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Abstract 

The present paper review s the genotype and environment interaction as an alternative tool in plant breeding programs for 
utilization of plant genetic resources. Environment has empirically been considered as a key factor by farmers and 
conventional plant breeders since agriculture began, but the use of environmental components of the collecting sites, in 
agro-biodiversity and breeding studies, has w alked in very gradual steps. Environmental information on the collecting sites 
(eco-geographical characterization) reveals the adaptive range of species genotypes conserved and identifies the most 
important environmental components for adaptation. Application of geographic information system tools is useful to manage 
and analyse geo-referenced data of collecting sites, such as passport data and environmental variables, making so possible to 
study the environmental conditions under w hich crop w ild relatives and traditional farmer varieties have acquired their 
adaptive traits. This can improve the efficiency of typical activities of the conservation and use of plant genetic resources, 
such as field explorations, priority sites for collecting germplasm, identification of gaps and priority areas of conservation. 
Assessment of genotype and environment interaction helps in identification of more adapted traditional farmers’  varieties, in 
creating core collections and selecting appropriate germplasm for plant breeding programs. 
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Introduction 

Plant Genetic Resources (PGR) refers to genetic diversity (GD) of actual or potential value that exists among individuals or 
group of individuals belonging to a species, and is vital for crop improvement ensuring food security. They comprise GD 
contained in landraces populations and crop w ild relatives (LPCWR), providing GD for crop improvement (Gixhari et al. 
2 0 1 6 ), abiotic-biotic stresses resistance, adaptation to climate change, etc. Breeders seek in gene bank for the best genotypes 
(parents) at various stages of plant breeding programme. Production factors as the reduction of land availability and suitable 
for agriculture, environmental degradation and global climate change are making breeders to identify adapted genotypes (AG) 
that can grow  on delimitated grow ing factors as:  poor soils, salt soils, drought, w ater logging, extreme temperatures, etc. 
(Ceccarelli, 1 9 9 4 ;  Ober & Luterbacher, 2 0 0 2 ;  Vinocur & Altman, 2 0 0 5 ;  Berger, 2 0 0 7 ;  Witcombe et al. ,2 0 0 8 ;  Gixhari et. al. 
2 0 1 4 ).To identify the best genotypes breeders’  need a high genetic representativeness (GR) in gene bank of GD in nature or 
in the field, and any information that may help to select parents w ith the desired traits.  

The morphological phenotypic characterization and evaluation (C&E) of PGR, very useful to determine the GR in gene 
bank, have great importance in discovering the genes of interest for successful crop breeding. According to Kresovich et al. , 
(2 0 0 6 ), C&E data w ithout environmental components of collecting sites (ECCS) are not very useful for breeders. The most 
useful information on AG and bioclimatic factors that delimitates the distribution of one species, is related to the ECCS, 
w hich reveals the most important environmental components (EC) for adaptation and its impact on the heredity process. 
Application of geographic information systems (GIS), useful to manage geo-referenced data of collecting sites, enables to 
study the EC under w hich LPCWR have acquired their adaptive traits.  

The aim of this review  paper is to improve the efficiency of conservation and use of PGR(CUPGR) using simple 
complementary methodologies and cost-effective GIS tools that reveals the adaptation range of plant species and identifies 
the most important EC for adaptation and more AG of LPCWR, important for core collections, stable production and selecting 
appropriate parents (traits) for plant breeding (PB). 

Subj ects and M ethods 

Materials include literature published on management of PGR, C&Eof gene bank collections, conventional and molecular 
breeding, EC, plant adaptation, biotechnology, GIS and eco-geography applied to PGR. Comparison analysis, synthesis and 
interpretation of results found in research papers of respective fields w ere some of the methods use in this review . 

R esults and D iscussion 

G enotyp e and environm ent interaction.  Since the publication of the genotype heredity concept (Johannsen, 1 9 1 1 ), in the 
continuous challenge for plant breeders to solve the equation that relates phenotype (P), genotype (G) and environment 

(E), the trend to understand heredity given by equation P =  G +  E (Fisher, 1 9 1 8 ;  Lande, 1 9 8 0 ;  Falconer & Mackay, 1 9 9 6 ) has 
been the consolidation of genetic aspect of phenotype instead of recognizing the importance of environment on the heredity 
process. The development of plant bio-technology placed also the environment in a second place. Environment has 
empirically been considered as a key factor by farmers and conventional PB since agriculture began. Frankel & Benett 
(1 9 7 0 ) explained the relationship betw een adaptation and GD and the importance of certain EC in the distribution of species. 
Actually, the EC are being selected as new  future tools to improve the CUPGR. 

In the final stages, breeders w ant to know , if their new  variety behaves w ell in few  or many environments and w hether 
this behaviour is maintained for a long time. In conventional PB, the EC is determined by its impact on the phenotype 
expressed by interaction GxE. Thus, PB can take advantage of the adaptation range of LPCWR to detect the presence of 
interesting alleles in adaptive genes that can be transferred to modern cultivars (Bhullar et al. 2 0 0 9 ).According to International 
Union for the Protection of New  Varieties of Plants (UPOV, 2 0 0 9 )morphological characters remain the only legitimate 
markers accepted to approve a new  variety. For this reasons the phenotypic information is the most used for C&E of 
germplasm and for the analysis of GD among plant species and w ithin a species.  

G eograp h ic I nform ation System s and rep resentativeness of gene bank  collections.  GIS tools are applied to in situ conservation 
of endangered w ildlife in protected areas (Rodrigues et al., 2 0 0 4 ), appropriate to conserve CWR. GIS tools manage 
information of ECCS under w hich LPCWR have acquired their adaptive traits. GIS analyse the spatial aspect of collecting 
sites, geographical distances (Hijmans & Spooner, 2 0 0 1 ), and distribution of a particular group of species (Parra-Quijano et 
al. , 2 0 0 3 ). GIS methodologies improve the GR of ex  situ collections, the efficiency of CUPGR, the field explorations;  
identification of EC and geographic areas w hich are likely to contain specific desired traits of interest for breeders.GR of ex 
situ collections is the part of GD stored in gene bank. GR is highly related to the GD in nature or in the field, and it can be 
assessed using morphological, molecular and evaluation data. The assessment of GD of the populations in nature or in the field 
require expensive infrastructure, highly qualified personnel, its application is often difficult and an unattainable task.  

According to Greene and Hart (1 9 9 9 ) eco-geographical representativeness (ER), indirect reflects GR, due to the relationships 
among the EC of a site and the genotypes of the populations occurring at that site through natural selection and local adaptation. 
The term “ eco-geographical”  refers to combinations of climatic, ecological and geographical data related to patterns of genetic 
variation (Peeters et al., 1 9 9 0 ). Thus, ER, based on the GxE interaction, can be useful in estimating the GR of collections using 
simple and cost-effective methods.  

Plant adap tation and eco- geograp h ical rep resentativeness.  Plant adaptation can be defined as the degree to w hich an individual 
or population is able to live and reproduce in a given environment w ith a unique combination of biotic and abiotic stresses 
(Allard 1 9 8 8 ).Environment has direct influence on the phenotype and shapes genotypes through adaptation. Collected 
germplasm covering all adaptation range of a species’ , help breeders to detect the presence of adapted genotypes able to grow  
in extreme environments. Aegilop s species, having w ide genetic variation for diseases resistance, for drought (Mó lnar et al., 
2 0 0 4 ) and salt tolerance (Farroq, 2 0 0 2 ) are a highly-valued source of genes for PB (Rao and Hodgkin 2 0 0 2 ).  

Climate change is redirecting PB to develop crops that are more tolerant to abiotic stresses such as drought, flooding, heat, 
radiation, salinity, chilling and freezing (Rai and Srivastava 2 0 0 1 ;  Vinocur and Altman 2 0 0 5 ). Consequently, ER studies, due 
to the close relationship betw een EC and genetic patterns (Allard 1 9 8 8 ), are essential to improve the CUPGR, and to measure 
the AG captured in gene banks (Parra-Quijano et al. 2 0 0 8 ).  

F uture p rosp ects  

Eco-geography and GIS (Eco-GIS) tools are helpful for the collecting, conservation, efficient uses of PGR, regeneration, 
plant breeding, precision agriculture, environmental conservation, rural development, and on farm. Using the coordinates of 
the collection sites, Eco-GIS tools provide the link betw een genotypes and the environment, helping to select sets of 
germplasm containing specified traits. Each collection site can be individually profiled for available EC as precipitation, 
humidity, temperature, agro-climatic zoning, and soil characteristics. Eco-GIS tools are able to identify the most suitable sites 
for conservation and regeneration, as a key factor in reducing genetic erosion. An increase of Eco-GIS tools in CUPGR is 
expected in the present decades, particularly as regards the challenges implied by global climate change for agriculture. 
Furthermore, studies on adaptation of LPCWR should continue to increase the importance of the EC in explaining the 
phenotype, the abiotic-biotic aspect of adaptation, and the influence of farmers on the eco-geographical patterns of cultivated 
plants. 
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Abstract 

Given the current pressures (including climate change) to reduce irrigation w ater use, it is important to optimize the use of 
agricultural w ater in irrigated agriculture. Therefore, the present study evaluates the performance of SIMETAW (simulation of 
evapotranspiration of applied w ater), a simulation model developed by California University, in estimating the net irrigation 
w ater demand needed to produce a crop. The simulation of w eather data:  daily mean air temperature, daily mean precipitation, 
and daily mean reference evapotranspiration (ET0 ), w as performed. The daily observed data of solar radiation, maximum 
temperature, minimum, and dew  point temperature, precipitation, and w ind speed, w ere used.Ten years (2 0 0 8 –2 0 1 7 ) of daily 
observed w eather data from the meteorological station of Tirana w ere used in the model to simulate 3 0  years of daily w eather 
data in the period from 1 9 8 1  to 2 0 1 0 . Different statistic indices including coefficient of determination, regression 1 : 1 , absolute 
and normalized root mean square error and agreement index (D-index), w ere employed for comparison of simulated against 
observed data. Results revealed that SIMETAW model accurately generated daily main temperature and precipitation variables. 
Was also observed a close agreement betw een estimated reference evapotranspiration values using the FAO 5 6  Penman-
Monteith equation and those simulated using w eather data generated by SIMETAW. The SIMETAW model has been show n 
to be robust in the simulation of w eather data examined in Tirana climatic conditions.  

Key words:  climate change, crop coefficient, crop w ater requirements, evapotranspiration of applied w ater, SIMETAW model 

Introduction 

A successful w ater management scheme for irrigated crops requires an integrated approach, w hich accounts for w ater, soil, and 
crop management. SIMETAW is a user friendly soil w ater balance model that assesses crop w ater use, calculates reference 
evapotranspiration (ETo) from simulated w eather data, determines crop coefficients for a w ide range of irrigated crops, 
estimates the effective rainfall and the irrigation w ater requirement, and generates hypothetical irrigation schedules for each of 
the simulated years of data, and for a w ide range of crops experiencing full or deficit irrigation.The main feature of the 
SIMETAW model is that it simulates daily w eather data from monthly climate data for a specified period of years. SIMETAW 
w as also developed for crop w ater demand planning and it can help to plan for the effects of climate change as w ell as for 
current climate conditions. 

Global w arming and climate change and its impact on crop w ater requirement are a major concern of this century [ 3 ] .There are 
many studies relating to climate change impacts on w ater requirement for different crop [ 1 , 2 , 5 , 7 ] . The SIMETAW model can 
also assess climate change impacts on crop w ater demand. 

Before any model can be used, test and evaluation should be performed. Based on above context, the main objectives of this 
study w ere:  1 ) to evaluate the accuracy of SIMETAW, as a user-friendly and yet accurate model, to generate daily w eather data 
from mean monthly recorded data, and 2 ) to compare the calculated reference evapotranspirationvalues by FAO 5 6  Penman-
Monteith equationw ith those simulated by SIMETAW. 

M aterial and M ethods 

SIM E AT AW  m odel descrip tion 

The SIMETAW model simulates w eather data, estimates reference and crop evapotranspiration, computes crop w ater balance 
and estimates evapotranspiration of applied w ater, w hich is the amount of irrigation w ater needed to match losses from the 
effective soil root zone[ 4 , 6 ] . SIMETAW can use either observed daily climate records or it can simulate daily w eather data 
from monthly means for a specified period of years.  

Meanw hile, observed or simulated daily rainfall, soil w ater holding characteristics, effective rooting depths, maximum soil 
depths, and crop evapotranspiration are used to determine effective rainfall and to generate hypothetical irrigation schedules. 
Furthermore, it is also useful for estimating the effect of climate change on crop evapotranspiration and evapotranspiration of 
applied w ater. 

The ease of use of the model, the low  requirement of input parameters, and its sufficient degree of simulation accuracy make 
it a valuable tool for estimating evapotranspiration of applied w ater under rainfed conditions, supplementary and deficit 
irrigation, and on-farm w ater management strategies for improving the efficiency of w ater use in agriculture. The inputs are 
stored in climate, crop, and soil files. 


