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Abstract

Chickpea (Cicer arietinum L.) is a very important crop in the world. Portugal was traditionally sown as a spring crop and so extremely affected by long periods
of drought and temperature variation throughout the growth cycle. Chickpea grain yields decrease substantially due to increased air temperature and the severity of
drought. To face the Mediterranean-type climate pattern, chickpea breeding programs were reoriented to develop chickpea germplasm tolerant/resistant to the main
abiotic and biotic stress and adapted to different environments and production systems. This study relates chickpea yields (35 years) with rainfall average in Alentejo, a
Southern Portugal region with a Mediterranean-type climate. Our approach shows that selection should apply multiple and complementary criteria. The physiological and
morphological studies are important in breeding programs, to combine not only resistance to drought and temperature, and biotic stress but also high yield potential and
yield stability. The main objective is to obtain new chickpea varieties for the rainfed conditions of the Mediterranean region. From this work, four chickpea varieties (Kabuli

type), were registered on the National Variety Catalogue. Actually, the national chickpea genetic breeding program has already registered 11 varieties.

Introduction

The Mediterranean-type climate is characterized by hot
and dry summers and cool and wet winters [1-3], which can be
considered as the transition between dry tropical and temperate
climates. This type of climate occurs on the west coasts of all
continents between latitudes 30 and 45 (Figure 1).

The Mediterranean-type climate is found in all continents
including the whole or part of some countries of South Europe
(Portugal, Spain, France, Italy, Bulgaria, Montenegro, Serbia,
Slovenia, Albania, and Greece), West Asia (Turkey, Cyprus,
Syria, Lebanon, Israel, Jordan, Iraq, and Iran), North Africa
(Morocco, Algeria, Tunisia, Libya, and Egypt), South Africa,
North and South America (California and Chile) and South
Australia, covering an area of about 2.76 M km?, corresponding
to 2.3% of the Earth’s land surface. The largest part is the
Mediterranean region with 1.68 Mkm? (60% of the total area of
Mediterranean-type climate), followed by 0.61, 0.28, 0.13, and

0.06 Mkm? for Australia, California, Chile, and South Africa,
respectively [3,5,6].

In general terms, the Mediterranean region is one of the
driest agricultural regions on earth, containing only 2.6%
of the world’s freshwater resources [3,5,7]. In addition, the
Mediterranean region is characterized by an extremely variable
climate in terms of the amount and distribution of rainfall as
well as the occurrence of heat stress events [2,8].

The main climatic characteristics of these regions are based
on the erratic distribution of rainfall, which varies among
locations and from year to year, between 100 mm and 2000
mm [9], and on the very high temperatures achieved in the
very dry seasons.

Climatic models for the Mediterranean region [2,7,10]
pointed out a reduction of rainfall between 1.5 and 7.5% in the

last 60 years.
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Figure 1: Map of the five regions with Mediterranean-type climate [4].

Climatic parameters are extremely important in agricultural
systems and chickpea production. A chickpea is a plant that does
not need vernalization. In the seedling stage, it can withstand
relatively low temperatures (12 °C) as long as these periods
are short. From this phenological stage, the temperature is a
determining factor in plant growth and development and in
the efficiency of modulation. In the reproductive period, high
temperatures lead to flower and pod abortion. Temperatures
above 32°C, promote an increase of foliar respiration that cannot
be compensated by water uptake. Maximum temperatures
during spring promote also the premature senescence of
plants, and consequently a reduction in the vegetative cycle
with substantial negative effects on yield potential [3,12,13].

Grain legumes production in Portugal

Portugal is a small country with a typical Mediterranean-
type climate that has a suitable capacity to produce grain
legumes. This is because grain legumes (chickpeas, lentils,
lupines, fava beans, and some Vicias sp.) are very well adapted
to dryness showing good response to climatic variations.
They are generally grown as rainfed crops in marginal areas.
There is great variability in terms of yield and stress tolerance,
considering the available commercial germplasm. One of the
main causes of low and variable productivity is the susceptibility
of current cultivars to environmental stresses.

Portugal has good conditions to produce chickpeas, but
why don’t we grow more chickpeas in Portugal? During the
nineties, the problem occurred mainly due to a lack of low
European Common Agricultural Policy (CAP) subsidies to the
crop and also lower prices of imported raw materials.

Chickpea in Portugal was traditionally sown, in early spring
and yields were normally low. The date of sowing has an
extreme influence on crop performance once it determines the
environmental conditions to which the various phenological
stages of the crop will be exposed. Weeds, diseases, insect
pests, high temperatures, and drought are the most important
limiting factors of grain yield (low shoot biomass, plant height,

flower, and grain filling). There were also some problems
with crop management (plant type not adapted to mechanical
harvesting) and commercial varieties that were extremely
susceptible to the main diseases and drought. So, farmers
almost abandoned the crop [13,14].

In recent decades, the deficit of plant protein for food and
feed consumption has been notorious (which has also been
verified throughout Europe), at worrying levels. For this reason,
the National Plant Breeding Station at Elvas, Portugal has
established a breeding program for the genetic improvement
of chickpeas (among other legume species for grain), which
aims to develop new varieties of chickpeas with high grain
yields, seed size suitable for consumers requirements and
good adaptation to the regional environment. Over the years,
it has been verified that these crops provide several ecosystem
services such as soil conservation and structure, protection
against erosion (upright roots), an increase of soil organic
matter, soil nitrogen economy, and improvement of natural-
based disease control in cereals [13,15,16].

Grain legumes are considered a good precedent in rotation
[17], as their contribution to soil fertility is one of the key
factors in sustaining the production of cereals and other crops,
e.g. rapeseed, in dry rainfed areas.

Actually (last 6 years) we are currently creating a consortium
that involves the three major players of the plant protein chain
(Figure 2) and to establish a rural policy based on a sustainable
agriculture model that guarantees food safety and quality,
protection of ecosystems, and respect for biodiversity based on
a more territorial and less sectorial, multifunctional strategy
(project LegValue, 2017-2021):

Where:
Production
* Involving groups of farmers

* Production and its storage
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Figure 2: Plant Protein Chain Consortium

* Marketing of raw materials
Food industry and feed components
+ Involving all aspects of processing canned products

* Create conditions to guarantee the replacement of grain
legumes imported for animal feeding

Research / Innovation

* Providing new varieties with better use efficiency of
natural resources (water, soils ...)

* Find new technical crop management solutions
* Knowledge transfer to farmers and industry.
About Chickpea

There are two types of chickpeas (the Desi type with small
seeds, colored and angular shape, and the Kabuli type, with
large and beige color seeds and ram-head shape). More than
80% of the world's production of chickpeas is Desi type,
predominantly grown in subsistence agriculture systems [18].
Portugal uses essentially Kabuli types. The date of sowing
exerts an extreme influence on the crop performance once
it determines the environmental conditions to which the
various phenological stages of the crop will be exposed. Grain
yield can increase substantially by advancing the sowing date
from spring to autumn, where chickpea plants have favorable
atmospheric conditions (Photo 1).

For sowing dates during March, grain yield is approximately
80% less than sowing date during November/December which
can reach more than 2500 kg/ha; plants develop more biomass,
flowers, and pods and are less exposed to high temperatures
during grain filling [13,14,19]. However, when late spring
comes without rain it can result in stronger stress as higher
biomass means higher transpiration.

Chickpea is an indeterminate plant type, so both sowings
date strategies have pros and cons; on spring sowings, the
low soil moisture level in the seedbed promotes poor stand
establishment due to inadequate germination or emergence
and high seedling mortality. Plants develop all the flowering
and pod-setting stages under water deficit conditions. On the
other hand, in autumn/winter sowings chickpea plants grow
during more favorable environmental conditions regarding

https://www.peertechzpublications.com/journals/open-journal-of-environmental-biology a

water availability and lower temperatures leading to taller
plants with more flowers and pods and consequently higher
yield potential.

Until the middle of the last century, the chickpea production
area was very considerable in Portugal. In the second half of
the century chickpea acreage clearly declined and at the same
time, grain production decreased significantly (Figure 3). From
the 1960s onwards, the importation of chickpeas from other
regions at prices lower than those produced by other legumes
in Portugal, "won the market", so our producers stopped
producing chickpeas and other grain legumes, importing
protein for food and feed as is still the case today for soybean.

Chickpea breeding program in Portugal

The chickpea breeding program started at INIAV (National
Plant Breeding Station, Elvas, Portugal) in 1986 and was
essentially based on plant germplasm received from ICARDA,
ICRISAT, Australia, Turkey, etc., and Portuguese local
populations.

A breeding program involves many disciplines to be able to
find an ideal plant and select appropriate material to apply for
the National Variety Catalogue (Figure 4).

In Portugal we identified:

* Good cropping conditions with irrigation, highly
productive soils, and high water storage capacity; under
these conditions chickpea is a competitive commercial

crop

Photo 1: Comparison between autumn and winter sowing (a) and spring sowing
(b); April, 20 2017.
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Figure 3: Chickpea surface (total area planted to chickpea) and production evolution
of Portugal (FAQ, 2022).
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CROP ECOPHYSIOLOGY
» Climate changes:

* tolerance studies to
abiotic stresses

GENETIC RESOURCES
» Active crops collections: ™
maintenance and conservations
» Date base and information

MOLECULAR BIOLOGY
» Molecular markers (based on PCR
techniques):
* Genetic diversity evaluation
* I|dentification of markers linked to
most important traits

PLANT PATHOLOGY
> Tolerance vs. resistance
yd to biotic stresses

PLANT BREEDING
 Genetic variability

J QUALITY EVALUATION
o~ » Food
> Feed

AGRONOMY
» Sustainability of

agricultural systems:
« Crop rotations
+ Weed control

SEED MULTIPLICATION A
» Crop seed multiplication until pre-basic seed

VARIETY RELEASE

Figure 4: Chickpea breeding Program in Portugal.

* Constraints imposed by soil fertility (acid soils, granite
rock, poor and shallow with low organic matter
content) and adverse weather conditions; introducing
a legume is possible to prevent abandonment and
conserve the territory through the introduction of new
(selected) lines and the sustainability of biodiversity in
agricultural systems

* And the most important:

a) The use of traditional varieties: susceptible to major
diseases, short plant type, low seed weight, low number
of flowers and pods, low yield, and very low used
certified seed

b) High production costs

¢) Lack of production incentives by the European Common
Agricultural Policy

d) Lack of economic competitiveness

e) Protein crop import policy to the detriment of domestic
production interest

f) The absence of an organized commercial chain at the
National level makes importation easier

¢) Lack of linkage between different sectors of the value
chain.

Taking into account these conditions the national breeding
program is looking to the development of chickpea lines/
genotypes where the main objectives (goals and opportunities)
are to develop cultivars and advanced genetic lines, for

autumn/winter sowing, with high and stable yields for the
Mediterranean region. The specific goals in developing
improved germplasm for our climate are:

a) Obtaining new varieties with resistance to Ascochyta
blight, cold tolerance at the seedling stage, drought and
high temperatures tolerance and early maturity, tall
plants (to allow full mechanization of the crop) with
seeds of medium to large size;

b) Increase yield potential through the anticipation of
the sowing date from spring to autumn when chickpea
plants have more favorable atmospheric conditions.
Sowing dates during March produces approximately
500 kg/ha, meanwhile sowing dates during November/
December improves yield up to 2500 kg/ha; the plants
develop more biomass, flowers, and pods.

c) Diversification of farming systems
d) Increase national supply

e) Grain legumes are considered strategic species in the
European CAP policies.

Material and method
Genetic material

Data from 35 years of trials (15 - 20 annual comparative
trials, using more than 200 genotypes annually) was used to
perform the behavior of the chickpea crop facing the limitations
of climatic influence. All trials were sown in the autumn/winter
months and are included in the normal chickpea breeding
program.

037
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Climate data were recorded at Elvas Meteorological Station.

Each season genetic material coming from segregation
populations and advanced lines from ICARDA (yield trials and
nurseries), were used in a complete randomized block design,
with three repetitions.

The second set of data comes from 20 selected chickpea
genotypes: 3 varieties (Eldorado, Elixir, and Elvar), 16 advanced
lines (‘Gen1’, ‘Gen2’, ‘Gen3’, ‘Gen4’, ‘Gens’, ‘Gen6’, ‘Gen7’,
‘Gen8’, ‘Gen9’, ‘Gen10’, ‘Genil’, ‘Geni2’, ‘Geni13’, ‘Genis’,
‘Geni15’, ‘Gen16’ and ILC 3279 as ICARDA check).

Genetic material was selected (in previous seasons) for
its response to drought and maximum temperatures, during
grain filling in two sowing dates, winter and spring, and, under
irrigation and rainfed conditions.

Phenological, morphological,
variables were recorded.

and vyield component

Methodology

Given that one of the main objectives of the chickpeabreeding
program is an adaptation to climate change we carried out this
work, to understand how the different weather parameters:
winter precipitation, precipitation during the reproductive
period, precipitation, and absolute maximum temperature of
the month's March, April, and May, were correlated with grain
yield average recorded on the annual trails. Statistical analyses
were performed to calculate de means, standard deviation, and
correlations.

For the second group of trials 20 genotypes were carried
out over 5 years, 2 sowing dates (spring and autumn/winter),
2 treatments (with and without irrigation), and 3 repetitions
were implemented at National Plant Breeding Station (Elvas)
under normal field condition.

A Factorial ANOVA for yield (Y, kg/ha), the gap between the
first and last pod (RS - cm), seeds per unit area (seeds/m?), and
weight of 100 seeds (100SW), was used.

A Joint Regression Analysis, for 20 genotypes, considering
60 different environments (5 years, 2 sowing dates, 2
treatments, and 3 repetitions); was performed to calculate
the yield stability parameters and ‘genotype x environment
interaction [13,15,20].

The statistical analysis was performed in the MSTAT-C
program.

Results and discussion

Portugal is located in the western part of the Iberian
Peninsula. This southern latitude gives it a Mediterranean-
type climate. Winter is the rainy season everywhere in Portugal.
During the summer (dry period) temperatures are very high
and can reach 42°C - 45 °C [2].

Portugal can be divided into two main regions: a) North of
the ‘Tejo’ river is hilly and with higher annual rainfall; b) South
of the same river with a less and erratic distribution of rainfall.

https://www.peertechzpublications.com/journals/open-journal-of-environmental-biology a

The length and severity of the summer drought increase from
north to south. Snow is very rare at sea level in Portugal, but
it becomes more frequent inland and at the higher altitudes of
the north. Winter rainfall is rather heavy north of 'The Tejo
Rive and the weather in the far north is often wet.

Our breeding program is located at Elvas (38°52'N; 7°10'W).
Table 1 shows the 68-year rainfall records from 1954, showing
large variability between decades and a trending reduction in
the number of spring rains in the last 50 years.

The above-mentioned climatic variability promotes large
variability in yields of the main rainfed crops, namely drought
stress occurring during the reproductive phase and grain filling
of chickpeas. Experimental data confirm a direct relationship
between average grain yields and spring rainfall [14], showing
that water and heat stresses are the most important limiting
production factors.

Daily records of meteorological data are very important to
predict water deficit in order to understand the plant responses.
For example, the occurrence of precipitation after a dry period
promotes, in legume crops, like chickpeas, flower dropping,
pod abortion with a consequent decrease in grain yield [19]. For
these crops with an indeterminate type of growth and under a
Mediterranean climate pattern where intermittent drought is
common, is very difficult to predict yield and the use of crop
models doesn’t work.

Table 2 shows how environmental conditions influence
chickpea yield in Portugal. Data comes from long-term trials
at Elvas, from the beginning of the chickpea breeding program
(1985/86) to the present.

During this period (35 years), grain yields vary from 524
to 3150 kg/ha, showing that high yields can be obtained in
seasons with high or low rainfall amounts depending on
distribution during spring. For some wet seasons, grain
yield is mostly limited by diseases such as Ascochyta rabiei or
Fusarium oxysporum, showing that are too many other factors
that contribute to the determination of grain yield. When
correlations are performed among different climate variables
(maximum temperature and precipitation) the results clearly
show the difficulty in explaining yield variability among
seasons based on those parameters and grain yield (Table 3
and Figure 5).

Table 1: Average rainfall (mm) in southern Portugal, Elva's region (1954-2020).

Decade Autumn Winter Spring Summer Total
1954 -1960 51.7 91.0 63.9 14.4 676.1
1961-1970 70.6 88.7 57.2 11.5 684.0
1971-1980 40.4 79.4 43.9 11.8 523.9
1981 -1990 55.0 65.3 44.8 8.4 520.5
1991 - 2000 57.2 60.6 421 9.1 506.9
2001 -2010 59.1 66.9 40.6 6.3 524.8
2011 - 2020 63.2 44.5 39.1 4.9 512.3

SD (%) 9.44 16.55 9.40 3.32 79.52

Source: [2].
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Table 2: Meteorological data and chickpea grain yield at the National Plant Breeding Station (Elvas) for 35 years, in autumn/winter sowing.

Winter Precipitatio

Year Total Precipitatio n n Precipitation
March April
1985/86 3654 284,2 21,7 42,8
1986/87 488,8 240 10 95,9
1987/88 659,7 350,6 13,8 32,5
1988/89 4339 1814 26,8 69,6
1989/90 806,9 511,7 27,1 1151
1990/91 5243 285,6 96,4 30,6
1991/92 383 101,2 0 62,9
1992/93 384,4 1819 51,3 529
1993/94 4328 218,55 7,5 10,2
1994/95 330,2 161 13 9,8
1995/96 824,6 624,6 57,2 29,3
1996/97 676,7 456,2 0,1 30,1
1997/98 7579 5153 10 36,8
1998/99 232,1 91,9 63 16
1999/00 463,4 56,1 14 140,6
2000/01 765,6 558,7 1271 04
2001/02 435,5 116 90,2 50,8
2002/03 495,2 300,8 1 55,4
2003/04 5784 279,8 232 233
2004/05 2859 457 31,7 10,1
2005/06 487,1 154,4 89,4 28
2006/07 653,7 298,6 6,6 34,8
2007/08 423,33 269,2 8,2 87,1
2008/09 311,5 240,8 9,4 347
2009/10 806,8 575 98,6 66,6
2010/11 656,7 412,7 61 45
2011/12 269,7 185 2,1 4,5
2012/13 520,8 3873 116,2 9,6
2013/14 542,2 403,4 19,5 79,4
2014/15 534,4 362,5 20,5 110,3
2015/16 600,5 370,8 29,2 80,6
2016/17 462,6 3371 61 2
2017/18 592,5 200,6 129 95
2018/19 368,4 2659 12,5 68,3
2019/20 565,1 278,2 759 158,7
2020/21 599,6 446,6 18,7 83
Mean 520,0 298,6 41,2 52,9
SD 156,7 1471 37,9 39,1

These graphs are the result of the data presented in Table 3
resulting from the best fitting equation and suitable trend line
to help the breeder understand that higher temperatures and
precipitation during the month of May (when temperatures
can already reach values of 35 °C) lead to pod abortion and a
great loss of yield.

In order to understand the above-mentioned variability of
five-year trials (2015-2019) is shown in Table 4.

May
12,3
2,7
29
25
25
11
11
25
25
29
30
59,7
95
23,6
26
58
17,1
6,2
57,8
43,1
11
38,5
28
6,9
80
40
75
75
69
2,8
119,7
26,2
37
49
29
9,9
35,1
27,7

Max. Absolute Temperature Grain Yield
March  Days >27° April Days>27° May Days>27° (kg/ha)
21,5 23 36 17 1383
26,5 27 35 24 1240
24,7 26,6 29 2 2800
25,5 22 32 14 1900
25,5 23,6 33 11 3000
24 26,5 34 18 1750
29 2 29,5 5 35 20 750
23 28 1 24,6 3150
27,5 1 30,5 4 33,5 9 825
26,5 31 10 328 20 952
24,5 26,5 35 8 1810
28,5 5 32 9 32,5 5 625
27 1 27 1 30 7 850
24 30,5 10 35 14 820
26 22 34 11 1360
232 26 36,5 11 800
28,5 3 31 6 34 13 1500
25 26 34 23 1250
24 30,5 4 29,5 14 950
26,5 31 4 34 18 920
26 27,5 3 37,5 23 1120
22,5 27,5 2 34,5 10 1000
24,5 30 7 30 4 3020
27 1 28 1 37 17 1014
22 30,5 3 33 7 524
27,6 1 26,3 34 10 820
27,6 1 26,3 37,5 19 652
19,9 29,8 4 31,7 14 730
26,5 31 6 33,5 20 680
282 3 30,2 6 383 27 724
21,5 25,7 32,8 7 697
26,4 304 11 357 17 820
24,8 30,2 3 30,2 9 1400
26,7 29,7 2 35 21 882
257 25,5 349 16 1022
252 30,1 1 34,4 11 1700
25,4 28,0 33,6 1262,2
2,2 2,7 2,7 705,5

Genotype plays a special role in crop adaptation and the
magnitude of the genotype x environment interaction is one
of the parameters that breeders are most concerned with when
data from trials are evaluated. There are some studies about
this phenomenon mainly from mathematical or statistical
points of view [13,14,15,20-22].

Higher productivity, reproductive gap, number of seeds,
and weight of 100 seeds (the most important characteristics
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to evaluate the production) were observed and the differences
between the genotypes show a very high genetic variability.

For the five years period of trials, meteorological data
is shown in Table 2 and the genotype yield stability using
regression analysis is shown in Table 5.

The genotypes Elixir, Elvar, and ‘Gens’ stand out by their
higher yield productions in each treatment including under
rainfed conditions, showing good adaptation to water stress.

High r> shows a good adjustment of the model, and slope (b)
values vary between 0.812 and 1.234 for Gen16 and Eldorado;
interception (a) values vary between -345 and 206 for Genis
and Elvar genotypes.

https://www.peertechzpublications.com/journals/open-journal-of-environmental-biology a

The behavior of all genotypes is related to the
environmental index (average mean yield of each treatment
[22]). All genotypes present similar behavior for different
environments; produce less in poor environments and better
in good conditions, indicating the absence of cross-interaction
'genotype x environment'.

High slope values are associated with high genotype
yield potential. In this analysis it is possible to identify three

genotype groups:

Table 3: Correlation analysis (r) between grain yield and maximum temperature and
rainfall during the reproductive period of chickpea plants (winter sowing).

Precipitation Max. Temperature

Grain yield vs. total precipitation 0.1067
Both indices (a and b) show that they are important for this Grain yield vs. Winter precipitation -0.0057
analysis. Higher yields are associated with slopes higher than -
4 R & y i . P & Grain yield vs. March -0.0613 -0.1598
1 showing good response and yield stability from the genotype
. Grain yield vs. April +0.2509 -0.3280
to the environment.
Grain yield vs. May -0.5139 -0.5368
Prec March vs Yield TMax March vs Yield
3500 3500
dy=-0,109x%+11,734x+1120,7 2000 B oe
3000 .. - R=0,0416 o
2500 2500 y =-53,14x%2 +2578,4x - 29702
200 R*=0,2096
2000 i ) = - '..
1500 [+] 1500 =]
e, o 5 88,
1000 | ’ - ] 1000 S| B .
i o ® gg® h
500 & oo (-] 500 ©a *
0 0
0 20 a0 60 80 100 120 140 160 15 20 25 30 35 40
TMax April vs Yield
Prec April vs Yield
3500
3500
° 3000 o a a
3000 -] (] [=]
s . vy =-0,0844x%+16,067x+ 777,83 2500 y=-82,12x+3563,6
R?=0,1111 20 R?=0,0978
2000 o
° e 8 a
1500 ‘.Q. g .. 1500 oo .1 g2
1000 °® % ° 1000 a T
° e o
500 ﬁ" L] [] L 4 e r *.
500 (=]
o
0 20 40 60 80 100 120 140 160 0
15 20 25 30 35 40
Prec May vs Yield
TMax May vs Yield
3500
3500
3000 .- y=-12,749x+1816,4 -
o Ri= 0,2641 3000 a o
2500 a
2500
2000
o
1500
o l. o
1000 % -
° o [v=-19028x+5972,9 l?‘"il
R? =0,2882
0 0
0 20 40 60 80 100 120 140 160 15 20 25 30 35 40

Figure 5: Coefficient of determination, (R?), is a measure of the fit of a generalized linear statistical model, such as simple or multiple linear regression, to the observed

values of a random variable. These values were obtained between grain yield and maximum temperature and rainfall during the reproductive period of chickpea plants

(winter sowing).
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Table 4: Factorial ANOVA (MSTAT-C Program) for yield (Y, kg/ha), space between
first and last pod (RS - cm), seeds per.
Unit area (seeds/m’) and weight of 100 seeds (100SW)

Y RS Seeds/m*
Winter trials 215, 229 801 % 346
Spring trials 1143 20.3 523 344
1“year (2015) 794 20.4 227 30.1
2" year (2016) 1800 23.9 650 35.3
3dyear (2017) 2100 ** 248 730 31.7  wxx
4'dyear (2018) 3080 26.7 *** 992 33.5
59 year (2019) 1982 23.8 788 33.8
Irrigated trials 2948 xxx 249 832 332,
Rainfed trials 1410 211 530 k344
Genotype 2114 *x 226 ** 734 Ak 335 Ak
Sowing date x Year wkk ns * xkk
Sowing date x Treatment i i Hhx ol
Year x Treatment ok ns rkk ok
Sowing date x Genotype i ns * ns
year x genotype Fkk ns ok ok
Treatment x genotype i ns Hhx ns
SD (%) 20.8 20.5 20.4 5.8

"p > 0.05 (significant); *" p > 0.01 (very significant); *"* p > 0.001 (highly significant);
ns: (non-significant); SD: Standard Deviation.

Table 5: Genotype Yield Stability: Regression analysis for 20 genotypes, mean
yield for 60 different environments (5 years, 2 sowing dates, 2 treatments, and 3
repetitions); yield potential (kg/ha), coefficient of determination.

(r?), interception (a), slope (b) and error of slope

Yield Regression analyses
(kg/ha) r El b Error of slope

Gen1 1938 0.891 -78.5 0.905 0.054
Gen2 1925 0.908 -28.8 0.992 0.054
Gen3 1748 0.871 -11.0 0.9L7 0.067
Gen4 1850 0.857 19.3 0.972 0.068
Genb 2501 0.906 130.6 1.153 0.061
Eldorado 2751 0.830 0.05 L234 0.096
Elixir 2691 0.891 1411 1.143 0.068
Elvar 2842 0.893 206.2 1.182 0.070
Genb 1986 0.853 114.4 0.839 0.060
Gen7 1941 0.B66 106.0 0.823 0.055
Gen8 1768 0.841 128.0 0.935 0.070
Gen9 1935 0.805 -55.9 0.893 0.075
Gen10 1675 0.863 86.3 0.862 0.059
Gen11 2548 0.921 -52.7 1.231 0.062
Gen12 2460 0.898 -89.7 1.157 0.067
Gen13 2272 0.889 4.4 1.017 0.061
Gen14 1750 0.800 -103.7 0.967 0.083
Gen15 2115 0.903 -344.9 1.103 0.062
Gen16 1886 0.767 75.7 0.812 0.077
ILC 3279 1520 0.798 93.9 0.862 0.075

1.  High yield, high slope b, and high interception a:
‘Elixir’, ‘Elvar’, and ‘Gen5’. Well adapted for every environment;

2. High vyield, high slope b, and low interception a:
‘Eldorado’, ‘Geni1t’, ‘Gen12, ‘Geni13’, ‘Genis’, ‘Gen1’, ‘Gen2’,
‘Gen3’, ‘Gens’, ‘Gen8’ and ‘Gen9’. Lack of adaptation to poor
environments and good response to better environments;

3. Low vyield, low slope b, and high interception a:
‘Gen6’, ‘Gen7’, ‘Gen10’, ‘Gen 14’, ‘Gen16’, and ‘ILC 3279’. Very
Better adaptation in poor conditions.
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‘Gens’ of group 1 and ‘Geni11’ ‘Gen12’ and ‘Geni13’ of group
2, were registered in the National Catalogue of Varieties (CNV)
in 2020, being given the names of ELIPSE (‘Gen5’), ELECTRA
(‘Gen11’), ELADIR (‘Gen12’) and ELEIA (‘Gen13’).

Conclusions and future strategies

In Portugal, the chickpea breeding program looks for well-
adapted genotypes for autumn/winter sowing in multiple
situations that can occur in Mediterranean-type climate: high
temperatures and dry conditions during flowering time; re-
hydration after long drought periods (January, February, and
March); strong water stress to the end of the cycle.

Chickpea is a well-adapted crop to the Mediterranean
conditions and thus every genotype has a good response to
supplemental irrigation during dry springs. However, this work
confirms the great difficulty in predicting or estimating the
production and grainyield of chickpeas; the Mediterranean-type
climate is very variable, and being a species of indeterminate
growth it can respond in different ways to climate changes.
For dry conditions, genotypes with short vegetative growth
cycles (earlier flowering), have a longer reproductive period,
so a higher grain yield, even when drought at end of the cycle
occurs, is the most suitable to escape terminal stress during
the end of spring.

Given the concerns of rapid climate change, which are
being felt in recent years, our selection of chickpeas (the main
concern of the breeding program) will be directed towards the
adaptation of germplasm to drought and heat stress, during
the beginning of flowering. In this way, plants with a high
capacity for recovery after stress are a target of selection.

In our conditions, south of Portugal, ‘ELIXIR’, ELVAR’
and ELIPSE (‘Gens’) are the most appropriate varieties which
present high yield capacity and good stability.

Although in this document only Kabuli varieties are
mentioned, two black and one brown seed coat varieties (Desi
type) were also registered.

For general information, it is important to mention that,
currently, INIAV has 11 chickpea varieties registered in Portugal
and another country (for example France), of which Elvar,
Elixir, and Eldorado, represent 90% of chickpea production in
the south of France.

Actually breeding program involves a complex group of
traits of selection criteria in line with [23]:

1. The selection of genotypes with good response to
improved conditions and good yield stability to face
more unfavorable conditions;

2. The selection of lines tolerant to main diseases,
especially Ascochyta blight in temperate areas and
Fusarium in warmer climates, controlled through
agronomic management;

3. The selection of lines well adapted to water deficits:
the adaptation of grain legumes to water-limited
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Mediterranean conditions comprises drought escape
(earliness), and maintenance of turgor by stomatal
control of water loss. In the arid conditions of the
Mediterranean countries, a ranking of the different
species with respect to soil conditions and drought
resistance has been published [24-26], demonstrating
that crops escape drought by vigorous growth, early
flowering, and maturity. Chickpea has deep roots,
performs/makes an osmotic adjustment, and have a
generally high level of drought resistance and cold
tolerance;

4. Another important trait for selection is the nutritional
value of human consumption.

Patents

It is important to mention the registration of four chickpea
Kabuli varieties (Eladir, Elipse, Electra, and Eleia) that were
selected under the methodology used in the present study.
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