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Abstract

In Mediterranean traditional agricultural systems, chickpea (Cicer arietinum L.), the third most important pulse crop in the world, is a spring crop and yield is 
extremely affected by soil water availability during the reproductive phase. As a consequence, there is a need to develop chickpea germplasm with resistance 
to drought and other abiotic stresses as high temperatures. Chickpea requires around 150 days from sowing to maturity, the actual duration of the development 
cycle being water and temperature dependent. Chickpea can be cultivated in the range of mean daily air temperatures of 20-30ºC, but high temperatures can 
limit production seriously. Similarly, chickpea yield may decrease substantially with increased frequency of drought. The present investigation was carried out 
to study stability for seed yield and its components in 15 chickpea genetically diverse genotypes (13 from ICARDA, Syria and 2 from INIAV, Elvas, Portugal), 
using a randomized complete block design. Trials were conducted during three years under rainfed conditions in Portugal and Syria, using a late sowing date 
to naturally expose the plants to drought and heat stress. Our approach revealed a high variability in the yield response among genotypes and regions. 
Genotype × Environment interaction (GxE) was observed in all experiments and cross-over GxE interaction between top-yielding and low yielding cultivars 
showed that greater productive potentials in Portugal. Due to higher and more adequate distribution of rainfall, the yield potential is higher in Portugal than 
in Syria. In general, genotypes that fasten their development cycle showed higher grain yield, especially in dry years. The three years assays across two sites 
showed four groups of genotypes: 1) genotypes with high adaptation to distinct environments; 2) genotypes adapted to favourable conditions, but with bad 
performance under adverse conditions; 3); genotypes with very good adaptation for poor environments and 4) genotypes with no adaptation potential. Two 
genotypes, ILC 3182 and FLIP03-145C, stand out by their high yield in the two regions and three years, including under water stress conditions.

INTRODUCTION 

Chickpea (Cicer arietinum L.) is an indeterminate plant, 
traditionally in the Mediterranean regions. Grain yields under 
rainfed conditions are normally low even though it is considered 
one of the most drought tolerant food legumes [1]. Traditionally, 
chickpea is sown in the early spring and yields rarely overpass 
500 kg ha-1, while sowing during November/December yields 
can be improved up to 3000 kg ha-1 because plants develop more 
biomass, flowers and pods. However, winter sowing plants may 
have problems during late spring due to the lack of rain, since 
higher biomass means more transpiration leading to a stronger 
crop stress. Drought is one of the most important factors 
limiting productivity of rainfed chickpea in the Mediterranean 

environments, a direct relationship between average grain yields 
and total rainfall and air temperature being described [2,3]. 

Crop models usually fail to predict yield under the 
Mediterranean climate pattern [4], where intermittent drought 
is common. Because chickpea is an indeterminate growth, the 
pattern of water distribution along chickpea lifecycle is relevant. 
The occurrence of high precipitation after a long dry period 
promotes flower dropping, pod abortion with a consequent 
decrease in grain yield [5]. However, supplemental irrigation, 
generally applied between flowering and the beginning of seed 
growth, can significantly improve yield [6,7]. In addition, high 
temperatures that commonly occur in parallel to water deficits, 
lead to acceleration of the growth cycle and further reduce yield 
[4].  
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In the Mediterranean environment, improvement of yield 
and yield stability are likely to come from crop duration, which is 
limited by the available soil moisture along the growing season. 
In this way, one of our objectives is to select germplasm with 
morphophysiological characteristics that manage to escape these 
climatic situations. The yield potential of chickpea has already 
been achieved to be 4000 kg ha-1 when cultivated in farmer’s 
fields [3]. However, in Mediterranean countries like Portugal and 
Syria, such yields are typically not achieved. Low productivity 
is mainly due to the springsowings and short growing periods 
caused by limited temperature and water availability as 
well, as limited varietal stability, and narrow genetic base of 
chickpea cultivars. Due to the large variability of environmental 
conditions, genotype yield stability is one of the most important 
traits for breeding programs. Often, specific genotype does 
not always exhibit the same phenotypic characteristics under 
all environments. In addition, different genotypes respond 
differently to a specific environment. The identification of yield 
contributing traits and the knowledge of Genotype x Environment 
(GxE) interactions and yield stability are important for the 
breeding of new cultivars with the desired characteristics such as 
improved adaptation to the environmental constraints prevailing 
in the target environments (abiotic and biotic) and high economic 
yield. However, information is lacking on the extent of chickpea 
GxE interaction across environments of the Mediterranean basin 
and its relationship with environmental factors (such as drought 
intensity and duration) and germplasm type (improved varieties 
and landraces of different origins). This information is needed 
to define adaptation targets, genetic resources and selection 
procedures for breeding programs [8,9]. 

Under the framework of the EU project KBBE-2008-212337 
‘Sustainable water use securing food production in dry areas 
of the Mediterranean region (SWUP-MED)’ field assays were 
carried out between 2009 and 2013 in Elvas (Portugal) and 
Aleppo (Syria). A wide range of chickpea genotypes were used 
to evaluate yield potential under limiting soil water and the 
physiological traits underlying those responses. 

However, despite the expectation of production being higher 
in autumn/winter sowing, trials were carried out in spring 
sowing to better evaluate the germplasm that is more tolerant to 
the environmental conditions already mentioned. 

In the final conference of this project (Agadir, Morocco), the 
oral communication with the data presented here was presented. 
Despite the data being a few years old, they are still current as 
some lines of these experiment led to the development of new 
candidacies for the Portuguese National Variety Catalog. The 
experimentation have been studying a wide range of chickpea 
genotypes in two sites (South Portugal and Syria/ICARDA) in 
what concerns yield potential under limiting soil water and the 
physiological traits underlying those responses. Specifically, we 
aimed to:  

a) Identify genotypes with a higher capacity to produce 
seeds under terminal drought stress conditions;  

b) Identify new candidate genotypes for the Portuguese 
National Variety Catalog.  

c) Help and speed breeding programs through defining 
adaptation strategies, genetic resources, selection environments 
and opportunities for international co-operation, by classifying 
target environments and germplasm types and as a function of 
GxE interaction effects. 

MATERIAL AND METHODS 

Biological material 

The 15 evaluated genotypes included 13 from International 
Center for Agricultural Research in the Dry Areas (ICARDA), 
Syria: ILC 216, ILC 1302, ILC 588, ILC 3182, ILC 3279, ILC 10722, 
CPI 060546, FLIP87008C, FLIP87-059C, FLIP03-002C, FLIP03-
46C, FLIP03-145C, FLIP04-019C and two varieties from Instituto 
Nacional de Investigação Agrária e Veterinária (INIAV, Elvas), 
Portugal: ELIXIR, ELDORADO. From these, 14 genotypes are 
Kabuli type with large, beige color and ram-head shaped seeds 
and only one is Desi type (CPI 060546) with small, colored and 
angular shape seeds. The used genotypes were developed under 
rainfed conditions and were selected for Ascochyta rabiei (fungi) 
tolerance. 

Experimental design 

Field trials were located at Elvas, Portugal and in Aleppo, 
Syria. The evaluation included 6 test environments under rainfed 
conditions: two locations over two countries, during three crop 
seasons (2009, 2010 and 2011). Geographical position and 
climatic characteristics are presented in Table 1.  

The trial was designed as a randomized complete block with 
3 replications. Each plot, with 3.6m2, was composed by three 
rows with 4m length and 0.30m between rows (0.6m between 
plots). The number of seeds per row was 60, in order to achieve a 
mean population of about 50 plants m-2. 

Growing conditions at Elvas: 

The soil at Elvas is a “Gleyic Luvisol” (FAO classification), with 
sandy clay loam texture and a total depth up to 0.8 to 1.0m.  

Pre-emergency herbicide was applied: Linurun (a.i.) plus 
Pendimetalina (a.i.). 

At Elvas sowing date was delayed in 2010 because of 
waterlogging and harvest occurred at the beginning of July. 

Average maximum and minimum monthly temperature and 
Total monthly rainfall were recorded during the growing season 
for 2009, 2010 and 2011 and are presented in Figures 1 (Elvas) 
and 2 (Aleppo).

Observations being carried out in the crop 

Phenological phases: emergence (E), beginning of flowering 
(BF), end flowering (EF) and maturation (M); 
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Morphological characters: grain yield and yield components 
were recorded. Total dry matter yield and total grain yield were 
determined at harvest.  

Statistical analysis 

Grain yield and yield components were subjected to a 
combined ANOVA for data of all experiments, holding genotype 
and environment (combination of site and treatment) as fixed 
factors and local as a random factor. 

Genotype x Environment (GxE) interaction effects for total 
yield in the combined ANOVA were modeled by the technique for 
analysis of genotype adaptation, namely: joint regression, where 
GxE effects are modeled by genotype regression as a function of 
environment mean yield [10,11]. G×E interaction analyses were 
calculated by regressing genotype means against a site index, the 
mean yield or the mean site effect. 

 All statistical analyses were conducted using the general 
linear model procedure of MSTATC (Microcomputer Statistical 
Program for the Design, Management and Analysis of Agronomic 
Research Experiments, version 3.0). Fisher’s Least Significant 
Difference (LSD) was used for mean comparisons among 
treatments, when the F-test was significant (P < 0.05). 

RESULTS AND DISCUSSION 

Phenological phases 

Representative phenological phases are presented in figure 3. 
In both places the phenological dates were similar.  

Morphological characters 

Mean grain yield and their components and significance 
levels by location and year are presented in Table 2. 

At Elvas, grain yields, in 2009, ranged from 971 kg ha-1 

(FLIP03-002C) to 2098 kg ha-1 (ILC 588), in  2010 from 1638 
kg ha-1 (FLIP03-046C) to 3190 kg ha-1 (ILC 3279) and in 2011 
from 2652 kg ha-1 (FLIP03002C) to 5951 kg ha-1 (ILC 10722). In 
Aleppo, grain yield ranged from 39 kg ha-1 (ILC 3279) to 1426 kg 
ha-1 (ILC 3182) in 2009, from 0 kg ha-1 (CPI 060546 and FLIP03-
002C) to 689 kg ha-1 (ILC 3182) in 2010 and from 0 kg ha-1 (CPI 
060546) to 273 kg ha-1 (FLIP03-145C) in 2011.  

Grain yield was always higher at Elvas than at Aleppo 

(Figure 4) what can be explained by a higher amount and better 
distribution of rainfall at Elvas. 

Within site comparisons show that yield was higher in Elvas 
in 2011, this is because the distribution of rainfall was more 
regular during the reproductive period without loss of flowers 
and production. That did not happen in Aleppo. 

On the other hand, yield was lower in 2009 because it was a 
much drier year with very high temperatures during reproductive 
period (it was the driest year of the three). In the 2010 season 
the Elvas crop suffered from an excessive rainfall period in the 
beginning of the season, with soil waterlogging, which delayed 
the sowing date, leading to a shorter growing period. At Aleppo, 
on the opposing, it was the most aggressive year in terms of 
dryness 

From the 5 top yielding genotypes, ‘ILC 3182’ that was 
selected at ICARDA, showed good stability across locations 
indicating that it is possible to have good performance under 
better environmental conditions, therefore highly recommended 
for the Mediterranean environment, where yield stability is 
the most important trait to select genotypes that can face the 
irregularity imposed by the climate. ‘FLIP87-008C’ with high seed 
weight (Table 3) and good performance in ICARDA is another 
interesting genotype, because in both countries, it presents an 
above average grain yield. Although ‘FLIP03-145C’, ‘ILC 10722’ 
and ‘CPI 060546’ were among the 5 top yielding genotypes they 
exhibit low seed weight, an un-desirable characteristic for not 
being desired by the consumers. 

‘FLIP03-002C’, with low grain yield in every year irrespective 
of location, showed the poorest performance (Figure 5). 

 ANOVA revealed Genotype x Environment (GxE) interaction, 
which involve three seasons considering three factors in 
randomized complete block design combined (two sites during 
three years - six seasons - and 15 genotypes) 

The significance levels for yield and yield components being 
presented in Table 3. The effect of local, genotype and year was 
highly significant on yield, pod m-2 and seed m-2. The influence of 
season on 100SW was not significant, indicating a similar pattern 
of variability. 

For each genotype a linear regression of yield on the mean 
yield of all varieties for each site and season was computed to 

Table 1:  Geographical position of each location, sowing date and rainfall for the 6 environments where the15 chickpea genotypes were tested

Location ICARDA - Aleppo Syria  INIAV - Elvas Portugal  
Latitude 36º45’N 38º53’N 

Longitude 38º00’E 7º08’O 
Altitude (mm) 300 m 208 m 

 2009 2010 2011 2009 2010 2011 
Sowing data March, 20 March, 20 March, 20 Feb,25 March, 19 March, 3 
Harvest Data July, 6 July, 22 July, 4 July, 10 July, 10 July, 13 

Annual rainfall (mm)  290 271 261 312 809 647 
September-March rainfall (mm)  263 258 206 250 691 479 

April-July rainfall (mm)  27 13 55 61 119 168 
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Table 2: Grain yield (kg ha-1), yield components and significance levels for 15 chickpea genotypes grown in 6 Mediterranean environments: INIAV (Portugal) and ICARDA 
(Syria), during three years (2009, 2010 and 2011)

INIAV, ELVAS

 
 

2009 2010 2011 

Yield Pod/m2 Seed/m2 100SW 
(g) Yield Pod/m2 Seed/m2 100SW 

(g) yield Pod/m2 Seed/m2 100SW 
(g) 

ILC 216 1931 510 472 40.85 1989 469 490 40.82 4424 969 1090 40.37 
ILC 1302 1598 474 455 35.15 2120 545 551 38.33 5479 1330 1402 29.25 
ILC 588 2098 642 658 31.88 2218 581 656 33.77 4275 1052 1256 34.02 

ILC 3182 1690 558 595 34.50 3025 833 912 34.78 5834 1621 1799 33.18 
ILC 3279 1144 378 380 30.06 3190 1039 1090 29.30 5382 1607 1732 31.08 

ILC 10722 1675 732 1060 15.82 1647 860 1128 15.58 5951 2011 3075 19.28 
CPI 060546 1850 764 863 21.59 3177 941 1493 21.39 4189 1512 1868 22.37 

FLIP87-008C 1705 411 453 37.66 2516 523 586 43.31 3568 602 858 41.75 
FLIP87-059C 1446 402 407 35.59 2392 618 684 34.98 3470 947 1006 34.34 
FLIP03-002C 971 416 410 23.72 1792 777 835 21.54 2652 1134 1229 21.53 
FLIP03-046C 1096 331 332 33.02 1638 469 577 27.76 5306 1322 1540 34.50 
FLIP03-145C 1811 524 794 23.66 2097 567 725 28.99 5168 1173 1634 31.86 
FLIP04-019C 1806 379 396 35.43 1687 651 736 36.60 4526 1107 1217 37.23 

Elixir 1673 530 534 31.41 2155 640 663 32.29 4833 1390 1692 28.61 
Eldorado 1240 342 340 36.44 2513 635 668 37.76 3992 991 1069 37.09 

Mean 1555 493 543 31.12 2344 677 786 31.79 4603 1251 1498 32.43 
CV(%) 6.38 6.8 9.7 3.4 25.2 26.1 31.2 9.4 20.5 20.7 20.9 6.01 
Prob *** *** *** *** * ** ** *** ** *** *** *** 
LSD 74.2 24.9 34.4 0.8 441.7 132.0 183.7 2.2 601 193.5 234.3 1.5 

  ICARDA 

 

 

2009 2010 2011 

Yield Pod/m2 Seed/m2 100SW 
(g) Yield Pod/m2 Seed/m2 100SW 

(g) Yield Pod/m2 Seed/m2 100SW 
(g) 

ILC 216 677 181 206 30.00 326 76 98 33.17 157 165 187 33.10 
ILC 1302 569 162 190 29.33 215 70 83 26.47 245 270 314 29.63 
ILC 588 691 264 267 25.67 308 89 102 31.73 268 222 270 28.00 

ILC 3182 1426 460 483 29.67 689 200 238 29.53 157 410 476 25.77 
ILC 3279 39 19 19 21.00 8 3 3 22.33 5 54 57 21.67 

ILC 10722 375 127 143 25.33 444 238 308 14.53 197 603 740 15.67 
CPI 060546 194 108 114 17.00 0 0 0 18.00 0 0 0 18.00 

FLIP87-008C 1116 283 302 37.33 412 118 124 33.60 148 184 225 32.67 
FLIP87-059C 1037 340 384 24.33 255 83 89 28.77 104 324 391 24.03 
FLIP03-002C 227 146 124 21.33 0 0 0 20.00 88 241 295 16.23 
FLIP03-046C 628 178 194 29.67 256 89 95 25.93 188 225 260 23.40 
FLIP03-145C 873 324 359 24.00 430 152 184 23.47 273 467 540 24.57 
FLIP04-019C 234 67 70 34.00 221 73 83 22.83 124 264 359 27.70 

Elixir 516 206 206 25.33 235 73 83 29.60 47 86 105 22.20 
Eldorado 340 108 108 31.67 62 25 29 23.13 81 184 244 29.87 

Mean 596 198 211 27.04 257 86 101 25.54 139 247 297.6 24.83 
CV(%) 64.8 59.9 64.6 13.4 55.5 54.3 56.1 16.9 52.0 46.6 45.1 13.6 
Prob ** ** * *** *** *** *** *** *** *** *** *** 
LSD 289.0 88.8 101.8 2.7 106.8 34.9 42.4 3.2 54.0 86.1 100.4 2.5 

ns = not significant. * Significant at P < 0.05; ** Significant at P < 0.01; *** Significant at P < 0.001

values of slope (b) are associated with high yield potential of each 
genotype and b > 1 indicates good response from the genotype to 
the environment. The 4 groups of genotypes identified are (Table 
4, Figure 6):   

1) Genotypes such as ‘ILC 3182’ and ‘FLIP03-145C’ 
showing high slope (b) and high interception (a), indicators of 
good performance across all environments; 

2) Genotypes such as ‘ILC 3279, ‘ILC 10722’, ILC 1302’, 
‘FLIP03-046C’ and ‘FLIP04-019C’ showing high slope (b) 

measure genotype adaptation (Table 4). The results obtained 
show four groups of genotypes (Figure 6), depending on the 
slope and interception of the regression analysis according to 
Finlay and Wilkinson [10].  

High r2 shows a good adjustment of the model, and slope (b) 
values vary between 0.622 (FLIP03002C) and 1.260 (ILC 3279); 
interception (a) values vary between -366.02 (ILC 3279) and 
410.64 (FLIP87008C).  

Both indices (a and b) are important for this analysis. High 
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2009  2010  2011  

    

Figure 1 Average maximum and minimum monthly air temperatures and monthly rainfall during the growing season for 2009, 2010 and 2011 
at Elvas.

Table 3: Genotype x Environment (GxE) interaction partitioned by a combined ANOVA for data of all experiments, which involve two sites (L) and three seasons per site [R 
(L)] considering two factors, randomized complete block design combined over locations (sites) 

Sources of Variation Degree of freedom  Yield Pod m-2 Seed m-2 100 Seed Weight 
Mean - 1583 492 573 28.79 

Site (L)  1 *** *** *** *** 
R (L) 4 ** n.s. ** n.s. 

Genotype (G) 14 *** *** *** *** 
L x G 14 ** *** *** *** 

Year (Y) 2 *** *** *** n.s. 
L x Y 2 *** *** *** ** 
G x Y 28 ** *** *** ** 

L x G x Y 28 ** n.s. ** * 
Error (Residual) 176 - -  - 

CV(%) - 32.2 30.9 33.6 10.6 

Table 4: Joint regression analysis of grain yield by year, location and replication of 15 genotypes: yield potential (kg ha-1), coefficient of determination (r2), interception (a), 
slope (b) and error of slope. 

Regression parameters

 Yield (kg ha-1) r2 a b Slope error Genotype group (1-4) 

ILC 216 1584 0.929 115.32 0.928 0.092  

ILC 1302 1705 0.858 -142.32 1.167 0.088 2 (poor adaption to poor environments) 

ILC 588 1643 0.985 221.21 0.898 0.040 3 (good adaptation for poor environments) 

ILC 3182 2137 0.952 191.22 1.229 0.099 1 (good performance across all environments) 

ILC 3279 1628 0.968 -366.02 1.260 0.082 2 (poor adaption to poor environments) 

ILC 10722 1715 0.956 -266.77 1.252 0.096 2 (poor adaption to poor environments) 

CPI 060546 1568 0.927 -41.76 1.017 0.103  

FLIP87-008C 1577 0.942 410.64 0.737 0.065 3 (good adaptation for poor environments) 

FLIP87-059C 1451 0.901 302.10 0.726 0.087  

FLIP03-002C 955 0.957 -28.55 0.622 0.047 4 (poor response to all climatic situations) 

FLIP03-046C 1519 0.958 -230.30 1.105 0.083 2 (poor adaption to poor environments) 

FLIP03-145C 1775 0.976 116.87 1.048 0.058 1 (good performance across all environments) 

FLIP04-019C 1533 0.979 -106.00 1.036 0.054 2 (poor adaption to poor environments) 

Elixir 1577 0.991 -94.92 1.056 0.035  

Eldorado 1371 0.961 -80.70 0.918 0.006  
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Figure 2 Average monthly rainfall during the growing season for 2009, 2010 and 2011 at Aleppo.

Emergence   ( Beginning  
of April)   

Flowering   ( April - May)   Pod   ( ) June   Matura�on   ) July (   Harvest   ) July (   

Figure 3 Representative phenological phases.

 
INIAV (Portugal)  ICARDA (Syria)  

 

Figure 4 Grain yield mean (kg/ha) in INIAV, Portugal and ICARDA, Syria during field trials (2009, 2010 and 2011).
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and low interception (a), indicators of poor adaption to poor 
environments; 

3) Genotypes such ‘FLIP87-008C’ and ‘ILC 588’ showing 
low slope (b) and high interception (a), indicators of good 
adaptation for poor environments; 

4) Low slope (b) and low interception (a): ‘FLIP03-002C’. 
Worst situation, with poor response to all climatic situations.  

‘ILC 3182’ and ‘FLIP03-145C’ yields are higher than the 
others genotypes for this range of testing conditions showing 
high stability across the environments.  

CONCLUSIONS 

Higher grain yields were recorded at Elvas (Portugal). 

2011 season was rainy during reproductive period in both 
countries, however, in Portugal temperatures and rainfall 
distribution was more moderate / suitable for plant development 
than in Syria, conducting to higher grain yields at Elvas (with 

taller plants and longer growth cycle; more pods and seeds, 
conducting to higher grain yield). In Syria the response was 
reverse (due to the very high temperatures that were felt in the 
reproductive period, personal communication). 

The influence of season on the 100SW was not significant, 
indicating a similar pattern within the genotype variability. Yield 
variability is strongly dependent on the variability of the seed 
m-2. This means that seed weight is a genetic characteristic.  

Our approach (three years across two sites) showed that 
grain yield is not limited by the genetic yield potential but by 
climatic and agronomic conditions.  

Genotypes with high adaptation to distinct environments 
were revealed. Genotypes with good adaptation to all 
environments are available at the Portuguese National Catalogue 
(CNV). Currently, 11 varieties are registered. 

In this experiment they were select two genotypes ‘ILC 3182’, 
‘FLIP03-145C’ that stand out for their high performance in both 
regions and three years, including water stress conditions. Based 

Figure 5 Grain yield (kg/ha) relationship of the two locations (INIAV, Elvas and ICARDA, Aleppo) with respect to all field trials (2009, 2010 and 
2011).

Figure 6 Joint regression analyses with four contrasting groups - calculated by regressing genotype means against a site index, the mean yield 
or the mean site effect. A representative genotype per group is indicated.
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on this work, these two lines (group 1) continued the selection 
and multiplication process and are currently registered in the 
Portuguese National Catalog Varieties (2020), with the names 
Electra and Elipse. Both varieties were sold in France, similar to 
the Elixir and Eldorado varieties. 

PATENTS  

It is important to mention the registration of two chickpea 
Kabuli varieties (Electra and Elipse) that were selected under the 
methodology used in the present study. 
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project “Sustainable water use securing food production in dry 
areas of the Mediterranean region under Changing Climate” 
KBBE-2008-212337  

 Seed donors: INIAV and ICARDA  

 Funding: INIAV, SWUP-MED project supported by Seventh 
Framework Programme 
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