reflectance of each band ( i) is 
defined as the dimensionless ratio between the radiant flux 
incident and reflected by a surface. This is obtained according to 
the equation:
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where in the monochromatic reflectance of each band (ρλi) is 
defined as the dimensionless ratio between the radiant flux 
incident and reflected by a surface. This is obtained according to 
the equation:

Lλi is the spectral radiance of each band, kλi is the spectral solar 
irradiance at the top of each atmosphere edge, Z is the solar 
zenith angle and dr is the square of the ratio between the 
average distance Earth-Sun and Earth-Sun distance in a given 
sequential day of the year (DSA). Possession reflectance image 
was obtained by equation 3, Normalized Difference Vegetation 
Index (NDVI) proposed by Rouse et al. (1974).

Where ρ4 and ρ3 are reflectivities for edges 4 and 3. The NDVI is 
a sensitive indicator of the amount and condition of green 
vegetation. Negative values are attributed to the presence of 
water and clouds. Another index was obtained SAVI, which 
seeks to reduce the effects of soil by the expression:

L is a factor that is used depending on the soil type. Often it is 
assigned as L = 0.5 constant value (Silva et al. 2005). The leaf 
area index (LAI) is an indicator of biomass, defined by the ratio 
between the leaf area of all vegetation and per unit area can be 
obtained by the empirical equation proposed by Allen et al. 
(2002):
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We used digital image sensor Thematic Mapper (TM) Landsat 5, 
obtained in orbit 215 and paragraph 65, for the days 07/10/2004 and 
06/28/2010, obtained from the website of the National Institute for 
Space Research - INPE . 
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Figure 2 - Thematic map depicting the normalized vegetation index - NDVI for the years between 1984 
and 2010, numbers 1, 2 and 3 are respectively the subbacia Espinharas the river, the weir Jatobá and 
the weir Farinha.
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Figure 3 - Thematic map depicting the Soil Adjusted Vegetation Index - SAVI between the years of 
2004 and 2010.
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Figure 4 - Thematic map depicting the leaf area index – LAI between the years of 1984 and 2010.Figure 4 - Thematic map depicting the leaf area index – LAI between the years of 1984 and 2010.

Figure 1 - Location map of the city of Patos, in the state of Paraíba.Figure 1 - Location map of the city of Patos, in the state of Paraíba.
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ABSTRACT: Water wasting, water pollution and water scarcity in general is a rather underestimated topic, 
although in the recent years the public opinion has shown a significantly growing interest for these aspects in 
connection with global warming caused by climate change. However, the problem of sustainable water use is vital 
because without available water resources for human consumption, human society will be affected. In Mexico, the 
water use threatens it, because despite an optimistic view that water is a renewable natural resource, the reality is 
that due to its waste and pollution, water sources are becoming increasingly scarce. Unfortunately, in Mexico there 
is no generalized culture towards a sustainable use of water. This contribution deals with strengthening the water 
culture in the High Mountains region of the State of Veracruz through environmental education, with focus on 
participatory management for sustainable use of water resources. Four social instruments of environmental 
education on water are analysed (information and communication, education and training, social participation and 
social research and evaluation). Opportunities and barriers are furthermore identified, creating a model with success, 
response and transfer factors in order to develop an environmental education strategy to strengthen participatory 
management regarding the sustainable use of water in the region. 

Keywords: environmental education, Mexico, participatory management, sustainable use, water scarcity. 

1. INTRODUCTION 
The state of Veracruz is located east of Mexico, bordered to the north by the State of Tamaulipas, to the east by the Gulf of 
Mexico, to the south by the states of Oaxaca and Tabasco, and to the west by the States of San Luis Potosí, Hidalgo and Puebla. 
Located along the Gulf of Mexico, with 720 km of coastline, this territory with an area of 72.815 km2, consists of high 
mountains, mountain forests, cloud forests, rain forests, fertile plains, rivers, waterfalls, lakes and seashores. Its privileged 
geographical position makes Veracruz an area of great potential for national development. The territory of the state is low and 
flat in the coastal area but rises in the Sierra Madre Oriental, reaching 5.610 meters above sea level in the high volcanic range 
that culminate in the Pico de Orizaba or Citlaltépetl. Due to the difference of altitudes, Veracruz counts with a great variety of 
climates, 85.59 % of its territory having a warm climate, humid to subhumid, cooler in the plains and mountains, reaching 
temperatures below zero in the higher parts. Veracruz has also a great water wealth. 35% of the Mexican surface waters cross the 
territory of Veracruz. It has more than 40 rivers in 14 watersheds, including those of the rivers Pánuco, Tuxpan, Cazones, Nautla, 
Jamapa, Papaloapan and Coatzacoalcos. According to the 2010 census of population and housing, it has a population of 7.64 
million, of which 61% lives in urban areas and another 39% is settled in the rural areas. 

2. CULTURAL ASPECTS  
Water is an element with great cultural significance which throughout the history has prevailed as a gathering point, coexistence 
and communication for the peoples in the world. In Veracruz water has always been present throughout its history. This could be 
observed within the great cultural and archaeological heritage of the State (e.g. the archaeological area El Tajín) by 3 important 
cultures of Mesoamerica who came to settle in Veracruz and left important archaeological vestiges. So are the southern 
ceremonial centers at "Tres Zapotes" and "San Lorenzo" of Olmec mother culture, named so because it is the oldest known pre-
Hispanic culture with the oldest remains of hydraulic constructions (1200 BC) in pre-Columbian America. This culture is 
considered the starting point of the great cultures of Mesoamerica and is precisely in "Tres Zapotes" the place where their origin 
is located. 
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3. THE "CULTURE OF THE WATER" CONCEPT  
Within the framework of UNESCO's International Hydrological Programme, the culture of water is defined as the set of beliefs, 
behaviors, and community-based strategies for the use of water that can be 'read' in norms, organizational forms, knowledge, 
practices, and material objects that the community agrees to have, the type of relationship between the social organizations that 
have the power and the political processes in relation to the development, use and protection of water. The cultural matrix (which 
is not a single but rather diversified by the characteristics of each human group) predisposes the subject to perceive - classify the 
world in a certain way. The water culture is always a group concept, the result of sociocultural perceptions and values that go 
between and across the subjects. The water culture is the accumulation of experiences in social memory possessed by all. It 
advances at specific levels of understanding of the reality and conceptual development that allows the reinforcement of individual 
and collective attitudes to meet the challenges of the reality. Because water is life ('there is no life without water') all human 
group or societies are talking about the existence of a given water culture. Being a vital element, it involves all members of the 
group or society and its use is the result of experiences selected socially and historically, which implies, in addition, the 
transmission of knowledge. There is no society or social group without a level or degree of water culture. Say that needing to 
teach a water culture is equivalent to ignore that every community has one, more or less perfectible. Moreover, if one wants to 
change a water culture for other, it is necessary to restructure the ways of perceiving, believing, knowing, organizing, living and 
planning a common future. This idea involves an impact that goes far beyond the management of the water in a community: it 
impacts on all culture, involving changing the ways of thinking, feeling, acting and developing. 

4. THE SUSTAINABLE USE OF WATER IN MEXICO AND THE ENVIRONMENTAL EDUCATION 
The problem of waste, pollution and water shortage in Mexico is generally ignored or underestimated. However, in recent years it 
has received a growing interest in public opinion. The indiscriminate use of water in urban and rural, agricultural, domestic and 
industrial activities in Mexico threatens it, because despite an optimistic view that water is a renewable resource, the reality is 
that since it becomes polluted and wasted, the drinking water sources are increasingly scarce. In Mexico there are places with 
clean, fresh water but also others in which water is polluted or scarce. Water is present in human culture as vital element for the 
development of civilizations, more accessible in the urban environments. But in Mexico, the opportunities towards water access 
are different, according to the State, region and economic possibilities. Unfortunately Mexico lacks an education towards the 
sustainable use of water, which is observed in its waste and pollution. The country faces a complex problem related to the water 
in which environmental education can play an important role to form a different culture of the relationship of human beings with 
water, raising issues of water and its importance, an indispensable condition for the preservation and sustainable use of the 
resource. 

4.1 Social instruments of environmental education on water  

4.1.1 Information and communication on water 
One of the basic elements in the field of environmental education is to provide good information from the very beginning. The 
right to environmental information is legally recognized and must ensure its public access and organization in a useful way. 
Communication implies a step more in the use of social instruments for water management. It is not only about providing  
intelligible information but to find the answer of the interlocutor, as the only way to adjust the message, make sure that it is 
understood. Communication is a process of social interaction which enables understanding key factors and their 
interdependencies and act on problems competently. Communication, to be effective, should be linked to the needs of the 
recipients, in order to build "bridges" between the perceived social needs and the objectives of the water projects. 

4.1.2 Training and capacity building 
Education that speaks on the environmental education on water is a social process that goes beyond the scope of the formal 
education system and is aimed at the society as a whole. It is an integral education, because in addition of contemplating the 
environment in a holistic way in its biophysical and social interrelationships, it is an instrument with huge potential to improve 
the daily lives of people. In fact, even the most sophisticated techniques of communication will not be able to solve any problem 
if a minimum of economic resources, social organization, collective sense and social commitment is missing. Training on water 
policies must harmonize the emotional and the intellectual aspects, and should be directed towards 1) it is possible to do, 2) to 
promote changes and build alternatives, 3) to develop plans and strategies, 4) for individual action, and also for collective action. 

4.1.3 Social participation 
The participation of the society is the key to achieve the changes that are needed for the conservation and sustainable use of 
water. Only through the participation social cohesion necessary to solve complicated problems faced by societies today in 
relation to the water can be achieved, which must consider biological, social, economic and political factors. Participation also 
requires learning. It is a democratic deepening, with all that this implies. Developing skills for action passes through reinforcing 
learning of procedures and also making people feel with the necessary mood and enough control to engage in environmental 
action. Participation, to be effective, must be based on procedures that guarantee the information and the transparency of the 
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process, as well as  mechanisms that facilitate reaching agreements on specific issues, so participation must develop channels and 
appropriate both professional and economic resources to enable it to rigorously be carried out. 

4.1.4 Social Research and evaluation 
The projects focused on protection and improvement of water should include social research. A part of this research should 
necessarily be devoted to deepening the problems that affect societies in the area, which refers to the culture (norms and values) 
as to the economic and social conditions. The interconnections between biophysical and social systems are key to understand the 
nature of the problem and, above all, causes and consequences. The knowledge derived from the previous social investigation of 
the development of plans, programmes and projects should provide a basis for essential action for its preparation. But, in 
addition, it is required to advance in research in the field of general social action in relation to water and in the knowledge, 
attitudes and behaviours towards this, identifying those factors capable of influencing social change towards a sustainable 
development. The facet of evaluation is essential to look at it for the improvement of projects and plans. The post-hoc analysis is 
required for a breakthrough in the field of environmental education. 

5. OPPORTUNITIES AND BARRIERS. TOWARDS A MODEL WITH SUCCESS FACTORS, REPLICA 
AND TRANSFER TO STRENGTHEN THE PARTICIPATORY MANAGEMENT WITH RESPECT TO 
THE SUSTAINABLE USE OF WATER IN THE REGION   
Environmental education activities tend not to respond to planning, and therefore there is a shortage of programmes and 
mechanisms assessing the educational efficacy of them. The most common messages on water in this area relate mostly to the 
concepts of conservation-restriction, and for teachers, environmental education is usually more related to nature than an 
environmental concept. The mainstreaming of environmental education is still a utopia in the educational system. This is largely 
due to the deficit of teachers, parents associations and teaching unions, and also because environmental issues are still not 
considered priority as part of their interests and activities. The growing production of didactic materials on water can help make 
advances in this field. On the other hand, the possibilities of participation that the civil society has in water management are 
limited, although different environmental instances are increasingly stressing this need. Public administrations are organized 
according to a fragmentation of competences which hinders the coordination of environmental actions on water that require 
collaboration of various departments. This weakness impedes reaching optimal levels of efficiency in management. It would be 
necessary to establish cooperation between the various departments so that environmental policy is transverse to all water 
management. New technologies as means of information and communication (Internet for example) are opportunities that 
facilitate the work and coordination. There is not always a determined political will for action from government agencies for 
sustainable water management and environmental education. At the same time, the gradual increase in awareness of the society 
on environmental issues makes that administrations should be both receivers and activators. On the other hand, there is a deficit 
of training with qualified personnel who can address the issue with rigour and interdisciplinary approach as required. Still, there 
is media and highly motivated people acting on behalf of the environmental education on water and other matters related to the 
environmental protection. A handicap is the lack of credibility by the society on the capacity or efficiency of administration, 
particularly on environmental water education, although some administrations are not neutral because they are situated on one 
side in the conflict of interests over the water. While the legislation on water is increasingly demanding, there are not enough 
technical solutions. It increasingly affects more the management models in which the human factor is crucial to successfully 
achieve the proposed objectives. Therefore the education-management binomial poses a combination of strategies with the 
common goal of achieving environmental improvement. Companies have resources which, in part, can be used for environmental 
education on water, ranging from financial support to the possibility of promoting technological development or research. The 
perception of the environmental education on water by the productive sectors is still stereotyped as 'education for children'. Its 
space within the corporates’ programs on culture and its contents must be customized for each company. A barrier is that 
environmental education is still considered as an expense, not an investment. Another barrier is the lack of training of the agents 
involved in the environmental management of enterprises and lack of interdisciplinary teams. In general, in the business field, 
with exceptions, exists a conformist attitude or little innovative to make environmental improvements. The positive aspects 
include the human capital of enterprises and the organizational capacity of the business sector, which might be used as 
environmental education service. The environmental legislation as well as the possibility of obtaining external resources is an 
opportunity for the development of environmental education on water companies. The sector of citizen associations play a 
fundamental role in solving environmental problems related to water use.  Nevertheless, they faced a barrier because the lack of 
financial, human and technical resources. Civil associations represent a broad and heterogeneous sector carrying out a very 
important activity in the field of environmental education, although with low financial support. The associative sector has a great 
opportunity to use the environment as an educational resource. This is one of the elements with the greatest potential for people 
involvement in environmental education on water.  

6. REFERENCES 

González, E.;  de  Alba, A. (1994). Hacia unas bases teóricas de la educación ambiental. Enseñanza de las Ciencias, 12(1), pp. 
66-71. 

Mayer, M. (1998). Educación ambiental: de la acción a la investigación. Enseñanza de las Ciencias, 16(2), pp. 217-231. 



 

4 
 

 

Tilbury, D. (1995). Environmental education for sustainability: defining de new focus of environmental education in the 1990s. 
Environmental Education Research, 1(2), pp. 195-212. 

Ávila García, P. (ed.) (2002). Agua, Cultura y Sociedad en México, 456 pp. Editorial El Colmich, IMTA, SEMARNAT, México.   
Calixto Flores, R. (2010).  El uso sostenible del agua. Elementos para una propuesta en educación ambiental. DELOS: Desarrollo 

Local Sostenible, 3( 9), pp. 1-18. 
Perevochtchikova, M.  (2010). Nueva cultura del agua en México: avances, limitaciones y retos. Revista Latinoamericana de 

Recursos Naturales 6 (2): 77-92. 
Mar Pecero, M. (2011). Cultura del agua en México, marco conceptual e institucional. Transatlántica de educación, 9, pp.21-28. 
www.censo2010.org.mx(20/10/2012) 
http://www.unesco.org/new/en/natural-sciences/environment/water/ihp/(20/10/2012) 



Challenges and handicaps to settle down 12 step program to 
stop drought and desertification of World Watch Institute in Iran

Abstracts
Approximately 65% of Iran is covered by arid and 
semiarid areas. National Bureau of Forest, Rangeland 
and Watershed reported that 20 million hectares of 
the country susceptible to wind erosion. Several 
programs are offered to combat desertification and or 
reduce the impacts. 12 Step Program to Stopping 
Drought and Desertification, as a classified scheme, 
which is provided by World Watch Institute may be 
applicable for a developing country as Iran. The 
program prefers twelve purposes including: 
Agroforestry, soil management, increasing crop 
diversity, improving food production from existing 
livestock, diversifying livestock breeds, “Mondays”, 
Smarter irrigation systems, Integrated farming 
systems, Agroecological and organic farming, 
Supporting small-scale farmers, re-evaluating ethanol 
subsidies and finally agricultural research and 
development. This study focused on challenges and 
handicaps which prevent to establish the program, 
using documents and experts’ overviews. The results 
demonstrated lack of investments, limited access to 
basic schooling and technical training in rural areas, 
social conflicts between governmental institutes and 
indigenous people and rural poverty are crucial 
obstacle to achieve the program goals. The study, 
also recommended some solutions to make the 
implementation of program possible.

Classification of Deserts 
Deserts are divided into two groups based on their sources and 
formation processes as follows: 
1- Natural or historical deserts
These types of desert are formed by geographical conditions such
as location in a recognized altitude and longitude, having little 
precipitation, tense and long – term climatic changes, salt and 
gypsum layers as well as other geological events.
The main factors contributing to natural deserts in Iran are as 
follows:
1-The existence of the Elborz Mountains in the north and Zagros
Mountains in the west of country prevent the humid climate of the 
Mediterranean Sea and North Atlantic Ocean penetrate to the 
lowlands of Iran and thus adds to the decrease of precipitation in 
the central regions of the country creating a more severe climate . 
The location of Iran on the arid belt in the northern hemisphere, 
exacerbates the arid and hyper- arid climate in the central plateau 
which is characterized by little precipitation , high evaporation ( 
sometimes more than 4,000mm per year) and severe temperature 
fluctuations ranging between + 50 degrees in summers to - 20 
centigrade in winters. Based on climatic classifications, more than 
90 percent of the land area of Iran falls into the domain of arid, 
hyper arid and dry sub-humid climates and this has made the 
natural ecosystems more sensitive and fragile in these regions.
2-Human-induced deserts 
Desertification due to human interference in nature is one of the 
general features of the decline in natural resources in I.R. of Iran. 
On the one hand, arid, semi-arid and arid sub-humid climatic 
conditions in vast areas of the country have made the ecosystems
sensitive to destructive activities and interference. On the other 
hand, long term overexploitation intensifies this problem. 
Desertification, in the initial step, is characterized by the reduction 
or loss of biological productivity, but in its severe phase it is 
accompanied by the total deterioration of biological productivity, 
known as desertified land.

Iran has been, from beginning of history, the dwelling place of 
many tribes and communities and therefore exposed to 
exploitation. As long as the population growth matched the 
resources available in nature, the ecosystem was sustainable and
in balance. However, population growth increased the need for 
food and fuel and consequently led to the overexploitation of 
natural resources. As a result, this destructive cycle resulted in 
land degradation in arid areas .

The 12 Step Program to Stop Drought 
and Desertification
1. Agroforestry: Planting trees in and around farms reduces soil
erosion by providing a natural barrier against strong winds and 
rainfall. Tree roots also stabilize and nourish soils. The 1990 Farm 
Bill established the USDA National Agroforestry Center with the 
expressed aim of encouraging farmers to grow trees as 
windbreaks or as part of combined forage and livestock 
production, among other uses. 2. Soil management: Alternating 
crop species allows soil periods of rest, restores nutrients, and 
also controls pests. 
3. Increasing crop diversity: Mono-cropping often exposes crops 
to pests and diseases associated with overcrowding, and can 
increase market dependence on a few varieties: in the United 
States, almost 90 percent of historic fruit and vegetable varieties 
have vanished in favor of mono-cultured staples such as Pink 
Lady apples and Yukon Gold potatoes. Encouraging diversity 
through agricultural subsidies and informed consumption choices 
can help reverse this trend and the threat it poses to domestic 
food security.
4. Improving food production from existing livestock: Improved 
animal husbandry practices can increase milk and meat quantities
without the need to increase herd sizes or associated 
environmental degradation. In India, farmers are improving the 
quality of their feed by using grass, sorghum and stover produce
more milk from fewer animals. This also reduces pressure on 
global corn supplies.
5. Diversifying livestock breeds: Most commercial farming 
operations rely on a narrow range of commercial breeds selected 
for their high productivity and low input needs. Selective breeding, 
however, has also made these breeds vulnerable to diseases and 
changing environments. Lesser-known livestock such as North 
American Bison are often hardier and produce richer milk.
6. “Meatless Mondays“: Choosing not to eat meat at least one day 
a week will reduce the environmental impacts associated with 
livestock as well as increase food availability in domestic and 
global markets. Current production methods require 7 kilograms 
of grain and 100,000 liters of water for every 1 kilogram of meat. 
Livestock production accounts for an estimated 18 percent of 
human-caused greenhouse gas emissions and roughly 23 percent 
of agricultural water use worldwide.

7. Smarter irrigation systems: The Ogallala High Plains Aquifer,
which supplies essential groundwater to many Midwestern states, 
is experiencing record rates of depletion due to extraction for 
irrigation purposes. Almost 50 percent of commercial and 
residential irrigation water, however, is wasted due to 
evaporation, wind, improper design, and overwatering. Installing
water sensors or micro-irrigation technology and planning water-
efficient gardens or farms using specific crops and locations can 
significantly reduce water scarcity problems. Israel has great 
solutions for irrigating crops, as do ancients from Afghanistan.

8. Integrated farming systems: Farming systems, such as 
permaculture, improve soil fertility and agricultural productivity by 
using natural resources as sustainably and efficiently as possible. 
Research and implementation of permaculture techniques, such 
as recycling wastewater or planting groups of plants that utilize 
the same resources in related ways, are expanding rapidly across
the United States. Permaculture is becoming more widespread in 
the Middle East too.

9. Agroecological and organic farming: Organic and 
agroecological farming methods are designed to build soil quality 
and promote plant and animal health in harmony with local 
ecosystems. Research shows that they can increase sustainable 
yield goals by 50 percent or more with relatively few external 
inputs. In contrast, genetic engineering occasionally increases 
output by 10 percent, often with unanticipated impacts on crop 
physiology and resistance.

10. Supporting small-scale farmers: Existing agricultural subsidies 
in the United States cater disproportionately to large-scale 
agribusinesses, 80 percent of which produce corn for animal feed
and ethanol. This means that small-scale producers are affected 
more acutely by natural disasters and fluctuating commodity 
prices, even though they are more likely to be involved in food 
production. Government extension and support services should 
be adjusted to alleviate this deficit.

11. Re-evaluating ethanol subsidies: Although ethanol’s share of 
US gasoline is still relatively small (projected at 15-17 percent by 
2030), in 2009 the Congressional Budget Office reported that 
increased demand for corn ethanol has, at times, contributed to 
10-15 percent of the rise in food prices. Encouraging clean energy 
alternatives to crop-based biofuels will increase the amount of 
food available for consumption, both at home and abroad.

12. Agricultural Research and Development (R&D): The share of 
agricultural R&D undertaken by the U.S. public sector fell from 54 
percent in 1986 to 28 percent in 2009, and private research has 
filled the gap. Private companies, however, are often legally 
bound to maximize economic returns for investors, raising 
concerns over scientific independence and integrity. Increased 
government funding and support for agricultural research, 
development, and training programs can help address issues 
such as hunger, malnutrition, and poverty without being 
compromised by corporate objectives.

Challenges and Handicaps
•Farmers are not aware of new and sustainable agricultural 
methods

•Lack of facilities and financial supports for research and 
development

•Government - People conflict

•Small traditional farms versus developed and modern farms

•Supernumerary livestock grazing

•Severe land use changes

•Rural migration and therefore decreasing of cheap work force

•Illegal utilization as wood contraband

•Structural weakness in organizations concerned in desertification

•Unsuitable environmental ethics, literacy and attitude

•Lack of framework between governments in regional and 
international scale

•Unsustainable agricultural patterns

See also:

World Watch Institute: www.worldwatch.org
Forests, Rangeland and Watersheds Management Organization of IRI:

www.frw.org.ir

Ali Hamidian, Ali Akbar Nazari Samani
Faculty of Natural Resources, University of Tehran, Islamic Republic of Iran

Deserts of Iran
Desert is a familiar word for Iranians as this word always reminds us of 

an arid area that has very few plants and very little water and is 
without suitable conditions for living. Desert has been defined 
differently in different cultures, for instance in ancient Persian the 
word Viapan means waterless area. In Arabic the word Sahara 
implies a desert area and in Urdu desert is defined as a region without 
forests. According to geographers and climatologists desert has 
special definitions that change according to different conditions. 
There is no common and acceptable definition propounded so far in 
this field. The Desertification & Sand Dune Fixation Bureau (FRWO) 
with a view to its responsibility for the management and revival of 
deserted lands in the country and for the sustainable exploitation of 
desert resources has given a special definition which is as follows: 
Desert is a piece of land located in arid, semi-arid and sub-humid arid 
regions without permanent natural cover or very little natural plant 
cover the exploitation of which is not cost –effective under natural 
circumstances. 

On the whole, definitions used in the textbooks and technical reports of 
related international organizations can be summarized as follows:
Desert is a land with little precipitation, difficult environmental 
conditions, limited natural plant cover and high temperature 
differences in day and night, under wind erosion, high evaporation 
and transpiration, limitation of surface and under-ground water 
resources, unsuitable natural conditions for living and farming as well 
as its unique ecosystem and special flora and fauna. Considering the 
global significance of the issue of desertification, the United Nations 
Convention to Combat Desertification (UNCCD) has defined 
desertification as follows :
Desertification means land degradation in arid, semi-arid and arid 
sub-humid areas resulting from various factors, including climatic 
variations and human activities .
According to the above mentioned definition, land degradation means 
the decline in biological productivity.

Lut Desert, Central Iran..



Production of grain sorghum (Sorghum bicolour
Badreldin Siddig Ibrahim Dawi and Mubarak Abdelrahman Abdalla
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mubarakaba@yahoo.com

INTRODUCTION

Most soils in the arid zone (e.g. Sudan) are characterized by both low

organic matter and nitrogen content (Blokhuis, 1993) and slow

accumulation of organic matter (Ayoub, 1999).

The addition of organic amendments such as manure or compost can be

effective but short-lived in tropical environments, requiring largequantities

and regular additions. An alternative approach to increasing the nutrient

retention properties of the soil has been demonstrated in recent studies

(Noble et al., 2004). The main objective of this study was to increase yield

of sorghum in dryland regions through incorporation of various animal

manure.

MATERIALS AND METHODS Fig. 3. Grain Yield (t ha
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A field experiment (for two seasons) was conducted in a farm located (Fig.

1) in a semi-arid climate (15 37' 13.6" N) and longitude (32 13' 51.5" E)

with amendments of different rates: chicken manure of 5 (CH5) and10 t ha-
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Fig. 1. Study site

RESULTS

Table 1.  EC (dS/m), pH, OC (g/kg), K  (g/kg), P (g/kg), TN (g/kg), Na g/kg) and water holding capacity (%). 
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Desert soils could be converted into productive lands through practices that
aim at raising their quality with locally accessible materials.

1 (CH10), sewage sludge10 t ha-1(SS10), sewage sludge 20 t ha-1 (SS20),

Camel manure10 (CA10) and 20 t h-1 (CA20) and control (C) (Fig. 1)

This project was funded by the Ministry of Higher Education and Scientific Research, Sudan 

Grain yield (Fig. 3) and soil conditions (Table 1) were significantly

improved by application of higher doses of from CM20 and SS20.

Accumulation of high OC, increased levels of TN, WH and P were found

to be directly associated with yield increase. Desert soils were proved to be

not marginal as they can easily be utilized for filling food gaps. (Fig. 2).

Sorghum bicolour) in sandy soils 
Mubarak Abdelrahman Abdalla

Desertification and Desert Cultivation Studies Institute, University of Khartoum, Shambat, Sudan
mubarakaba@yahoo.com

. Grain Yield (t ha-1) as affected by amendments

P < 0.001

WHNaTNPKOCpHEC
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20.06.22.71282.100.67.90.4

19.02.62.5901.950.57.50.4
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. Study site Fig. 2. Grain yield under desert soils

.  EC (dS/m), pH, OC (g/kg), K  (g/kg), P (g/kg), TN (g/kg), Na g/kg) and water holding capacity (%). 
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Spatial distribution of carbon, nitrogen and phosphorus in soil core 

desertification in semiarid Ceara state, Brazil

INTRODUCTION

Desertification is a serious environmental

problem that has caused severe losses of natural

resources especially losses in soil quality.

Therefore, the objective of this study was to

investigate the distribution of carbon, nitrogen and

phosphorus from the soil in three areas with

different degradation levels.

MATERIAL AND METHODS

The study was realized at Iraucuba city,

desertification core, in Northeast semiarid. The

areas were divided into A1, A2 and A3, with low,

medium and high degradation level, respectively..

The use are: A1 – conventional tillage with annual

culture; A2 - conventional tillage with annual crop

and pasture; A3 – intensive pasture. Soil was

collected at completely randomized points with five

replicates at depths 0-5, 5-10, 10-20 and 20-40

cm; each site was georeferenced.

The organic carbon content of the soil was

determined by wet oxidation; the phosphor was

extracted with Mehlichl 1 and determined through

colorimetry and nitrogen by digesting sulfur and

dosing it through Kjedhal distillation. The

descriptive statistics was performed, as well as the

analysis by interpolation using krigagegm through

ArcGIS 9.3 software.

Soil Science Dept.

The nitrogen levels

were also lower in the

area with the greatest

degradation differing

only in some depths.

The results showed

that soil management

intensive promoted

different elements

distribution in the four

dephts.

RESULTS  AND DISCUSSION

CONCLUSIONS

The use of interpolation by kriging enables the

efficient visualization of the spatial distribution of

carbon, nitrogen and phosphorus and the different

levels of soil degradation in the desertification

nucleus studied.
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It has been found

regarding the increased level

of degradation and decline of

the carbon and phosphorus,

even in the most superficial

layers of the soil.

Maps were made for

distribution of carbon,

phosphorus and

nitrogen at each depth

in the three different

degradation levels.

Figure 1. Experimental areas, Irauçuba city

Figure 2.Total organic carbon distribution

Figure 3. Nitrogen distribution

Figure 4. Phosforous distribution

Background image: landscape of Iraucuba, 2012. Personal file
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Understanding Land use management by small holders’ 

households in the perspective of desertification and climate 

change mitigation in semi-arid area of Cameroon 

I- Introduction 
Identifying the typology of the current land use of the semi-arid area of Cameroon 

can offer an entry point to mobilize smallholders in halting and reversing 

desertification. It can also lead to the understanding of biomass management for  

climate change mitigation efforts such as Clean Development Mechanism (CDM) 

and Reducing Emissions from Deforestation and forest Degradation including 

conservation, sustainable management of forests and enhancement of forest 

carbon stocks (REDD+).  Understanding this typology can thus serve as a strategy 

to bring together the efforts of UNFCCC & UNCCD. The main objective of this 

work was therefore to identify the main land use useful to farmers for their 

livelihoods. 
 

II- Study area and Methods 
The study was carried out in the six divisions of the Far North region of Cameroon.  

These divisions were then grouped into tree zones according to their climatic, 

topographic affinities and socio-economy characteristic (Figure 1): 

  

 (a) Regularly flooded Logone plain  with law population density (A),  

 (b)The Mountains Mandara zone (B), and  

 (c) The plain of Diamare-Kalfou with high population density (C).  

 

A total of 612 Households  were 

 interviewed using a semi structured  

questionnaire. Household heads were  

asked to list land use types important for  

Their livelihoods  

 

 

 

 

 

 

 

 

Kemeuze V. A.1, 2, 3, Sonwa D.J.1, Nkongmeneck B.-A. 3, 4, Mapongmetsem P. M.2 
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Figure 1. Study area ( map adapted from Wafo Tabopda, (2010)) 

Discussion and Conclusion 
Several types of land uses identified are reflecting the diversity of socio-economic and ecological characteristics of the semi-arid areas of Cameroon. Species 

managed by farmers in their field also reflect the differences between the 3 zones/landscapes. Reversing desertification and land degradation implies taking in 

consideration the indigenous knowledge (specially on natural resources management ) and complement it with macro-policies and actions that go beyond 

smallholder field level in an integrated approach. For climate change mitigation, there is a need to assess the carbon stock of each of the land use, carbon 

fluxes between land use and assess the drivers of deforestation and  degradation in each zone.   

  Crop Field Tree Parkland Fallow Orchard Grassland Savannah 
Mountain 

Mandara zone 96,48a 4,02b 8,54b 13,57b - 64,32a 

 Dimare* 

Plain 96,79a 21,69a 14,46b 26,10ab 33,73a 82,73a 

Logone 

plain 84,67a 56,67a 56,67a 47,33a 52,00a 74,67a 

Mean 92,65 27,46 26,56 29,00 28,58 73,91 

P 0,67 0,01 0,01 0,05 0,01 0,68 

Species 

Logone 

plain 

Mandara 

Mountain 

Diamare 

Kalfou 

Plain 

Azadirachta indica 30,65 3,09 7,55 

Balanites aegyptiaca 11,29 4,32 10,42 

Acacia nilotica 9,68 0,21 0,26 

Faidherbia albida 4,84 8,64 10,42 

Ziziphus mauritiana 4,84 13,17 3,91 

Piliostigma reticulatum 0 0,21 9,38 

Terminalia macroptera 0 7,00 0 

Species 
Logone 

plain 

Mandara 

Mountain 

Diamare 

Kalfou 

Plain 

Azadirachta indica 35,90 1,22 7,88 

Acacia nilotica 16,67 0,17 0,66 

Balanites aegyptiaca 12,82 1,22 5,69 

Ziziphus mauritiana 8,97 15,13 4,60 

Faidherbia albida 5,13 5,74 13,35 

Tamarindus indica 1,28 8,17 4,16 

Mangifera indica 1,28 5,22 11,60 

Adansonia digitata 0 6,43 1,75 

Table 1: Main Land use manage by farmer in the semi arid zones of far North 

Cameroon (% of household managing the land use) 

III- Results 
1) Main Small holder’s Land use (Figure 2) 
 

Crop field is the main landuse managed by household in the semi-arid 

areas of Cameroon (Table 1). Around ¾ of the household (.i.e. 74%)  are 

still collecting product from the savannah area. Tree parkland, orchard and 

fallows are mainly used in the Logone plain where half of the household 

are managing these land uses again 1/5 in the Diamare and 1/10 in the 

mountain area. 

Means not sharing the a common letter in a column are significantly different at 0,05 probability   

Cropped field 
 

Grassland 

Tree parkland 

Fallow 

Savannah 

Mango Orchard 

Figure 2. Pictures of land use in the far North Cameroon 

2) Crop field management 
 

On the crop fields, farmers are managing different type of plants. Those plants are used as NTFPs, fuel wood, fertilizers and as fodder (Table 2 & 3).  Some of the 

plants/trees are used for multiple purpose (Figure 3). These include: Acacia spp, Tamarindus indica and Piliostigma spp. Each zone is using specific plants found 

in the locality. 

Table 3: Main Fuel Wood managed by farmers (% 

household using the plants) 

Acacia spp. plantation in  

Mozogo 
Faidherbia albida  

in  crop field 

Table 2: Main NTFPs managed by farmer  (% of 

household using the plant) 
Figure 3. Pictures of  some main species in the far North 

Cameroon 
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General information  
Nepal lies in Central Himalayas between China 
and India 
Area : 14.7 million ha 
Population: 27 million 
Total forest  area: 39.6 % 
Total CF area 1 million ha.  
Total number of CF: 17,500 
(1.6 million people directly involve)1  

21 CF User Groups with 14,086 
hectors at Dolakha and Bajang 
district received FSC certificate for 
hand made paper which is 1st  
certified hand made paper in the 
world5  
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I. Brief history of CF in Nepal 

1980s                                    1990s                                        2005 
II. Ecological benefits from CF : Maintaining ecosystem 
services 

III. Findings: Ecosystem Services from community forest and adaptation from climate change impacts 
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 Sindhupalchowk, Nepal; 1975 Sindhupalchowk, Nepal; 2005 Plates are showing the difference before and after the community forestry Program3  

REDD Plus pilot project successfully lunched  in 104 CF 
where 73294 people get benefit  received  US $ 95,0004 
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Introduction 

 

South Africa is home to a significant portion of global biodiversity (Cowling et al., 1996; Myers et al., 2000), and many of its natural ecosystems are relatively 

intact (Scholes & Biggs, 2005), despite the changes in land cover that have accompanied societal development. Anthropogenic climate changes are likely to 

cause increasingly adverse impacts on the country’s ecosystems and biodiversity (Midgley & Thuiller, 2005). Climate change and loss of natural habitat has 

emerged as major threats to biodiversity and continues to affect the survival of plants, animals, and ecosystem services and functioning (Millennium 

Ecosystem Assessment 2005). . The South Africa’s National Spatial Biodiversity Assessment (2004) found that 34% of terrestrial ecosystems, 82% of the 

main river ecosystems and 65% of marine ecosystems are threatened, with few of these threatened ecosystems currently afforded any formal protection. 

National Biodiversity Assessment (2011) found that 40% of terrestrial, 57% of the river, 65% of the wetlands, 44% of estuaries, 41% of offshore and 59% of 

coastal and inshore ecosystems are threatened, with few of these threatened ecosystems currently afforded any formal protection. 

 

To ensure the long-term well-being of the biodiversity, ecosystems and people of Southern Africa, it is essential to understand the specific vulnerabilities of 

the region, biomes and ecosystems to climate change and define the urgent priority actions needed to ensure that people and biodiversity can adapt to 

these changes. The vulnerability assessment aims to assess the potential vulnerability of biomes and their biodiversity to projected climate change over the 

medium and long term (i.e. from 2020 to 2050), that is to identifying which biomes, species or ecosystems are likely to be mostly affected by projected 

changes and to understanding why they are likely to be vulnerable. 

Methods 

 

Credible, coherent climate projections are limited: A2 emission 

scenario, 15+ GCMs using statistical downscaling; CSIR 

projections using mechanistic downscaling; new impacts 

projections contrast with previous projections 

 

Results 

-The Grassland biome appears to be one of the biomes most at 

risk of significant change under all the scenarios, and in the high 

risk scenario to persist only in the highest altitude areas. 

 

- The Nama-Karoo is likely to resemble an arid Savanna under 

the low risk and intermediate scenarios, and a Desert climate 

envelope under the high risk scenario. 

 

-The Indian Ocean Coastal Belt increases under the low risk 

scenario with the warm moist conditions which favours this 

biome expanding southwest along the coast and extending 

inland 

-.  

-The Succulent Karoo largely persist under all the scenarios. 

This contrasts with previous predictions from the mid-1990s as 

newer climate models indicate far smaller impacts on winter 

rainfall than early models predicted. 

 

- The eastern and northern sections of Fynbos are likely to be 

under climate stress with the climate envelopes in these areas 

becoming more like Succulent Karoo or Albany Thicket.  

 

-The Albany Thicket biome get replaced by Nama-Karoo and 

Savanna conditions under the high risk scenario.  

-Areas with a climate similar to the current Desert biome are 

likely to expand in the future into areas which are now Nama-

Karoo. 

 

-It is extremely difficult to predict exact distributions of the 

climate envelope for the small Forest biome, but it is likely that 

many Forest areas, which are generally dependent of 

consistently available moisture and protection from fire, are likely 

to be under increasing pressure in the future. 

 

-Although the climate envelope suitable for Savanna is likely to 

expand significantly in the future, and specific Savanna species 

are likely to benefit, this does not necessarily benefit existing 

habitats and species assemblages. 

Conclusions 

-It is clear that there is a consistent message of potential significant change and loss of 

habitat due to climate change, likely related to the high altitude of the biome and its 

susceptibility to warming effects. The ingress of woody plants into Grassland has major 

implications for water delivery from highland catchments. Conversely, the Savanna Biome 

is projected to expand with its geographic range partly replacing Grassland. There is a 

potential related cost of increasing woody cover to a degree which could shift the 

structure of some regions of this biome towards Forest. Such shifts have extremely 

important implications for conservation and ecosystem service delivery, and even 

ecosystem processes such as wildfire.  
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Figure 1: Predictions of biome climate envelopes under statistically downscaled climate scenarios, looking 

ahead to approximately 2050. Each map shows that the future climate envelope in an area is likely to 

resemble most closely the climate of a particular biome, often different from the current biome in that area.  
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Combating land degradation and desertification: An attempt at wasteland development in Rajasthan, India

Bhawani Shanker KUSUM

Combating land degradation and desertification: An attempt at wasteland development in Rajasthan, India

Bhawani Shanker KUSUM

Gram Bharati Samiti (GBS), India, Republic of

Gram Bharati Samiti (GBS) means Society for Rural Development implemented a project
“Combating desertification: An attempt at wasteland development at Gandhivan in Rajasthan,
India”  in collaboration with local village communities.India”  in collaboration with local village communities.

Objective

The main objective of the project of Gandhivan was to experiment the development of Sand dunes stabilized and converted into thick The main objective of the project of Gandhivan was to experiment the development of
wasteland towards poverty alleviation, improve the ecological balance and check the land
degradation and process of desertification.

Sand dunes stabilized and converted into thick 
forest 

Key activities

degradation and process of desertification.

Key activities

 • Awareness among the community leaders, women and youth • Awareness among the community leaders, women and youth

 • Harvesting the rain water flowing in vain and causing soil erosion

 • Plugging gullies & ravines to conserve the soil & moisture and stop land degradation

Youth respiting after toiling for building a  check 

 • Plugging gullies & ravines to conserve the soil & moisture and stop land degradation

 • Regenerating the endangered indigenous plant species of medicinal value Youth respiting after toiling for building a  check 
dam to harvest the rain water

 • Regenerating the endangered indigenous plant species of medicinal value

 • Stabilizing sand dunes in order to check the process of desertification

Results

 • Stabilizing sand dunes in order to check the process of desertification

 • Soil and moisture conserved at over 5,000 hectares of land

 • Rain water harvested and made available for 5,000 cattle of the area

 • Soil and moisture conserved at over 5,000 hectares of land
 • Problem of fuel and fodder of about 15,000 community people solved

 • Land degradation successfully checked in a radius of 3 km. area Volunteers planting trees • Land degradation successfully checked in a radius of 3 km. area

 • Roots of 35,000 indigenous plants and trees of medicinal & other values regenerated

Volunteers planting trees

 • Shifting and marching sand dunes were stabilized

 • Flora and fauna was flourished and bio-diversity enriched in the area of 5 km.

Appreciations

 • Flora and fauna was flourished and bio-diversity enriched in the area of 5 km.

• Indira Priyadarshani Vrikshamitra Puraskar: Ministry of E & F, Government of India 
• Ford Conservation and Environment Award: Ford India Co 

Students enjoying group discussion in the camp

• Ford Conservation and Environment Award: Ford India Co 
• UNDP film division: A success story of wastelands development
• Best practice on poverty alleviation: A delegation of SAARC Countries 

Lessons learnt

• Best practice on poverty alleviation: A delegation of SAARC Countries 

Lessons learnt

Wasteland development using indigenous knowledge and community participation could be a
promising attempt to combat land degradation and check the process of desertificationpromising attempt to combat land degradation and check the process of desertification

Trees planted on sand dunes grown up enough 
and started fruiting
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ABSTRACT: Climate change and its impact on the natural processes occurring on the Earth is an urgent problem of the last 
couple of centuries. The share of anthropogenic factors, both regional and global scale, remains a significant problem. Polluting 
elements emission in the atmosphere directly affects not only human and ecosystems, but also produces harmful substances. A 
secondary pollutant is ozone, which is the main component of smog. Besides, it is also one of the gases causing the “greenhouse 
effect”. Based on the observed data in Tbilisi city (Georgia), the change of ground-level ozone and the influence of 
meteorological (wind, humidity, temperature, solar radiation) and environmental factors on the spatiotemporal distribution was 
studied. The following features of the ground-level ozone concentration temporal variation were revealed: 1. diurnal variations 
(up from 11 to 17 hours) were clearly identified. The concentration of ozone in the night hours is increased during the events 
connected with the passage of the atmospheric front, a thunder, a pouring rain, strong wind; 2. Seasonal changes (in the summer 
in 2-3 times more, than in winter) are mainly depended on the frequency of temperature inversion and isothermal processes. The 
value of surface ozone in the heat balance of Tbilisi city atmospheric air and the orographic factors influence on them were 
estimated. The existence of a relationship between the greenhouse gases concentration and the amount of ozone in the 
atmosphere was revealed. Thus the atmosphere pollution degree can be evaluated according the ozone concentration in the lower
layers. 

Keywords: Ground Ozone, Atmosphere Ecology, Climate, Correlation, Gas Emission. Tbilisi.

1. INTRODUCTION

In current century, among the factors impacted on the environment, the air pollution has become the major one, due to which its 
composition significantly has been changed. Hundreds of solid, liquid types and gaseous aerosols such as fuel burning products 
(carbon, nitrogenous, sulfurous and other aggregations) –heavy metals, aldehyds, freons, ground ozone etc. have been added to 
basic gases.

Despite of its small quantity, ground ozone, in comparison with other atmosphere components gases has high importance for 
human health and ecosystems at whole. It is characterized with double kind ability of influence on the environment (positive and 
negative), which is depended on its concentration in atmosphere. Particularly: when its composition less than maximum-
concentration limit- MCL (20/30 mkg/m3)- bactericidal effect is reduced. Ozone’s high concentration negatively impacts not only 
on human, plants, animals and wildlife but on nonorganic environment as well.  

The ozone’s negative impact on the plants is as follows: its photo oxidative property influence spoils plant cell membrane, due to 
which cells’ feeding by nutritional substances is reduced.

Atmosphere pollution and sun’s direct radiation cause ozone’s production and its concentration increment in ground layer. 
During the cloudy days and night times the reduction of ozone’s concentration is occurred.

It is well known that ozone’s quantity in atmosphere significantly influences on earth thermal balance.  Ozone’s ground layer 
absorbs at 20% of earth thermal radiation, due to which atmosphere thermal effect is much increased, causing thermal balance 
change and playing significant role in climate warming. Thus ozone belongs to green-house gases.

2. Results and Discussions

2.1 Purpose and Methods

The state of atmosphere pollution’ in Georgia significantly differs from the similar problems of developed countries. The using of 
low quality fuel, complicated relief, landscape, air mass dynamic, microclimate properties and other factors cause the producing 
of smog and ozone ground layer, components of which differs from the same ones  in developed countries.

It should be mentioned, that in nearest future, industrial and transportation potential of country will be developed, which will 
cause the complication of existed problems.

The goal of carried out research is the study of meteorological and ecological (atmosphere pollution) factors impact on ground 
ozone spatial-temporal distribution in Georgian capital Tbilisi (mega-polis). Tbilisi is located at height of 400-600 m. above 
mean sea level (MSL Baltic Sea), in Riv. Mtkvari valley and characterized with high rate of atmosphere pollution.

2.2 Analyses of Research Data’s 

The ozone’s concentration measurement was carried out by the ozone meter (OMG-200) made in Germany, with error was not 
exceeded 5-7%. Obtained data processing was carried out using the method of multi factorial statistical analysis. On the basis of 
processed data the diagram of ozone concentration mean daily changes for seasons was made (see Fig.1).
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The analysis of diagram has shown that minimal quantity of ground ozone (18-20mkg./m3) was noted in winter, but maximal 
ones in spring and summer seasons (40-45mkg./m3). In Autumn O3 concentration was varied in range of 30-50mkg./m3. In all 
seasons ozone maximal concentration was noted at 3pm, but minimal at 7-8 am.

Fig.1. Ozone’ concentration mean daily changes for seasons.

The amplitude of оzone’s concentration changing by hours in winter is small and equal to 4-5 units, however in spring and 
summer seasons this value is not exceeded 23mkg./m3.

On Fig.2 diagram annual change of ozone’s concentration is presented. Its analysis has shown that ozone’s concentration by 
months is changed in range of 0-55mkg./m3.

Fig.2 Annual change of ozone’s concentration

Ozone’s quantity in range of MCL is found only in September and October months (28mkg./m3). Its concentration is less than 
MCL in winter and March and is varied in range of 0-15mkg./m3, as result of which its bactericidal effectiveness in winter season 
reduces to minimum. However in spring and summer months ozone’s concentration increases till 40-55mkg./m3.

As it was mentioned above, atmosphere’s pollution influences on ozone’s spatial-temporal distribution, which in addition to 
source of pollution is depended on meteorological conditions.

For the assessment of mentioned impact the correlative relation between the atmosphere contaminants and meteorological 
elements was established (see Fig.3, 4).

Fig.3. Annual Correlative relation between the contaminants and meteorological elements (without of precipitation)      

T - Temperature
V - Windvelocity
–– Direct connection
- -   Indirect connection
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Fig.4. Annual Correlative relation between the contaminants and meteorological elements  (in case of precipitation)     
Analysis of correlative relation between contaminants and meteorological elements has shown the follows:

- Gaseous contaminants are well correlated with each to other, that is the result of these ingredients’ photo chemical  activity. 
Their interaction in warm period is more powerful than in cold one;

- Dust is not correlated with SO2, CO and NO2, since the dust’s and mentioned gases have different sources of their origin;

- Precipitation cleans the atmosphere from the dust and SO2, in addition the snow much better than rain;

- SO2  and NO2 are in direct correlation with temperature, that explained by the heating  effect (0,65; 0,67)

- All contaminants are in negative correlation with relative humidity, that explained by their hydrolyzing ability; 

- Contaminants are in weak correlation with wind speed, since their concentration has two maximums both for low as well as for 
wind high speeds;

- Contaminants concentration is depended on wind direction, that  transmits the contaminants along the valley at South-Eastern 
and North-Western directions.

For the assessment of existing relation between ground ozone concentration and pollution the study of correlative relations 
between them was carried out. On the basis of last, maximal the correlation between O3 and N2, varying by months in range 0,82-
0,94, was obtained (see Tabl.1). The correlative relations with other contaminants are too weak.

Table 1: Correlative coefficients between the concentrations of  NO2  and O3

Months I II III IV V VI VII VIII IX X XI XII

Correlation 0.90 - - 0.91 0.93 0.92 0.93 0.82 0.84 - 0.94 0.90

3. POLICY ORIENTED RECOMMENDATIONS

- Ground ozone concentration has to be taken into the consideration during atmosphere pollution index calculation since it is one 
of the main contaminant;

- During the smog or in sunny, calm, midday and  processes of inversion, citizens of Tbilisi as well as other mega-cities’ ones,
have to be avoid of walking in dawn-town, since ozone concentration value is anomalously huge in this time, that can seriously 
damage to human health;

- Municipality has to: forbid the using of low quality fuel, as the main source of ozone’s production, establish service of ozone
dangerous quantity monitoring and early warning system, develop short and long-term programs with the goal of city 
ecological state improvement, organize the construction of bypassing roads, forbid building of block houses reducing city’ 
ventilation etc.

- NGO-s and Mass-media have to carry out control and monitoring municipal projects implementation concerning building 
works, parks creation, streets gardening, organization of car parking places and traffic regulation in dawn-town. In addition 
they must disseminate the information about city’ ecological conditions in so called dangerous period of ozone’s maximal 
concentration.

T - Temperature
V - Windvelocity
–– Direct connection
- -   Indirect connection
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4. CONCLUSIONS

- Mean monthly value of ozone in Tbilisi changes from1 to 57mkg./m3. It has clearly expressed daily, seasonal and annual 
progress, caused by photochemical reactions (smog ozone), provoked by the strong atmospheric pollutants and respective 
meteorological processes (inversion, isothermy, calm etc);

- According  to all mean (monthly, seasonal, annual) data of atmosphere pollution in Tbilisi by technogenic dust, oxides of 
carbon, sulfur and  nitrogen, their quantity significantly exceeded the maximum- concentration limit- MCL, particularly it can 
be said about CO. However, despite the fact that NO2 does not much exceeds the MCL, its even the small increment causes 
significant change of ozone concentration;

- In separate days and hours the concentration value of ozone reaches 250 mkg./m3.  The number of corresponding days, within 
which air pollution and ozone’s concentration reaches anomalously huge values changes from 16 to 50 days in separate years 
(in average 35 days). Such days are characterized with weak turbulent interfusing (1-3 m./sec.), inversion and isothermy;

- In accordance with the value of ozone concentration it is possible to consider about the atmosphere pollution level;

- The research’s results can be used for mega-cities of developed countries having the similar problems of environment 
pollution;  
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TThhee vvaalluuee ooff ssuurrffaaccee oozzoonnee iinn tthhee hheeaatt bbaallaannccee ooff TTbbiilliissii cciittyy aattmmoosspphheerriicc aaiirr aanndd tthhee oorrooggrraapphhiicc ffaaccttoorrss iinnfflluueennccee oonn tthheemm wweerree eessttiimmaatteedd.. TThhee eexxiisstteennccee ooff aa rreellaattiioonnsshhiipp
bbeettwweeeenn tthhee ggrreeeennhhoouussee ggaasseess ccoonncceennttrraattiioonn aanndd tthhee aammoouunntt ooff oozzoonnee iinn tthhee aattmmoosspphheerree wwaass rreevveeaalleedd.. TThhuuss tthhee aattmmoosspphheerree ppoolllluuttiioonn ddeeggrreeee ccaann bbee eevvaalluuaatteedd aaccccoorrddiinngg tthhee
oozzoonnee ccoonncceennttrraattiioonn iinn tthhee lloowweerr llaayyeerrss..

Annual change of ozone’s concentration Ozone’ concentration mean daily changes for seasons

CCoonncclluussiioonnss::
- Mean monthly value of ozone in Tbilisi changes from1 to 57mkg./m3. It has clearly expressed daily, seasonal and annual 

progress, caused by photochemical reactions (smog ozone), provoked by the strong atmospheric pollutants and respective 
meteorological processes (inversion, isothermy, calm etc);

- According  to all mean (monthly, seasonal, annual) data of atmosphere pollution in Tbilisi by technogenic dust, oxides of 
carbon, sulfur and  nitrogen, their quantity significantly exceeded the maximum- concentration limit- MCL, particularly it 
can be said about CO. However, despite the fact that NO2 does not much exceeds the MCL, its even the small increment 
causes significant change of ozone concentration;

- In separate days and hours the concentration value of ozone reaches 250 mkg./m3.  The number of corresponding days, 
within which air pollution and ozone’s concentration reaches anomalously huge values changes from 16 to 50 days in 
separate years (in average 35 days). Such days are characterized with weak turbulent interfusing (1-3 m./sec.), inversion 
and isothermy;

- In accordance with the value of ozone concentration it is possible to consider about the atmosphere pollution level;
- The research’s results can be used for mega-cities of developed countries having the similar problems of environment 

pollution;  

RReeccoommmmeennddaattiioonnss::
- Ground ozone concentration has to be taken into the consideration during atmosphere pollution index calculation since it is 

one of the main contaminant;
- During the smog or in sunny, calm, midday and  processes of inversion, citizens of Tbilisi as well as other mega-cities’ 

ones, have to be avoid of walking in dawn-town, since ozone concentration value is anomalously huge in this time, that 
can seriously damage to human health;

- Municipality has to: forbid the using of low quality fuel, as the main source of ozone’s production, establish service of 
ozone dangerous quantity monitoring and early warning system, develop short and long-term programs with the goal of 
city ecological state improvement, organize the construction of bypassing roads, forbid building of block houses reducing 
city’ ventilation etc.

- NGO-s and Mass-media have to carry out control and monitoring municipal projects implementation concerning building 
works, parks creation, streets gardening, organization of car parking places and traffic regulation in dawn-town. In addition 
they must disseminate the information about city’ ecological conditions in so called dangerous period of ozone’s maximal 
concentration.

Correlative relation between the contaminants 
and meteorological elements (without of precipitation)   

Correlative relation between the contaminants 
and meteorological elements  (in case of precipitation)
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Project: 
 

“Using Demand Side Management to Adapt to Water Scarcity and 
Climate Change in the Saïss Basin, Morocco” 

 
Research Leader: Prof. Ahmed Legrouri; Research Team: Dr. Jack Kalpakian, Dr. Driss Kettani, Dr. Abdelkrim 

Ouardaoui, Dr. Fouad Berrada, Ms. Fatima Ejekki, Mr. Khalid Doudou 
  

Al Akhawayn University, Ifrane, Morocco 

 
 

Problematic: 
 
The Saïss Sub-Basin of the Sebou Basin in Northern Morocco is experiencing unsustainable 
levels of water overexploitation, due both to long-term decreases in precipitation and increases 
in water demand (See the map). Surface waters are greatly reduced, and at current exploitation 
rates of the aquifer will be completely depleted within 25 years.  
As a mean of reducing water use within the area and thereby contributing to aquifer 
sustainability, this project will examine whether 
Demand Side Management (DSM) can provide a solid 
basis for integrated water management and 
strengthened capacity for adaptation to climate change 
in the Saïss basin. This project will work with multiple 
stakeholders and focus on the benefits for the most 
vulnerable and disadvantaged communities within 
project sites. Since agriculture accounts for 92 percent 
of Morocco’s water consumption, it will be the focus of 
this effort; in the Saïss basin, which is the focus of this 
study, over 80 percent of the water is used for 
agriculture. It will be the focal area of the DSM 
strategy. Indeed, several monitoring indicators have 
shown the declining levels of Saïss basin aquifer, including: 
 

 The reduced water flows due to a 20 % decrease in 
precipitation. 

 The 70m fall of groundwater level since 1980 (2-3 
m/ year). 

 Increased pumping of groundwater 
with about 10,000 wells and boreholes in the plain. 

  
                                                                                                     Fez-Meknes deep groundwater  
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According to the graph below, the Saïss basin groundwater looses 100 Mm3 annually. 
 
 

Input (Mm3) V(Mm3) Output (Mm3) V(Mm3) 
Rainwater 40 Draining from springs 

and rivers 
60 

Inflow from the 
boundaries 

140 AEP withdrawals 100 

Irrigation returns 40 Irrigation withdrawals 
by pumping 

160 

Total input 220 Total output 320 
                          
                                 Hydraulic balance of the Fez-Meknes aquifer system 
 
 
Project Goals: 
  

a. General Objective 
 

• To develop a Demand Side Management policy and institutional framework to support 
the return of aquifer management to sustainability in the face of increasing water 
stress, by fostering institutional and organizational change within the water using 
community and the Sebou Basin Agency.  

 
b. Specific Objectives 

 
• To develop and test technical options for DSM in large scale irrigated agriculture  
• To demonstrate, through pilot projects, the value of DSM and economic use of water 

with small scale farmers.  
• Networking, knowledge sharing and capacity 

strengthening are cross cutting activities in all 
objectives. 

• To create operational water-users associations in the 
sub-basin area, supported by training and capacity 
strengthening. 

• To simplify administrative procedures for farmers for 
the purpose of bridging the gap between local 
authorities/ministries and farmers. 

• Empower the disadvantaged farmers in the region.  
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 Partnership: 
 
The project, financed by Canada’s International Development Research Center (IDRC) and 
the United Kingdom's Department for International Development (DFID), is implemented by 
the research team from Al Akhawayn University in Ifrane (AUI), in collaboration with the 
Sebou Basin Agency (ABHS), Provincial Directorates of Agriculture (DPA) of El Hajeb and 
Sefrou, and National Meteorological Directorate (DMN).  
 
Project Research Actions: 
 
 

• We have conducted qualitative research in the two areas 
covered by the project and have derived findings from 
them. 

• We conducted a survey of the basin to ascertain the 
Knowledge, Attitudes and Practices of farmers in the area 
concerning water use.  

• The project helped set up 2 pilot projects in both 
El Hajeb and Aïn Cheggag. 

• We visited farms and developed on-going 
relationships of trust that allow us to see 
whether the educational and participatory 
activities have been successful.  

• We have set up a Training and Capacity 
Building Center in one of the project’s site 
whose main goal is to hold regular trainings for 
farmers on drip irrigation, state subsidies, etc. 
This Center will be a place for farmers to 
interact with the administration. Also, financial aid forms for drip irrigation will be 
available electronically as well as in the Center. 

• Creation of a website for the project www.aui.ma/wmcc/wmsb that contains all the 
data on the project and the Saïss basin. 

• Creation of a national forum to facilitate dialogue between the various involved actors 
involved in the political economy of water in Morocco 
http://www.aui.ma/wmcc/forum-gde/. 

• Creation of a website containing information related to financial aids offered by the 
Ministry of Agriculture; its link is as follows: http://www.aui.ma/wmcc/dpa-sefrou/ 

• Use of the Geographical Information System (GIS) to generate maps of the Saïss 
basin.  
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Primary Findings: 
 

• Both men and women are aware of the idea of drip irrigation, but they cannot adopt it 
because of affordability reasons. 

• Farmers are aware of the fact that water is in decrease and that the aquifer will be 
depleted in the near future. For them, the reason for that is linked to the decrease in 
rainfall that the whole region has been 
experiencing.  A farmer noted that the wells are 
now at 100-130 meters, while in the past, a well of 
30-40 meters would have been sufficient.  

• Some of the problems linked to agriculture that 
farmers raise: administrative in terms of getting 
authorization for having wells, limited financial 
support from the government, absence of the 
awareness campaigns (from ABHS & DPA), less 
water for irrigation in which each farmer gets his 
turn in 12 days (not efficient for some crops which 
needs water more frequently).  

• Crops farmed are: apples, onions, potatoes, corn, 
pears, etc. These crops depend both on family and 
market needs.   

• Concerning women, they go to the field even at 
nights, if necessary, to help the husband in the field along with their children. 

• Other tasks of women in terms of water include fetching water and taking care of the 
livestock (cows, sheep, rabbits, & chicken) in addition to household chores. 

• The farmers understand that education is an important factor in getting more 
information on farming techniques and weather information.   

• Most farmers claimed that WUAs are important in terms of organization if farmers 
share the same goal which allows less space for conflict of interests. 

• Some farmers suggested among solutions to protect water of the aquifer is to have a 
reservoir where rainwater and snowmelt can be collected then used. 
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INTRODUCTION :INTRODUCTION :
The Brazilian Semiarid is among the most susceptible areas

desertification in the world (Brasil, 2005). Strongly connected to this process, there
a substantial economic, social, and political specificities that can aggravatea substantial economic, social, and political specificities that can aggravate
situation. Some areas, for example, that implemented intensive agriculture in
past, promotes the uncontrolled deforestation of the Caatinga and
overexploitation of water resources, resulting precarious condition of the soil andoverexploitation of water resources, resulting precarious condition of the soil and
escalation of local climate conditions.

The Irecê Territory (Map1) – Western Bahia Semiarid - it is a typical case
of this process, where, nowadays, a significant part of family farms remaining inof this process, where, nowadays, a significant part of family farms remaining in
area, living with low access to credit and rural assistance policies, low capacity of
production and market opportunities. This perspective is compounded when one
considers that approximately 28% of population, around 112.000 inhabitants,considers that approximately 28% of population, around 112.000 inhabitants,
distributed in urban and rural areas, are living in extreme poverty (BRASIL, 2010).

By other hand, there is a substantial new movement of an interinstitutionalBy other hand, there is a substantial new movement of an interinstitutional
coordination between: official research institutes, universities, cooperatives,
associations, trade unions, non-governmental organizations and government (public
policies) trying to responding this unfavorable conditions.

GOAL:  

policies) trying to responding this unfavorable conditions.

GOAL:  

Analyze the convergences and divergences of Brazilian public policies aimed to combat desertification, to strengthen family agricultu
the territorial and sustainable development of Brazilian Semiarid using the Irecê Territory as a study case.the territorial and sustainable development of Brazilian Semiarid using the Irecê Territory as a study case.

MATERIALS AND METHODS:
The approach used for the treatment of primary and secondary data isThe approach used for the treatment of primary and secondary data is

Development in Semiarid (PDSA), by the Ministry of National Integration (MIN), the
National Program for Sustainable Development of Rural Territories (Pronat), both
Program to Combat Desertification (PAN), by the Ministry of Environment (MMA). WereProgram to Combat Desertification (PAN), by the Ministry of Environment (MMA). Were
with: local farms, cooperatives of production and distribution, associations, unions,
Development Company and the Regional Action of Bahia (CAR), Secretariat of
Technology and Innovation (Secti) and the Environmental Secretariat (Sema)).Technology and Innovation (Secti) and the Environmental Secretariat (Sema)).

RESULTS:
The level of coordination between public policies plays a crucial role inThe level of coordination between public policies plays a crucial role in

policies (PDSA, Pronaf, Pronat e PAN) intersect itself to their goals. There are in
role of recovery deforested areas, rehabilitation of agricultural land and edaphic conditions,role of recovery deforested areas, rehabilitation of agricultural land and edaphic conditions,
credit and the incentives to new forms of participatory and integrated management

Unfortunately, the coordination between the select programs, observed
strengthening family farms, to combat desertification susceptibility and to promote thestrengthening family farms, to combat desertification susceptibility and to promote the

ANALYSIS OF RESULTS:
The fact that Brazil and the State of Bahia have a territorial arrangementThe fact that Brazil and the State of Bahia have a territorial arrangement

public policies that reach the Territory. The National Program for Sustainable Development
and interinstitutional arrangement but it is a very recent approach in Brazilian public

Bahia, despite having the largest area of the Brazilian semiarid region, andBahia, despite having the largest area of the Brazilian semiarid region, and
a specific program to combat desertification. This hinders the articulation of a
Desertification (PAN) to work with other public policies in a coordinated way.

CONCLUSION:CONCLUSION:
It is important to identify the mechanisms that may facilitate intersectoral

programs in several different areas. But for these possibilities to be realized, it isprograms in several different areas. But for these possibilities to be realized, it is
stakeholders in all three spheres of government power and civil society as a priority

In this respect, for success in intersectoral coordination among these public
an interdisciplinary view and capable to ensure integration across sectors and levels

BIBLIOGRAFY:

an interdisciplinary view and capable to ensure integration across sectors and levels
results .
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Map 1 – Irecê Territory / Fonte: IBGE (2006); SIT/MDA (2011).

the convergences and divergences of Brazilian public policies aimed to combat desertification, to strengthen family agriculture and to promote 
Brazilian Semiarid using the Irecê Territory as a study case.Brazilian Semiarid using the Irecê Territory as a study case.

is qualitative. The Public policies analyzed are: Strategic Plan for Sustainableis qualitative. The Public policies analyzed are: Strategic Plan for Sustainable
the National Program for Strengthening of Familiar Agriculture (Pronaf) and the
linked to the Ministry of Agrarian Development (MDA), and the National Action
Were performed also, at least seventy interviews - distributed in eight counties -Were performed also, at least seventy interviews - distributed in eight counties -

unions, officials government departments (Bahia Agricultural Development (EBDA);
of Agriculture, Irrigation and Agrarian Reform (Seagri), Secretariat of Science,

in the formation of an efficient political and institutional environment. The selectedin the formation of an efficient political and institutional environment. The selected
all four texts guidelines, objectives and forms of action that emphasize: the main
conditions, the support to the family farming, agro-ecology, technical assistance,conditions, the support to the family farming, agro-ecology, technical assistance,

management of natural and political resources .
observed in Irecê Territory, is far from a desirable design to reduce poverty, to
the sustainable and territorial development in the Brazilian Semiarid.the sustainable and territorial development in the Brazilian Semiarid.

arrangement policy does not imply necessarily a good agreement between the dynamic of thearrangement policy does not imply necessarily a good agreement between the dynamic of the
Development of Rural Territories (Pronat) has potential for a good political-administrative
public management.

and have a considerable amount of family farmers in their rural areas, does not haveand have a considerable amount of family farmers in their rural areas, does not have
series of elements and instruments appointed by the National Plan to Combat

intersectoral actions and promote the free flow of benefits to the different actors of this
essential that the prospect of interface between public policies are undertaken byessential that the prospect of interface between public policies are undertaken by

priority of their action plans.
public policies it is essential to instituted and strengthened bodies able to dealing with
levels of decision making, since its implementation to monitoring and evaluation oflevels of decision making, since its implementation to monitoring and evaluation of
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Vulnerability to desertification in Ceará State: a socioeconomic approach 

INTRODUCTION 

•The areas that characterize the nuclei of 

desertification in the state of Ceará, located in 

the Brazilian semiarid, have advanced rapidly, 

especially owing to their climate change 

vulnerability. There still is no clear 

understanding where desertification processes 

advance faster or what are the main specific 

causes of the phenomenon in the region. 

However it is known that local socioeconomic 

characteristics increasingly contribute to 

accelerate the phenomenon. 

OBJECTIVE 

This work aims to study how the vulnerability to 

desertification is distributed among the counties in 

Ceará, members of the nuclei, and their causes. 

METHODOLOGY 

Desertification Socioeconomic Vulnerability Index 

was built,  that adopted multivariate statistical 

methods, specifically cluster analysis. Secondary 

data sources were consulted. The spatial distribution 

of desertification was analyzed using thematic maps 

produced with the aid of a Geographic Information 

Systems, using the software ArcGis. 

RESULTS 

CONCLUSIONS 

The results of this study enabled to identify different aspects of socioeconomic vulnerability to 

desertification in the state of Ceará and the main factors of this vulnerability; furthermore which counties 

are more susceptible to the phenomenon and the areas where the greatest advances occur.  
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Analysis of causes and impacts of flood risks in Niamey region in 2010 and 2012 
 MAMADOU Ibrahim1-2 (imadou_ib@yahoo.fr);  BAHARI IBRAHIM Mohamadou4 ; MALAM ABDOU Moussa1-3-5 ; ABBA Bachir2-4 ; ILLO Sabo3 ; DESCROIX Luc1-5 WAZIRI MATO Mamane2 

(1)– Institut de Recherche pour le Développement (IRD) Niamey, BP : 11416, Tel; (00227) 20752610, Niamey Niger ; (2)– Département de géographie,  FLSH, Université de Zinder, Niger, BP : 656; Zinder ; (3)– Département d’Anglais, FLSH, Université de Zinder, Niger, BP : 656; Zinder ;  (4)– Département de Géographie, FLSH, Université Abdou Moumouni, Niger, BP : 418 ; Niamey, Niger ; (5)– LTHE Grenoble France 

UNCCD 2nd Scientific Conference Economic assessment of desertification, sustainable land management and resilience of arid, semi-arid and dry sub-humid areas 04 - 07 February 
2013 - Fortaleza, Brazil 

La pluviométrie enregistrée en  2010 et 2012 est en hausse de plus de 70% comparée à 
2011 dans l’ensemble du Sahel et dans la région de Niamey.  

La région de Niamey au Niger, au vu de 
son contexte hydro-géomorphologique 
est l’une des localités les plus touchées 
par les inondations qu’a connues 
l’ensemble de la zone sahélienne en 
2010 et 2012.  

Abstract: Past and current With regard to its geomorphologic context, Niamey is one of the 
most flooded places of the Sahel in 2012 than in 2010. The recorded rainfall compared to 
the 2011 in this zone has increased of 70% with very important koris’ streaming. The Niger 
River has witnessed an exceptional water level -618 cm- which has never been reached 
since 1929, with a rate of flow of 2300 m3 /second on August 21, 2012. This study intends 
to determine causes and factors of the frequent floods in Niamey region in order to 
analyze the socio-economic stakes related to the disaster and suggest sustainable 
strategies to manage the risks. According to the Comity in charge of managing the flood 
risks, the provisional outcome is greater in 2012 than in 2010. 9 people died and 12,365 
households or 82,982 people were affected. 9,200 houses collapsed and 5,000 others are 
still in water. 8,105.10 acres of farming and 17,538 acres of grazing lands have been 
destroyed affecting 34,254 farmers.  It’s necessary to act for the stricken and work out 
sustainable urban solutions to prevent these risks in this climate change context. 

Cumul pluviométrique 
annuel  

2010 2011 2012 

Niamey 
Aéroport  

642 mm 423 mm 708 mm 

Boubon (à 40 km au Nord-
ouest de Niamey) 

602 mm 419 745 mm 

Impacts hydrologiques liés à la pluviométrie  locale et régionale exceptionnelle  en 2010 et 2012 
Le 21 août 2012, la pointe de la crue a atteint la cote de 617 cm à l’échelle de la station hydrométrique de Niamey, pour un débit de 2473 m3/s du jamais vu  pendant la crue locale et depuis la création de la station 1929 (Niger Hycos-ABN) 

Les inondations au Sahel: Encore une catastrophe écologique, sociale et économique dans un contexte de pauvreté  
Effondrement de nombreuses habitations 9.200 maisons   8105 ha de terres cultivées inondées  Trafics routiers perturbés et voies de transport endommagées  Plus de 82.982 personnes sans -abris   

L ET H
 

<<Il appartient par conséquent aux pouvoirs 
publics d’arbitrer entre le coût des dégâts en 
cas de non protection et celui de l’ouvrage à 
mettre en place pour la protection, afin 
d’entreprendre toutes les actions nécessaires 
pour la prévention des risques encourus ou 
de faire libérer les zones dont la protection 
contre les inondations est impossible>>.  

Des solutions existent :  

-Construire des digues de protections solides et tenant compte des 

pics de crue centenaire ou même millénaire 

-Libérer le lit mineur du fleuve Niger du sable qui diminue sa capacité.  

-Evaluer les coûts économiques des dégâts enregistrés  

-Contrôler l’urbanisation <<sauvage>> avec l’occupation des zones 

inondables  

-Rendre fiables et efficaces les systèmes d’alertes et d’informations 

régionales  et  nationales   

Les inondations deviennent cycliques au Sahel et dans cette région de Niamey: cas des années 1994, 1998 etc.: 
Quelles alternatives de gestion des risques d’inondation dans cette région de Niamey?  



The Ethnopedology as a new paradigm for 
mapping soils in Semiarid Ceará: a case 

study in the municipality of Taua 
Jefferson Roberto de Oliveira Marinho – jefferson.laped@gmail.com 

Vládia Pinto Vidal de Oliveira – vladia.ufc@gmail.com 

Introduction  
One of the factors responsible for the weaknesses of sustainable development policies in the semiarid Ceará is the 

lack of involvement of local communities in the policymaking. The development projects, unlike the guidelines 
placed on the State Plan of Action to Combat Desertification and Mitigate the Effects of Drought (PAE-CE), have not 

consulted the people potentially benefited by the actions of coexistence with the semiarid 

The Ethnopedology 
Thus ethnopedology, branch of Ethnoecology, emerges as a discipline that rescues the importance of local 

knowledge regarding the management of soils. The adoption of technological packages from the Green Revolution 
and socioeconomic disruption of communities affected by drought have led to the erosion of intergenerational 

knowledge built by the communities. These skills result from intimate coexistence between the communities and 
the semiarid environment where they live.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion and results 

Cognitive appropriation 

Material appropriation 

Ecosystem 

(TOLEDO & BARRERA-BASSOLS, 2009) 

Materials and methods 
 This work, by ethnopedological methodology, conducted the survey of soils in Angicos Settlement, located in the municipality of 

Taua, Inhamuns Region, one of the main centers of desertification of semiarid Ceará. Through mental maps, interviews, field 
explorations guided by the settlers, analysis of his speeches and soil surveys, were made local soils maps. 

The settled families of angicos demonstrate refined 
knowledge on soils in which cultivate, as evidenced by 
the local classification that make their soils.In Angicos  
were ranked the following types of soils: Barro 
Vermelho, Barro Branco, Terra Arisca, Arisco Branco 
and Massapê. The next step of this study is to refine 
the classification of land shown on the map alongside 
and correlate it with the local classification. 
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Microrganisms are important to material transformation process,
responding quickly to environment changes, been considerate in the soil
evaluation. The objective of this study was to evaluate the
microbiological and enzymatic parameters of soil under different crops
and native vegetation in a semi-arid area of Trairi, state of Ceará
(Brazil).

Strategies for survival of soil microorganisms 
in different crops and native vegetation in 

the semiarid region of Ceará, Brazil

1 – Doutorando em Ecologia e Recursos Naturais na Universidade Federal do Ceará; 2 – Profa. Dra. da Universidade Federal do Ceará, 
Laboratório de Microbiologia Ambiental; 3 - Pesquisador da Embrapa Agroindústria Tropical, Laboratório de Microbiologia do Solo.

INTRODUÇÃO

MATOS, Eugênio Pacelli Nunes Brasil 1 ; MARTINS, Claudia Miranda 2 ; WEBER, Olmar Baller 3

MATERIAL E MÉTODOS

RESULTADOS E DISCUSSÃO

CONCLUSÃO

The populations of fungi, bacteria and actinomycetes, and the activity of
enzymes dehydrogenase, acid phosphatase and urease were monitored.
Composite soil samples were collected at a depth of 0-10 cm in two periods:
rainy (April 2009) and the dry season (October 2009), in different crop
systems: young cashew crop and old cashew crop, soursop trees, coconuts and
compared to the native forest area.

We conclude that the seasonality does not influence the population´s strategy
of survival but the nutrients readily available in the humus’s form does
influence.

We observe that the density population of microorganisms, acid
phosphatase and urease had higher rates in crop systems when compared
to the native forest and those microorganism had low metabolic rates,
while the native forest had low density population of microorganisms but
with high diversity of colonies and high rates of desidrogenases (indicate
high soil metabolism). Similarities analysis, in both periods, indicated that
the native forest shows little similarities with the others areas, comparing
microorganisms and enzymes. The results are probably due to the
hypothesis of organisms selection by the environment (r/K model), so the
native forest has “K strategists” microorganisms and the crop systems has
“r strategists” microorganisms.

APOIO:

pH Ca Mg P C.T.C.
mmolc/kg mmolc/kg mg/kg

Chuv Seco Chuv Seco Chuv Seco Chuv Seco Chuv Seco

CJA 6.1 6.3 11.8 13.0 2.1 4.7 2.9 5.8 26.6 19.6

COQ 6.1 6.6 34.2 22.3 16.6 12.9 621.7 85.1 74.1 40.3

GRA 6.3 6.2 21.6 19.4 11.5 7.9 37.6 119.7 54.1 32.5

CJB 5.7 6.1 15.3 11.0 9.4 5.2 37.4 58.9 45.7 19.8

MAT 5.7 5.7 9.7 10.6 4.3 4.2 16.6 3.0 36.7 18.3

K Na Fe Mn Zn
mmolc/kg mmolc/kg mg/kg mg/kg mg/kg

Chuv Seco Chuv Seco Chuv Seco Chuv Seco Chuv Seco

CJA 1.0 0.7 2.8 2.4 21.1 39.6 10.5 16.3 0.9 4.5

COQ 1.9 1.2 4.1 3.8 61.8 58.1 48.9 47.4 10.9 21.4

GRA 1.5 1.3 2.9 3.9 24.0 67.7 23.9 64.6 3.8 15.4

CJB 1.0 0.9 2.8 2.6 47.2 81.6 24.5 21.2 5.2 8.2

MAT 1.1 0.7 2.8 2.6 21.1 34.1 5.0 8.8 0.7 3.5
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Microbiological analyzes (total bacteria (A), total fungi (B) and total Actinomycetes (C)) and enzymatic
(dehydrogenase (D), acid phosphatase (E) and urease soil (F)) to the areas (A cashew, coconut , soursop, cashew
and kills B) in the rainy and dry in the municipality of Trairi EC. All values are represented as mean ± standard
deviation. The presence of an asterisk represents statistical difference between the dry and rainy seasons in the test
where t *** p <0.01, ** p <0.05 and * p <0.1. Thick line represents the comparison with the forest during the rainy
season and the dotted line represents the same difference, but with respect to the dry period.
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The desertification according to the United Nations Conference on Environment and Development of 

1992 is: "land degradation in arid, semi-arid and sub-humid and dry, resulting from various factors, 

including climatic variations and activities human. "The northeastern region fits this concept. Reaching an 

area of over 900,000 km2, with no other environmental problem in the country to reach such dimension. 

The Rio Grande do Norte to have most of its area in the semi-arid region is a risk. An economic activity 

that contributes to the acceleration of desertification in the state is the production of red ceramic currently 

has 206 active companies, divided into 39 municipalities and concentrated in three regional centers: 

Seridó, Apodi / Assu and Natal. This study aims to analyze the process of desertification driven by activity 

in RN ceramist.  

 

CONCLUSION 

The solution to the problem is: the adoption of environmental education projects for public awareness 

and an Environmental Management System for enterprises, development of environmental 

management policies and punishment to the applicants polluting actions by the government. 
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As methodological procedures, data collection was conducted through a literature review and 
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DESERTIFICATION MOTIVATED BY CERAMIST ACTIVITY IN RN 

 
MELO, Jane Kelly Holanda, SOUSA, Magda Cristina de, VIANA, Antonio Fernando da Silva, NUNES, 

Tenessee Andrade 
1UFERSA – Departamento de Agrotecnologia e Ciências Sociais. BR:110 – Km: 47, CEP: 59625-900 

Mossoró – RN, janeholanda@yahoo.com.br  

According to the researched material, the population does not recognize desertification as a major 

problem in the area studied, the activity potter is a major anthropogenic causes of desertification in the 

region and said that the performance of the government in combating desertification is still very small.  



The changes occurring in the world economy and in Brazil, caused profound consequences of an 

economic, social and environmental, permitting opening for the diversification of industrial, agribusiness 

and service, especially the textile industry, irrigated horticulture and tourism. The state of Rio Grande do 

Norte is in the developmental period, accelerating the process of desertification (Silva and Medeiros, 

2011). Between the Rio Grande do Norte and other Northeastern states, only 55% of caatinga still survive 

the action of man. Mossoró leads the ranking of cities that most potiguares cleared the caatinga between 

the years 2003 and 2008, being the 16th city caused the end of this biome during this period. This study 

aims to analyze the impact of desertification in the Mossoró caused by economic sector.  

CONCLUSION 

Therefore, it is noted as a solution to the problem adopting environmental education projects, adopting 

an environmental management system for enterprises, development of integrated environmental 

management policies and punishment to the applicants polluting actions by the government. 

BIBLIOGRAPHY 

INTRODUCTION 

MATERIAL AND METHODS 

RESULTS AND DISCUSION 

As methodological procedures were performed from bibliographical and documentary. 
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IMPACT OF DESERTIFICATION IN MOSSORÓ HAVING AS A CAUSE 

IN THE ECONOMIC SECTOR 
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It was found that Mossoró presents the main factors driving desertification, through the activities of the oil 

sector, salineiro, fruit and expansions of settlement areas and the role of local government in combating 

desertification is still a bit timid, especially in sphere of the executive, as it is not perceived public policies 

to minimize this problem. 



SOIL-PLANT WATER RELATIONS IN NATIVE AND 

CULTIVATED PLANTS IN BRAZILIAN SEMIARID

CONCLUSIONS

INTRODUCTION

RESULTS

MATERIAL AND 
METHODS

Agroforestry SystemSecondary Forest

Agroforesty has provided an alternative to 
conventional cropping systems, by including the 
management of larger plants (shrubs and trees).
Some studies show the benefits of agroforestry
in comparison to monoculture, despite the 
potential for water, light and nutrient competition 
between cultivated plants and trees. The
objective was to determine the occurence of 
water competition between native trees and 
crop plants, and to assess the water uptake 
zones of the trees in agrosilvopastoral system 
(AGP) and secondary forest (SF).

- Maize and Cordia oncocalyx plots
- Collection of meteorological data
- Physiological measurements (transpiration 
  and stomatal conductance)
- C. oncocalyx rooting depth
- Isotopes analysis (rain, soil and xylem water)

* Maize plants
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Oxygen isotope ratios of water extracted from roots of maize 
growing 1.0 (M1), 2.0 (M2), 3.0 (M3) and 4.0 (M4) meters from 

the base of a C. oncocalyx tree, rainwater (RW) and of soil water 
from the 0-20, 20-40 and 40-60 cm depth increments in an 

agrosilvopastoral system in April (A) and May (B)

- Maize and Cordia oncocalyx plots in this AGP system preferentially take up water from soil depths greater 
  than 20 cm;
- In SF, C. oncocalyx uptakes water from more superficial soil layers, up to 30 cm depth;
- Maize plants growing 1.0 and 2.0 m away from the base of C. oncocalyx trees were likely more affected 
  by competition for light than water, and this competition resulted in reduced WUE.
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        The desertification in Brazil is reaching alarming rates in these last 
decades, as example the Paraiba State with more than 70% of its 
territory susceptible to the process [4]. Although the plant cover play 
crucial roles for the drylands [2], it has been drastically reduced as an 
outcome of the desertification [6].   
        Herein, the aim was to test the following null hypothesis: non-
desertified and desertified areas are equals in concerning to the 
components of the plant community. In addition, it was intended to 
identify potentials bioindicator species of these environments. 

Introduction

Material and Methods
        This research was carried out into three municipalities of Paraiba 
State (Maturéia, Soledade and São João do Tigre) with transect sample 
method. Floristic survey and chemical-organic analysis of soil were used 
as criteria for to segregate non-desertified (A) and desertified areas (B).

        All the vegetation variables presented higher values in the non-
desertified areas, but it was only found significant differences for the 
richness and diversity (Table 1). The abundance of plant species 
represented an increase of about 35% in the non-desertified areas. Plant 
communities of the non-desertified areas indicated a relatively 
homogeneous distribution (evenness index closer to 1), whereas those 
from the desertified areas tended to the dominance of some species.

        [3] observed that low-disturbed sites presented a native species 
richness of Caatinga larger than to the anthropogenic environments. 
Here, this fact can be related to the exclusive occurrence of the species 
Bauhinia cheilantha (Fabaceae), Bombax coraceae  (Bombacaceae), 
Combretum leprosum  (Combretaceae) and Myracroduon urundeuva 
(Anacardiaceae) in the non-desertified areas.
        The high abundance of Mimosa tenuiflora (Fabaceae) and 
Caesalpina piramydalis  (Leguminosae) in the desertified areas 
demonstrates the niche expansion of tolerant species, well as a primary 
succession stage of Caatinga [5]. Similar results for both species have 
been recorded in the Brazilian Northeast [3;1], which may act as 
biological indicators of affected sites by the desertification.
        Our results indicates that the desertification in the Brazilian 
semiarid trigger serious changes on the components of the plants 
community structure.
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1 - Galindo ICL; Ribeiro MR; Santos MFAV; Lima JFWF; Ferreira RFAL (2008) Soils and vegetation relation under 
desertification in Jataúba county, Pernambuco State, Brazil. Revista Brasileira de Ciência do Solo, 32: 1283-1296.
2 - Papanastasis VP; Kyriakakis S; Kazakis Z; Abid M; Doulis A (2003) Plant cover as a tool for monitoring desertification 
in mountain Mediterranean rangelands. Management of Environmental Quality: An International Journal: 14 (1): 69-81.
3 - Pereira IM; Andrade LA; Sampaio EVSB; Barbosa MRV (2003) Use-history effects on structure and flora of Caatinga. 
Biotropica, 35 (2): 154-165.
4 - Souza BI (2008) Cariris paraibanos: do silêncio do lugar à desertificação. Doctor thesis at Geographia, Federal University 
of Rio Grande do Sul: Porto Alegre, Brazil.
5 - Souza BI (2012) Use of vegetation and soil in areas susceptible to desertification in Paraiba State/Brazil. GEOgraphia, 
13: 77-105.
6 - Whitford WG (1995) Desertification: implications and limitations of the ecosystem health metaphor. In: Rapport DJ; 
Gaudet CL and Calow P (eds). Evaluating and Monitoring the Health of Large-Scale Ecosystems, 28 (1): 456p. 

 

Student T tests for 
independents samples

Student T tests for 
independents samples

A B

Abundance (N)
Richness (S)

Results and Discussion 

Shannon´s diversity (H’)
Piellou´s evenness (J’)



The desertification process and its consequences for brazilian semiarid. 
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ABSTRACT: In recent decades, Brazil has been hit by environmental problems of all 

sorts, highlighted those related to desertification. This process applies to areas that, 

besides having the character of aridity, has low rainfall, defined by average annual 

rainfall is less than 250 mm, and its distribution is concentrated in a short period of 

time, such a months or even several days. There are various definitions of 

desertification, but in general conceptualized as land degradation in arid, semi-arid and 

sub-humid areas. Against this background this article it is a qualitative study intended to 

investigate the process of desertification and its consequences in semiarid northeastern 

Brazil. As a methodological strategy, was conducted bibliographic some publications of 

greatest relevance with reading articles, dissertations that addressed the issue of 

desertification of semi-arid Northeast, and other environmental impacts, as well as make 

use of the analytical method and descriptive, so to achieve the proposed objectives. We 

conclude that the causes of desertification are related to deforestation, extraction, 

burning, irregular agriculture, among others. The main implication for the semiarid in 

Brazil are popular migrations, regional imbalance, economic loss, reduction or 

elimination of vegetation, loss of biodiversity (genetic resources), worsening of regional 

imbalance, decreasing arable land, soil loss, salinity added the prospects of climate 

change and rising poverty. 

Keywords: desertification; droughts; brazilian semiarid. 
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Introduction 

 

In short, desertification is a process that occurs in a progressive decrease in the 

productive capacity of natural resources mainly due to the degrading action of humans 

on the environment. Desert is a natural phenomenon that is independent of human 

action. Regarding dry, you can define them as a natural climatic phenomenon that 

consists of a prolonged drought. The problem of the origin of desertification makes up 

related to several factors, such as those attributed to physical, biological as well as those 

that comprise the political, social, cultural and economic. Besides these factors, we have 

the predatory actions of man on the farm, where it causes the depletion of soil that limits 

the growth of vegetation, which allows the process of soil erosion, a fact crucial to the 

occurrence of the process of desertification. With regard to actions that cause 

desertification, one of the considerations that have been addressed refers to the ability to 

carry these actions.  

The term desertification is then used to define the transformation of a very sandy 

soil and poor development of vegetation in an arid area that presents more evaporation 

than precipitation. The deserts themselves have a natural origin, depending on the 

prevailing climatic and geological conditions, and in general are large continuous 

lengths. Against this background this article it is a qualitative study intended to 

investigate the process of desertification and its consequences in semiarid northeastern 

Brazil. 

 

Materials and methods 
 

         As a methodological strategy, was conducted bibliographic some publications of 

greatest relevance with reading articles, dissertations that addressed the issue of 

desertification of semi-arid Northeast, and other environmental impacts, as well as make 

use of the analytical method and descriptive, so to achieve the proposed objectives. 

 

Results and Discussions 

 

          In Latin America, several countries have significant areas of their territories with 

desertification problems. The example of Argentina, Bolivia, Brazil, Chile, Cuba, Peru 

and Mexico. To know more deeply the scenarios of drought in semi-arid areas of 

northeastern Brazil, requires specifying the geographical and social context, with its 

limitations and capabilities. The same space has an area of semi-arid climate equivalent 

of 936,939 km ², reaching all the states of the region, reaching the north of Minas 

Gerais. So we called the Drought Polygon that defines the core drier, with 430,000 Km 

². The Brazilian Northeast is the area most of the country highly vulnerable to the 

impact of environmental degradation: a fragile environment, with large tropical and 

semi-arid areas exposed to strong demographic pressure for nearly five centuries of 

settlement. That's where turns to most studies related to desertification in Brazil. It is an 

area that is in large proportion, within the Semi-Arid Tropics (TSA) of the globe, 

including, therefore, the large map of the United Nations on desertification. It is, then, 



the most environmentally committed across the country. But not only the Northeast is 

likely the phenomenon. Because it is a problem caused mainly by human activities on 

the environment, environmental degradation is seen in small areas from other states not 

located in the TSA. Besides the large periodic droughts that occur in northeastern 

backlands, aggravating the situation further rural economic activities of this semi-arid 

region, based on extensive cattle and traditional practices in land use, are also a strong 

factor to increase environmental degradation in the Brazilian Northeast. 

           The State of Ceará, representing 9.6% of the Northeast and 1.7% of the Brazilian 

territory, have a total area of 148.016km2 and a population of 6,362,620 inhabitants, has 

92% (Leite, 1992) of its territory inserted in the region of semi-arid Northeast, with less 

than 800 mm annual rainfall, has an economy based on a primitive model, extractive 

and predatory renewable natural resources. With this operation, without awareness of 

preservation, about 15,128.5 km2, accounting for 10.2% of the total area of the state are 

under a dangerous process of desertification. The main factors, according to Leite 

(1994), cooperating and collaborating to advancing desertification in State of Ceará are: 

-Primitive agricultural practises; 

-High density; 

-Activities for intense pastoral fragile ecosystems (tropical semi-arid); 

-Deforestatation uncontrolled; 

-Irrigation inadequate. 

            Making a representation of things as we see them, are described semiarid areas 

due to the imbalance between availability and capacity of natural resources in view the 

basic conditions of the population living in the region. These areas have specific 

peculiarities, depending on typical conditions as climate, soil, vegetation, social 

relations of production. The semiarid Northeast has variations in its entirety, your 

landscape can be marked or not, climate change with its moments where it's raining 

more or less, its fertile soils that may be, or have deteriorated, not to mention the 

vegetation now sparse or less vigorous. "The dry season, which usually comprise 

roughly half the year, a rule is absolute, only interrupted by sporadic and scarce water 

shock, lightning storms, as the country people call in some regions" (NILE 

BENARDES, 1999, p.70 ). 

           Thus landscapes as steep or less steep vegetation, soil texture, the level of flow, 

or even areas of incidence point or large amplitude can be regarded as effects of 

precipitation. These demonstrate physical homogeneity. In drier areas, soils are poor 

proportionately more than in other areas of the Northeast geoeconomic such as Forest 

Areas, or the Cerrado Agreste Bahia. The areas most afetas drought in the northeast 

with greater or lesser extent are the states of Piauí, Ceará, Rio Grande do Norte, Paraíba, 

Pernambuco, Alagoas, Sergipe and Bahia. 

           In an attempt to propose mitigation measures and corrective techniques that can 

mitigate the level of environmental degradation, it is essential the help of science, even 



being blamed by many obstacles in the sustainability of natural resources, even if it 

seems a paradoxical attitude, Scientific provides tools which allows obtaining a 

previous diagnosis of the evolution of desertification. 

The Centers for Desertification territorial areas include extensive surveillance 

deserving, because in these areas there is a chain of interactions between the physical, 

chemical, biological and man-made, these components being inseparable, it is the 

maintenance of natural resources and human life. It is essential to analysis and 

characterization of these nuclei, which then are taken to the appropriate and necessary 

corrective measures and preferably preventive measures. 

          More vulnerable to erosion, these areas have undergone processes of land 

degradation, water resources, vegetation and biodiversity, coupled with reduced quality 

of life. In large part because of disorderly exploitation of resources, with the goal of 

producing more to meet the market. The effects of environmental degradation on these 

sites are maximized by structural factors such as poor income distribution, high 

population density and incompatibility between economic activities and environmental 

conditions. These aggravating become more difficult to combat desertification. 

Conclusion 

 

           There are numerous causes of desertification, such as: deforestation, extraction, 

burning, agriculture among others. And its main impacts are: mass migration, regional 

imbalance, economic losses (PROGRAM, 2009). In the United Nations Convention to 

Combat Desertification the main impact of desertification would be the reduction or 

elimination of vegetation, with consequent migration of human populations. For 

Roberto Malvezzi (2007) would be the loss of biodiversity (genetic resources), mass 

migrations, aggravating problems of infrastructure in urban centers. Desertification 

exacerbates the regional imbalance, causing economic losses because of reduced 

agricultural areas, salinization and soil losses coupled with prospects of climate change 

and rising poverty. 

          In this sense, one can assume that they are measures that serve to slow the 

advance of desertification are some necessary steps: reforestation techniques and crop 

rotation techniques for control of sand dunes, formulation of appropriate technologies 

and environmentally sound and economically viable. Other mitigation measures would 

implement management techniques and conservation areas susceptible to 

desertification, according to the United Nations Convention to Combat Desertification. 
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ABSTRACT: The availability and use of water in northeastern Brazil, particularly in the 

semiarid region, remains a crucial issue with regard to its development. It is a fact that 

great efforts have been undertaken in order to deploy infrastructure able to provide 

enough water to ensure supplies and feed and facilitate irrigation. Within this scenario, 

this paper aims to present alternative solutions to water supply available to families in 

communities located district of the city of Sobral - Ceará. As methodological strategies 

were performed bibliographic effective along with field visits in order to ascertain the 

existence of alternative supply for rural populations. It is concluded that strengthening 

water infrastructure northeastern policy as living with drought has been increasingly 

intense. In places near the district's main solution Caracará supply is through the 

construction of water tanks with a capacity cumulative normal between 7 and 15 m3 

representing the supply of 50 liters of water daily. It is important to argue that the 

cisterns were built through government projects and that the amount is still insufficient 

to meet the rural population. The supply of these reservoirs is offered by the civil 

defense of the city of Sobral - Ceará, which periodically makes the attendance of local 

residents. However, one should bear in mind that in the semi-arid climate the tank fails, 

no other sources, provide sustainability to the people. 

Keywords: water supply tanks, water scarcity; tanks. 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

The drought, prolonged period of low rainfall, is considered by many as the most 

complex but least understood among the natural hazards, and that affects more people 

than any other risk, occur over long periods and in large territorial extensions. The 

number of people living in countries with water problems, or chronic water scarcity, 

will increase from 300 million to more than three billion in 2025. 

There are two types of drought: meteorological drought and hydrological drought. The 

dry weather is a measure of the deviation of rainfall relative to normal, characterized by 

the lack of water-induced imbalance between precipitation and evaporation, which 

depends on other elements such as wind speed, temperature, humidity and heatstroke. 

The dry weather should be considered depending on the region, since the atmospheric 

conditions that result in deficiencies of precipitation can be very different from region to 

region. Already the dry hydrological relates to the median reduction of water in surface 

and underground tanks and reduced soil water. 

The semi-arid regions are characterized generally by the aridity of the climate, the 

water deficit with the unpredictability of rainfall and the presence of soils poor in 

organic matter. The prolonged dry period annual raises local temperature characterizing 

the seasonal aridity. In South America, there are three areas characterized by semi-arid. 

The area of the field of Semi-arid is, according to them more homogeneous in terms of 

physiographic, ecological and social. It is the largest area with a semi-arid climate, in 

terms of size and population density. Within this scenario, this paper aims to present 

alternative solutions to water supply available to families in communities located 

district of the city of Sobral, Ceará. 

 

Material and methods 

As methodological strategies were performed bibliographic effective along with 

field visits in order to ascertain the existence of alternative supply for rural populations. 

This field monitoring occurred from August to October 2012. 

 

Results and discussion 

In regional terms, the development of the semi-arid region has always been 

conditioned to their profile edafoclimático, the model sociopolitical, administrative and 

managerial adopted by the government at the federal, state and municipal. Water 

scarcity adds to the other features of the natural geoenvironmental the semi-arid region, 

whose striking elements are the semi-arid seasonal character that reaches much of its 

territory and high rainfall variability and spatial and temporal climatic inherent in this 

type . The semi-arid region corresponds to one of the six major climatic zones of Brazil 

and includes the hinterlands to isohyet annual 800 mm (CYRIL, 1999). Most of its area 

is located in the Northeast region, extending to the north and west of Minas Gerais of 

the Holy Spirit. It is characterized primarily by rainfall, defined by scarcity, 

irregularities and concentration of rainfall in a short period of about three months, 

during which sudden rains occur, of short duration. Has the Caatinga as predominant 

vegetation and presents high temperatures. The territorial extension of the semi-arid 

does not appear, however, homogeneously, exhibiting great diversity from one point to 

another. The dry season does not occur simultaneously across the region, due to 



differences in environmental characteristics. Several hypotheses have been proposed to 

explain the occurrence of semi-arid. The first relief pointed as responsible by virtue of 

the existence of an orographic barrier along the coast from the Rio Grande do Norte to 

the mouth of the river São Francisco (Gnadlinger, 1998). 

The technologies of capture and management of rainwater came differently and 

independently in many regions of the world and has been a technique in common use, 

especially in arid and semi-arid regions, where rainfall, and irregular, occurring for a 

few months. Currently, new technologies were developed to capture rainwater with 

diverse goals, among which may be mentioned the installation of systems to control 

flooding, occurring after rains due to soil sealing asphalt and the progressive increase in 

built-up areas , the use of rain water in the cooling tower industry and in production 

processes to minimize the use of tap water; condominiums and hotel chain, for watering 

gardens and cleaning of buildings. In-district Caracará Sobral, Ceará to a predominance 

of very large building cisterns popular due to unavailability in some water at certain 

times of year. 

 

 

 

 

 

 

 

Figure 01: Tanks installed in places with little water availability. 

 

 

 

 

 

 

 

Figure 02: Tanks offered by government programs. 

 

 



Conclusion 

According to the peculiar characteristics of semiarid climates, drought, though not 

always predictable phenomenon likely will always be a recurring and therefore should 

never be considered as a factor of social upheaval. But the reality climate alone is not 

enough to justify the environmental crisis in living the Semi-arid. The main causes of 

the recurring drama that suffers the population of this area result from the summation of 

economic, social and political. Ways to cope with the droughts are related to the social, 

economic, cultural, geomorphological and climatological each affected region. The 

socioeconomic and cultural phenomena significantly enhance the intensity and 

magnitude of the impact of drought, as well as the resilience of affected populations. 

According to the Joint Semi-Arid, the idea of using the tank, while politics and 

technology of water supply, assumes that the capture of rainwater is a simple, easily 

adaptable technique has the simplicity of the people of the Hinterland and has low cost. 

Also states that being properly sized, can supply the population of water during periods 

of drought. The demand for systems to capture rainwater in semi-arid region has as 

main sources to annual precipitation and hydrology of the region, whose crystalline 

subsoil contains little water, often brackish, presenting a great demand for harvesting 

rainwater. It is noted, then the importance of the variability of the occurrence of rainfall 

in space, they represent an important input for the design of the collection system, 

whose calculations are based on rainfall intensity. 
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Key messages: 

§ Climate change adaptation (CCA), vulnerability and poverty in semiarid smallholder 

farming systems are stark realities of underdevelopment. 

§ Climate variability and change heightens existing vulnerabilities. Thus, systems and 

institutions that rely on natural resources face several threats as a result of climate 

variability and change. 

§ In the semiarid area Far North Region of Cameroon, agricultural systems are becoming 

less reliable as ecosystems are degraded (with an increase in surface area of  degraded 

‘vertisols’ and ‘Hardés’ which cover about 800.000 ha and are improper for agriculture) 

and the relevant structures in place to support farmers’ efforts are often absent. 

§ We need different institutional architectures or models that can translate climate-related 

threats into opportunities for capacity development and responsive governance. 

§ Local institutions tend to be undervalued in the formulation of national development 

strategies and programmes for adaptation. Hence institutions are crucial in CCA and 

strengthening institutional capacity to address CC, to absorb and benefit from CCA funds, 

and to provide enabling environments for stakeholders at all levels must be a cornerstone 

of all support. 

§ Mainstreaming Participatory Action Research (PAR) into local development programmes 

is crucial in designing a robust institutional framework that supports livelihoods security 

and creates synergies at local and national levels.        

§ Mainstreaming funding for CCA as part of development activities is important and the 
semiarid Sub-Saharan African context dictates that CCA interventions can strategically be 
linked to disaster risk reduction frameworks (DRR) already in place – and vice versa 

§ Awareness of the need to integrate CCA actions across sensible development sectors 
should be created to enhance sustainable adaptation solutions 

§ A ‘no–regret’ approach is essential. CCA should be pro-poor and enhance the resilience 
of the poorest and most vulnerable population groups. In the semiarid smallholder farming 
systems, lack of basic social services (e.g. water and health) constitute a currently unfilled 
CCA gap which needs to be prioritized. 

§ Risk management and dealing with variability and uncertainty will be key competencies 
required to deal with CCA 

Goal: Worked with small scale farmers to investigate the underlying processes that contribute to an 
understanding of socio-ecological resilience of semiarid farming systems; and explore opportunities for 
enhancing the adaptive capacity of different categories of households in this fragile ecosystem of the 
Far North semiarid region of Cameroon. 

Specific Objectives: 
 

§ Carried a vulnerability assessment and established links and probable relationships between 
environmental stress and shocks and changes in land use and livelihood strategies. 

§ Established the level of household social vulnerability to environmental change, and explored 
practical efforts aiming to enhance adaptive capacity in the face of changing climate and other 
conditions in the study area  

§ Explored the requisites into which any proposed climate adaptation would have to work and 
help farmers cope better to climate induced-risk.  

§ Communicating project research findings to effect the mainstreaming of climate change 
adaptation action plans by strategic local/national institutions at various levels of policy-making 

Fig 1. Map showing the location of Pouss (Far North Region of Cameroon) 
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Findings and discussions (Effectual adaptation and adaptive capacities under a changing climate, 
what are the issues at stake?) 
 

§ Farmers were most concerned about rainfall variability - erratic rains and false starts inter 
alia - as this was apparently one of the major constraining factors to farm output. This is being 
exacerbated by limited access to locally relevant seasonal weather forecasting and related 
climatic information, which makes farmer communities at-risk to food shortages. 

 
§ Vulnerability livelihoods of semiarid community to rainfall variability: the management of 

climate-induced risk. The needs of small scale farmers can be summarized at least into two 
essential questions: 
 

4 « What are the risks if we sow earlier»? 
4 « What are the risks if a dry spell occurred in the middle of the growing 

period»? 
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Fig. 2

  

Interannual variability of precipitation, Maga (10 km from Pouss)

 

– Source data: SEMRY maintenance service of Maga

 

  Historic observation records are scarce; hence quantification of climate induced-risk are not  available and accessible to the 

general public or to  agricultural stakeholders

Poor resource dependents usually lacked timely access to sufficient quantities of, as well as quality agricultural inputs. 

This represents of the corollaries of Structural Adjustment Programmes (SAPs) and its implications  on small scale 

farmers adaptive capacity

  Breakup of social capital as community members scatter in desperate search of alternative livelihood options.

Overall the resilience of smallholder' community in the semiarid area is largely undermined by exposure to water/vector borne 

disease and inadequate village infrastructure, including lack of. appropriate agricultural technologies and institutional support

  Depletion of fodder resources lead to conflicts among farmers and pastoralists and this places herders' livelihoods at risk 

Drivers of generic vulnerability and the interconnectedness of various risks that defines multiple exposure-sensitivities 

suggest that most exposure-sensitivities is clearly the manifestation of social vulnerability with people stressed by endemic 

and epidemic diseases, limited income-generating sources and inadequate village infrastructure

Farmers and extension workers in the semiarid area of Cameroon had ever been introduced to or used seasonal climate 

forecasts. However I argue that more efficient dissemination of climate outlook may have the potential to help prevent crop 

losses for e.g. Such situation suggests that extension agents should be trained in the use, interpretation and limitations of 

forecasts. This also requires a strong science-practice interface (i.e. a functioning meteorological service, which is yet to be the 

case in the Far North semiarid region of Cameroon).

 

Fig. 3 A partial view of Goudagaï -Bakassare, 
an area of Pouss village full of swam and 
prone to both water and vector-borne disease
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4. The way to Pouss, flooded during 
the rainy season

 

© Herve Wouapi, IDRC 2011 

 

 

Lessons learned and recommendations (inc. relevance for policy making)
 Quantification of climate-induced risk and its management can greatly support risk-averse farmers' decision-making process and hence enhance the adoption of more sustainable and productive farming practices.

Small scale farmers in the semiarid area of Cameroon do not have access to information that would allow them to adjust vis a vis for instance erratic rains and high frequency of false starts. It is important to put in place 
Agro meteorological services that interact with farmers and extension agents. 

It is hard to argue a case for ‘generic' adaptations solely being driven by climate factors. Glantz (1987) asserted that even perfect forecast would be of limited value unless numerous social, political, an economic 
obstacles were removed.

Reid and Vogel (2006) suggest that addressing the fundamental livelihood and development problems and strengthening social, economic and environmental adaptive capacity will make it easier for at-risk groups to 
respond to climate extremes, whether they are droughts or floods.

Building social-ecological resilience in the context of vulnerability to climate change and other stressors' also implies more diverse and secure sources of income for poor resource dependents and preventive health care 
with a particular focus on cholera, malaria, including the introduction of nutrition programme into primary school curricula etc.

 

Fig 5.

 

  Processes of exposure-sensitivity in Pouss, Far North semiarid region of Cameroon
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CALCULATION OF NDVI IN SUPPORT OF STUDIES DESERTIFICATION IN SÃO JOÃO DO TIGRE 
AND SÃO DOMINGOS DO CARIRI IN THE CARIRI STATE OF PARAÍBA 

1 - INTRODUÇÃO

This study aims to identify areas where
desertification process in the municipalities of
São Domingos do Cariri and São João do Tigre
with the goal of a comparative analysis between
these two cities which despite belonging to the
same micro exhibit peculiar characteristics that
make edaphoclimatic the ecosystem respond
differently to the process of desertification.

2 – ÁREA DE ESTUDO

4 – RESULTADOS E DISCUSSÕES

The result obtained for São Domingos do Cariri shows that

Figura 1 – Espacialidade das
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The municipalities
Tigre and São Domingos
situated in the micro
State, located on the
the plateau Borborema

The climatic characteristics, associated with forms of land use
that have been ongoing for centuries in Cariri, have led to the
existence of sources of degradation that spread throughout the
region. Being more evident in this process Cariri East, where the
climatic and environmental conditions are more pronounced.

the dense vegetation occupies a relatively small area in its
north and in the southwest portion, in other locations the
vegetation has degraded to the heavily degraded in these
areas as observed in locus, the process of desertification is a
severe stage, where the vegetation is scarce and there is a
strong presence of bare soil and the predominance of species
with more xerophytic Caatinga.

5 - CONCLUSÕES FINAIS

Figura 2 – NDVI em São João do Tigre Figura 3 – NDVI em São Domingos do Cariri

Compared to São João do Tigre strongly degraded areas are
located in virtually every portion This covers a narrow strip of
the municipality. In other locations it is observed that the
vegetation is preserved ranging from the somewhat degraded,
but when compared to the NDVI in São Domingos do Cariri,
there is a prevalence of vegetation in better condition.
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ESTUDO 3 – PROCEDIMENTOS METODOLÓGICOS

RESULTADOS E DISCUSSÕES

The photo 2 it is a transition zone between a type of marsh
vegetation typical of altitude and type of vegetation typical of

- Bibliographic survey and mapping of the
study area;Therefore we sought to analyze the
density of vegetation cover through field
research and calculating the Index Normalized
Difference Vegetation (NDVI) from satellite
images LANDSAT 5/ TM sensor on the orbit
215/065 and 215/066 24-05-2010. We used the
IDRISI software version 32 to generate the
NDVI.
field work for the recognition of degraded
areas.cidades nos Cariris
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MESTRADO

of São João do
Domingos do Cariri

micro Cariri in Paraíba
the western fringe of

Borborema.

vegetation typical of altitude and type of vegetation typical of
semi-arid regions, the caatinga. The windward mountains of the
southeast trade winds provide a training plant more trees and
varied, downwind of the mountain there is a greater
homogeneity with the strong presence of mimosa
(Anadenanthera macrocarpa ).
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Figura 4 - Zona de transição em São João do 
Tigre

Figura 5 - área degradada em São João do 
Tigre

Figura 6 - Área degradada em São 
Domingos do Cariri

In both cities, the lack of use
of soil conservation practices
in the city has accelerated the
process of desertification,
especially along the stretch of
the river Paraíba, where land
use is more intense.
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 Sous l’autorité exclusive des
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 Les modalités de gestion : règles
traditionnelles secrètes.
 Protection intégrale.
 Activités tolérées : récolte de vin Activités tolérées : récolte de vin
de palme et de fruits, sur autorisation
du Roi.

, Julie ZÄHRINGER
Centre de Suivi Ecologique (CSE)

MESURES TRADITIONNELLES DE GESTION DURABLE DES MESURES TRADITIONNELLES DE GESTION DURABLE DES 
TERRES : CAS DES BOIS SACRES DANS LE SUD DU TERRES : CAS DES BOIS SACRES DANS LE SUD DU SENEGALSENEGAL

Centre de Suivi Ecologique (CSE)

Fonction principalement socioculturelle et
religieuse : lieux de prières et cimetières.religieuse : lieux de prières et cimetières.

Abritent les fétiches utilisés pour les rites
initiatiques durant lesquels les connaissances

transmises aux initiés.
Demeure des Rois, lieu de circoncision,Demeure des Rois, lieu de circoncision,

maternité des épouses des Rois.
Demeures de divinités auxquelles les

populations vouent respect et crainte  peu
dégradation des ressources naturelles
érémonies de libation organisées pour laérémonies de libation organisées pour la

protection mystique de la société.

 Véritables réserves 
écologiques
 Participent au 
maintien de la 
stabilité du milieu 
naturel
 Le rétrécissement Le rétrécissement 
des massifs forestiers 
une rupture de la 
continuité de l’habitat



ÁREAS SUSCEPTÍVEIS À DESERTIFICAÇÃOÁREAS SUSCEPTÍVEIS À DESERTIFICAÇÃO
NO ESTADO DO MARANHÃO

* Instituto Maranhense de Meio Ambiente e Recursos Hídricos - IMARH
Rua Inácio Xavier de Carvalho, 677 Sala 03, São Francisco, CEP: 65.076.360 São Luís – MA, Brasil.     

** Universidade Estadual do Maranhão - UEMA, Núcleo Geoambiental (NUGEO), 
Cidade Universitária Paulo VI, Caixa Postal 09, CEP 65.054-970, São Luis-MA, Brasil.

José Amaro Nogueira 1*; Elienê Pontes de Araújo 2**; Jucivan Ribeiro Lopes 3**; Denílson da Silva Bezerra 4*

Introdução Resultados e Discussões

imarh2003@yahoo.com.br - janogueiras@yahoo.com.br - denilson_ca@yahoo.com.br
Cidade Universitária Paulo VI, Caixa Postal 09, CEP 65.054-970, São Luis-MA, Brasil.

elienepontes@yahoo.com.br - jucivan@yahoo.com 

À desertificação e a seca são fenômenos que afetam uma vasta região do território nacional, causando
impactos diretos e indiretos sobre uma população de aproximadamente de 36 milhões de pessoas na região

Introdução Resultados e Discussões

O Estado do Maranhão apresenta uma marcante característica climática, constituída em um padrão
transicional entre o clima úmido da Amazônia e o semiárido brasileiro. Além disso, existe uma distribuiçãoimpactos diretos e indiretos sobre uma população de aproximadamente de 36 milhões de pessoas na região

semiárida do Brasil. Os impactos ambientais, econômicos e sociais do avanço dos processos de desertificação
são de grande magnitude para a economia brasileira e, em especial, para a economia do Nordeste.

transicional entre o clima úmido da Amazônia e o semiárido brasileiro. Além disso, existe uma distribuição
pluviométrica irregular no Estado em termos sazonais, pois o mesmo possui aproximadamente seis meses de
chuvas e igual período de estiagem, sendo que neste há nítido contraste com relação à distribuição espacial
dos dados pluviométricos observados no período chuvoso

A desertificação “Significa a degradação da terra nas zonas áridas, semiáridas e subúmidas secas, resultado
de vários fatores, incluindo as atividades humanas e as variações climáticas” UNCCD. Enquanto a Seca “É um
fenômeno de ocorrência natural que existe quando a precipitação está significativamente abaixo dos níveis
médios registrados, causando agudo desequilíbrio hídrico, que prejudica os recursos dos sistemas de

Outra peculiaridade local, que convém mencionar, é quanto à natureza híbrida do clima maranhense de
características climático-sazonais, aliada à proximidade da linha do equador que propicia a essa região, um
período maior de exposição solar, contribuindo de forma acentuada para a perda da água para a atmosferamédios registrados, causando agudo desequilíbrio hídrico, que prejudica os recursos dos sistemas de

produção da terra.” UNCCD

No Maranhão as Áreas Susceptíveis à Desertificação – ASD abrange uma área de 132.759,4 km2, distribuídos
em 63 municípios, sendo 08 Semiárido (36.315,6 km2 / 180.481 hab.), 12 Subúmido Seco (31.172,7 km2 /

período maior de exposição solar, contribuindo de forma acentuada para a perda da água para a atmosfera
através do processo de evapotranspiração (ELOI, 2007). Desta forma, admite-se a existência de alguns perfis
de semiaridez no território maranhense idênticos aos observados no Piauí (Estado vizinho do Maranhão).

Concluída as primeiras análises para a elaboração do mapa espacializado do índice de aridez do Estado doem 63 municípios, sendo 08 Semiárido (36.315,6 km2 / 180.481 hab.), 12 Subúmido Seco (31.172,7 km2 /
173.464 hab.) e 43 na Áreas de Entorno (65.271,1 km2/1.246.866 hab.) de bioma cerrado na Amazônia Legal.

Os estudos do Programa de Ação Estadual de Combate à Desertificação e Mitigação dos Efeitos da Seca no

Concluída as primeiras análises para a elaboração do mapa espacializado do índice de aridez do Estado do
Maranhão (Figura 2), constatou-se quatro (4) regiões distintas:

1 - Região de Clima Semiárido: Partindo-se do princípio que a UNCCD determina que para uma região ser
considerada de clima semiárido, precisa ter índice de aridez (Ia) maior que 0,20 e menor que 0,50. Os

Os estudos do Programa de Ação Estadual de Combate à Desertificação e Mitigação dos Efeitos da Seca no
Estado do Maranhão - PAE-MA foram desenvolvidos numa área de 142.657,9 km2, considerando 17 regionais
de planejamento de 85 municípios convidados para participar das cinco oficinas (audiências públicas)
realizadas com a participação de 200 representantes de instituições governamentais (Secretarias de Estado,
universidades e autarquias) e da iniciativa privada, ambos custeando suas despesas, enquanto as

considerada de clima semiárido, precisa ter índice de aridez (Ia) maior que 0,20 e menor que 0,50. Os
municípios de Barra do Corda , Grajaú e Loreto se enquadraram nesse parâmetro. Alem destes, também
integram a região semiárida os municípios de Benedito Leite, Fernando Falcão, Mirador, São Domingos do
Azeitão e São Felix de Balsas inseridos pela importância da contiguidade e integridade territorial (Figura 3).universidades e autarquias) e da iniciativa privada, ambos custeando suas despesas, enquanto as

comunidades de base e as organizações da sociedade civil tiveram suas despesas de alimentação, transporte
e hospedagem custeados pelo projeto.

Azeitão e São Felix de Balsas inseridos pela importância da contiguidade e integridade territorial (Figura 3).

2 - Região de Clima Subúmido Seco: Na sequência do índice de aridez, a faixa determinada pela UNCCD,
estabelece índices entre 0,50 a 0,65; nos quais 12 municípios do Estado do Maranhão se enquadraram:
Carolina, Nova Iorque e São Raimundo das Mangabeiras. Integram também pelo método de contiguidade e

Região de Estudo

Carolina, Nova Iorque e São Raimundo das Mangabeiras. Integram também pelo método de contiguidade e
integridade territorial: Fortaleza dos Nogueiras, Jenipapo dos Vieiras, Nova Colinas, Pastos Bons, Riachão,
Sambaíba, São Raimundo do Doca Bezerra, Sucupira do Norte e Tuntum (Figura 3).

3 - Região de Clima Subúmido Úmido : A faixa determinada pela UNCCD, estabelece índices entre 0,66 a

O Estado do Maranhão está localizado na região Nordeste do Brasil, abrangendo uma superfície de
331.983,29 km2 (IBGE, 2002), sendo considerado o oitavo maior do Brasil e o segundo do Nordeste, em
extensão territorial. Ao norte, limita-se com o Oceano Atlântico (639,5 km); ao sul e sudoeste com o Estado

3 - Região de Clima Subúmido Úmido : A faixa determinada pela UNCCD, estabelece índices entre 0,66 a
1,0. no Estado do Maranhão a faixa varia de 0,67 a 0,96.

4 - Região de Clima Úmido : O índice de aridez determinado pela UNCCD, estabelece índices acima de 1,0. Aextensão territorial. Ao norte, limita-se com o Oceano Atlântico (639,5 km); ao sul e sudoeste com o Estado
do Tocantins (1.060 km); a oeste, limita-se com o Estado do Pará (798 km) e leste e sudeste com o Piauí
(1.365 km). Figura 1

No Maranhão encontra-se uma vasta biodiversidade decorrente da presença de um grande conjunto de

4 - Região de Clima Úmido : O índice de aridez determinado pela UNCCD, estabelece índices acima de 1,0. A
ocorrência deste índice no Estado do Maranhão varia de 1,0 a 2,11.

Para a área de entorno (Figura 3) foram considerados os argumentos de semiaridez no Maranhão de acordo
com estudos realizados por LEMOS (2007), que aborda a vulnerabilidade e o processo de semiaridez eNo Maranhão encontra-se uma vasta biodiversidade decorrente da presença de um grande conjunto de

biomas, onde se destacam: o Cerrado, a Floresta Amazônica, a Floresta de Babaçu, as regiões de Campos
Inundáveis e as áreas de Mangue (MOURA, 2004).

com estudos realizados por LEMOS (2007), que aborda a vulnerabilidade e o processo de semiaridez e
desertificação no contexto socioeconômico municipal. Os municípios da área de entorno são: Afonso Cunha,
Água Doce do Maranhão*, Aldeias Altas, Anapurus*, Araioses*, Barão de Grajaú*, Barreirinhas*, Belágua*,
Brejo, Buriti*, Buriti Bravo, Caxias, Chapadinha*, Codó, Coelho Neto, Duque Bacelar, Humberto de Campos,
Lagoa do Mato, Magalhães de Almeida*, Mata Roma*, Matões, Milagres do Maranhão*, Morros*, NinaAs características climáticas conferem ao Maranhão um clima quente úmido no oeste; quente semi-úmido no

norte e sul; na região central, leste e oeste o clima apresenta-se quente, semiárido e subumido seco. A
tipografia local possibilita uma temperatura média anual de 30°C, com a mínima de 20,3°C e a máxima até
40,0°C.

Lagoa do Mato, Magalhães de Almeida*, Mata Roma*, Matões, Milagres do Maranhão*, Morros*, Nina
Rodrigues, Paraibano, Parnarama*, Passagem Franca, Paulino Neves, Primeira Cruz*, Santa Quitéria do
Maranhão*, Santana do Maranhão*, Santo Amaro do Maranhão*, São Benedito do Rio Preto*, São Bernardo*,
São Francisco do Maranhão*, São João do Sóter, São João dos Patos, Sucupira do Riachão, Timbiras,40,0°C.

Os dados socioeconômicos mostram um Estado com uma população relativamente jovem, com baixo nível
de escolaridade, com uma taxa de analfabetismo de 22,79% (Censo PNAD, 2006), maior que o Nordeste
(18%). O desempenho da saúde é baixo, com insuficiência na rede de atendimento, apresentando uma taxa

São Francisco do Maranhão*, São João do Sóter, São João dos Patos, Sucupira do Riachão, Timbiras,
Timon*, Tutóia*, Urbano Santos* e Vargem Grande.
(*) Municípios já inseridos no PAN Brasil.

(18%). O desempenho da saúde é baixo, com insuficiência na rede de atendimento, apresentando uma taxa
de mortalidade, segundo o IBGE, de 6,7% e o saneamento básico é um setor crítico.

(a)

Brasil

Estado do Maranhão (b)

Figura 1 : (a) Brasil; (b) Estado do Maranhão
Figura 2: Mapa do Índice de Aridez Figura 3 : Mapa das Áreas Susceptíveis à Desertificação
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Environmental Management 

Strategy for Desertification in 
Africa 

Introduction 
The process of desertification begins when soil and land degrade in 
arid, semi-arid and dry sub-humid areas (UNEP, 1990). This 
phenomenon is one of the major challenges undermining the progress 
for sustainable development in Africa (UNEP, 2008).  Desertification is 
becoming the greatest environmental challenge of our times due to the 
impact of climate change (UN, 2004). Global warming is a contributing 
factor to the process of desertification due to the earth’s temperature 
which is expected  to increase by 3C(5.4F) in the next 100years (UNEP, 
1991). Productive capacity of fertile land is lost during the process of 
land degradation. Environmental management strategy is crucial 
because the process of desertification involves salinization, sodication, 
wind and water erosion (Lederbogen, 1990). However, farming methods 
such as mono-cropping and over grazing are human-induced factor that 
contributes to land degradation. Mitigation of desertification requires soil 
conservation and land management techniques, water conservation  
and planned irrigation as well as reforestation. Environmental 
management system involves environmental policy, environmental 
legislation and environmental monitoring. Satellite remote sensing is a 
major environmental monitoring strategy for managing desertification in 
Africa. This technology is capable of collecting several hundred spectral 
bands in a single acquisition (Govender et al., 2007). It also reveals 
significant and comprehensive information of the environment 
(ChevronTexaco, 2002). Sustainable development is one of the major 
goal of environmental management (UNEP, 1982). Management of 
ecologically diverse and sensitive environment requires monitoring 
techniques that are detailed and reproducible (Evans et al. 2002). 
Nevertheless, the proposed creation of the Great Green wall by planting 
of continuous line of trees across the continent is a major step in 
combating desertification in Africa. 
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Abstract 
Establishment of environmental monitoring system is crucial for 

environmental management. About one third of the earth’s surface is 

threatened by desertification. This phenomenon which is caused by 

degradation of arid land is one of the greatest environmental challenges of 

our times. Desertification in Africa is threatening due to the effect of land 

degradation which is a result of global climate change and some 

conditions of the soil. Sahara desert of Africa is the world’s largest and is 

expanding south at a fast rate of 48 kilometers every year. Global warming 

is a major contributing factor to desertification and is undermining the 

progress for sustainable development in Africa. Earth observation and 

environmental monitoring is crucial for achieving this development goal 

because of its effectiveness in gathering detailed information about the 

earth. Satellite remote sensing is a management option that is effective for 

collecting valuable information that is required to tackle the problem of 

desertification. This is due to its high-resolution capacity for acquiring 

images in many narrow, contiguous, spectral bands. However, 

identification of the best management option is critical due to the trend of 

land degradation in Africa. Because of sustainability, environmental 

monitoring system will play a significant role in the Green Belt reforestation 

program for Africa. 

  

  

 

Research  Methodology 
Satellite monitoring and assessment requires sensors on board  the 

satellite.  The sensors are equipment that  gathers and acquires  data 

about the earth  from  space. Radiations of light  are measured and 

recorded by the sensor on board the satellite which is ultimately depicted 

as imageries. These sensors captures images that are represented in 

rows and columns , The data gathered are subjected to correction, image 

classification and image processing. They are later  refined for analysis 

and interpretation with GIS software's. 

Conclusion 
Environmental monitoring and assessment is the basis for  environmental  management. 

The strategy and methodology for mapping and assessing desertification is very crucial  

for sustainable development. It is therefore important  to establish a systematic and 

quantitative assessment of the environment using satellite remote sensing in order to 

mitigate the impact of land  degradation in Africa. 
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INTRODUCTION

The state of Ceará has over 90% of its territory 

included land on the perimeter of the semi-arid 

region. It has natural features that highlight 

environmental degradation, along with human 

activities and soils susceptible to degradation.

Environmental degradation causes imbalances, 

loss of productive capacity of ecosystems, 

salinization and soil erosion, siltation of 

waterways and removed vegetation cover, 

among others.The degradation process, and 

desertification has consolidated the main causes 

some combination of direct agents. The local 

climate, anthropogenic activities, soil types. This 

is on the assumption that the association of 

fragile soils acts to their susceptibility to the 

process of desertification of areas already 

weakened by other agents.

CONCLUSIONS

Therefore, it is understood that the identified location 
and causes environmental degradation, as well as the 
regions most likely, it is suggested that addition of 
preparing management plan that includes recovery of 
components geoenvironmental, contemplates also the 
"social components" to improve the quality of life that 
inhabits these areas prone to environmental 
degradation

OBJECTIVES

The research aims to analyze the process of 

degradation / desertification in semi-arid region of 

Ceará; identify soils fragile and susceptible to 

degradation semiarid Ceará compared with 

thematic maps of soil types and areas already 

degraded or prone to degradation. Thus pointing 

ratio of soil types and susceptibility to 

degradation / desertification.

METHOD

The research aims to theoretically and 

methodologically The line used is based on a 

holistic view, emphasizing the synthetic 

approach and multicomposition, understood 

through Geoenvironmental Integrated Analysis 

(Souza, 2000; Souza and Oliveira, 2003).

The research was carried out by analyzing 

database and maps of the body responsible for 

monitoring managers.

Through this database, and collections of maps 

from the Institute for Research and Economic 

Strategy of Ceará (IPECE) were prepared 

thematic maps.

Information from thematic maps of soil types and 

location maps of degraded areas were compared 

in order to verify the possible relationship of their 

geographical location.

RESULTS

The fragility of the soils of Ceará, misuse and allied 

occupation constant droughts and irregular rainy 

seasons, leads to problems of environmental 

deterioration. After analyzing maps of geographical 

positioning of degraded and desertified, it was found that 

the same geographical location coincide soil Neosols

Litholic the eutrophic and dystrophic. Showing that these 

soil types in Ceará are the most likely to degrade, along 

with aspects of the use and occupation as well as 

disorderly difficult to reverse the process.

Figure 1 Map of the State of Ceará, with the 
respective soils encountered. source: IPECE.

Figure 2. Map of degraded areas, susceptible to 
desertification process, Source: IPECE.

The ratio of soil types and degraded / desertified as proposed for 

identifying the susceptibility of these areas.
OLIVEIRA, Paulo Roberto Abreu – Universidade Estadual do Ceará – UECE.

SILVA, Graziela Gonçalves Sousa - Universidade Estadual do Ceará – UECE. 

When looking at the geographical positioning of degraded 

areas and desertified in mapa 01, it appears that coincide 

with the gray areas on the map 02, where there are two 

types of Neosols Litholic, Neossolo litholic Eutrophic and 

dystrophic.

The results suggest that this type of soil in Ceará is more 

prone to degradation, coupled to aspects of use and 

occupancy disordered, the

degradation and its difficult to reverse the process.
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1.  Introduction 

5. Conclusions 
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4. Results 

2. Study Area 

The project has impacted positively on the lives of the beneficiaries and the communities at large. Because of 

substantial increment in household income, the respondents claim they now feed better and fall less sick.  

Also, encroachment on the YGR has been greatly reduced especially in the areas of  hunting, tree felling for 

commercial charcoal making, and other resources obtained from the reserve.  

In addition, the respondents now appreciate the role of the reserve in moderating the weather and many of them are 

now willing to plant trees in their premises. A major lesson in this for policy purposes is the participatory nature of 

the project which led to the massive support by the communities and willingness to adopt new ideas for 

development.  

Abstract  

This study examines the relationship between climate change, ecosystems and human livelihood activities using the Global Environment 

Facility (GEF) project in Bauchi, Nigeria.  One of the four protected areas where GEF has concentrated its resources in the last few years is 

the Yankari Games Reserve (YGR). The GEF project placed significant emphasis on the sustainable management of environment as a pre-

requisite to sustainable livelihoods and development. One of the focal objectives of GEF in YGR is to create alternative means of income 

generating activities for people living in the support zone communities so as to increase household income and reduce their pressure on 

the protected area.  The Sustainable Livelihood Framework approach was adopted in the study. Primary data was collected using a 

structured questionnaire administered to two hundred households in four selected communities bordering the reserve. Findings revealed 

that the project has impacted on the quality of life of the beneficiaries as indicated by 86 per cent of the respondents while another 87 per 

cent also showed that they were less poor than before the implementation of the project. In terms of contribution to biodiversity 

management, 97 per cent of the beneficiaries agreed that the project has contributed to prevention of encroachment on the protected 

areas. Empowerment of members of the communities has greatly contributed to the protection of the environment and local adaptation 

practices. 

Nigeria is endowed with a rich diversity of natural resources including plants and animals. Most of these plant 

and animal species are located in the protected areas networks which constitute about 4.8 per cent of the 

country’s total land area of 923,000 square kilometers.  

 

The biggest threat to the conservation of these biological resources, and which has been the main cause of 

decimation of diversity, has been identified as poverty. About 70 per cent of the population can be classified as 

poor and they mostly reside in the rural areas in close proximity to these protected areas (Ogunlela and 

Ogungbile, 2006; Okojie, 2001).  

 

To address this and other related problems, the Federal Government of Nigeria initiated a World Bank assisted 

Local Empowerment and Environmental Management Project (LEEMP) as an institutional mechanism for 

transferring investment resources to communities in order for them to finance their own development priority. 

The project placed significant emphasis on the sustainable management of environment as a pre-requisite to 

sustainable livelihoods and development.  

 

One of the four protected areas where Global Environment Facility (GEF) has concentrated its resources in the 

last few years is the Yankari Games Reserve (YGR) in Bauchi. One of the focal objectives of GEF in YGR is to 

create alternative means of income generating activities for people living in the support zone communities so as 

to reduce their pressure on the protected area. This is refers to as sustainable livelihoods which represent one 

of the five major sub-components of GEF intervention in the area.  

 

The study, therefore, assesses the impacts of the GEF project on household income and food consumption and 

biodiversity management among the beneficiaries in the support zone communities. This is necessary in order 

to draw lessons of experience for improved natural resources management in the country.  

3. Methodology 

Recommendations 
Potential focus of other interventions should be on enhancing the resilience of these communities through disaster 

risk reduction and capacity building approaches. This could enable a level of preparedness and possibly achieve a 

more appropriate and sound entitlement to livelihood. 

Ogunlela, V. and Ogungbile, A. O. (2006) Alleviating Rural Poverty in Nigeria: A Challenge for the 

National Agricultural Research System. Proceedings of the International Conference on 

“Prosperity and Poverty in a Globalised World— Challenges for Agricultural Research” 

Tropentag, October 11-13, Bonn. 

Okojie C. (2001) Determinants of poverty and effective planning and implementation of poverty 

alleviation programmes (Paper presented at the NISER/WBI Development Symposium, 

Abuja, May 8) 

Shocks that increase the vulnerability of households in the area 

 

They are basically long term, short term and rapid onset events. These include drought, flooding, 

and hunger. Also they include prevalence of malaria, cholera and other diseases.  

 

Statistics obtained from the analysis revealed that the socio-economic profile of the respondents, 

which depicts the general trends in the communities, is very low.  

 

This is in terms of low level of education, income and access to basic services including water and 

health. 

 Plate 4: Animal fattening by a 

Kungibar woman 

Plate 3: Extracting oil from 

groundnut paste 

YGR is located in Bauchi, Bauchi State, one of the six States that 

make up the Northeast geo-political zone in Nigeria. The State lies 

between 9.3o’ and 12.3o’ North of the Equator and 8.5o’ and 11o’ 

East of the Greenwich Meridian.  

 
Three major districts-Gwana, Fali and Duguri surround the YGR. 

These districts, including Yankari, are located in Alkaleri Local 

Government Area with a projected population  of 208, 202 people 

occupying a total land area of 7, 458 square km. YGR with an area of 

2, 244 square km occupies 31 per cent of the land area of Alkaleri 

LGA.  

 

Temperatures are generally high in the state. Mean daily 

maximum temperatures range from 29.2°C in July and August to 

37.6°C in March and April. The mean daily minimum ranges from 

about 11.7°C in December and January to about 24.7°C in April 

and May.  

 

The rainy season months are May to September, when humidity 

ranges from about 37 per cent to 68 per cent. Rainfall volume 

ranges from 0.0mm in December and January, to about 343mm in 

July.  

 

The sustainable livelihood programme of GEF took off in 10 communities across the North, South, east 

and West of YGR. The distribution of these communities shows that 3 were selected from the North, 2 from 

the South, 4 from the East and the remaining one from the west of YGR.  

 

The Beneficiary Assessment (BA) method was used in conducting this study. It is an assessment and 

monitoring tool that incorporate direct consultation of those affected by or influenced by projects, 

programmes and policies.  

 

The beneficiary questionnaires elicited the opinion of the beneficiaries on the benefits they derive from the 

GEF projects both at the individual level and at the community level. The questionnaire also probe 

extensively into the awareness of project implementation processes and issues of participation and 

funding.  

 

A total of four communities were selected for this study and from each community a sample of 50 

beneficiaries were interviewed making a total of 200 respondents. The selection of the communities is 

based on their nearness to YGR (Table 1).  

Location 

to YGR 

Communities Selected 

communities 

No of Respondents 

North Gale Duguri, Mainamaji, Pali Gale Duguri 50 

South Bogwas, Gale Sanji Bogwas 50 

East Jada, Mai ari, Walakero, Yalo Jada 50 

West Yelwa Duguri Yelwa Duguri 50 

Total 200 

Figure 1: Map of Bauchi State showing Yankari Games Reserve  

The Process 

The processes leading to the articulation of community micro-projects involve the 

communities themselves driving the Sustainable livelihoods (SL) project. The Multi 

sectoral Implementation Teams (MITs) facilitate the articulation and implementation of 

community identified micro-projects.  

 

SL also seeks to most importantly improve community members’ awareness on the 

benefits of Protected Areas and Biodiversity conservation.  

 

The component is also stimulating local initiatives and motivating communities, through 

the Community Project Management Committees (CPMCs), to take charge of their own 

development agenda. 

Dimensions of Impacts Percentage of 

respondents 

Improvement in quality of 

lives 

86.3 

Prevention of encroachment 

of protected areas 

97.2 

Less poor 87.6 

Trees in protected areas 

good for weather moderation 

73.4 

Sustainable Livelihoods projects in the 

communities 

 

GEF intervention included giving out money to 

both men and women groups for different kinds 

of live sustaining projects like animal fattening, 

fishery, groundnut processing, petty trading, 

animal raring, provision of sewing machines and 

grinding machine for women. 

 

This in addition to such community development 

projects as construction of erosion control 

embankment, drilling of some Hand pumps, 

rehabilitation of wells, etc. 

 Plate 1: Sparse vegetation depicting desert 

encroachment in the extreme north of Nigeria 

Table 2: Dimension of impacts of 

the SL projects in the 

communities 
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Objetives and Metodology 
 

The aim of this paper is to propose a reflection about the main perspectives and implications 

which permeate and are linked to the damming system in the potiguar Seridó through the years. 

Diverse research of field and an ample bibliographical survey on this object of study was done. 
 

Results 
 

In this sense, we observed countless transformations deriving from the construction of dams in 

this region of the state of Rio Grande do Norte, resulting in different roughness over the 

geographic space and other new forms, structures and processes. The human and animal supply, 

the development of aquaculture, sport activities and leisure, research, and agriculture are some 

of the examples and context on these systems. 

 

 

 

 

 
 

Conclusion 
 

We highlight the relevance of interdisciplinary amongst the politics of management and 

planning for the use of water resources together with issues of use and subdivision of ground, 

implementation of these systems in the potiguar Seridó and, consequently, in part of the region 

of Brazilian semi-arid. 
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RESUMEN  

El objetivo de este trabajo fue realizar un diagnóstico expeditivo de cuál es la superficie y en qué 

grado la erosión eólica afectó a los suelos destinados a la agricultura y ganadería.  

Se utilizó tecnología de percepción remota con información que provee el satélite Terra que incluye el 

sensor MODIS (Moderate - Resolution Imaging Spectroradiometer) y que proporciona imágenes de la 

superficie terrestre cada 1 a 2 días. Con estas imágenes de alta sensibilidad radio-métrica en 36 bandas 

espectrales y una resolución espacial de 250m, se obtienen diferentes productos, entre ellos: el Índice 

de Vegetación Mejorado (EVI), que es producido con el máximo valor de radiancia de un píxel en un 

período de 16 días, reduciendo de esta manera el ruido atmosférico. El estudio multitemporal cubrió el 

periodo desde julio 2007 a julio 2009 y se analizaron 47 imágenes del producto EVI, de ellas se 

obtuvieron las curvas fenológicas de la cobertura de los suelos. Para esta evaluación se planteó la 

hipótesis que una superficie sin cubierta vegetal expuesta a vientos cierta cantidad de tiempo y a las 

condiciones climáticas de sequía, sería más susceptible a la pérdida de suelo. Para corroborar los datos 

de la clasificación se realizaron transectas, tomando 156 puntos con GPS para georeferenciar los sitios 

en que se encontraron lotes con distintos grados de erosión eólica. La superficie del partido es de 

1.360.717 ha de las cuales se estimó que hay un total de 393.511 ha de suelos erosionados: 47.337 ha 

leve a moderada, 219.204 ha moderado a grave y 126.970 ha grave a severo.  

 

PALABRAS CLAVE: EROSIÓN EÓLICA,  TERRA – MODIS,  PATAGONES 

 

ABSTRAC 

The objective of this study was to make an expeditious diagnosis to determine the area and the degree 

of wind erosion that affecting soils for agriculture and livestock in district of Patagones, Buenos Aires 

province. The advance of agricultural frontier on the original vegetation and later inadequate soil 

management practices like overgrazing and cultivation, together with a period of intense drought, 

caused wind erosion process that will lead to desertification process in the area. It was hypothesized 

that an area without vegetation exposed to winds and dry weather during a certain amount of time 

would be more affected by wind erosion process. We used information provided by the Terra MODIS 

sensor (Moderate - Resolution Imaging Spectroradiometer). With these images we obtained an 

Enhanced Vegetation Index (EVI) with a temporal resolution of 16 days. The multitemporal study 

covered a period from July 2007 to July 2009 and was analyze 47 images EVI MODIS, of which 

phonological curves obtained from the soil cover. We realized an unsupervised classification 

ISODATA to the images. Visual techniques were applied to determine which firms were the lowest 

value of biomass and the elapsed time, considering serious as those that exceeded 7 months without 

vegetation, moderate between 7 and 4 months and mild less than 4 months or those with incipient 

vegetation. To verify the data of the classification we made transects with 156 points with GPS to 

georeference sites in which it was found sites with different degrees of wind erosion. The area studied 

was 1.360.717 ha, of which it was estimated a total of 393.511 ha of eroded soils: 47.337 ha from mild 

to moderate, 219.204 ha from moderate to severe and 126.970 from severe to very serious. 

 

Keywords: wind erosion, Terra – MODIS, Patagones 
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INTRODUCCIÓN 

La presión ejercida por la agricultura y la ganadería en la búsqueda de una alta rentabilidad 
a plazos cortos, impulsa a una actividad de elevado impacto en suelos no aptos para una 
generación de altos niveles de producción (Viglizzo y Jobbágy. 2010). Para suplir esta 
limitante se buscó ampliar la superficie cultivada. El avance de la frontera agrícola en el 
partido de Patagones es bien evidente sobre el monte nativo, donde el desmonte entre 1975 
y el 2009, es decir 34 años de actividad extractiva, fue de 432.280 ha (Pezzola y Winschel. 
2011). Con estos valores, actualmente en el partido sólo queda el 31% de la superficie 
cubierta con monte xerófito. Este avance sobre la vegetación originaria y el posterior mal 
manejo de los suelos, casi siempre sin cobertura vegetal por el excesivo pastoreo y laboreo 
(Agamennoni. 2004), acompañado con un período de cinco años de sequía intensa, provocó 

un proceso de erosión que se encaminará hacia una desertificación  (Naveh. y Lieberman. 
2002). Como consecuencia de esta, se produce una migración de la población rural estable 

originando cambios en el uso de los suelos (Adamoli, M. et al, 2000).  
Otra problemática es el alto costo directo que debe asumir el Estado Nacional, provincial y 
municipal ante un estado de Emergencia como son los: Sociales, Productivos  e Impositivos. 
Sin dejar de lado los costos indirectos como la perdida de biodiversidad, servicios 
ecosistémicos, Salud publica, migración de campesinos.  
 

 

MATERIALES Y MÉTODOS 

Este trabajo tiene como objetivo principal realizar un diagnóstico expeditivo para determinar 
la superficie y el grado de erosión eólica que afectan a los suelos destinados a la agricultura 
y ganadería en el sur de la provincia de Buenos Aires. Es importante reconocer que la 
mayoría de los procesos de erosión se desarrollan cuando el suelo pierde la protección de la 
cobertura vegetal. Fryrear y Bilbro (1994) mencionan que la mejor protección del suelo es 
cubrirlo con residuos.  
 
Para esta evaluación se planteó la hipótesis que una superficie sin cubierta vegetal expuesta 
durante cierta cantidad de tiempo a vientos y a las condiciones climáticas de sequía 
(Pezzola y Winschel., 2009b), sería más afectada por la pérdida de suelo, caída de la 
fertilidad, de la capacidad de infiltración; como así el impacto fuera del predio con la 
depositación de sedimentos en cursos de agua y partículas menores elevadas a la 
atmósfera (Viglizzo. y Jobbágy. 2010) 
 
Por otro lado, la tecnología de percepción remota con información que provee el satélite 
Terra que incluye el sensor MODIS (Moderate - Resolution Imaging Spectroradiometer), 
proporciona imágenes de la superficie terrestre cada 1 a 2 días. Estas imágenes contienen 
información de alta sensibilidad radiométrica en 36 bandas espectrales, con las que se 
realizan diferentes productos, entre ellos el Índice de Vegetación Mejorado (EVI), que es 
obtenido con el máximo valor de radiancia de un píxel en un período de 16 días, evitando 

mailto:apezzola@correo.inta.gov.ar
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así, el ruido por la presencia de nubosidad. Estos píxeles son procesados para obtener el 
EVI aplicando la siguiente formula: 
 

bluerednir

rednir

ccL
EVI





**
*2

21 


     (Huete et al, 1994) 

 
Donde ρ es la reflectancia en la banda del infrarrojo cercano (nir), del rojo (red) y del azul 
(blue); L es el término de ajuste de retorno del canopeo y c1 y c2 son coeficientes de 
corrección para el canal azul y rojo, respectivamente.  
 
Se utilizó el producto MOD13 con una resolución espacial de 250 m cada 16 días. El estudio 
multitemporal cubrió el periodo julio 2007 a julio 2009 y se analizaron 47 imágenes del 
producto EVI. Se realizó una máscara al monte nativo para que no sea incorporado al 
proceso de clasificación, considerando para esta ocasión que el monte no tiene procesos de 
erosión eólica, pero si se evidenció graves procesos de degradación de la estepa graminosa 
(Winschel. y Pezzola. 2009a) por el excesivo sobrepastoreo, debido a la gran carga animal 
(Cecchi.; et al, 2006). Además a esta máscara se le incorporó el valle irrigado de  205.459 
ha, que por razones de manejo y la utilización de agua para riego, estos suelos no se 
consideraron en la evaluación.  
 
Se tomaron dos parámetros para realizar la cuantificación de la superficie erosionada y su 
grado: el tiempo y las firmas espectrales. Se realizó una clasificación no supervisada 
ISODATA a la imagen y se obtuvieron 60 firmas de las distintas cubiertas vegetales 
(Pascale. y Damario. 2004) y suelos desnudos. Se aplicaron técnicas visuales para 
determinar cuales eran las firmas que menor valor de biomasa tenían y el tiempo 
transcurrido, considerando como grave aquellas que superaron los 7 meses sin vegetación, 
moderada entre 7 y 4 meses sin vegetación y leve menos de 4 meses o con vegetación 
incipiente.  
 
Para corroborar los datos de la clasificación se realizaron transectas por rutas y caminos 
vecinales, tomando 156 puntos con GPS para geo-referenciar los sitios con distintos grados 
de erosión eólica. Para este análisis se contó además con los registros históricos de 
precipitación de varios puntos de la zona y principalmente de la línea de ferrocarril y 
registros más actuales extraídos de la red de pluviómetros colocados por la Red de 
Información Agroeconómica Nacional (RIAN). Esto constituyó un aporte invalorable para 
entender los pulsos secos y húmedos (Pezzola. y Varela, 2009).  
 
Este trabajo se realizó en el marco de proyectos nacionales y regionales correspondientes al 

INTA, entre estos: RIAN, Monitoreo y control de la erosión eólica en la República Argentina y  

Proyecto Evaluación y Promoción de la Sustentabilidad en Agroecosistemas de Buenos Sur. 

 

 

RESULTADOS Y DISCUSIÓN 

En términos productivos, los rindes de grano y la producción de forrajes se asocian a las 
precipitaciones de esta zona marginal. En el 2004 fue la última cosecha normal de trigo 
(1000-1200kg) para la zona. Entre 2005-2009 las precipitaciones disminuyeron al 50% del 
promedio anual y se produjeron muy bajos rindes a nulos, con una drástica reducción de la 
cubierta vegetal, agravando el proceso de erosión.  
 
En las tablas 1 y 2 se detalla la información para una mayor comprensión  de la superficie en 
estudio y los distintos grados de erosión y la cuantificación de los mismos. 
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Tabla 1. Superficies de área de estudio 

Superficies (ha) 
Partido Área mixta de secano, 

desmontada 
Suelos erosionados 

1.360.717 683.463  393.511 

 
Tabla 2.  Grado de erosión de los suelos y superficie afectada 

Grado de erosión Superficie afectada 
(ha) 

(%) sobre total 
de suelos 

erosionados 

(%) sobre área 
desmontada 

G1 – Leve a Moderado : 47.337 ha 12 6.9 
G2 - Moderado a Grave: 219.204 ha 56 32.1 
G3 – Grave a Severo    : 126.970 ha 32 18.6 

 
En la tabla 2 se determinó el grado de erosión de los suelos, resultando un 32% con erosión 
grave, 56% moderada y 12% leve en el total de la superficie erosionada y un 18.6%, 32.1% 
y 6.9% en el total de la superficie desmontada.  En el 75% de los casos observados a 
campo se obtuvo coincidencia con la clasificación, realizada mediante la metodología 
propuesta en este trabajo utilizando el índice EVI (figura Nro.1).  
 
De la observación visual in situ, se pudo constatar que los principales vectores para la 
acción de la erosión bioclimática son: el avance de la frontera agrícola, la explotación 
forestal (extracción de leña), el manejo inadecuado de los sistemas productivos mixtos 
(agricultura y ganadería) de zonas semiáridas por sobrelaboreo y sobrepastoreo y, por 
consiguiente, una drástica reducción de la cobertura vegetal del suelo.  
 

Esta región semiárida es de gran fragilidad y lento pero inexorable avance de la frontera 
agrícola. La declaración de Estado de Desastre Agropecuario  motoriza grandes flujos de 
dinero como paliativos a esta contingencia cíclica. La Nación, Provincia y Municipios, en 
forma no siempre coordinada, realiza aportes a través de subsidios en forma de la no 
cobranza de impuestos al productor, el aporte de elementos para la realización de cultivos 
(semilla, combustibles, maquinaria) o adopciones tecnológicas para su subsistencia. El 
Estado dejaría de percibir durante la situación de Emergencia todo lo concerniente a la 
recaudación impositiva, en forma directa,  pero la desertificación va más allá de esa directriz. 
Los costos indirectos ambiéntales, Sociales y sobre todo el tiempo de resiliencia. (cuadro I) 
 
Cuadro I 

COSTOS DE INTERVENCIÓN DEL ESTADO SOBRE LA DESERTIFICACION 

Nación                                Provincia                                       Municipio 

Indicadores Costos 

 Directos e Indirectos 

 No cobro de Impuestos 

Impositivo Subsidios  

 Condenación de Deudas 

 Postergación de pagos bancarios 

  

  

Productivos Perdida de producción 

 Adopción de Tecnologías 

  

Social Migración 



Pezzola A.; Winschel C.; Agamennoni R.; Enrique 
 
M. & Giorgetti H. 

EROSIÓN BIOCLIMÁTICA EN AMBIENTES SEMIÁRIDOS: CASO PARTIDO DE PATAGONES EN EL SUR DE LA PROV. DE 
BUENOS AIRES UTILIZANDO PERCEPCIÓN REMOTA 

UNCCD 2nd Scientific Conference February 2013 Fortaleza, Brazil 

 Salud 

 Paliativos de subsistencia 

  

  

Recurso Naturales Suelo 

 Monte Nativo 

  

 

 

Gráfico 1: Red conceptual 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONES 

La utilización del producto EVI resultó de gran valor tanto por su resolución temporal como 

radiométrica. Se destaca que la génesis de la erosión de los suelos es la producida por el 

avance de la frontera agropecuaria y la fragilidad de estar en un ambiente semiárido, donde 

se encuentran grandes variaciones pluviométricas interanuales. 

Se obtuvo la superficie de cada uno de los grados de erosión para el área desmontada del 

partido de Patagones, donde en una primera estimación hubo una buena relación visual 

entre lo clasificado y lo encontrado a campo. 
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Figura 1: Mapa de distribución de los diversos grados de erosión eólica 
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RESISTANCE RHIZOBIA STRAINS WERE ISOLATED SEMIARID AT HIGH 
TEMPERATURES 
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                              INTRODUCTION 

  One of the environmental factors that most affect the 

development of living beings in tropical areas, is the temperature. The 

same effect is observed on the micro-organisms responsible for 

biological nitrogen fixation that has significantly reduced its potential, 

since it affects practically all stages of growth of rhizobia and host 

plants. In some instances, temperatures above 34 ° C can lead to the 

loss of plasmids that carry genes for symbiotic rhizobia (XAVIER et al., 

2007). 

  Knowledge of the tolerance of the strains of rhizobia to different 

stresses, and temperature, may reveal bacteria when the plasticity of 

the soil adaptability with different abiotic factor for this, as the other 

(LEITE, 2011). 

 The objective of this study was to verify the ability of isolates of 

rhizobia tolerate different temperatures. 
 

  Were submitted to test for resistance to high temperatures, 28 

isolates of Rhizobium Culture Collection of the Laboratory of 

Environmental Microbiology, Federal University of Ceará and eight 

strains patterns. They were transferred into Petri dishes in triplicate 

with YMA thereupon were kept in BOD incubator temperatures of 39, 

41, 43 and 45 ° C for eight days. After this period was observed growth 

of the same at the different temperatures and compared to the growth 

thereof at 28 ° C. Assigned to the positive (+) for isolates with growth 

close to that obtained at 28 ° C and minus sign (-) when growth is lower 

than that found in that condition. Test was similarity between the 
isolates via computer program PAST (HAMMER et al., 2001). 

GXX             

 

 There are at least nine isolates that can tolerate temperatures up 

to 45 °C, which is a key feature for isolated recommended for 

inoculants in northeastern Brazil. 

  

                   MATERIALS AND METHODS 

                              CONCLUSION 

Economic assessment of desertification, sustainable land management and resilience of arid, semi-arid 

and dry sub-humid areas 
 

Figura 01: Different strains growing  at 28 ° C 
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Figure 02: Percentage of isolates able to grow at each tested temperature. 

Figura 03: Dendrogram of similarity among isolates. Strains patterns marked in 

red, and : 29= BR 2801; 30= BR 3301; 31= BR3302; 32= BR 3267; 33= 3486; 

34= BR 3471; 35= BR 2003; 36= BR 3262. 

                    RESULTS AND DISCUSSION 

  The results showed a high survival percentage of isolates at 39 ° 

C with 88.9%. When the temperature is increased to 41, 43, 45 ° C, 

the rate decreased to values of 61.1% and 52.8% respectively 30.6%. 

  Considering only the strains patterns, survival rates were 62.5, 

50, 50 and 25% at temperatures of 39, 41, 43 and 45 ° C respectively. 

Because of the results it is assumed that strains tolerant to high 

temperatures can perform better on the field, because the soils of 

semiarid face high temperatures most of the year. 
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a heat-map for priority intervention areas in sub-Sahara Africa 

Deploying input data on climate change (IPCC SRES Scenarios, 
IPCC 2000), biomass distribution (Ruesch et al. 2008), soil 
properties (FAO et al. 2012) and land cover (JRC 2000), we 
developed a model to identify areas which will be prime targets 
to the effects of land degradation, climate change and resulting 
poverty. Data on soil and biomass have been coalesced into one 
single class. This class is used as a proxy for the capability of an 
ecosystem to provide goods and services. Reductions of available 
biomass are posing a thread to the communities that depend on 
these ecosystem goods and services for their livelihood and fuel 
the self energizing circle of land degradation and poverty. 

Our model shows a medium to high risk for biomass reductions 
in the land cover class forest. For forest mosaics and shrubs low 
risks for reductions of biomass are displayed. Accordingly, 
biomass in this land cover class is not solely limited by the 
amount of available water but also by human intervention. 
Furthermore, these ecosystems are oftentimes well adapted to 
dry climatic conditions. A shift towards higher temperatures 
would have less effect on the ecosystem as such, but certainly on 
the local communities that use these landscapes. To avoid major 
impacts on the livelihood of the communities in drylands, 
priority of intervention  should focus on currently forested areas. 

For the moderate IPCC SRES scenario B1 our model already 
displays large areas in sub-Sahara Africa that have a risk for 
lower biomass levels. However, current publications from UNEP 
and the World Bank point to the risk of much higher mean 
annual temperatures than expected under moderate scenarios if 
mankind fails on immediate actions. The IPCC SRES Scenario A1Fl 
reflects the magnitude of impact to be expected under severe 
global warming.  

Human pressure and climate change exacerbate already existing 
threads to dryland forest ecosystems and their services and 
functions. Operating in one of the driest and economically least 
developed areas in Madagascar – the Mahafaly Plateau – the 
Institute for World Forestry develops management strategies for 
alleviating pressures from these ecosystems, thus sustaining 
their services and functions and enhancing the livelihood of the 
local community. 

Heat Map for IPCC SRES Scenario A1Fl Heat Map for IPCC SRES Scenario B1 

Heat map for the spatial extent of the hot semi-arid climate type „BSh“ according to 
Köppen-Geiger classification (Rubel and Kottek 2010)  
   

Source: Ruesch et al. 2008 Source: FAO et al. 2012 Source: JRC 2003 
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Background: The Earth is warming rapidly due to the emission of greenhouse gases 

(GHGs), mainly from industrialization, deforestation and increased use of fossil fuels for 

transport. The GHGs from human activities are among the major causes for global 

warming and climate change which have contributed to the variations in rainfall patterns 

(high, low and intensive rainfall) and seasons. These have direct and indirect impacts on 

environment, water resources, agriculture, forests and biodiversity, health, infrastructure 

development, tourism and livelihoods. Glaciers are receding in the Himalayan region, 

Africa, South Pacific, Arctic, North America, South America, Europe and Antarctica. 

Glacial retreat is the most visually convincing evidence of climate change. 

 

The Problems: Scientific evidence, as cited by the Inter-governmental Panel on Climate 

Change (IPCC), clearly indicates the wide scale of climate change. Average global 

temperatures are expected to raise 1.4-5.8ºC by the end of the 21st century. Warming in 

the Himalayan region has been higher than global average. Weather patterns are 

becoming more unpredictable and extreme – dry seasons become dryer and wet seasons 

wetter. This phenomenon is causing threat in the water supply – affecting lives and 

livelihoods of the people and food security. 

 

Conclusions: The issues of climate change can be addressed by formulating and 

implementing relevant policies and programmes. Policy makers must ease the transition 

to a carbon-free energy industry by passing legislation that creates favorable market 

conditions, shaping new frameworks for change and ensuring that the Kyoto Protocol 

enters into force. 
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1 INTRODUCTION Mar/94 Apr/94 May/94 Jun/94
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Nov/99 Dec/99

Krusche and Reboita (2012) showed with the quantis technique
that in the extreme south of Brazil, the years of 1994, 1995 and
1999 were identified as the driest ones from 1991 to 2010.
Moreover, they identified the months that most contribute to one
dry year. These months are showed in Figure 1.

The purpose of this study is to investigate the existence of
relationships between teleconnection patterns and the drought in
the extreme south of Brazil.

Figure 1 Monthly
precipitation anomaly (mm) 

from CPTEC website.

2 METHODOLOGY

We selected the months that the most contributed to one dry
year (Figure 1), and evaluated the value of several
teleconnection indices for those months. The possible
associations of these indices with the climate conditions over the
extreme south of Brazil is shown in Table 1.

Indices Positive Phase Negative Phase

Oceanic Niño Index (ONI) wet dry

Antarctic Oscillation Index (AAO) dry wet

Pacific Decadal Oscillation (PDO) wet dry

Madden-Julian Oscillation Index (MJO) dry wet

Tropical Northern Atlantic Index (TNA) dry wet

Tropical Southern Atlantic Index (TSA) dry wet

Sea Surface Temperature Anomalies (SSTA)
(Lat: -40o to-30o Lon:-45o to-35o)

wet dry

Cyclones Monthly Anomalies (CMA)
near the south of Brazil

wet dry

Table 1 Teleconnection indices and the possible influence on the precipitation over
the extreme south of Brazil.

3 RESULTS AND CONCLUSIONS

Months ONI AAO PDO MJO TNA TSA ASST CMA
Mar/94 0.2 0.7 0.8 0.7 -0.6 0.3 -1.1 0.7
Apr/94 0.3 -0.1 1.0 0.3 -0.5 0.2 -1.5 -0.3
May/94 0.4 -0.2 1.2 0.3 -0.5 0.1 -0.8 -0.5
Jun/94 0.4 -1.7 0.3 0.1 -0.4 -0.2 0.3 1.9

Table 2 Teleconnection indices in 1994 year. The indices favorables to dry
conditions are highlight in bold.

Months ONI AAO PDO MJO TNA TSA ASST CMA
May/96 -0.3 1.0 2.2 0.0 0.4 0.8 -0.3 -1.5
Jun/96 -0.2 -0.3 1.1 1.1 0.2 0.9 0.0 -0.1
Jul/96 -0.2 0.0 0.8 0.8 0.1 0.7 -0,7 -2.6

Table 3 Similar to Table 2, but to 1996 year,

Months ONI AAO PDO MJO TNA TSA ASST CMA
Feb/99 -1.3 0.5 -0.7 0.0 -0.2 0.0 -1.6 -1.0
Mar/99 -1.0 0.2 -0.3 0.7 -0.2 0.3 0.1 -1.3
Jul/99 -1.0 0.3 -0.7 0.6 0.2 0.6 -0.3 -1.7
Aug/99 -1.1 0.0 -1.0 0,9 0.3 0.6 0.2 -0.4
Oct/99 -1.3 1.7 -2.0 1.1 0.2 0.3 -0.2 -0.2
Nov/99 -1.5 0.9 -2.0 -0.0 0.1 0.3 0.8 0.8
Dec/99 -1.7 1.8 -1.6 0.2 0.3 0.4 1.3 0.8

Table 4 Similar to Table 2, but to 1999 year,

Dry in 1994 � Negative anomalies of SST in
the west of South Atlantic Ocean is probably
responsible for the dry period (Table 2).

Dry in 1996 �Different teleconnection patterns
can be related to the dry months of 1996. In
May, there is a contribution of the positive
phase of AAO and TSA and negative anomalies
of cyclones and SST. In June, there is a positive
phase of MJO and TSA and in July, a positive
phase of MJO and TSA and negative anomalies
of cyclones and SST (Table 3).

Dry in 1999 � The drought in 1999 can be
associated to an El Niño-Southern Oscillation
coupling to PDO negative phase (Table 4).

The results shown that there is not only one
teleconnection pattern that contributes to
the drought in the southern region of Brazil,
but actually a combination of several
patterns.
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IMPACT OF DESERTIFICATION PROCESS IN SEMI-ARID REGION OF CEARÁ-
BRAZIL ON SUBSISTENCE FARMING
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MESQUITA, J. de C. RIBEIRO, C. M. L. BEVILAQUA

LABODOPAR/PPGCV/UECE, Fortaleza, CE, Brazil; wesleylyeverton@yahoo.com.br

Traditionally, the main livestock activity in northeastern of Brazil is the exploitation of

small ruminants as a source of livelihood and securing the man to the ground, providing him

a protein of excellent quality, milk and skin. One of the problems hindering the development

of this activity is related to factors inherent to morphologic and climatic conditions typical of

this semi-arid region. In Ceará , the Inhamuns region (Fig. 1), lying west of the state, stands

out for having the largest number of head of sheep and goats. Parallel to this finding, this

region has a slick area susceptible to desertification. This condition of environmental

degradation greatly affects the development of sheep and goat farming as a primary activity

of the region, and represents a serious socio-economic problem, since this activity is, in most

part, performed by small breeders giving it the character of subsistence.

INTRODUCTION

TECHNICAL VISITS

Figure 1:The Inhamuns region 
Ceará, Brazil 

CONCLUSION

The bad conditions of these areas requires government intervention seeking to reverse the degradation levels

achieved and the adoption of management techniques compatible with their self-sustaining operation, respecting its

physical and geographic peculiarities, and programs to generate jobs, ensuring access to animal products, particularly to

the most sensitive of the rural population.

Fig. 1: Caatinga vegetation in 
Inhamuns region, Ceará, Brazil.

Fig. 2: Sheeps on a 
subsistence farming in 

Tauá,Ceará,Brazil.
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Under semiarid conditions, Ceará territory 
shows limitations with respect to the natural 
environment. Associated with these 
limitations, there’s the intense use of natural 
resources that interferes directly with the loss 
of the primary characteristics of this 
environment and commits significantly the 
environmental sustainability of these areas. 
 

 Identify the damage caused to the 
environment resulting from the misuse of 
soils associated with a significant withdrawal 
of caatinga vegetation in the area of the 
slope of the Apodi plateau, in the city of 
Limoeiro do Norte, North of Ceará; 
Mapping degraded areas on the slopes of the 
Apodi Plateau - Limoeiro do Norte – Ceará,  

Using as base, the Geosystem Theory (1971), 
where it is understood that the elements of the 
physical space must be understood in an 
interconnected  way observing the ecodynamics 
theory (1970) where it is possible to determine 
the degree of vulnerability of the areas . 
During the year between June 2011 and July 
2012, we raised data regarding the use conditions 
and soil occupation, as well as the deforestation 
in the study area. These data were systematized 
and processed into data to be used for mapping 
of anthropism conditions of the study area. 
 

We detected extensive areas deforested in slope of 
the plateau; 
Action and intense human occupation; 
Emergence of erosive processes already in gully 
conditions; 
Use of vegetation for firewood production; 

• BERTRAND, G. La Science du Paysage, une Science diagonale. 
Revue Géographique des Pyrénéeset du Sud-Ouest, Tome 18, 
1972, p. 127 – 133.   

• CHRISTOFOLETTI, A. 1999, Modelagem de sistemas 
ambientais. Edgard Blücher, São Paulo. 

• TRICART, J. Ecodinâmica. Rio de Janeiro: IBGE, SUPREN, 1977. 
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HOTO: MALVEIRA, 2011. BURNED AREA. HOTO: MELO 2012. CUTTING WOOD FOR FIREWOOD.  

HOTO : MELO 2012. DEFORESTED AREA. 

HOTO: MALVEIRA 2011. GULLY AREA. 

FIGURE: LIMA 2012. PROJECTION OF AREA OF STUDY 

EDUCATIONAL ACTIONS WITH LOCAL PEOPLE 
GOVERNMENTAL ACTION, WITH EFFECTIVE ENFORCEMENT; 
PLAN REFORESTATION PROJECT ACTIVITIES 
 

HOTO: MALVEIRA 2011. Gully area. HOTO: MALVEIRA 2011. Gully area. 



Mitigation and adaptation investments for desertification and climate change: an 

assessment of the socioeconomic return
Carla Ximena Salinas1
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ABSTRACT: Climate change will further increase the risk of desertification, which is already affecting large areas of the world. Many countries are making investments for the implementation of mitigation and adaptation

strategies to combat desertification. The long term effectiveness of these strategies necessarily require a socioeconomic return for its sustainability. The main goal of our paper is to assess the relation between the mitigation

and adaptation investments and the socio-economy of the rural population. The area of study is located in north-central Chile. The northern regions are mostly composed by arid land, which can be considered as a marginal

area for agriculture. The area formed by the southern regions is optimal for the agricultural activity which is characterized by an industrialized agriculture with and increased use of technology. The indicators we have used

for our study are the following: the Investments provided by the Chilean Agriculture Livestock and Forestry (ALF) promotion agencies, the ALF Gross Domestic Product (GDP) and the Population Employed in ALF. The

results show that the relationship between the investments and the socioeconomy varies among the regions analyzed. Investments are positively correlated (P ≤ 0.05) with the ALF GDP and the labor in ALF in the northern

regions, but do not seem to be directly related to labor in ALF in the southern regions (P ≥ 0.05). Therefore, our conclusion is that the Investments are significantly relevant for the agricultural activity in the arid northern

regions, while in the southern regions they have no direct impact on the labor in ALF. This work summarizes the paper published recently by the authors in Mitigation and Adaptation Strategies for Global Change Journal,

DOI: 10.1007/s11027-012-9380-8.

Keywords: Adaptation investments; Agriculture Forestry and Livestock GDP; Climate change; Desertification; Water scarcity; Land abandonment; Mitigation; Socioeconomic return; Modern Irrigation

1. INTRODUCTION

Climate change will further increase the risk of desertification, which is already affecting large areas of

the world. Desertification is defined by the United Nation Convention to Combat Desertification

(UNCCD) as land degradation in arid, semiarid and sub-humid areas resulting from various factors,

including climatic variations and human activities (UNCCD 1994). Desertification is a threat to

agriculture, livestock and forestry and dramatically reduces the ecosystem services (Gitay et al 2011),

impoverishing the quality of life of the inhabitants. At lower latitudes, especially in seasonally dry

regions, crop productivity is projected to decrease for even small local temperature increases (1 to

2°C), which would increase the risk of hunger (IPCC 2007).

Many countries are implementing policies and making investments and efforts to mitigate arid land

degradation and desertification through the National Action Programs (NAP), which are one of the key

instruments in the implementation of the UNCCD (UNCCD 1994). Recent studies demonstrate the

relevance of these mitigation strategies in combating desertification and land degradation (Salinas and

Mendieta 2012). However, the long term implementation and effectiveness of these mitigation and

adaptation strategies necessarily require a socio-economic return for its sustainability. In that context,

the main goal of our paper is to assess whether the mitigation investments have a positive or negative

impact on the socioeconomy of the rural population.

1.2 Objectives

The main objective of this work is to assess whether the financial support provided by the ALF

promotion agencies to combat desertification through their mitigation and adaptation strategies, is

socioeconomically sustainable.

2.1 Area of study

This work takes place in north-central Chile, between latitudes 17º 30'S and 36º 33'S. The areas

between these latitudes are the administrative Regions affected to greater erosion and drought in the

country. The total surface area of study is 37,935,970 ha, representing 50.2% of the country.

Table 1: Summary of the main environmental

characteristics of the regions under study.

 

CARACTERISTICS 
REGIONS 

I II III IV V VI VII 

Average Temperature (ºC) 18 16.4 15.2 13.6 14 13.7 13.8 

Precipitation (mm/year) 1 2 12 150 350 701 689 

Land devoid of vegetation (%) 66 66 58 18 18 16 18 

Bush and grasslands (%) 13 9 11 42 52 16 5 

Agricultural land use (%) 0.5 0.5 2.3 4.6 1.45 27 25 

 

Figure 1: Map showing the area of study.

5. CONCLUSIONS

• The analysis performed on the regions under study suggests that the social and economic return of

the investments varies depending on the characteristics of each region. The successful

implementation of the investment policies to promoting and maintaininmg agricultural activity in the

northernmost regions of the country, is reflected in the socioeconomic return shown by our analysis.

• The proper strengthening of the primary sector helps not only to the reclamation of degraded land

(Salinas 2011, Salinas and Mendieta 2012), but also to the socioeconomy of the arid regions. Our

findings suggest that the investments have an important socioeconomic return in these areas. The

investments seem to be necessary for the maintenance of jobs and agricultural activity in marginal

areas of the agriculture, such as those formed by the Regions I, II and III, where the population

living in poverty is around the 12% (INE 2009).

• The no existence of a direct relation between the Investments and the ALF GDP and the Population

employed in ALF in the Region IV, suggests that the investments do not have the expected

socioeconomic return. Most of the surface of Region IV, is at a high risk of severe desertification.

Therefore, investments on specific program to avoid the abandonment of land in rural areas of

Region IV would be a key factor to have more employment and a better socioeconomic and

environmental development. In other words, an improvement of the socioeconomic return.

• In regions where agriculture has a high degree of industrialization, it seems that a direct return of

investments is mainly focused on the production economy. As mentioned in the discussion, the

Region VII is a clear example of this situation.

2. MATERIAL AND METHODS

We used the Investments made by the ALF promotion agencies, ALF GDP and People Employed in

ALF as analysis indicators, in order to analyze whether the mitigation and adaptation investments had a

positive or negative impact on the socioeconomic aspect of the rural population. The determination of

the relationship between the selected indicators was performed by a series of linear regressions.

Prior to the regression analysis, one factor ANOVA (P ≤ 0.05) was carried out to check the

homogeneity of variances and then, a Duncan test was performed to determine homogeneous subsets.

The ALF Investments data considered in this study were collected by Region from years 2000 to 2006.

That is, n = 7 per Region and n = 49 for all Regions studied in the period covered by this work. In the

case of the analysis of the relation between the ALF GDP and the Population Employed in ALF, this

data covers the time frame from 1997 through 2006, that is n = 10 per Region and n = 70 for all

Regions studied during the years studied. Thus, in the case of subsets, the total n would be given by the

sum of each regions n.

2. RESULTS

Figure 2 shows the evolution of the ALF GDP between 1996 and 2006.The ALF GDP of the

northernmost regions of the area of study has remained constant between the years 1996 and 2006. The

region IV has had moderate growth in relation to its ALF GDP. On the other hand the ALF GDP of the

regions V, VI and VII has grown over time.

Figure 2: Variation of the ALF GDP over the years by region, in thousands of US$.

Regions I, II and III

The result of linear regression between the Investments and the ALF GDP is shown in Figure 3. This

result indicates a positive influence of investments in the ALF GDP for the subsets of Regions I, II and

III.

Figure 3: Regression between the

Investments and the ALF GDP for the

subset formed by the Regions I, II and

III.

Figure 4: Regression between the

Investments and the Population

Employed in ALF for the subset

formed by the Regions I, II and III.

Figure 5: Regression between the

ALF GDP and the Population

Employed in ALF for the subset

formed by the Regions I, II and III.

Region IV

The result of the regression for ALF GDP and the

Population Employed in ALF in Region IV

indicates a positive relation between ALF GDP

and the population employed in ALF (Figure 6).

Figure 6: Regression between the ALF GDP and the

Population Employed in ALF for the Region IV.

Region VII

The linear regression of Figure 7 indicates the

positive and significant (P ≤ 0.05) relation

between the Investments and the ALF GDP in the

Region VII.

Figure 7: Regression between the Investments and the ALF

GDP for the Region VII.



Gated Structures

These are check structures having steel gates with 
wheels to raise or lower these. these regulate water, to 
raise or lower water level in the canals following the 
gates to allow only a part of agricultural fields in the 
village  to receive water at any time. 

Four structures comprising 12 gates irrigated 5,000 
acres land, benefitted 103 households with an average 
cash benefit of Pak Rs.5,4 million during year 2011.

- Manage water from perennial streams

-Control water in heavy flood season resulted in 
reduced soil erosion, desertification and land 
degradation

- Conflicts of farmers reduced

- More fodder availability saved livestock

Excavation & improvement of main stream Watercourse

Sheikh Haider Zam is the main water course, receiving water 

from a natural perennial spring. It was providing water to 1-2 

villages. Its lining resulted in provision of water to 4 instead of 

1-2 villages during year 2011.

- Manage water for its flow at the source

- Conflicts of farmers reduced

- More fodder availability saved livestock

- Resulted in increasing vegetation cover, reduced 

desertification and land degradation

Socio-economic impact of gated and in-let structures and channeling 
permanent flow of hill-torrents in Shaikh Haider Zam area of D.I. Khan

Sustainable Land Management Project (SLMP)

Masonry Field inlet structures

Normally farmers cut the dikes to allow the water from stream

to enter the field while water flows to the field, these

cuts get bigger resulting in uncontrolled water flow from

the field. Wooden boards are fitted in the groves in the

concrete structures to act as gates to control water

flow. Thirty inlet structures for 400 acres benefitted 84

households during 2011.

- Manage water for its flow in the fields while it is

entering the farm

- Control soil erosion & land degradation

- Reduces losses in heavy flood season

- Conflicts of farmers reduced

- More fodder availability saved livestock

Authors: 
Shahzad Tayyab, SLMP, Islamabad, Pakistan, E.mail: tshahzad68@yahoo.com
Abbas Iftikhar, SLMP, Islamabad, Pakistan, E.mail: iftikhar.abbas@slmp.org.pk



Problem Statement 

The scarcity of water is growing in almost all parts of the 

world At present, approximately 80 countries with 40% of 

the world population already suffer from severe water 

shortages. Agriculture sector is by far the largest user of 

water in the world consuming more than 60% of the avail-

able water. Currently, the rainfall and canal supplies in 

Pakistan are insufficient to meet crop water requirements. 

Groundwater is another major source of irrigation how-

ever most of these supplies are far inferior to canal water. 

The increasing demand for water especially in the arid and 

semi-arid regions has forced the farmers to use low qual-

ity water for irrigation. However, the continuous use of 

marginal or unusable quality groundwater may reduce the 

crop yield and deteriorate the soil fertility with the pas-

sage of time. For use of low quality irrigation water, suffi-

cient information is available in the literature however, 

physical, chemical and biological methods alone may not 

be sufficient for safe use of low quality water. A strategic 

combination of methods and proper cultural practices 

could nevertheless help without the risk of salinity build 

up in the root zone. The main theme of the current study 

was to design and test strategies for conjunctive use of 

low quality groundwater at farm level. The study was car-

ried out in Chaj Doab, Pakistan on farmers’ fields for ex-

periments.   

 

Description of Study Area 

The study was condcuted in Chaj Doab (area between 

Chenab and Jhelum rivers) in Pakistan. The study area is 

5,854 square kilometres (km2) comprising of five Tehsils: 

Sargodha, Bhalwal, Sahiwal, Shahpur and Sillanwali. The 

area is generally related to agriculture and one third popu-

lation is living in rural areas. The major canal feeding the 

area is Lower Jhelum having gross command area (GCA) 

of 1.82 million acres (MA). The groundwater is generally 

fresh near the river and canals and is saline to highly sa-

line in areas away from the river and canals. The study 

area is mainly comprised of plains except a few small 

hills. The climate of the area is characterized by large sea-

sonal variations in temperature and rainfall. From Decem-

ber to Febrarury, the temperature drops considerably and 

the weather becomes cold. Usually, the temperature during 

winter ranges from 7oC to 20oC and in summar, the 

weather is extremely hot with temperature ranging from 

20oC to above 45oC. The mean annual rainfall is about 600 

mm. The soils are generally of sandy loam nature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Testing of Conjunctive Use strategies  

For the areas where groundwater is saline in nature, 

cyclic mode was adopted, and in the case of sodic 

groundwater mixing mode was proposed. For saline-

sodic groundwater, a combination of mixing and cy-

clic mode was followed. The details of different treat-

ments under each condition are discussed below. 
 

Site 1: Strategies for Saline Groundwater 
In case of saline water, the groundwater was used in cyclic 

mode and the following treatments were tested; 
 

T1 Irrigation with cyclic supplies: canal water; ground-

water; canal water; groundwater;……….. 

Ashfaq Ahmed Sheikh & Muhammad Ashraf 

T2 Irrigation with cyclic supplies: canal supplies, 

groundwater, groundwater…....  

T3        Irrigation with cyclic supplies: groundwater, 

groundwater,…….…canal supplies. 

T4 Farmer’s own method (Control). 

 

Site 2: Strategies for Sodic Groundwater 

In case of sodic water, the groundwater was used after 

mixing with canal water. The following experimental 

strategy with mixing treatments were adopted: 

 

T1   Mixing canal and groundwater: 50:50 ratio, 

T2   Mixing canal and groundwater: 25:75 ratio, 

T3   Mixing canal and groundwater: 75:25 ratio, 

T4      Farmer’s own method (Control) 

 

Site 3 & 4: Strategies for Saline-Sodic Groundwa-

ter 
For these sites, a hybrid experiment was designed, a com-

bination of cyclic and mixing mode as given below: 

T1     Cyclic-cum-mixing mode: canal, groundwater, canal 

plus groundwater (30:70),    groundwater, groundwater,

…... 

T2 Mixing-cum-cyclic mode: canal, canal plus ground-

water (30:70), groundwater, groundwater……. 

T3 Cyclic mode only: canal, groundwater, canal, 

groundwater, canal, groundwater,…… 

T4 Mixing mode only: canal(30):groundwater(70), 

…… 

T5 Farmer’s own method (Control) 

 

Properties of Tubewells of Farm Sites 

Research Outcomes  
 

At all these four selected sites, experiments were carried 

out and necessary data collected. The data collection from 

pilot sites included: analysis of soil samples before sowing 

and after harvesting, amount and quality of canal and 

groundwater supplied along with mixing ratio/cyclic sup-

plies, infiltration rate, rainfall and crop yield. The selec-

tion of cropping patterns/rotations was adopted depending 

upon the crop salt tolerance level, soil type, groundwater 

quality water, farmer’s willingness etc.  

 

Site 1:  Saline Groundwater (Ghulam Sarwar 

Wirak)  

The overall analysis of all parameters including soil 

chemical properties, infiltration, groundwater contribu-

tion, application strategy and crop yield has provided that 

the flushing of salts by canal/fresh water at the final stage 

irrigation (T3) is more beneficial than cyclic application of 

canal and saline groundwater. Similarly, application of ca-

nal/fresh water at the initial stage followed by groundwa-

ter applications (T2) is also good though this strategy re-

sults salt accumulation in top horizon. Although the 

impact of rainfall during the crop season especially in 

monsoon period is difficult to segregate but this facili-

tate the farmers particularly located at the tail end. The 

treatment T3 may enhance groundwater share about 

17% as compared to existing groundwater contribution 

by the farmer. Therefore, about 17% cropped area may 

be increased without risk of salinity.      

 

 

Site EC (dS/m) pH SAR RSC Remarks 

1 2.29 8.2 12.9 1.3 Saline 

2 1.27 7.9 11.5 4.0 Sodic 

3 1.80 8.4 12.2 3.5 Saline-

sodic 

4 1.75 7.4 9.1 7.2 Saline-

sodic 

Site 2: Sodic Groundwater (Mohsin Hasan Shah) 

The overall analysis of all parameters including soil 

chemical properties, infiltration, groundwater contri-

bution, application strategy and crop yield has pro-

vided that the mixing mode is workable for sodic 

groundwater conditions. Similarly, mixing ratio of 

25:75 (canal:groundwater) is relatively more stable 

(T2) followed by T1 (50:50 ratio) and T3 (75:25 ratio). 

Although the impact of rainfall during the crop season 

especially in monsoon period is difficult to segregate 

but this facilitate the farmers particularly located at the 

tail end. The treatment T3 may enhance groundwater 

share about 11% as compared to existing groundwater 

contribution by the farmer. Therefore, about 11% 

cropped area may be increased without risk of sodic-

ity. 
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Site 2: Mohsan Hassan Shah

Wheat-05 Maize-06 Wheat-06

Sites 3 & 4 – Saline Sodic  
The overall analysis of all parameters including soil 

chemical properties, infiltration, groundwater contribu-

tion, application strategy and crop yield has provided that 

the cyclic-cum-mixing mode is workable for saline-sodic 

groundwater conditions with average groundwater share 

upto 54%. Similarly, mixing-cum-cyclic mode is another 

suitable treatment (average groundwater share 56%). It 

shows that for saline-sodic conditions, mixing-cum cyclic 

or cyclic-cum-mixing are the appropriate strategies for use 

of low quality groundwater. Although the impact of rain-

fall during the crop season especially in monsoon period 

is difficult to segregate but this facilitate the farmers par-

ticularly located at the tail end. The treatments T1 and T2 

may facilitate groundwater share about 54 and 56%, re-

spectively. Therefore, with these treatments, the cropped 

area may be increased similarly under conditions where 

groundwater is saline-sodic without risk of salinity/

sodicity.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Conclusions and Recommendations  
 

Almost all tested strategies provided yield higher than 

farmer plot.  

The reduction/ stability in soil properties (ECe, SAR, in-

filtration rate) with proposed strategies. 

For saline groundwater, leaching of salts at the end of 

cropping season is reasonable strategy.  

Similarly for sodic water, mixing ratio of 25:75 

(canal:groundwater) is more appropriate. For saline-

sodic groundwater, a hybrid combination of mixing-cum

-cyclic or cyclic-cum-mixing mode proved reasonable.  

On average, the farmer may increase the use of low qual-

ity groundwater by about 15-40% with similar range of 

more cropped area under above tested strategies without 

risk. 
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Which governance options promote sustainable landscapes and 

economic viability in a semi-arid reservoir area? 

M Siegmund-Schultze1, GJF Araújo2, RMCMO Carvalho3, ETA Gomes2, J Köppel1, V Rodorff1  
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Preliminary results show that compensation infrastructure for the dam’s construction takes long to be realized due to 
external political challenges. The experience from the existing irrigation schemes is controversial. Some farmers make 
their living from the irrigated plots (between 1.5 and 8 ha per farm), others stopped cultivation after massive salinization 
of the shallow soils. None of the farms is operating under full cost coverage as water and energy for pumping are for free.  

 

The Itaparica reservoir has been concluded in 1988. It 
dams the São Francisco River in the semi-arid portion of the 

watershed. About 40.000 people were resettled. The 
current resource use suggests unsustainability. The recently 

formed comprehensive Brazilian-German collaborative 
research project INNOVATE addresses the complex situation 

by an inter- and transdisciplinary approach, employing 
constellation analysis as a bridging concept.  
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Economic assessment of desertification, sustainable land manage-
ment and resilience of arid, semi-arid and dry sub-humid areas 

04-07 Feb 2013, Fortaleza-CE, Brazil 

First, a common understanding of the current situation (= constellation) is made explicit by visualization with 
researchers and stakeholders. The constellation analysis differentiates regulations, natural and technical elements and 
actors, and arranges them by their interrelationships. Afterwards, opportunities for innovations, put forward by co-
workers, will be analyzed as modified constellations.  

Descendants and 
new farmers also 
request access to 
water. Part of the al-
lotted native dry-
forest areas 
(caatinga), meant 
for animal-browsing 
or beekeeping, has 
been cleared and ir-
rigation infrastruc-
ture extended, 
bearing own costs. 
Absolute reserve ar-
eas of caatinga are 
similarly invaded.  

 

 

Livestock keeping on 
natural range suffers 
from irregular feed 
supply. Severe 
droughts, like in 2012, 
cause emergency sales 
of animals at low price 
preventing total loss 
by starvation.  

Paternalistic thinking, 
the partial absence of 
the state, unclear com-
petencies and 
knowledge gaps com-
plicate sustainable ad-
aptation to the new 
conditions. 

Fig: Constellation of land management (as of 23 Oct 2012) 

Legend:  

http://2sc.unccd.int/


 

1 

 

 

Analysis of landscape fragmentation and its contributions to the 

susceptibility to desertification processes in the Sub-Basin Médio 

Jaguaribe, Ceará  

Francisco Gilney Silva Bezerra1, Karine Rocha Aguiar Bezerra2 

1Instituto Nacional de Pesquisas Espaciais, São José dos Campos, Brasil. E-mail: francisco.gilney@inpe.br 

2Instituto Nacional de Pesquisas Espaciais, São José dos Campos, Brasil. E-mail: karine.bezerra@inpe.br 

ABSTRACT: Natural environments are responsible for the generation and maintenance of ecosystem functions that contribute to 
a healthy environment. The study of landscape structure shows up as an important tool in planning and management of remnant 
native forest, beyond the understanding of the dynamics of spatial patterns arising from human action in areas of high 
environmental vulnerability to desertification processes. The objective was to analyze the spatio-temporal evolution of the 
patterns of landscape structures in Sub-Basin Médio Jaguaribe between 2000 and 2011 and their contributions to the processes of 
desertification. The use of this tool allowed the evaluation of the dynamic behavior of the main spatial patterns related to human 

activities, as well as the contribution of the remaining trees to natural habitats, showing up with a management tool for decision 
makers. There were also changes in the dynamics of spatial patterns by implementing Açude Castanhão. Besides these, the work 
served to corroborate the research that has been developed, which demonstrate the need for a strategic action plan for combating 
and mitigating the areas with the greatest potential to desertification, for the rational use of fragile natural resources of the region, 
yet are responsible for direct and indirect maintenance of local biodiversity and water security. 

Keywords: Anthropism, landscape ecology, watershed. 

1. INTRODUCTION 

Desertification is deserving special attention since the 30s when it occurred in the United States, prolonged drought with strong 
degradation of natural resources in the western U.S. However, only with the great droughts which suffered the African continent, 
in the Sahel, the world has woken up to the seriousness of the phenomenon that raged environmental, economic and social 

conditions of the local population. Since then, governments and researchers have studied this phenomenon in an attempt to 
resolve their doubts, to provide a deeper understanding of their causes and consequences and to develop and adopt mitigation 
measures to control its spread (RODRIGUES, 2006). 

In Brazil, the Northeast region is the most affected by desertification, according to Leite et al (1992). The Sub-Basin Médio 
Jaguaribe for decades has suffered from the effects of anthropic pressure on the Caatinga biome that contribute to the increase of 
areas susceptible to desertification processes and decrease the quality of life of the local population (CEARÁ, 2010). In Médio 
Jaguaribe the environmental degradation has reached virtually irreversible conditions showing clear marks of desertification, 
especially the city of Jaguaribe with nearly a quarter of its area (23.54%) susceptible to desertification processes (MILK et al., 

2003) . 

Linked to this fact, you can add climate changes, particularly temperature increases, which are already affecting globally and 
regionally the physical systems (climate, water resources etc.), biological (natural ecosystems and species distribution), as well as 
society (human health, water availability, river transport and natural disasters). 

Given the above, the study of landscape structure shows up as an important tool for planning and management of remnant native 
vegetation as well as in understanding the dynamics of spatial patterns arising from human action in these areas that have high 
environmental fragility processes of desertification. The objective was to analyze the evolution of the spatio-temporal patterns of 
landscape structures in Sub-Basin Médio Jaguaribe between 2000 and 2011 and their contributions to the processes of 

desertification. 

2. METHODOLOGICAL ASPECTS 

2.1 Characterization of the Study Area 

The Sub-Basin Médio Jaguaribe (Figure 1) is one of five sub-basins that make up the Jaguaribe Basin and is bordered by all 
others. It is located in the eastern state of Ceará and limited, in its eastern portion, with the State of Rio Grande do Norte. It has a 
drainage area of 10,335 km², which corresponds to approximately 7.06% of the territory of Ceará. It's composed entirely by nine 
municipalities (Alto Santo, Deputado Irapuan Pinheiro, Ererê, Iracema, Jaguaribe, Pereiro, Potiretama, São João do Jaguaribe and 
Solonópoles), and partially draining seven municipalities (Icó, Jaguaribara, Jaguaretama, Limoeiro do Norte, Milhã, Orós and 
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Tabuleiro do Norte). Features a capacity of accumulation of surface water 6,860,905,000 billion cubic meters, a total of 13 public 
dams managed by COGERH (CEARÁ, 2009). 

  

 

 

Fig. 1: Geographical location of the study area, Sub-Basin Médio Jaguaribe, and degraded areas susceptible to desertification 
processes according to the Fundação Cearense de Meteorologia e Recursos Hídricos - FUNCEME. Source: Authors' preparation. 

 

The region has a Semiarid Hot Tropical climate with indices annual rainfall of around 742.6 mm and mean annual temperatures 
ranging between 26 and 28°C. 

The relief shows, in general, three features: Fluvial Plains, Depressions Hinterland Solid Waste, ranging in altitude in order 30-52 
m and predominance of crystalline basement rocks of approximately 89%. The predominant types of vegetation are the Open 
Shrubby Caatinga (greater Basin area) and Dense Shrubby Caatinga, besides the Riparian Forest, highly degraded, which borders 
part of the riverbed Jaguaribe (CEARÁ, 2009).  

2.2 Methodology 

For this study, a priori images were acquired from the Landsat 5 satellite, from the TM (Thematic Mapper), obtained by the 
website of the Instituto Nacional de Pesquisas Espaciais (INPE), for the orbits/points 216/64, 216/65 and 217/64, acquisition 
dated 06.07.2000, 06/07/2000, 26/07/2000, respectively, to obtain the mosaic covering the year 2000 and 06/08/2011, 06/08/ 
2011 and 29/08/2011, respectively, for the year 2011. Images were recorded with reference to the mosaic of GeoCover images. 
The tiles were generated using the bands 5, 4 and 3 in colored composition Red (R), Green (G) and Blue (B), then afforded the 

classes: vegetation, the anthropic area and water bodies by through unsupervised classification of k-means (Figure 2). Used as 
"ground truth" for the generation of the confusion matrix, the survey of the area conducted through the Google Earth application 
in the period analyzed in the study, with the Kappa values equal to 0.9159 and 0.9104 for years 2000 and 2011, respectively. 
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Fig. 2: Ratings generated for the study area according to the analysis period, 2000 and 2011. Source: Authors' preparation. 

 

Once realized the classification, the vectors were generated for each class that have been edited aiming to correct those areas that 
had been mislabeled. 

To make it possible to analyze spatial patterns in cells related to human action, we used the software TerraView 4.0.0 and pluging 
GeoDMA (Geographic Data Mining Analyst) that allows the extraction of a set of metrics of landscape ecology able to classify 
cells according to a typology of standards. In this classification we adopted the cells of 2.5 km x 2.5 km, for being able to capture 

the spatial patterns in the Sub-Basin and submitted Kappa values approximately equal to 0.98 and 0.87, for the classification of 
standards related to human action and 0.98 and 0.87 for the standards relating to vegetation fragments (in 2000 and 2011, 
respectively). In Table 1, can be observed the typologies adopted for classification of both patterns. 

Table 1. Typology of spatial patterns related to anthropic area. 

Patterns of 

anthropic 

areas 

Typology Description Occupancy Pattern 

 

Diffuse 
Small isolated patches; low 

density isolated patches. 
Small farm; subsistence 

production. 

 

Geometric 
Large and medium-sized 

rectangular geometric patches; 
low to medium density. 

Intermediate stage of occupation; 
associated with irrigated 

perimeters. 

 

Multidirectional 
Irregular patches that can relate 

with geometric shapes; 
medium to high density. 

Area with unplanned occupation; 

can contemplate from small 
agricultural areas to areas with 

high degradation. 

 

Consolidated 
Large and compact patches; low 
presence of remnant vegetation. 

Area with high levels of 

exploration and cattle farming 
and logging; increased 

vulnerability to desertification. 
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Continuous 
Area not considered in the 

analysis 
Areas around the Sub-Basin. 

Patterns of 

vegetation 

fragments 

Typology Description 

Level of significance for the 

maintenance of the 

environmental quality 

 

Continuous 

Areas relatively larger with 
continuous vegetation; 

connectivity high and low edge 
effect. 

Environment with significant 
potential maintenance of species 

and ecosystems. 

 

Very Fragmented 

Areas relatively minor with 

vegetation; connectivity 
compromised largely of areas; 

high edge effect. 

Area in severe process of loss of 

ability to maintain environmental 
quality and highly exposed to 

external disturbances. 

 

Little Fragmented 

Areas relatively minor with 
vegetation continuous; 

connectivity little compromised in 

the area; low to medium edge 
effect. 

Area that still keeps certain level 
of resilience and maintenance of 

local biological population, 

although it is more likely to suffer 
from external disturbances. 

 

Little or no 
Vegetation 

Almost negligible area with 
vegetation. 

Areas without resilience capacity 
and with significant erosive 

processes. Highly susceptible to 
desertification processes. 

Anthropic areas / Fragments of vegetation  

 

Below are the results from the analysis performed according to the methodology described above. 

3. RESULTS AND DISCUSSION 

3.1 Analysis of patterns related to human actions 

The types found are shown in Figure 3 and were generated from the decision tree represented in Figure 4. It is observed that in 
2011 there was a spatial redistribution of the patterns found in the basin, especially concerning areas classified as consolidated, as 
highlighted below. 

In areas near the dam, the consolidated pattern was replaced by geometric pattern (1) which can be explained, in part, by the new 
dynamic of water security provided by Castanhão dam, encouraging the use of these areas for agriculture or livestock, mainly 
from agriculture ebb. In the region to the east of the Sub-basin is possible to verify an increase in consolidated areas in Alto Santo 
(2), which already owned (and still is) an area with significant geometric pattern, characterized by areas of farm expansion.  
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Fig. 3: Spatial patterns related to anthropic area, 2000 and 2011. Source: Authors' preparation. 

 

 

Fig. 4: Decision tree generated to determine the spatial patterns related to anthropic area, 2000 and 2011. Source: Authors' 
preparation. 

 

In the region further west (3 and 4), where they border the municipalities Jaguaretama and Solonópoles, there was a change in the 

spatial pattern in 2011, displayed similar patterns to multidirectional. In part this change may be associated with vegetation 
recovery (albeit modest) in the vicinity of small water bodies in the region. 

In the central part of the Sub-basin, where is located the city of Jaguaribe, there is the maintenance of the typology consolidated. 
This is because this area, mostly, already undergoing severe environmental degradation being considered susceptible to 
desertification processes, corroborating the map of 1990 of the Fundação Cearense de Meteorologia e Recursos Hídricos - 
FUNCEME (Figure 5). 

c_PD <=  0.0000000000  -> Continuous 
c_PD >  0.0000000000  
|   c_CA >  460.9096069336  -> Consolidated 
|   c_CA <=  460.9096069336  
|   |   c_MPS <=  1.4220390320  -> Diffuse 
|   |   c_MPS >  1.4220390320  
|   |   |   c_ED <=  71.8392028809  -> Geometric 

|   |   |   c_ED >  71.8392028809  -> Multidirectional 
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Fig. 5: Location of degraded areas susceptible to desertification processes according to FUNCEME. Source: Authors' preparation. 

This area has, historically, been explored intensively, especially with livestock near the riverbed, which contributes for the 
sedimentation him committing the fluid intake in this region in times of more severe weather, as this is included in the semiarid 
region, which has the characteristics of the occurrence of climatic extremes. 

In Figure 6 you can check the distribution, in number of cells, according to the types of arrangements. In general there was no 
great variations in the number of cells of each type. 
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Fig. 6: Distribution of typologies analyzed for the years 2000 and 2011. Source: Authors' preparation. 

 

The standard diffuse and consolidated declined, while other patterns have had a slight increase. Despite these slight 
modifications, we can see the dominance of multidimensional patterns and consolidated, which characterizes well the 
anthropization in that Sub-Basin. 

3.2 Analysis of the patterns related to fragments of vegetation 

By analyzing the vegetation fragments of Sub-Basin (Figure 7), one can observe that human actions, as shown above, have 
contributed greatly to the fragmentation and elimination of vegetation mainly in the central region of the Sub-Basin (1). In these 
regions the fragments classified as "Little Fragmented" and "Little or No Vegetation" are prevalent demonstrating that this area is 
more likely to suffer significant loss of biodiversity and the loss of soil structure and microclimate influence in the region. In this 

region, are important sources of water, which can be compromised by the loss of riparian vegetation which has key role in 
maintaining the quality of these water bodies, since it avoids the silting of them, among other benefits. 

In regions 2 and 3 (Figure 7), there is a severe fragmentation of vegetation, significantly compromising the quality of the habitat 
of species of fauna and flora, since, according Meffe and Carroll (1994) shredding the landscape in small portions natural areas is 
not compatible with the maintenance of biodiversity. In this situation the animal and plant populations may suffer losses in 
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genetic order to changes in the distribution of species and ecosystems. This is due in part to the edge effect, namely a greater 
external disturbance inside the habitat. 

In the region 4 (Figure 7), although there was the presence of areas with greater continuity of vegetation, that is, areas with higher 
connectivity among fragments, these fragments are next to or surrounded by areas of intensive agriculture. In this case the 
biological population is exposed to the effects of contamination of groundwater, as well as the effects of pesticides and other 

agricultural practices. 

 

Fig. 7: Spatial patterns related to vegetation fragments, 2000 and 2011. Source: Authors' preparation. 

The figure below (Figure 8) shows the values generated by decision trees which separated the different typologies. 

 

Fig. 8: Decision tree generated to determine the spatial patterns related to vegetation fragments, 2000 and 2011. Source: Authors' 
preparation. 

The analysis of the interannual local vegetation (2000 and 2011) allowed to detect a inversion in the concentration of cells 
classified as “Very Fragmented”, and, in Region 3, this fact can be explained by the replacement of these cells by classified as 
"Little Fragmented" demonstrating that the vegetation in this region has decreased significantly compromising the local 
resilience. 

Briefly what is observed is the use of natural resources exacerbated in this region, associated with the use of low-efficiency 
technologies (fire, inappropriate irrigation systems etc.), besides the deforestation, has contributed to the decline in biodiversity, 
increased soil exposed , causing further erosion and loss of productivity. The degradation in arid and semiarid regions has a direct 
impact on the water cycle affecting the groundwater reserves, causing drying of wells and springs. Furthermore, during periods of 

heavy rain, a region devoid of surface coverage contributes to the loss of the surface layers of the soil. Once dried, these soils 
then exhibit a layer resistant to water infiltration. This process decreases the reserve food for endemic species leading to severe 
losses, impacting the resources important to local people and communities, leading to increased food insecurity and 
impoverishment of the most vulnerable populations. 

4. POLICY ORIENTED RECOMMENDATIONS 

Considering the scenario presented is recommended that the implementation of a strategic action plan for combating and 
mitigating the areas with the greatest potential to desertification, for the rational use of fragile natural resources of the region are 
still responsible for the maintenance of local biodiversity and supply water in the region. 

c_PercentLand <=  22.5380897522  
|   c_CA <=  30.5552101135  -> Little or no vegetation 
|   c_CA >  30.5552101135  -> Little fragmented 
c_PercentLand >  22.5380897522  
|   c_LSI <=  5.6741671562  -> Continuous 
|   c_LSI >  5.6741671562  -> Very fragmented 
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Actions to enhance the responsiveness of the population, mainly strengthening local institutions, land tenure, diversification of 
production, encouraging the implementation of agroforestry systems and the capture and storage of water, especially rain, are 
fundamental to remedy this problem. Associated to these, develop a monitoring system of land management through partnerships 
between different institutional levels (government, research institutions and local population) that allows the monitoring of 
natural resource use and quality of the region's ecosystems. 

5. CONCLUSIONS 

The use of this tool of analysis allowed to evaluate the behavior and dynamics of the main spatial patterns related to human 
action and vegetation in the Sub-Basin, showing up with a management tool to Basin Committees and other decision makers. 

This study allowed us to analyze also the impact, even superficially, the deployment of Castanhão Dam for the dynamics of the 
study area, once found that from 2000 to 2011, especially the region near the same, changed its dynamics with respect the spatial 
patterns observed. Besides these, the work served to corroborate the research that has been developing in this region FUNCEME. 
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The intrinsic antibiotics resistance of rhizobia isolates from semiarid
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Laboratory of Environmental Microbiology, Department of Biology, Sciences Center, Federal University of 
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INTRODUCTION

The study of the biodiversity of rhizobia seeks to understand their ecological

and evolutionary relationships, in order to obtain strains that may be more

efficient and tolerant to environmental stresses that limit the symbiosis. The

ability to grow at different pH's range, tolerance to salt concentration,

temperature, intrinsic resistance to antibiotics and utilization of different carbon

sources are tests for characterization that are used on the description of new

species. In this respect, the objective was to test the resistance of isolates from

the semiarid to antibiotics.

. Utilizing 29 isolates from the Culture Collection of rhizobia in the Laboratory of

Environmental Microbiology, Federal University of Ceará, and eight standard

strains: BR 3486; BR 3471; BR 3301; BR 3302; BR 3267; BR 3262; BR 2003

and BR 2801 using the POLISENSIDISC of Diagnostic Expert Microbiological

with: Amikacin; Amoxicillin; Ampicillin; Aztreonam; Cephalothin; Cefepime;

Cefoxitin; Ceftadizima; Ceftriaxone; Ciprofloxacin; Chloramphenicol;

Gentamicin; Piperacillin; Sulphazotrim and Tetracycline. After growth was

measured inhibition zone (mm) with a caliper analog (Figure 1 and 2). Strains

were classified as resistant, intermediate and sensitive to antibiotics according
to the manufacturer's data.

GXX

In the dendrogram with 60% similarity were observed 10 groups. Group II 

consists of six standard strains (BR 3262, BR 2801, BR 3302 BR 3301, BR 

3471, BR 2003) and by isolates that were resistant the largest number of 

antibiotics tested (≥ 10 and ≤ 15). Group III had the largest number of isolates, 

including the strain BR 3267, showing sensitivity between 7 and 10 antibiotics, 

none of the isolates in this group were resistant to piperacillin, ceftriaxone, 

amikacin, amoxicillin and Cefepime. The group IX  is composed only by 

standard strain BR 3486, where the intrinsic resistance was observed only to 

antibiotics Cephalothin and sulphazotrim.

The isolate 12, from Cascavel, showed resistance to almost all antibiotics tested, only

showing sensitivity to cefoxitin, six of the isolates tested were resistant to this antibiotic (2,

10, 11, 23 and 28), besides the standard strain BR 3302. The standard strains (BR 3262,

2801 BR, BR 3302) with isolates 1 and 12 were resistant to Amikacin, in which the other

isolates were susceptible. The standard strain 3302 was resistant to all antibiotics tested.

The Aztreonam induced the largest percentage of resistance (97.3%) of the isolates, while

Amikacin had the lowest percentage (13.51%).

MATERIALS AND METHODS

RESULTS AND DISCUSSION

CONCLUSION

Figure 1: Standard strains subject to different antibiotics with different sizes of halo.

Figure 2: Mesuring the halo formed with analog caliper.

Figure 3: Dendrogram of similarity depending on the antibiotic resistance of 29 bacterial isolates originates the soils

from Ceara and Rio Grande do Norte and eight standard strains using Jaccard Coefficient.

Economic assessment of desertification, sustainable land management and resilience of arid, semi-arid 

and dry sub-humid areas

The isolated LAMAB 12 stood out for presenting resistant to almost all antibiotics tested 

except cefoxitin





Practical technique and extension method  
for improvement of crop performance with wind erosion control 

  Introduction  
Nearly 20 years have passed since the ratification of UNCCD (1994) by 
international communities to seek contribution in terms of both 
academic research and social practice to solve the problems related to 
desertification. Several knowledge and experiences have been 
accumulated so far and many of these are not necessarily adopted and 
extended to local level. Why is it happened? It may be explained from 
its causes and close linkages with poverty. The major causes of 
desertification are the daily activities to support people’s livelihood and 
basic needs for survival, such as cropping, animal husbandry and 
gathering of fuel woods (Fig. 1). Nobody can force them to stop the 
livelihood activities for desertification control. However, considering 
desertification as combinations of accumulated causes and 
consequences at local and human-scale, the solutions should be 
designed by the combination of the actions at the same scale. 
     Setting the study site in the Sahel of Niger, West Africa, the 
objectives are 1) to verify a practical technique effective to improve 
crop performance with wind erosion control and 2) to examine the 
applicability of social-network survey to integrate into extension method 
for rural development assistance. 

*Contact: Ueru TANAKA, c/o Research Institute for Humanity and Nature, 

                457-4, Kamigamo, Kita-Ku, Kyoto, 603-8047 JAPAN (e-mail to tanaka.ueru@chikyu.ac.jp)                                 

Research Institute for Humanity and Nature 
457-4, Kamigamo, Kita-ku, Kyoto, 603-8047 JAPAN 

Ueru TANAKA*, K. IKAZAKI, Y. SASAKI, H. SHINJO and S. TOBITA 

Fig. 1 Major causes of desertification in the Sahel, West Africa 

  Fallow-band system    
1. Design 
Fallow-band system (Fig. 2) was designed to improve crop 
performance, both growth and grain yield, and to reduce wind erosion. 
At the beginning of rainy season, the bands with 5 m width and 
stretching from the north to the south are set at the interval of 30 m to 
60 m in cultivated field. In each band, seed of pearl millet are not sown, 
weeding practice is not done and, consequently, a band with wild 
grasses and herbs is established. The fallow-band, left during dry 
season after crop harvest, captures top soils and coarse organic matter 
brown by seasonal easterly wind.  In the rainy season of next year, the 
position of the fallow-band is shifted on the windward. 

Wind erosion control: Setting the apparatus at the windward (A) and 
leeward (B), we monitored  the top soil and coarse organic matter  
(OM) brown by wind during dry season (Fig. 3, left). The amount [A - B] 
gives the captured ones by the fallow-band. A single fallow-band 
prevented 74 % of soil loss and 58 % of OM loss (Fig. 3, right). 

Fig. 2 Outline of the fallow-band system  

      Improvement of crop performance: The picture  in Fig 4 (left) 
shows the difference of crop growth in the filed under continuous 
cultivation (right) and after one year fallow-band (left). This drastic 
effect  was explained by the loss or accumulation of  relatively fertile 
top soil and organic matter, i.e. nutrients for crop, by wind. Since the 
residual effect remains for three to four years, the grain yield from the 
entire cultivated field, including the one under continuous cropping and 
once placed  under allow-band, increases year by year as shown in Fig. 
4 (right). Although the effect can not keep the increasing trend, the 
result is attractive for local cultivators.  

Fig. 3 Effect on wind erosion control 

As of December 2011, the technique has been practiced by 381 
households, in 44 villages, 9 districts and 3 regions in Niger . In a 
selected village, we conducted a social-network survey. Fig. 5 shows   
the network of consultation and opinion leaders.  In a participatory 
approach generally used in rural development assistance, we contact 
with a village chief as an entry point. We, however, identified some 
more persons, located as a convergence of network, who may function 
as an entry point to a channel of knowledge/technology dissemination.  
Component of social-network survey may be applicable to modify 
extension method for rural development assistance.  

Fig. 4 Effect on improvement of crop performance 

  Modification of extension method   

2. Functions  
We set some plots in the experiment farm of ICRISAT-Niamey, western 
part of Niger, to verify the functions of the fallow-band system in wind 
erosion control and improvement of crop performance.  

Fig. 5 Network of consultation and 
opinion leaders in a selected village 



Introduction 
 

 The changes due to human activities 

and land use cover and management 

style, are considered to be the main 

driving factor for the global carbon 

cycle. There are still many 

uncertainties on study of terrestrial 

ecosystem carbon sinks , it is an 

important aspect that landuse changes 

affect terrestrial ecosystem carbon 

exchange mechanism is unclear. In this 

study, we select the agro-pastoral 

ecotone in Inner Mongolia, China as 

research area,then investigate the 

carbon fluxes due to land use 

change.The four land use patterns are: 

free grazing(FG), cropland(CL), 

grazing enclosure(GE) and abandoned 

cultivated(AC). 

 

Study of carbon flux under different land use patterns in agro-pastoral 

ecotone in Inner Mongolia, China 

Haili Xue, Haiping Tang,Yuzhen Ma,Mingxin Tao 
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Experimental methods 
 

  

Discussion 
           The study showed  early of 

enclosing grassland,especially in the 

first year , the capacity of carbon sink 

is very significant. But when enclosing 

life is over 8-10 years, due to the 

accumulation of a large number of 

litters and so on, it also releases a large 

amounts of carbon, eventually leading 

to the capacity of carbon is not 

significant.In our study, in order to 

ensure the enviromental  factors to be 

consistent,we can only choose the plot 

which  has 12 years enclosing history. 

    ecotone in Inner Mongolia, China. 

            The result of carbon sinks in the 

Frazing  Grazing  grassland  in 2012 is 

not consistent with our former  study in 

2011,it is possible correlation with the 

precipitation,because the precipitation in 

2012 is much  higher than 2011. 
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Figure 1: Dynamic of  NEE  in different landuse patterns 

Figure 2: Dynamic community respirtion in different landuse patterns 

Figure 3: Seasonal dynamic of  NEE and  

variance analysis in different landuse 

patterns 

Figure 4: Seasonal dynamic of ecosystem 

respirtion  and  variance analysis in different 

landuse patterns 

       NEE and community respiration 

reached the maximum value in July , 

descending order is GE> AC> FG>CL, 

community respiration of the four land 

ues patterns shows the significant 

difference(p < 0.05).The NEE of GE is 

significant higher than the other landuse 

patterns;The  significant difference of 

NEE only exist in July in CL and  FG. 

Landuse type 
Carbon sinks 

（tC·ha-1·a-1） 

Carbon  release 

（tC·ha-1·a-1） 

Total carbon 

sequestration 

（tC·ha-1·a-1） 

FG 0.26 a 3.14bc 3.40bc 

GE 0.34 a 4.41d 4.76d 

AC 0.32 a 3.60 c 3.92c  

CL 0.12 a 2.65 b 2.77 b 

Table 1: Estimate the carbon sink capacity of different land use patterns 

 

 Though there is sigificant difference carbon sequestration in GE, it   

has no signifcant difference on carbon sinke;and the other three 

landuse patterns show the signifcant difference on carbon release 

and sequestration.They all have shown the capacity of carbon  sinks. 
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1. INTRODUCTION  
 

Desertification phenomenon is consequence of a set of various processes in  arid and semi-arid 

environments, in which water is the major factor for the use of lands in the ecosystems. It is  

generally associated to geo-physical conditions (e.g. soil, slope, vegetation cover) coupled with 

inclemency of drought and also  water availability .  Several methods have been developed to 

evaluate desertification process, including mathematical models, parametric equations, remote 

sensing, direct observations and measurements.  

2. OBJECTIVE:  
 
General : Develop a desertification assessment model for arid and semi-arid areas in Cape Verde.  
Specific: Assess and map desertification sensitivity in the main anthropogenic watershed of 
Santiago Island, Ribeira Seca (RSW) 

3. MATERIAL & METHODS 
 
Study site description:  
 
• Location : East-central section of Santiago Island ;  latitudes 15º07’40’’N and 15º01’55’’S ; 
longitudes 23º32’05’’E and 23º38’40’’W.  

• Surface area: 71.5 Km²; Annual rainfall:  200 to 650 mm  

• Medalus Model (Kosmas et al., 1999)  

• Selected  104  sites (DESIRE approach for describing land degradation indicators) 

•  Field  information on main indicators  used in GIS 

Stage 1: Six quality indices (soil, climate, vegetation, management, water runoff and social)  

selected from sub-indicator layers 

Stage 2: Quality layers combined in single desertification sensitivity index 

Eq.1: Index X= [(Layer1)*(Layer2)]*(Layer3)]*…(Layern)]1/n  as very high, high, moderate, low or 

very low (Tables 1) 

Stage 3: Indicators combined to calculate single index of desertification risk    

Eq. 2: Desertification Risk = (SQI*CQI*VQI*MQI*WRQI*SoQI) 1/6 

4. RESULTS & DISCUSSION  
 

  Fig. 1 shows the quality maps for the six main indicators.  

  Soil, vegetation and erosion were most important indicators affecting desertification process 

with  60,  79 and 74 %, respectively (table 2).  

  Desertification map (Fig. 2) shows that areas more sensible to desertification are founded  in the 

center part of watershed, where vegetation and soil qualities are low.  

  45% of watershed presents high to very high risk desertification while 26% presents  low to very 

low risk  (table 3). 

  Areas where any change in the delicate balance between natural and human activity are likely to 

bring about desertification represent 29 % . 

  Results indicate that the modified MEDALLUS model is a suitable tool for assessing and mapping 

of environmental sensitive areas to desertification in RSW and other watersheds in the 

mountainous islands of Cape Verde. 

Fig.1: Map Qualities of the Six Indicators 

5. CONCLUSION & RECOMMENDATIONS 
 

 Study should be considered a case  study both in methodological and technological 
approaches for assessing and mapping desertification risk 

 
 The modified MEDALUS model is a valuable tool to assess environmental sensitivity areas to 
desertification in arid and semi-arid areas like RS W  

 
 45 % of areas is at high to very high risk of desertification, 29.3 % at moderate risk and 
25.7 %  at low to very low risk  

 
Results confirm that actions against land degradation implemented since the 80´s by the 
government have had positive effect against desertification  

 
 Nevertheless, it is necessary to strengthen actions in areas where the risk of desertification 
is moderate to very high 

Desertification risk 

class 

Area  

km2 % 

Very low 4.0 5.6 

Low 14.4 20.1 

Moderate 21.0 29.3 

Severe 28.0 39.2 

Very severe 4.1 5.8 

TOTAL 71.5 100.0 

Fig.2: Ribeira Seca Desertification Risk Map 

Quality 

  

Climate Soil Vegetation Management Erosion Social 

Km2 % Km2 % Km2 % Km2 % Km2 % Km2 % 

Very high  9.34 13.06 0.43 0.60 3.52 4.92 6.95 9.72 1.10 1.54 12.16 17.01 

High  13.73 19.20 4.88 6.83 6.65 9.30 8.54 11.94 6.80 9.51 17.17 24.01 

Moderate 18.64 26.07 22.9 32.03 4.59 6.42 22.83 31.93 10.79 15.09 36.06 50.43 

Low 18.91 26.45 29.48 41.23 35.66 49.87 24.43 34.17 16.96 23.72 4.61 6.45 

Very low 10.88 15.22 13.76 19.24 21.08 29.48 8.75 12.24 35.85 50.14 1.50 2.10 

Table 3: Desertification risk classes and respective areas 

Table 2: indicator qualities and corresponding areas 

Desertification 

risk classes 

Sensitivity 

 score 

Type of areas 

and sign 

Short description 

  Very low  [1.000 – 1.160] Not affected  (N) Areas in which critical factors are very low or 

absent, with good balance between 

environmental and socio-economical factors 

  Low [1.170 – 1.225]  Potential         (P) Areas threatened by desertification under 

significant climate change, if a particular 

combination of land use is implemented or 

where offsite impacts will produce severe 

problems. This would also include abandoned 

land, which is not properly managed. 

  Medium [1.226 – 1.265] 

[1.266 –  1.325] 

[1.326 –  1.375] 

Fragile (F1) 

Fragile (F2) 

Fragile              (F3) 

Areas in which any change in the delicate 

balance between natural and human activity is 

likely to bring about desertification. 

  High to very 

high 

[1.376 –  1.415] 
[1.416 –  1.530] 

> 1.530 

Critical (C1) 

Critical (C2) 

Critical             (C3) 

Areas already highly degraded through past 

misuse, presenting a threat to the 

environment of the surrounding areas or with 

evident desertification processes. 

Table 1:Classification of environmental sensitivity index  (Ferrara et al. 1999, Kosmas et al. 1999) 
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The ‘Declaration of Niamey’ , Fight Against Desertification in Africa conference , 

Niger, October, 2011 [1], highlighted the need for interdisciplinary research in 

the fields of desertification, land degradation, and drought (DLDD) focusing on 

social, economic and environmental issues.

Thus the problems in DLDD field are not only of Natural and Technological 

aspects but those of Social and Political. 

It has been a time to explore the role of State power impact on national and 

international counteracting DLDD.  One of the modern and fruitful analysis and 

interpretation instruments for complicated social and group processes is 

Complex Network modeling. In current work a spatial Comprehensive Network 

Lace (CNL) topological approach  previously applied for enhancement of state 

regulation processes has been proposed to study DLDD as a multidisciplinary 

problem. Outside its innovation core, CNL is supported by three conventional 

pillars: - Ontologies, GIS, Complex Networks.

Introduction

Ecological SystemsHuman Systems

Socio - Political factors

Techno – Economic factors

Unsustainable 

Agricultural 
Practices

Climatic factors

Political instability

High and 

sustained 
temperatures

Unsustainable 

Water Management 

Practices

Industrial 

and Mining 

Activities

Demography 

pressure

Poverty

Infrequent 

and irregular 
rainfall

1. Desertification ontology

Socio - Political factors

[2]

[3]

[4]

Ras Laffan Industrial City,
Qatar

Installation of offshore pipeline – Iran

Sand dunes in the UAE
Techno – Economic factors

Climatic factors

[5]

http://www.kcet.org/news/the_back_forty/assets_c/2012/11/drought-11-20-12-thumb-600x433-40739.png

[6]

2. GIS as incentive scope

Different layers

•Typically a GIS is used 

for handling maps of one 

kind or another.

•These might be 

represented as several 

different layers where 

each layer holds data 

about a particular kind 

of feature.

• Each feature is linked 

to a position on the 

graphical image of a 

map Typical Data flow  For GIS Application

Graphical representation of [7] bypassed the whole world, and is widely used 

to demonstrate the exponential (a) and scale-free (b) networks.

Complex Network tools have been successfully applied to understanding and 

counteracting such threats as infection diseases spread and terrorist activity.  

Contrary another significant utilization of Complex Network approach is to 

develop good governance, management and organizational processes in 

international, national and corporation landscapes [2].

3. Complex  networks
3. Comprehensive networks as a basic approach to studying  huge and

especially complex systems
Suggested by [8] the concept of Comprehensive Network Lace CNL( or stem 

networks ) is based on an end-to-end description of major categories of 

interactions for sets of entities (subjects and objects) using a multilayer) 

variety of complex networks.

The core of the approach is binary interactions of entities (actors) in a separate 

thematic layers (TL)

Actor of the Lace in  a Comprehensive  Network is 

a stem, stems attach the nodes of networks of 

different thematic layers (TL)

A classic graph has no two distinct edges 

connecting the same pair of vertices (nodes), in a 

Lace the number of links connecting a pair of stems 

might  be multiple to the number of layers.

5. Principal Findings

Based on a Comprehensive  Network Lace Scope in this work we propose a 

novel Composite model for interdependent Socio-Political , Techno –

Economic  , and Climatic systems. The model focuses on  for further 

simulation, quantitative assessment, and practical implementation in 

countering DLDD by international and interdisciplinary teams in condition of 

diverse State regimes .

The map shows more of Texas, USA in drought [9]

Draught Zones Complex Network modeling Draught Zones CNL modeling

Socio-Political CNL

Techno – Economic factors

Techno – Economic CNL

Socio - Political factors

Climatic factors

Socio - Political factors Techno – Economic factors

Climatic factors

Composite CNL

Even most sensitive CNL parameters 

( common and for each layer) has 

been assessed the Prime advantage 

of the approach is in its general 

cross-disciplinary topological 

interpretation of the DLDD problem.

Summary

Composite CNL brings a new conceptual and integrated scope through: 

• description and quantitative detailing of interdependent Socio-Political 

, Techno – Economic  , and Climaticfactors; 

• visualization as a common language for experts of diverse disciplines; 

• clarification of interlevel and interagency collaboration;

• topological assessments of ecosystem vulnerabilities
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INTRODUTION 

Introduction The Irrigated Curu 

Pentecost-irrigated area that has delivered to the 

family farmers of 885.41 ha, 103.10 ha of 

salinized and 40.0 ha prone to salinisation. 

Located at coordinates 3 ° 51'18 "South latitude 

and 39 ° 18'13" W, 82 Km far from Fortaleza 

semi-arid climate, average temperature 19-29 ° 

C relative humidity 42% average rainfall in the 

headquarters unit is with 950mm of rainfall 

concentrated from January to April. 

 

 
 

FIGURE 01 - Total irrigated area and total area 

in saline-PICP Irrigated Perimeter Curu 

Pentecost in the year 2012. 

 

OBJETIVE 

Aims to assess the impact of 

conventional surface irrigation in the soil 

dynamics and soil salt concentrations 

transforming normal observations were 

conducted in irrigated plots in the Irrigation 

Curu-Pentecoste. (PICP) 

 

MATERIAL AND METODOS 

Methodology The 175 irrigators family 

based, with lots of 4 to 5ha, with predominant 

cultivation of coconut, banana, sugar cane, 

beans and corn, maize 5200 m3 of water per 

crop, practicing surface irrigation by gravity 

and surface drainage collection that contribute 
to the damage. Irrigation involves the opening 

of the channel in shifts weekly (2 times a 

week) for corn cultivation time of harvest 

medium 110 days. 
 

CONCLUSIONS AND PERSPECTIVES 
The irrigation schedule obeys the rules 

and techniques of DNOCS is supervised by staff 

technics, these managements have harmed the 

soil so as to result in large areas of salinized 

with perspectives in the near future if not taken 

necessary steps in this activity a collapse in 

northeastern Brazil. 
 

 
FIGURE 02 – Use of water for the culture in the 

PICP- Pentecoste Ceará. 
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INTRODUCTION 

•The State of Ceara-Brazil, in recent 

years, has gone through a redefinition 

of its economy suffering a process of  

modernization and restructuring 

productive that reaches the urban and 

rural sectors. One can observe the 

existence of investments in irrigation, 

rural electrification, water resources 

and so on. It is consensus that such 

transformations bring economic 

growth. However, linked to them, are 

often associated with aggression to the 

environment with emphasis on the 

exploitation of natural resources in 

addition to their ability to support, 

what intensifies and desertification 

processes enhances social problems. 

OBJECTIVE 

To analyze the propensity to desertification for the 184 

municipalities of the State of Ceara from the construction of an 

Index of Propensity Desertification on social aspects as 

recommendations of the United Nations Organization 

2 TECHNICAL ANALYSIS 

• Factorial analysis model 

• Cluster analysis model 

 92% of the territory entered the 

Semi-Arid Region; 

 75% of the territory included in 

isohyet below 800mm annually;  

 High rates of evaporation and 

evapotranspiration;  

 Indices of negative water balance; 

 High levels of poverty; 

 HDI = 0.7 (2000) => 20th in the 

Brazilian ranking; 

 High population pressure on a 

fragile environment. 
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METHODOLOGY 

1 Study Area: the State of  Ceara, Brazil 

RESULTS 

It was found that 134 municipalities of 

Ceara had relatively low propensity indexes 

desertification with lower densities, but the 

worst conditions of sanitation.  

SUGGESTIONS 

Educational campaigns on the consequences of desertification, 

programmes to combat rural poverty with alternative employment and 

income, in the end, an improvement in the quality of life of the 

population, are ways to minimize the action of man over nature, often 

their only form of sustenance. 

Fonte: Rodrigues, 2006. 
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Introduction 

Peatlands worldwide and in Belarus Impact of drainage in Belarus 

Geographical distribution of peatlands of  Belarus 
The modem natural vegetal cover of Belarus occupy 
about 60.0 % of the territory, including 35.5 % forests, 
15.8 % natural meadows, 14.2 % peatlands. The last 
ecosystems play very important role in the mitigation 
of the droughts and drought phenomena consequences 
on  the territory of  Belarus. 
The most of  Belarus peatlands certainly have the 
European and world value and must be included in the 
European and World natural heritage. 
Large-scale drainage during the Soviet period 
decreased the number of natural peatlands in Belarus  
more than  by the half. 
Launched in 2006, four-year UNDP project funded by 
GEF  help Belarus address peatlands degradation. The 
project is to demonstrate the feasibility of 
rehabilitating wetland ecosystems damaged by human 
activity - assessing over 40,000 hectares of peatlands 
affected by land reclamation. In addition, it aims to 
reduce the emission of greenhouse gases from peat 
mineralization while creating conditions for the 
restoration of globally significant flora and fauna. It 
also targets the problem of peat fires (caused by 
ground water levels falling through land reclamation). 

NOTHERN (district of risen (high-moor) bogs of hill-lakes landscapes) 

WESTERN (district of fens (low-moor) bogs of hill-moraine landscapes) 

CENTRAL (district of large high-moor and fens bogs of ablation moraine plains) 

EASTERN (district of small high-moor and fens bogs of loess plains) 

SOUTHEN (district of large fens bogs of Polesye region landscapes) 

Major treats to peatlands of Belarus and their consequences 

The influence of anthropic factor on peat deposits by their over-melioration and extraction are exhibited especially visibly. Peatlands, once degraded, 

contributes to progress and risk of fire overall, for peatlands in the Chernobyl zone, has implications for the spread of radioactive contamination. 

According to official data, about 200 thousand ha of Belarus drained peatlands and inefficiently managed agricultural lands are in critical condition. Over 11 

thousand  peat fires, on average, have occurred annually over the last 10 years. 

The rate of decrease of peat layers of  

1-2 cm per year under the agricultural use 

Peat fires 

Ecological and socio-economic benefits of peatlands rehabilitation 

As result of rewetting of 12 degraded peatlands with total area 

30,000  ha CO2 emissions have been considerably reduced and 

absorption of this greenhouse gas from the atmosphere started. 

Reduction of CO2 from the restored wetlands made about  

311,000 tons per year. 

Ecological rehabilitation of developed peatlands facilitates restoration 

of habitats favorable for typical wetland vegetation and animal life. The 

results of flora and fauna monitoring have shown that wetland 

vegetation has been restored at 70-90 % and ornithological fauna at 20-

48 % for 5 years. 

The following IUCN species 

re-appeared at the restored 

peatlands: 

Long-term results – benefits for local population: 

more possibilities for hunting and fishing, 

conditions created for re-appearance of medicinal 

plants, more places for rest, more possibilities for 

gathering berries and  mushrooms. 

Scientific justification, development and implementation of construction projects for rehabilitation of degradated peatlands 

On the basis of the data on hydrology and water quality, 

correlation of habitat types, the status of peat, the species of 

usage it is determined what type of mire is expected to be 

rehabilitated, and what water levels should be established to 

achieve these goals. 

For this purpose a number of water flow regulating devices, 

i.e. different types of dikes, sluices, dams. Anti-filtration dam 

to prevent the water outflow has been built on the border of 

non-degraded and degraded peatlands.  

This technique has been developed for the cases when the 

hydrological regime of peatlands is disturbed by the adjacent 

draining systems designated for agriculture and peat 

extraction. 
Number of sites – 17 

Area – 40725 ha 

Distribution of the pilot  sites 

Conclusion 

Rehabilitation of degraded wetlands is contribute to a better environmental situation in Belarus due to 

elimination of land degradation, peat fires, reduction in GHG emissions, improvement of regional climate and 

hydrological regime, and restoration of the biodiversity. Activities on peatlands rehabilitation also often evoke 

support and interest from local residents, by providing new places for recreation, fishing, and berry-picking. 

Practical experience of the project arouses a great interest not only for national experts, but also among foreign 

environmentalists. Rehabilitation of wetlands has a synergistic effect, to address the problem of land 

degradation, climate change mitigation and biodiversity conservation.  
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Introduction

Due to it’s high exposure to natural disasters and low adaptive capacity, Tajikistan

Methods

The following assessments were conducted within the project:Due to it’s high exposure to natural disasters and low adaptive capacity, Tajikistan

is one of 11 countries worldwide selected for funding through the Pilot Programme

for Climate Resilience (PPCR). Over the coming decades, climate change (CC) is

expected to produce higher air and surface temperatures, reduced number of

The following assessments were conducted within the project:

1) An inventory of SLM technologies and approaches using the

WOCAT (World Overview of Conservation approaches and
technologies) frameworkexpected to produce higher air and surface temperatures, reduced number of

days with rainfall and increased frequency of extreme events such as floods,

droughts and storms in. Sustainable land management (SLM) technologies are

crucial to support farmers and communities in becoming more resilient to CC by

technologies) framework

2) An analysis of the documented SLM case studies regarding their

resilience to climate change:
crucial to support farmers and communities in becoming more resilient to CC by

conserving soil and water, restoring productive natural resources, enhancing food

security and increasing food production. The concept of  the 
vulnerability triangle was used 
to assess vulnerability and Adaptive to assess vulnerability and 
resilience of land use with 
regard to climate change

Adaptive 

capacity

Goal 3) Participatory analysis of SLM using workshops involving different

Sensitivity

Goal

The overall goal of the PPCRs component on “Agriculture and Sustainable Land

Management” was to identify best SLM practices to improve rural livelihoods and

3) Participatory analysis of SLM using workshops involving different

administrative levels as well as government and non-government

organisations
Management” was to identify best SLM practices to improve rural livelihoods and

resilience to climate change and make policy recommendations for their up-

scaling.

10 Technology Groups No Land use type Exposure to CC Sensitivity to CC Adaptive capacity CC adaptation “service”

1) Inventory of SLM technologies in Tajikistan

10 Technology Groups No Land use type Exposure to CC Sensitivity to CC Adaptive capacity CC adaptation “service”

Improved Grazing Land 4
Extensive 

Extreme rainfalls, 

droughts, 

decrease of snow 

Degraded pastures are highly 

sensitive to drought and 

erosion, rural households  are 

Missing governance of commonly 

managed resources, no pasture law, 

weak institutional set up, poor livestock 

Soil cover protection against 

soil loss, increased soil Improved Grazing Land 4
Extensive 

pasture land
decrease of snow 

cover and thus 

less soil humidity 

erosion, rural households  are 

strongly dependent on 

livestock 

weak institutional set up, poor livestock 

breeding and market access, lack of 

quality veterinary services

soil loss, increased soil 

moisture, higher plant diversity

Heatwaves, High risk of production failure Lack of operational control of water 
Irrigation Infrastructure 

Management
8

Irrigated annual

cultivated land

Heatwaves, 

drought, limited 

no. of days with

rainfall

High risk of production failure

due to restricted crop

selection, limited and untimely

irrigation water

Lack of operational control of water 

distribution, use and payments, limited 

finances for rehabilitation of irrigation 

infrastructure

Water preservation, timely

water availability

rainfall irrigation water infrastructure

Water Harvesting 3 Cultivation on 

small household 

Lack of 

precipitation and 

drought resulting 

Highest importance regarding 

food security, very sensitive to 

pests, livelihoods sensitive to 

Very limited finances and agricultural 

inputs, limited access to knowledge

and advisory support, limited work 

Harvesting / collection of water, 

reduced evaporation loss

Soil Productivity 
small household 

plots
drought resulting 

in water stress

pests, livelihoods sensitive to 

limited water availability

and advisory support, limited work 

force
Soil Productivity 

Enhancement
5 Improved soil fertility

Agroforestry 9
Heatwaves, 

Degraded land has low
Poor seed stock, lack of quality 

agricultural inputs, technologies are
Lower risk of crop failure due to 

higher diversity
Agroforestry 9

Rainfed annual 

cultivated land

Heatwaves, 

drought, extreme 

events

Degraded land has low

productivity, cultivated land on 

slopes is highly susceptible to

degradation processes

agricultural inputs, technologies are

unknown to land users (e.g. minimum

tillage, irrigation techniques). 

higher diversity

Cross Slope Measures: 
On Site Protection

4
Protection against soil loss, 

improved soil moisture

Cross Slope Measures: 
Off Site Protection 

3

Gullies, 

landslide prone 

areas

Extreme rainfalls 

Severely degraded land is 

threatening infrastructure, 

cropland and livelihoods

Limited finance and understanding of 

the causes of natural disasters

Prevention against natural 

disasters (e.g. mudslides)
areas cropland and livelihoods

Planted and Natural Forest 2

Forest, riveraine

Extreme rainfalls, 

drought, reduced

Forest were extensively

exploited for fuel and

construction material, they are

Limited capacity and resources of the 

State Forestry Agency to manage vast 

forest areas, high dependence on 

Soil cover, carbon storage

Tree belts 4
Improved microclimate andForest, riveraine

woodlands

drought, reduced

no. of days with

rainfall

construction material, they are

prone to fires and pest and

diseases

forest areas, high dependence on 

wood for fuel, lack of a strong forestry 

code

Tree belts 4
Improved microclimate and

protection against wind

Indirect SLM Measures 4 Increased wood production

Total no. of case studies 46Total no. of case studies 46

2) How to transform from climate change vulnerable to resilient?

Guiding principles for SLM technologies and policies

1. Diversification of land use technologies and farm incomes

3) Stakeholders opinion at the village level on climate resilient
SLM

� Technologies with low initial setup costs and low labour demand were1. Diversification of land use technologies and farm incomes

2. Intensification of use of natural resources

3. Expansion of highly productive land use technologies

4. Protection of land and livelihoods from extreme weather events 

� Technologies with low initial setup costs and low labour demand were

scored the highest

The following technologies were some of the ones highly favored by the

workshop participants:4. Protection of land and livelihoods from extreme weather events 

1 2

workshop participants:

1 2

3 43 4

Rehabilitation of poor soils through
agroforestry

Low cost rain water harvesting
from house roof
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Abstract
The LADA team at FAO conducted between 7 November – 7 December 
2011 an expert peer review and user’s survey on GLA DIS to determine 
the reaction to the kind of features and informatio n that stakeholders the reaction to the kind of features and informatio n that stakeholders 
find at it and assess the system in terms of method ological approach 
and reliability. A total of 82 experts worldwide we re contacted 
representing the UN, International organizations an d  the scientific, 
research and education community dealing with land degradation and 
desertification (LDD). LADA defines LD as “the reduction in the capacity 
of the land to provide ecosystem goods and services and assure its 
functions over a period of time for its beneficiaries”. Based on this, 
GLADIS aims to assess both the status and the trends of land 
degradation for both degraded and degrading land. Status repres ent a 
snapshot of present situation and could be used as a baseline while 
trends describe the potential for change that could  be positive or 
negative depending on management. Results are visua lized using 
radar graphs with six axes for the six different as pects of land 
degradation.  They include: biomass, soil health, w ater resources, 
biodiversity, economic production, and social/cultu ral wealth to 
provide a comprehensive representation of perceived  status and loss 
of ecosystem services. related to the land resource .

The GLADIS system and reviewers opinions

Example of radar diagrams showing the 
capacity of the ecosystem to provide 

services under two different land uses

The GLADIS system and reviewers opinions
The GLADIS Manual

Make it simpler

Prepare easy-to-use
booklets

Add annexes 
and explain 
the approach

GLADIS Input database rating

LAYER SATISFACTORY
%

NON
SATISFACTORY

%

PARTIALLY 
SATISFACTORY

%
Biomass 40.0 13.3 46.7% 

Soil 50.0 25.0 25.0% 

Water 61.5 15.4 23.1% 

Biodiversity 45.5 9.1 45.5% 

Economic 54.5 18.2 27.3% 

Social 58.3 25.0 16.7% 

The major concern remains with the quality of globa l databases!!
GLADIS Input: land use systems

Satisfactory level (%)

GLADIS Analyses of land degradation ratingLand use systems (66.7) 
Livestock density (50.0)
Irrigation intensity (61.1)

GLADIS Output index ratings
Satisfactory level (%)

Biophysical status of land (66.7)
Biophysical land degradation process (61.1)

GLADIS analyses for process change
Satisfactory level (%)

LAYER/FEATURE SATISFACTORY
Biomass 63.2
Soil health 36.8
Water resources 42.1
Biodiversity 57.9
Economic production 44.4
Radar diagrams 47.1

Classes of land degradation (52.6)

63.2% of the reviewers rate GLADIS as partially sati sfactory 
and 57.9 find it user friendly. Future work should improve 
the content, methodology and  especially validation  at 
national level

Unsustainable land use changes and miss management are the main 
causes of land degradation!!
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What future for Mediterranean land resources?
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What future for Mediterranean land resources?
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The Mediterranean region posses about 854 M ha of total land but only 118 million ha of them (or 14%) are
suitable for agricultural production; this figure in the Middle East and North Africa (MENA) drops at 5 percent.suitable for agricultural production; this figure in the Middle East and North Africa (MENA) drops at 5 percent.
Irrigation is practised in about 24.7 M ha or 20 per cent of the arable lands. Still 60 per cent of the food
production in the region comes from rainfed farming. The region rely heavily on food imports for much of its
needs draining out important revenues that could be used otherwise for social and public programs.

Land use and Land cover in the 

needs draining out important revenues that could be used otherwise for social and public programs.

Land use and Land cover in the 
Mediterranean

14%

Agricultural land (14 %)

15%

Agricultural land (14 %)

Natural pastures (15 %)EUROPE

8%63%
Forest and woodland (8 %)

Other uses (63 %)

EUROPE

ASIA
8%

Other uses (63 %)ASIA

AFRICA<4% arable 
land

Other  uses include desert sands, shallow, rocky,  

saline, sodic soils 

and areas sealed by urbanisation.<4% arable 
land

<2% arable 
land

and areas sealed by urbanisation.

Options for expansion of arable land are nil, 

except for limited areas with potential for land

64 % of water region wide is used by agriculture

except for limited areas with potential for 

irrigation

64 % of water region wide is used by agriculture
(82 % in Southern and Eastern countries and above 50 % in the Northern countries)
Climate change  will worsen the situation as Mediterranean becomes drier and hotter!!!Climate change  will worsen the situation as Mediterranean becomes drier and hotter!!!
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million scale 
(Zdruli, 2012)

Arable land (million ha)
Population (million people)
Population increase in N. Med (million people)

1. Agricultural land per capita would  halve from 0,48 ha (1961) to 0,21 
ha  in 2020

535

0,6600

Population increase in N. Med (million people)
Population increase in MENA (million people)
Arable land per inhabitant  (ha/inhab)2. Saline soils (natural and human-induced) cover about 10 million 

hectares throughout the region. 
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hectares throughout the region. 

3. The Mediterranean population is likely to more than double by 2020
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t3. The Mediterranean population is likely to more than double by 2020

4. Agricultural land area may shrink with the loss of 8.3 M ha (or 7  %)

6. 
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6. Food security is likely to become increasingly severe, especially in the 

MENA countries
120,228 120,095 117,287 114,542 111,862100
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Implementation of sustainable land and water 
management (SLWM) technologies is a MUST for the 

1961 1990 2000 2010 2020

management (SLWM) technologies is a MUST for the 
Mediterranean region!!Mediterranean region!!



http://2sc.unccd.int/

UNITED N ATIONS Convention to Combat 
Desertification
UNCCD Secretariat
P.O. Box 260129 D-53153 Bonn, Germany

Tel: +49-228 / 815-2800
Fax: +49-228 / 815-2898/99
www.unccd.int

Global Risk Forum 
GRF Davos
Promenade 35
CH-7270 Davos Platz, Switzerland

Tel: +41-81 / 414-1600
Fax: +41-81 / 414-1610
www.grforum.org


	Cover
	Poster Collection
	ABDALLA-Use_of_uncomposted_sewage_sludge_and_clay_based_ameliorant-2ndScUNCCD
	AGUIAR-Floristic_and_structure_of_caatinga_preserved_areas_and_from_different_management_systems-2ndScUNCCD
	Slide 1

	AHMADI-Investigation_of_geological_criterion_on_land_degradation-2ndScUNCCD
	AHMADOV-Economic_and_social_impacts_of_land_degradation-2ndScUNCCD
	ALBALUSHI-Environmental_and_socio-economic_impact_assessment-2ndScUNCCD
	ALBUQUERQUE-Salinitys_effect_on_the_development-2ndScUNCCD
	ALENCASTRO-Aspects_of_the_effectiveness_of_legal_instruments-2ndScUNCCD
	Página 1

	ALI-Soil_and_water_salinity_dynamics_and_their_impacts_on_land_degradation-2ndScUNCCD
	Title: Soil and water salinity dynamics and their impacts on

	ANWAR-Agrosylvopasture_as_sustainable_agriculture_systems-2ndScUNCCD
	AQUINO-Dynamics_temporal_and_spatial_risk_of_desertification-2ndScUNCCD
	Página 1

	ARAUJO-Desertification_and_poverty-2ndScUNCCD
	ARAÚJO-Resilience_action_to_recover_an_area-2ndScUNCCD
	BARBOSA-Geoprocessing_in_riskmanagement-2ndScUNCCD
	BARBOSA-Mapping_areas_at_risk_to_process_of_desertification-2ndScUNCCD
	BEEHARRY_PANRAY-Sustainable_land_management_practices-2ndScUNCCD
	BEZERRA-Assessment_of_the_dynamics_of_surface_temperature-2ndScUNCCD
	BEZERRA-Precision_agriculture_as_a_mitigation_measure-2ndScUNCCD
	BEZERRA-Precision_forestry_in_supporting_the_recovery_of_degraded_areas-2ndScUNCCD
	BRING-Afforestation_and_poverty_reduction_in_the_Northern_part-2ndScUNCCD
	BUOSI-Water_access_in_the_State_of_Ceara,_Northeast_Brazil-2ndScUNCCD
	CARVALHO-The_coexistence_with_the_brazilin_semiarid-2ndScUNCCD
	Página 1

	CHINWEZE-Climate_change_impacts_and_land_degradation-2ndScUNCCD
	Page 1

	CIOBANU-Challenges_for_implementing_biodiversity_conservation_strategies-2ndScUNCCD
	COELHO-Microbiological_indicators_to_evaluate_green_sewage_substrate_quality-2ndScUNCCD
	CORREIA-Edaphic_fauna_in_semiarid_areas_under_different_vegetal_cover-2ndScUNCCD
	COSTA_-Impacts_of_land_use_and_degradation_on_the_hydrology_of_a_semi-arid_catchment-2ndScUNCCD
	Slide 1

	COSTA-Successive_dams_of_loose_stones_and_its_environmental_impacts_occurring-2ndScUNCCD
	Página 1

	DA_PONTE-Drought_in_Brazilian_semiarid-2ndScUNCCD
	DANTAS-Potential_environmental_degradation_in_the_city-2ndScUNCCD
	DE_AGUIAR-Tree_resilience_after_clear-cutting_in_sustainable_forest_management-2ndScUNCCD
	DE_LA_POMERAI-21st_century_environmental_technology_incorporates_the_social_ecological_perspective_creating
	DE_MATOS-Mini_museo_itinerante_de_ciencias_naturales_como_herramienta_para_la_conservación,_conciencia_y_lucha_a_la_
	FARIAS-Modelo_de_gestão_integrada_para_municípios_do_semiárido_nordestino-2ndScUNCCD
	FASONA-Building_partnership_with_rural_communities-2ndScUNCCD
	FIALHO-Soil_quality_in_traditional_agroecosystems_and_agroforestries-2ndScUNCCD
	FILGUEIRA-Land_degradation_in_public_irrigation_projects-2ndScUNCCD
	Página 1

	FIRMINO_DO_AMARAL-Multidimensional_poverty_in_areas_suspect-2ndScUNCCD
	FOE_ELOUNDOU-Climate_change,_water_access_and_irrigation_system-2ndScUNCCD
	GARCIA_CIENFUEGOS-Potential_impacts_of_climate_change_and_its_relation-2ndScUNCCD
	GARCIA_DE_ALBA_VERDUZCO-Biochar_potential_usage_for_land_remediation_in_drylands-2ndScUNCCD
	GARCIA_DE_ALBA_VERDUZCO-Navigating_challenges_and_opportunities-2ndScUNCCD
	GAVALI-What_should_be_the_strategy_to_tackle_climate_change-2ndScUNCCD
	Page 1

	GHOLAMI-Geochemical_characteristics_as_tracers-2ndScUNCCD
	Slide 1

	GOMES-Use_of_remote_sensing_techniques_in_the_detection_of_degraded_areas_in_the_Paraibano_semiarid-2ndScUNCCD
	Page 1

	GONZÁLEZ_MACHORRO-Environmental_education_as_a_tool_for_strengthening_participatory_management_for_sustainable_
	HAMIDIAN-Challenges_and_handicaps_to_settle_down_12_step_program_to_stop_drought_and_desertification-2ndScUNCCD
	IBRAHIM-Production_of_grain_sorghum-2ndScUNCCD
	IWATA-Spatial_distribution_of_carbon,_nitrogen_and_phosphorus-2ndScUNCCD
	KEMEUZE-Understanding_land_use_by_small_holders’_households_the_perspective-2ndScUNCCD
	KHADKA-Community_forest_of_Nepal-2ndScUNCCD
	KHALIFA-Environmental_hazards-2ndScUNCCD
	KHAVHAGALI-Vulnerability_assessment_of_climate_change_impacts_on_South_African_biomes-2ndScUNCCD
	KOIRALA-Degraded_forest_management_through_leasehold_forestry-2ndScUNCCD
	KUSUM-Combating_land_degradation_and_desertification-2ndScUNCCD
	LAGHIDZE-The_influence_of_meteorological_and_environmental_factors_on_temporal_and_spatial_distribution_of_ground-level
	LEGROURI-Using_demand_side_management_to_adapt_to_water_scarcity_and_climate_change-2ndScUNCCD
	LIMA-Public_policy_analysis_for_desertification,_family_agriculture_and_sustainable_development-2ndScUNCCD
	LIMA-Vulnerability_to_desertification_in_Ceareá_State-2ndScUNCCD
	LOPEZ-Modeling_of_the_potential_impact_of_the_climate_change_using_two_environmental_quality_indicators-2ndScUNCCD
	MAIA-Social_cartography_and_overcoming_dry_seanson-2ndScUNCCD
	MAMADOU-Analysis_of_causes_and_impacts_of_flood_risks-2ndScUNCCD
	MARINHO-The_ethnopedology_as_a_new_paradigm_for_mapping_soils-2ndScUNCCD
	MATOS-Strategies_for_survival_of_soil_microorganisms-2ndScUNCCD
	MEDA-Child_led_disaster_risk_reduction_and_climate_change_intervention-2ndScUNCCD
	MELO-Desertification_motivated_by_ceramist_activity_in_RN-2ndScUNCCD
	MELO-Impact_of_desertification_in_Mossoró_as_a_cause_of_the_economic_sector-2ndScUNCCD
	MENDES-Soil-plant_water_relations_in_native_and_cultivated_plants_in_Brazilian_Semiarid-2ndScUNCCD
	Page 1

	MENEZES-Can_the_deterioration_of_the_plant´s_diversity_be_an_indicator-2ndScUNCCD
	Slide 1

	MONTE_GOMES-The_desertification_process_and_its_consequences-2ndScUNCCD
	MONTE_GOMES-The_problem_of_drought_in_Northeast_semiarid-2ndScUNCCD
	NAPI_WOUAPI-Lack_of_resilience_in_the_semiarid_agriculture-2ndScUNCCD
	Page 1

	NARAYANAN-Indigenous_nested_people_institutions-2ndScUNCCD
	Page 1

	NASCIMENTO-Calculation_of_the_Normalized_Difference_Vegetation_Index-2ndScUNCCD
	NDIAYE-Best_practices_in_Senegal-2ndScUNCCD
	NDIAYE-Traditional_practices_for_Sustainable_Land_Management-2ndScUNCCD
	NOGUEIRA-Desertification_in_Maranhão-2ndScUNCCD
	NORMATOV-Study_of_land_degradation_processes_and_possible_rehabilitation_methods-2ndScUNCCD
	ODUNSI-Environmental_management_strategy_for_desertification_in_Africa-2ndScUNCCD
	OLIVEIRA-The_ratio_of_soil_types_and_degraded__desertified_as_proposed-2ndScUNCCD
	OLORUNFEMI-An_assessment_of_livelihood_impacts_of_global_environment_facility_project-2ndScUNCCD
	OLUWATAYO-Climate_change_in_rural_Nigeria-2ndScUNCCD
	PEREIRA_NETO-Damming_in_the_region_of_the_potiguar_Seridó-2ndScUNCCD
	PEZZOLA-Erosión_bioclimática_en_ambientes_semiáridos-2ndScUNCCD
	PINHEIRO-Resistance_rhizobia_strains_were_isolated_semiarid-2ndScUNCCD
	PLUGGE-Developing_strategies_against_land_degradation_and_desertification-2ndScUNCCD
	POUDYAL_CHHETRI-Climate_change_repercussions_and_threat-2ndScUNCCD
	REBOITA-Teleconnection_patterns_related_to_dry_years-2ndScUNCCD
	RIBEIRO-Impact_of_desertification_process_in_semi-arid_region_of_Ceará-Brazil_on_subsistence_farming-2ndScUNCCD
	ROCHA-Multi_temporal_analysis_of_dynamics_of_use_and_occupation_of_the_year_low-2ndScUNCCD
	RODRIGUES_MELO-Deforestation_and_misuse_of_soils_in_the_slope_of_the_Apodi_Plateau-2ndScUNCCD
	SALINAS-Mitigation_and_adaptation_investments-2ndScUNCCD
	SHAHZAD-Socio-economic_impact_of_gated_and_in-let_structures_and_channeling_permanent_flow_of_hill-torrents-2ndScUNCCD
	SHEIKH-Use_of_low_quality_groundwater_for_sustainable_crop_production-2ndScUNCCD
	SIEGMUND-SCHULTZE-Which_governance_options_promote_sustainable_landscapes_and_economic_viability-2ndScUNCCD
	SILVA_BEZERRA-Analysis_of_landscape_fragmentation_and_its_contributions-2ndScUNCCD
	SOUSA-The_intrinsic_antibiotics_resistance-2ndScUNCCD
	SUZUKI-Localized_rain_induction-2ndScUNCCD
	TANAKA-Practical_technique_and_extension_method-2ndScUNCCD
	スライド番号 1

	TANG-Study_of_carbon_flux_under_different_land_use_patterns-2ndScUNCCD
	TAVARES-Assessment_and_mapping_of_desertification_sensitivity-2ndScUNCCD
	TRUFANOV-State_and_society_in_fighting_with_desertification,_land_degradation_and_drought-2ndScUNCCD
	VENTURA-Social_technologies_to_address_the_climate_change_and_promote_the_human_development-2ndScUNCCD
	VIEIRA-The_environmental_impacts_of_irrigation-2ndScUNCCD
	VITAL_RODRIGUES-The_propensity_to_desertification_in_the_municipalities-2ndScUNCCD
	YATSUKHNA-Rehabilitation_of_degraded_peatlands_in_Belarus-2ndScUNCCD
	ZÄHRINGER-Sustainable_land_management_and_resilience-2ndScUNCCD
	ZDRULI-Global_Land_Degradation_Information_System-2ndScUNCCD
	ZDRULI-What_future_for_the_Mediterranean_land_resources-2ndScUNCCD


