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ARTICLE INFO ABSTRACT

Article history: Eggplant has high variation in the world and there are many
landraces of the eggplant in Iran. In the previous studies, five

Received: 26 April 2020, landraces of Minab’s eggplant have been collected from the main

Received in revised form: 12 April 2021, production regions with the aim to select the pure lines,

Accepted: 23 June 2021 consequently 15 superior genotypes were selected from these

landraces and their stability and compatibility were analyzed. In the
present study, 15 eggplant genotypes together with two superior

Article type: , . ;
mother landraces were studied for the two successive years in the
Research paper three regions of Iran including Minab, Karaj, and Jiroft. Based on the
results of the means comparison of yield in the studied lines in each
Keywords: region from average of two years, GHE12 line in Minab region, SA13
line in Jiroft region, and AM4, SA15, and SAS5 lines in Karaj region
Landrace,

had acceptable yield than the other studied lines. According to the
results of general compatibility and stability analysis, the three
genotypes of Y7, AM7 and SA15 were recognized as the most stable

promising lines,
selected line,

yleld genotypes with having the least interaction; therefore, they
categorized as the first ranking of stability. According to the results
of special compatibility and stability analysis, AM7, Y7 and GHE12
lines for Minab region; AM5 and SAS lines for Jiroft region and SA5
and AM4 lines for the Karaj region can be recommended.
Introduction” of this crop (Ranil et al.,, 2017). The eggplant
Eggplant (Solanum melongena L., Solanaceae yield, especially marketable yield, is low in the
family) is one of the crops that its cultivation internal landraces because the internal
economically requires a high cost and therefore landraces don’t have uniform fruits and the
the measures should be taken to incresae yield main of the produced yield lost as wastage.

There is sizeable genetic diversity in eggplant in

* Corresponding author's Iran. In the south regions of Iran, the eggplant

Email: Hamed51h@gmail.com is produced by seed preparation from landraces
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but the mother plants are selected without
especial accuracy, so that the obtained crop
from these landraces doesn’t have desirable
status in respect of marketability and they can
not compete with the top cultivars of the
foreign companies. Cultivation of the top
cultivars of the foreign companies has been a
simple method to enhance the yield for many
years, but their seed price is high and
sometimes not available. Therefore, planning
and performing for breeding research on
Iranian eggplant landraces is so necessary and
inevitable.

According to the reports of International
Breeding Plant Genetic Resources (1985),
varietal collections of eggplant landraces were
collected from Nepal, Syria, Sudan, Spain,
Zaire and Muris island and it seems some
countries such as Pakistan, Iran and iraq are
among this geographical chain and existence
the

Landraces

mentioned
of self-
pollinated plants are mixture of pure lines,
which
germplasms

of varietal landraces in

countries is probable.

they are considered valuable
and contain resistance genes
against biotic and abiotic stresses (Vojdani,
1993).
Eggplants economic

are species of

importance mainly in Asian and African
countries and widely cultivated in America
and Europe. Professional growers consider the
necessity of introducing new varieties,
particularly hybrids, breeding for very high
quality production, in different climatic zones
(Sekara et al., 2007; Plazas et al., 2013).
Individual selection is used to isolate the
desirable lines from the landraces of the self-
pollinated vegetables and this method is one of
the most effective procedures to using the
presence germplasms. Desirable lines and
varieties of tomato were introduced with the
use of this method (Kalloo, 1988). Individual
selection method has been used in the self-
pollinated vegetables in USA (Androus, 1963).
Ram (2006),

selection method to achieve the pure lines in

recommended the individual
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the collected eggplant landraces from farmers
fields.

Negi et al. (2000), assessed the genetic
diversity among 40 eggplant genotypes using
21 traits and they found the high genetic
variation in the some characteristics such as
the number of fruit per plant, the yield of fruit
in the plant, and the amount of the fruit set;
and many of the characteristics showed high
heritability (more than 70%). Mohanty (1999),
examined 25 eggplant genotypes in terms of
the yield, the average of fruit weight, and the
number of fruit per plant. He found that
phenotypic coefficient of variation (PCV) was
higher than genotypic coefficient of variation
(GCV) in the all traits. The number of fruits
and their weight increased by simple mass
selection. Prohens et al. (2007), assessed the
phenolic content and sensitivity to browning
in an eggplant collection and they observed
proper variation to improve alimentary quality
and reduction of browning. They reported that
may select new varieties with more phenolic
content and the moderate degrees of browning
by using the present variation in the available
eggplants.

Bagheri et al. (2012), in the selection of the
pure line from the Iranian landraces of
eggplant in the north of Iran, evaluated 36
selective lines from the five Iranian landraces
and finally selected the five lines to perform
compatibility and stability trials. Kumar et al.
(2016), the different hybrid
combinations of eggplant in respect of the fruit

evaluated

yield and reported that the assessed hybrids
can be used for commercial utilization. Plazas
et al. (2013), selected the eggplant genotypes
based on the amount of Chlorogenic acid (an
important antioxidant resource).

Generally, the eggplant landraces are
valuable germplasms for production especial
hybrids with the ability of
compatibility =~ with  the
conditions. According to Roudriguez-Buiui et
al. (2008) the eggplant hybrids derived from

the native parent genotypes can be compete

proper
environmental
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with the commercial hybrids in the respect of
yield and lead to increase diversity in the fruit
type. Oluoch and Chadha (2007) checked the
41 selective eggplant lines in Tanzania in the
respect of yield and yield components.
Generally, considerable genetic variability
occurs in the landraces of eggplant. These
landraces preserved the specific number of
the
improvement of eggplant. The landraces may

important  properties in genetic
be illustrate the resistance or tolerance to the
some biotic stresses. Bagheri et al. (2016),
selected 22 superior lines using the stability
analysis via AMMI method in the assessment
the selective lines from the Iranian eggplant
landraces for the future breeding programmes
of the

Yazdi-Samadi et al.

in terms yield and qualitative
(1998),
reported that in the experiments to introduce
the

compatibility and stability of the desirable

parameters.

agricultural varieties, to evaluate
genotypes, it is often necessary the genotypes
must be evaluated in several regions for
several years and the obtained results must be
analyzed by combined analysis. Ehdaei (1995),
divided the compatibility into two categories:
private and general; and stated that if a
genotype performs well in one location but is
not desirable in another locations, it has the
private compatibility and if a genotype has
in the most
the
environments does it have high performance,

been moderate performance

environments but in neither of
it has the general compatibility.

The crop sustainability assessment methods

are grouped into 4 categories including
variance  analysis, regression methods,
nonparametric methods and multivariate

methods. However, the multivariate methods
provide more comprehensive information on
the interaction and environmental variability
(Crossa, 1990). Among these methods, the
AMMI method is important for the studying

genotype
because

and environment interactions
this the

interaction with a powerful statistical method.

model breaks down
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Gauch and Zobel (1997), used the AMMI
method to take advantage of both the
the
multiplicative (principal components) models.
The AMMI model is a combination of the
the
component analysis. In this model, the main

cumulative (variance analysis) and

analysis of variance and principal
effects of genotypes and environment are
estimated using ordinary variance analysis
additive effects) then the
between the genotype and

environment are analyzed using the principal

(main and

interaction
analysis components (multiplicative
Interactions). This method can be used to
reduce the number of replicates and thus save
the cost of the use more replications
(Farshadfar, 1998). The AMMI model improves
the accuracy of the crop yield evaluation and
the selection of higher-yield genotypes and it
is more effective in the identifying highly
stable and high-yield genotypes in the multiple
environmental trials compared to the other
sustainability methods (Gauch, 1992).

Due to the
pollination in the eggplant, it is possible to

high percentage of self-

achieve the varieties with a uniform product
and the optimal yield by performing a pure
line selection breeding method. Collection and

of Minab’s eggplant
in 2013-2014 and five
collection from different

breeding program
landraces started
landraces after
regions of Minab, were subjected in a three-
year project to select pure line. After the end
of the third year, the top 15 lines were
selected from the mentioned landraces
(Hasanzadeh Khankahdani, 2016). By reaching
this stage, it was necessary to evaluate the
compatibility and stability of these lines in
order to select and introduce the best superior
lines for the susceptible regions as well as the
specific superior lines for the specific regions.
For this purpose, for the two consecutive
years, in the three regions of Minab, Karaj and
Jiroft, 15 genotypes of the round eggplant
selected from the five local Minab landraces,

along with the two superior local mother
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masses (in total 17 genotypes) in the different
regions and years for the compatibility and
stability were studied.

Materials and Methods

This study was conducted in the three regions
with the characteristics listed in Table 1 in the
two consecutive years 2016-2017 and 2017-
2018.

Table 1. Geografical and ecological properties of the three studied regions

Region . . Altitude Minimum Maximum
] Latitude Longitude
(Province) (m) temperature (°C) temperature (°C)
Minab s ooy vy g
27° 06" 23 57° 05 34 31 24.2 34.0
(Hormozgan)
Jiroft ., PR
28° 327 60 57° 51751 633 12.3 33.6
(Kerman)
Karaj s o P
35°47° 29 50° 56" 42 1281 8.7 21.1
(Alborz)

The seeds of 15 round eggplant genotypes
selected from Minab landraces were planted
along with two local mother masses (Y and
AM) in the nursery in Minab in the mid-July,

Karaj in the March and Jiroft in the mid-
December. The lists of the studied genotypes
are presented in Tables 2 and 3 and Figure 1.

Table 2. The studied eggplant genotypes and native mother masses

Code Genotype Description

1 Y Mother mass- Tiroor region 2 (Yazdani field)

2 AM Mother mass- Domshahr region (Abbasi Musa field)

4 SAwhite  Selective single plant in the second year with variegated fruit from SA mother mass
5 AM, Selective genotype from AM mother mass [Domshahr region (Abbasi Musa field)]

6 AM, Selective genotype from AM mother mass [Domshahr region (Abbasi Musa field)]

7 AM, Selective genotype from AM mother mass [Domshahr region (Abbasi Musa field)]

8 AM, Selective genotype from AM mother mass [Domshahr region (Abbasi Musa field)]

9 AM,, Selective genotype from AM mother mass [Domshahr region (Abbasi Musa field)]

10 Y, Selective genotype from Y mother mass [Tiroor 2 region (Yazdani field)]

12 Y, Selective genotype from Y mother mass [Tiroor 2 region (Yazdani field)]

13 SA 5 Selective genotype from SA mother mass [Tiroor 1 region (Salari Ali field)]

14 SA,, Selective genotype from SA mother mass [Tiroor 1 region (Salari Ali field)]

15 SA, Selective genotype from SA mother mass [Tiroor 1 region (Salari Ali field)]

16 SA,, Selective genotype from SA mother mass [Tiroor 1 region (Salari Ali field)]

17 GHE,, Selective genotype from GHE mother mass [Gowarban region (Ghasemi Ebrahim field)]
18 GHE, Selective genotype from GHE mother mass [Gowarban region (Ghasemi Ebrahim field)]
19 GHE,, Selective genotype from GHE mother mass [Gowarban region (Ghasemi Ebrahim field)]

It should be noted that in the compatibility
and stability tests, the evaluation of the
selected lines is based on the amount of the
yield. In our previous (Hassanzadeh
Khankahdani., 2016) the quantitative and

qualitative traits of the fruit and other
characteristics of each line were examined and
the top lines were selected. A summary of
morphological features is provided in Table 3.

Table 3. Morphological properties of the studied eggplant genotypes and native mother masses
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Row Characteristics Status

1 Plant growth habit

Stem anthocyanin

Thorny calyx

Calyx anthocyanin

Below calyx anthocyanin

Fruit peel color in ripening stage
General fruit shape

®® N O g b~ WN

Pulp fruit color

Erect in all genotypes

None in all genotypes

None in AM,, SA,; and SA,, genotypes

Only in AM,, AM,, AM,,, SA,,, GHE,; and GHE,; genotypes
None in Y, SAwhite and SA,; genotypes

dark purple in all genotypes, Streaked in SAwhite
Pear-shaped in all genotypes

Whitey in all genotypes

The necessary cares was taken in the
nursery such as irrigation, fertilization, weed
control, and pests (including birds and
grasshopper). The main field preparation was
done based on the custom of each area
including plowing (late of August in Minab,
May in Karaj and early January in Jiroft) and
Then

double discs perpendicular. it was

created the furrows with 0.3 m width and 1.5
m distance apart from each other using
furrower. The length of each planting line was
7.5 m in each plot and the blocks intervals
were 3 m. At the bottom of the furrows, an
irrigation strip with 30 cm drop intervals was

installed.

SAwhite AM7

AM6

AMS

30
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SA, SA,

The transplants were planted in the
randomized complete block design with the
three replications on either side of the furrow
as alternate. The transplanting to the main
field was done in the Minab region in the late
August, in the Karaj region in mid-May, and in
the Jiroft region in late January, so that 26
transplants from each genotype in each plot
and a total of 78 transplants were planted.
During the project, the harvest was recorded in
each plot according to the appropriate time of
marketing. The first date of harvest time in
Minab region was in late November, in Karaj
region in late July and in Jiroft region in late
April and the harvest continued in Minab
region until mid-April, in Karaj region in late
September and in Jiroft region in early July.

Statistical Analysis

The Kolmogorov-Smirnov and Shapiro-Wilk
tests were utilized using SPSS 20.0 software to
evaluate the normality of the recorded data
(Park, 2006). After making sure the data were
normal, combined analysis of variance was
performed using SAS 9.1 software, and the
means were compared by PLSD (p<0.05). To

GHE,, GHE,, GHE,,

evaluate the compatibility of the lines to
different regions, AMMI stability analysis was
performed and the superior genotypes were
selected.

Results

Analysis of variance

According to the results of the combined
analysis of variance in relation to the yield of
the studied genotypes, it was no observed
significant difference between two years (F
value=0.08"). There was a signifiant
difference among the three regions (F
value=43.8"). Furthermore, a significant
interaction was observed between year and
region (F value=5.29"), which showed the
difference in the results from the regions in the
two years of the experiment. It was observed a
significant difference among the eggplant
genotypes (F value=4.96"). Moreover, there
was a significant interaction between the
region and  eggplant  genotypes (F
value=3.20"), which showed the difference
between the eggplant genotypes in the studied
regions (Table 4).

Table 4. The combined analysis of variance for the yield data of the 17 advanced eggplant genotypes in the

three regions including Minab, Karaj and Jiroft during the two successive years

Source of variation (S.V) Degree of freedom (D.F) Mean of Square (M.S)
Year (Y) 1 6.6™
Region (R) 2 3474.5"
Year X Region (YR) 2 419.6
Error 12 79.3
Eggplant Genotype (G) 16 138.7"
Year X Genotype (YG) 16 17.3%

30
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Source of variation (S.V)

Degree of freedom (D.F)

Mean of Square (M.S)

Region X Genotype (RG) 89.4"
Year X Region X Genotype (YRG) 23.9™
Error 192 27.9

Total 305 C.V% = 24.6

"Not significant, "Significant at p<0.05, “Significant at p<0.01.

The mean comparison of the yield in each
region for the two years

In the assessment of the yield during two years
of the experiment in the three regions, in the
first year the yield in Minab region was
significantly higher than in the other two
regions and no significant difference was
observed between Jiroft and Karaj regions. In
the second year, the yield was highest in

35_ a
30

Yield (ton/ha)
e
Lh o Ln < wn

02016-2017

Minab region and the lowest in Jiroft region
and there was a significant difference among
the three regions. Except for the Karaj region,
where the yield was significantly higher in the
second year than in the first year, there was no
significant difference between the two years of
the experiment in the Minab and Jiroft regions
(Fig. 2).

m2017-2018

b

Minab

Jiroft

Karaj

Region

Fig. 2. The yield of eggplant as influenced by the interaction of year and region

The mean comparison of the genotype's
yield in each region

Based on the results of the mean comparison
of the yield in the studied genotypes in the
three the
genotypes in each region had no similar trend
(Table 5). In Minab region, during the two
years of the experiment, Y mother mass with

regions, differences between

average of 42.36 ton/ha produced the highest
yield, followed by GHE,, genotype with 36.51
ton/ha and no significant difference was
observed among them. The SA,,, SA,,, Y, and
AM, genotypes were in the second statistical

31

class with 33.07, 32.93, 31.85, and 31.08
ton/ha, respectively. In this respect, AM,, Y,,,
GHE,,, GHE,,SA,, SAwhite and AM,,
genotypes produced the lowest yield with
21.25, 22.76, 22.89, 23.14, 23.17, 23.73 and
24.41 ton/ha, respectively. Both Y, and Y,
genotypes had significantly lower yield than
their parent (Y). However, the genotypes
derived from AM genotype did not have a
significant difference with their parents. In
genotypes derived from GHE mother mass, the
yield in GHE,, genotype was significantly
higher than the other two genotypes (GHE,g
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and GHE,,). Among the genotypes derived
from SA mother mass, the highest yield was
obtained from SA,, genotype (33.07 ton/ha)
and the lowest yield from SA; genotype (23.17
ton/ha). In this regard, a significant difference
was observed between SA,, genotype with SA,
and SA,; genotypes (Table 5).

In Jiroft region, during the two years of the
experiment, Y mother mass with average of
22.11 ton/ha produced the highest yield,
followed by SA,, genotype with 20.60 ton/ha
and no significant difference was observed
between them. In this region, the difference
among many of the genotypes was not
significant. The lowest yield was observed in
the genotypes of SA;, Y,, and GHE,, and AM
mother mass with 13.38, 14.02, 14.10 and

14.11 ton/ha, respectively. Similar to the
Minab region, in Jiroft region also both Y, and
Y,, genotypes had significantly lower yield
than their parent (Y). However, the yield of
genotypes derived from AM mother mass were
non-significantly higher than their parents. In
genotypes derived from GHE mother mass, the
yield in GHE,, genotype was higher than the
other two genotypes (GHE,; and GHE,,) but
there was no significant difference among the
three genotypes. Among the genotypes derived
from SA mother mass, the highest yield was
obtained from SA,, genotype (20.60 ton/ha)
and the lowest yield from SA,, genotype
(13.38 ton/ha). In this regard, only significant
difference was observed between SA,;; and SA,;
genotypes (Table 5).

Table 5. Comparison among the yield of the eggplant genotypes in three regions of Minab, Jiroft

and karaj, Iran

Region . . .
Minab Jiroft Karaj F value P value
Eggplant genotypes
Y 42.36% 22.11%® 17.47¢deB 37.6 <0.0001
AM 26.44dA 14.11® 21.020cdA 8.21 0.0004
SAwhite 23.73%4 17.147><8 19.98bcdeB 2.35 0.0442
AM, 31.08bcdA 16.56%b¢8 17.25¢4eB 14.41 <0.0001
AM,¢ 21.25% 15.10P5<8 15.884eAB 2.41 0.0428
AM; 26.70d%A 19.393b¢B 14.87<® 7.65 0.0006
AM, 26.18%A 18.783><B 28.08*4 5.19 0.0064
AM,, 24,414 14.61> 21.13bcdA 5.35 0.0055
Yoo 22.76% 14.02 16.65%E 4.31 0.0147
Y, 31.85b¢dA 16.06°® 20.07bcdeB 14.5 <0.0001
SA 5 26.99¢deA 13.38® 24.02:bA 11.0 <0.0001
SA, 33.07% 20.60?"8 21.00bdB 10.8 <0.0001
SA, 23.17%4 18.963<A 24,0524 1.59 0.2064
SA,, 32.93b<A 15.79b<¢ 22,93abcB 15.9 <0.0001
GHE,¢ 22.89%4 14.10® 15.604 4.75 0.0097
GHE, 23.14%A 15.69°<8 18.47PbcdeAB 3.04 0.0401
GHE,, 36.512A 17.103><8 17.40¢deB 26.6 <0.0001
F value 7.23 2.37 2.76 -
P value <0.0001 0.0442 0.0005 -

Means having same small letters in each column (for comparing genotypes in each region) and the

means having same capital in each row (for comparing regions in each genotype) are not

significantly different according to PLSD (p<0.05).

In Karaj region, during the two years of the
experiment, AM, genotype with average of

32

28.08 ton/ha produced the highest yield,
followed by SA,, SA,; and SA,, genotypes with
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24.05, 24.02 and 22.93 ton/ha, respectively,
and no significant difference was observed
among them. The lowest yield was observed in
the genotypes of AM,, GHE,, AM,and Y,, with
14.87, 15.60, 15.88 and 16.65 ton/ha,
respectively. In this region both Y, and Y,
genotypes had no significant difference with
their parent (Y). In the genotypes derived from
AM mother mass only the yield of AM,
genotype was significantly higher than its
derived from GHE
mother mass, the yield in GHE,. genotype was

parents. In genotypes
higher than the other two genotypes (GHE,,
and GHE,) but there was no significant
difference among the three genotypes. Among
the genotypes derived from SA mother mass,
the highest yield was obtained from SA,
genotype (24.05 ton/ha) and the lowest yield
from SAwhite genotype (19.98 ton/ha) but it
was no observed significant difference between
these genotypes (Table 5).

Comparing the mean yield of each eggplant
genotype in the three studied regions indicated
that the yield of SA; genotype in Karaj, Minab
and Jiroft were 24.05, 23.17 and 18.96 ton/ha,
respectively and were not significantly
different. In the AM, genotype, average yield in
the Karaj and Minab regions were 28.08 and
26.18 ton/ha, respectively and there was no
between these

genotypes, but the yield of this genotype in

significant difference two
both mentioned regions was significantly higher
than that of Jiroft region (18.78 ton/ha). In the
other genotypes and two mothe mass, the
average yield in the Minab region was higher
than the other two regions. In SA,, genotype,

there was a significant difference between

33

average yield of three regions (Table 5).

Stability analysis by AMMI method

According to the biplot diagram (Fig. 3), the
yield against the first component (AMMI,
model), genotype 7 (AM,), and then the three
genotypes 12 (Y,), 5 (AM,) and 13 (SA,;) with
having the lowest interaction, the most stable
genotypes were identified, so they were ranked
first in term of stability. However, genotype 7
(AM,) was lower in yields (20.317 ton/ha)
than overall mean (21.267 ton/ha), but the
next three genotypes [12 (Y,), 5 (AM,) and 13
(SA,5)] were higher in yield than total average
(22.659, 21.629 21.462 ton/ha,
respectively). Therefore, Y,, AM, and SA,

and

genotypes have high selectivity. Genotypes 1
(Y), 8 (AM,) and 19 (GHE,,) exhibited the
least stability with the
interaction (Fig. 3). The highest average yield
was in Minab region (27.967 ton/ha) and the
lowest average yield was in Jiroft region
(16.676 ton/ha).

In this model, genotypes that are closer to

highest level of

the AMMI biplot center have less genotype-

environment interaction and are more
generally stable, so would be recommended
for most regions. In contrast, far-centered
genotypes have private stability (Gucci and
Zubel, 1997). Therefore, genotype 7 (AM,) and
then three genotypes including 12 (Y,), 5
(AM,) and 13 (SA,;) are considered as stable
genotypes and the latter three genotypes (Y,
AM,, and SA,)) with the suitable yield are
introduced and these

genotypes  are

recommended for all tested regions.
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Fig. 3. Two-faced graph showing the mean of the eggplant genotypes yield, environments and their

main components (AMMI1 model) during two years. [(Red numbers 1, 2: the first and second years in

Karaj region; 3, 4: the first and second years in Jiroft region; 5, 6: the first and second years in Minab

region); (Blue numbers: Eggplant genotypes code according to Table 2)].

In order to investigate the private

with the
studied regions, the AMMI2 model was used,

compatibility of the genotypes

which was generated by plotting the first two
principal components (Factor 1 & Factor 2). In
this biplot, genotypes 15 (SA;) and 8 (AM,) in
Karaj region, genotype 7 (AM;) and 15 (SA,) in
Jiroft region, and genotypes 5, 12, and 19
(AM,, Y, and GHE,,, respectively) in Minab
identified the
genotypes for each region. In other words,

region were as superior

34

these genotypes showed the best response in
studied highly
compatible with these regions (Fig. 4). Based
on the results of the AMMI test and also
according to the yield per genotype in each

each regions and were

region, generally, genotypes 15 (SA,) and 8
(AM,) for Karaj region, genotypes 7 (AM,) and
15 (SA,) for Jiroft region and genotypes 5, 12
and 19 (AM,, Y,, and GHE,,, respectively) for
Minab region are recommended.
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Fig. 4. Two-faced graph based on the AMMI2 model. [(Red numbers 1, 2: the first and second years
in Karaj region; 3, 4: the first and second years in Jiroft region; 5, 6: the first and second years in

Minab region); (Blue numbers: Eggplant genotypes code according to Table 2)].

Discussion
the
responses

Since crop cultivars show different
different environmental
conditions and therefore it is inferred that

there

under

are usually interactions between
genotype and environment, therefore, for the
controlling these environmental effects, the
compatibility testing of the genotypes should
be performed during many years in the
different places (Hashemi et al., 2018). For
the
experimental data, the statistical methods such
as GGE biplot, AMMI and principal
components (PCA) are used to

determine the stability and compatibility of

analyzing regional yield comparison

analysis

the genotypes based on the analysis of singular
value decomposition (SVD) (Gauch, 2006). For
example, GGE biplot and AMMI model has
been used in the recent years as a powerful
analytical tool for the studying genotype-
interactions

environment (Yan and Kang,
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2003). The AMMI method is an efficient
method with the graphical interpretation
capability based on one and two main
components and the ability to be interpreted
by its parameters (Shadpour et al., 2010). In a
study of the interaction between genotype and
environment in corn hybrids, Albert (2004)
compared the different methods of the stability
analysis, but finally introduced the AMMI
model as the most suitable method for the
assessment of stability.

Based on the results of our study, GHE,,
genotype in Minab region, SA,; genotype in
Jiroft region and AM,, SA,; and SA, genotypes
in Karaj region had the acceptable yield
compared to other genotypes. However, based
on the compatibility and stability analysis,
AM,, Y, and GHE,, genotypes for Minab region,
AM; and SA, genotypes for Jiroft region, and
SA, and AM, genotypes for Karaj region are
recommended. Therefore, based on the results
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of two tests, GHE,, and Y, genotypes in Minab
region, AM; and SA, genotypes in Jiroft region,
and SA; and AM, genotypes in Karaj region are
introduced as the promising genotypes.

In this direction, Bagheri et al. (2016),
using the results of AMMI stability assay,
selected 22 long eggplant genotypes in a three-
year experiment for the breeding programs.
Also, (2018), the
general stability of 12 long pepper genotypes

Keshavarz determined
and their private stability for the different
regions of the Iran using GGE Biplot and
AMMI analysis. The AMMI stability analysis
has been used in the recent years by many
researchers for the various crops that these
include the crops such as Soybean (Soltan
Mohamadi et al., 2017), tobacco (Sadeghi and
Samizadeh, 2011), durum wheat (Sadeghzadeh
et al., 2018), bread wheat (Bigonah-Hamlabadi
et al., 2012; cotton (Damavandi-Kamali et al.,
2011) and barley (Koocheki et al.,, 2012;
Ansari Maleki et al., 2009), in which using
AMMI method, the stability and compatibility
of these genotypes were determined generally
and privately with respect to the amount of
production yield. Evaluation of vegetables
landraces in different parts of the world is one
of the most important measures to identify and
preserve rich genetic resources. Crop landraces
have been used widely in breeding work and
are always thought to harbor valuable traits
the
exploitation of such traits increases research

lost among cultivated varieties and

findings and knowledge of the genetic
variability which facilitates breeding for wider
geographic adaptability (Hanson et al., 2007).
(2018) assessed the African
tomato landraces based on morphological and
that the

variation observed among tomato landraces

Tembe et al.

horticultural traits and found
provides a potential source of genetic diversity
for tomato crop improvement. Gholizadegan
and Seifi (2020) tested different molecular
markers for screening some Iranian
muskmelon landraces for resistance against

Fusarium wilt disease and they reported that
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Eyvankey and Mashhadi landraces can be used
by muskmelon breeders to enhance resistance
to Fusarium wilt in muskmelon. Shoorideh et al.
(2016) in assessing the potential of Iranian
Chicory genotypes for industrial application
found that the first step to enrich the genetic
basis of root chicory for industrial chicory
breeding program is to find biannual chicory
genotypes which are resistant to bolting since
all inulin fractions were affected adversely by
this important characteristic. Other studies
evaluated the vegetables landraces to achieve
the
eggplant accessions (Gramazio et al., 2019,

superior genetic resources, such as
Taher et al., 2017), tomato (Manzano et al.,
2015; Sousaraei et al., 2021) and lettuce

(Missio et al., 2018).

Conclusion

Based on the results of the general compatibility,
the three genotypes including Y,, AM, and SA,
were identified as the most stable genotypes
with the least amount of the interaction, so they
had the first rank of the stability and high
selectivity. Y, AM, and GHE,, genotypes
showed the lowest stability with the highest
interaction. In general, according to the results
of the private stability, GHE,, and Y, genotypes
in Minab region, AM; and SA; genotypes in
Jiroft region and SA, and AM, genotypes in
Karaj region are introduced as the promising

genotypes.  Accordingly, the  promising
genotypes can be evaluated in the research-
extension experiments under the field

conditions for the cultivar selection.

Acknowledgment
This
Research, Education and Extension
Organization (AREEO). We thank our co-
workers in AREEO.

study was funded by Agricultural

Conflict of interest
The authors indicate no conflict of interest for
this work.



Hamed Hassanzadeh Khankahdani, Mahmoud bagheri and Sibgol Khoshkam

Int. J. Hort. Sci. Technol. 2022 9(1): 25-39

References

Albert M.J.A. 2004. A comparison of statistical
methods to describe genotype X environment
interaction and yield stability in multi-location
maize trials. M.Sc. Thesis, Department of Plant
Science, the University of the State,
Bloemfontein, 96 p.

Free

Andrus C.F. 1963. Plant breeding system. Euphytica,
12 (205).

Maleki Y,
Hosseinpoir T, Ghasemi

Jaafarzadeh J, Vaezi B,
M. 2009. Study on
adaptability and grain yield stability of barley

Ansari

genotypes in warm rain-fed areas. Journal of Seed
and Plant Breeding 25-1(2), 297-313. (In Persian)

Bagheri M, Amoli N, Rohani S. 2012. The pure line
selection from Iranian eggplant landrace germplasm.
International Journal of Agricultural and Crop
Science 21(4), 1607-1613.

Bagheri M, Keshavarz S, Kakhki A. 2016. Evaluation
of selected lines from eggplant (Solanum melongena
L.) landraces. Journal of Seed and Plant Breeding
32-1(2), 165-180. (In Persian)

Bigonah Hamlabadi H. 2012. Yield stability of
promising lines of winter and facultative wheat in
different climate of Iran. African Journal of
Agricultural Research 7(15), 2304-2311.

Crossa J. 1990. Statistical analysis of multiplications
trials. Advance Agronomy 44, 55-85.

Damavandi-Kamali S, Babaeian Jelodar N, Aalishah
A. 2011. Evaluation of stability and compatibility of
the yield of cotton varieties based on one-variable
parametric and non-parametric methods and AMMI
model. Iranian Journal of Crops Sciences 42(2),
397-407. (In Persian)

Ehdaei B. 1995. Plant breeding. Barsava Publication,
Mashhad. (In Persian)

Farshadfar A. 1998. Quantitative
application in plant breeding. 1%
Taghbostan Publications. (In Persian)

genetic
Edition.

Gauch H.G, Zobel R.W. 1997. Identifying mega-
environments and targeting genotypes. Crop Science
31, 311-326.

Gauch H.G. 1992. Statistical analysis of regional yield
trials: AMMI analysis of factorial designs. Available
http://www.cabdirect.org/abstracts/19931643324.ht
m.

37

Gauch H.G. 2006. Statistical analysis of yield trials
by AMMI and GGE. Crop Science 46, 1488-1500.

Gholizadegan A, Seifi A. 2020. Screening some
Iranian Muskmelon Landraces for Resistance
Against Fusarium Wilt Disease using Molecular
Markers. International Journal of Horticultural

Science and Technology 7(3), 227-233.

Gramazio P, Chatziefstratiou E, Petropoulos C,
Chioti V, Mylona P, Kapotis G, Vilanova S, Prohens
2019.  Multi-level
characterization of eggplant accessions from Greek
to the
enhancement and conservation of this germplasm
and reveals a large diversity and signatures of

J,  Papasotiropoulos V.

islands and the mainland contributes

differentiation between both origins. Agronomy
9(887), 1-20.

Hanson P.M, Sitathani K, Sadashiva A.T, Yang R.Y.
2007. Performance of Solanum habrochaites LA1777
introgression line hybrids for marketable tomato
fruit yield in Asia. Euphytica 158, 167-178.

Hashemi A, Nematzadeh G.A, Oladi M, Afkhami
Ghadi A, Gholizadeh Ghara A. 2018. Study of
rapeseed (Brassica napus) promising genotypes
adaptation in different regions of Mazandaran.
Journal of Crop Breeding 10(28), 119-124. (In
Persian)

Hassanzadeh Khankahdani H. 2016. Selection of
superior lines from eggplant landraces of Minab,
Hormozgan, Iran. Final Report of Research Project,
Seed and Plant Institute, AREEO, 30 p. (In Persian)

International Board for Plant Genetic Resource.
1985. IBPGR Annual report. IBPGR, Rome, 27.

Kalloo G. 1988. Vegetable breeding. CRC Press, Inc,
USA, 587-598.

Keshavarz S. 2018. Study the compatibility and
stability of the advanced lines of Iranian native
pepper in various climates. Final Report of Research
Project, Seed and Plant Institute, 50 p. (In Persian)

Koocheki A.R, Sorkhi B, Eslamzadeh Hesari M.R. 2012.
Study on stability of elite barley (Hordeum vulgar L.)
genotypes for cold regions of Iran using AMMI method.
Cereal Research 2(4), 249-261. (In Persian)

Kumar S.R, Arumugam T, Ulaganathan V. 2016.
Genetic diversity in eggplant germplasm by
principal component analysis. SABRAO Journal of
Breeding and Genetics 48(2), 162-171.


http://www.cabdirect.org/abstracts/19931643324.htm
http://www.cabdirect.org/abstracts/19931643324.htm

Hamed Hassanzadeh Khankahdani, Mahmoud bagheri and Sibgol Khoshkam

Int. J. Hort. Sci. Technol. 2022 9(1): 25-39

Manzano S, Navarro P, Martinez C, Megias Z.M,
Rebolloso M.M, Jamilena M. 2015. Evaluation of
fruit quality in tomato landraces under organic
greenhouse conditions. In Proceeding of II
International Symposium on Horticulture in Europe,

Acta Horticulturae, 1099, ISHS. pp. 645-652.

Missio J.C, Rivera A, Figas M.R, Casanova C, Cami
B, Soler S, Simé J. 2018. A comparison of landraces
vs. modern varieties of lettuce in organic farming
during the winter in the Mediterranean area: an
approach considering the viewpoints of breeders,
consumers, and farmers. Frontiers in Plant Science
9(1491), 1-15.

Mohanty B.K. 1999. Genetic variability, character
association and path analysis in brinjal. Progressive
Horticulture 31(12), 23-28.

Negi A.C, Baswand K.S, Avtar S, Sanwal S.K, Batra
B.R, Singh A. 2000. Studies on genetic variability
and heritability in brinjal (Solanum melongena L.)
under high temperature conditions. Journal of
Horticultural Sciences 29(34), 205-206.

Oluoch M.O, Chadha M.L. 2007. Evaluation of
African  eggplant for yield and quality
characteristics. Acta Horticulture 752-51, 303-306.

Park H.M. 2006. Univariate analysis and normality
test using SAS, STATA, and SPSS. The Trustees of
Indiana University, 38 p.

Plazas M, Lopez-Gresa M.P, Vilanova S, Torres C,
Hurtado M, Gramazio P, Anddjar I, Herraiz F.J,
Bellés J.M, Prohens J. 2013. Diversity and
relationships in key traits for functional and
apparent quality in a collection eggplant: fruit
phenolics content, antioxidant activity, polyphenol
oxidase activity, and browning. Journal of
Agricultural and Food Chemistry 61, 8871-8879.

Prohens J, Rodriguez-Burruezo A, Raigén M, Nuez F.

2007. Total phenolic concentration and browning
susceptibility in a collection of different varietal
types and hybrids of eggplant: Implications for
breeding for higher nutritional quality and reduced
browning. Journal of American Society of
Horticultural Science 132(5), 638-646.

Ram H.H. 2006. Vegetable breeding, principles and
practices. Oscar Publication, 188.

Ranil R.H.G, Prohens J, Aubriot X, Niran HML,
Plazas M, Fonseka RM, Vilanova S, Fonseka HH,
Gramazio P, Knapp S. 2017. Solanum insanum L.

38

(subgenus Leptostemonum Bitter, Solanaceae), the
neglected wild progenitor of eggplant (S. melongena
L.): a review of taxonomy, characteristics and uses
aimed at its enhancement for improved eggplant
breeding. Genetic Resources and Crop Evolution 64,
1707-1722.

Rodriguez-Burruezo A, Prohens J, Nuez F. 2008.
Performance of hybrids between local varieties of
eggplant (Solanum melongena) and its relation to the
mean of parents and to morphological and genetic
distances among parents. European Journal of
Horticultural Science 73(2), 76-83.

Sadeghi S.M, Samizadeh H. 2011. Evaluation of
yield stability of Virginia tobacco hybrids using
stability parameters and pattern analysis via AMMI
model. Electronic Journal of Crop Production 4(2),
103-119. (In Persian)

Sadeghzadeh B, Mohammadi R, Ahmadi H, Abedi
Asl G, Ahmadi M, Mohammadfam M, Bahrami N,
Khaledian M, Naseri A. 2018. Assessment of
stability and compatibility the seed yield of durum
wheat lines under non-irrigated conditions using
GGE biplot and AMMI model.
Stresses in Crop Sciences 11(2),
Persian)

Environmental
241-260. (In

Sekara A, Cebula S, Kunicki E. 2007. Cultivated
eggplants-origin, breeding objectives and genetic
resources, a review. Folia Horticulturae 19, 97-114.

Shadpour S, Peyghambari S.A, Mohammadi A,
Shoaie Deylami M, Jahromi M.H.M, Mahdavi R.
2010. Study of genotype X environment interaction
and yield stability of tobacco genotypes using AMMI
and Tai analysis. Journal of Crops Breeding 2(5),
78-90.

Shoorideh H, Peighambari S.A, Omidi M, Naghavi
M.R, Maroufi A. 2016. Assessing potential of Iranian
Chicory genotypes for industrial application.
International Journal of Horticultural Science and

Technology 3(1), 59-68.

Soltan Mohamadi S, Peyghambri S.A, Babaei H.R.
2017. Study the adaptability and yield sustainability
of soybean genotypes in four regions of Iran. Iranian
Journal of Crop Sciences 48(2), 389-397. (In

Persian).

Sousaraei N, Mashayekhi K, Mousavizadeh S.J,
Akbarpour V, Medina J, Aliniaeifard S. 2021.
Screening of tomato landraces for drought tolerance



Hamed Hassanzadeh Khankahdani, Mahmoud bagheri and Sibgol Khoshkam

Int. J. Hort. Sci. Technol. 2022 9(1): 25-39

based on growth and chlorophyll fluorescence
analyses. Horticulture,
Biotechnology 62, 521-535.

Environment, and

Taher D, Solberg S, Prohens J, Chou Y, Rakha M,
Wu T. 2017. World vegetable center eggplant
collection: origin, composition, seed dissemination
and utilization in breeding. Frontiers in Plant
Science 8(1484), 1-12.

Tembe K.O, Chemining’'wa G, Ambuko J, Owino W.
2018. Evaluation of African tomato landraces
(Solanum lycopersicum) based on morphological and
horticultural traits.

Resources 52, 536-542.

Agriculture and Natural

COPYRIGHTS ©2021 Tha suthoris) This &

Artribation [CC BY 4.0)

AN Opan Iccess articks

Creative Commons which permity

reproduction in any mediam, as lul'_; a1 the original author and source are ated. No permission is

required from the authors or the publishers

distributed undar the terms of the

unrastrictad

39

Vojdani P. 1993. The role of gene bank and plant
genetic material in increasing crop yields. In
proceeding of the first Congress of Agriculture and
Plant Breeding, Karaj, Iran, p. 287-292. (In Persian)

Yan W, Kang M.S. 2003. GGE biplot analysis: A
graphical breeders, geneticists
agronomists. CRC Press, Boca Raton, FL.

tool for and

Yazdi-Samadi B, Rezaei A, Valizadeh M. 1998.
Statistical design in agricultural research. Tehran
University Press. (In Persian)

use, destnbution, and



