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Abstract

Six divergent genotypes of sesame (Sesamum indicum L.) were crossed using a half
diallel mating design according to Griffing (1956) excluding reciprocal crosses, to
estimate stability for studied traits under three sowing dates in the experimental farm
at Agricultural Research Station in Ismailia Governorate during summer season 2018.
The 15 hybrids and their 6 parents were grown in field experiments in two geographi-
callocations (Ismailia and El-Sharkia Governorates) and two seasons (2019 and 2020)
under three sowing dates (April 1* and 2™ (SD1), May 1* and 2™ (SD2) and June 1%
and 2™ (SD3) in Ismailia and Sharkia, respectively. A split plot design was used in a
randomized complete blocks with four replications, the main plots included planting
dates while the 21 genotypes were in sub-plots. Combined analysis of variance over loca-
tions and seasons gave highly significant differences. Most of the interactions between
the studied factors showed high significance for most of the traits under study. Addi-
tive Main effects and Multiplicative Interaction (AMMI) analysis for seed yield for 12
environments (two locations, two seasons and three sowing dates) showed significant
effect of environments, genotypes and their interactions. The E2, E3, E8 and E9 had
high mean seed yield above the grand mean environments values and are considered
suitable and favorable for sesame seed production due to their low interactive effects.
Sesame genotypes 7, 18, 10, 19, 12, 13, 15 were nearly close to the origin and thus are
the most stable and less responsive to the GEI (Genotype-by-Environment Interac-
tion). In contrast, genotypes 1, 20, 8, 11 and 2 were far from the origin, sensitive to

Accepted 04/10/2023 environmental changes and their yields are unstable.
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INTRODUCTION The genotype by environment interaction (GxE) refers to

Sesame (Sesamum indicum L.) is one of the oldest culti-
vated and most important oil crops in the world. China
and India followed by Burma, Sudan, Nigeria, Uganda,
Venezuela, Mexico, Turkey and Ethiopia are the most
important sesame producers (Hakeem et al., 2020). The
global cultivated area of sesame crop reached 13 million
ha, producing about six million metric tons (FAOSTAT,
2020). The cultivated area of sesame in Egypt is 4,200
ha with an average productivity of 250 kg/ha. The cul-
tivated area of sesame in Egypt is 100,055 feddan with
an average productivity of 600 kg/fed. Total cultivated
areas in Ismailia and El-Sharkia governorates are 4,579
and 20,315 Fed, respectively, producing about 3.5 and
4.8 Ardab/Fed, respectively (ASBAE, 2022).

Sesame seeds contain 45-60% oil and 25% protein, and
constitute a rich source of linoleic acid, vitamins A, B1,
B2,Eand mineralsincluding calcium and phosphorus. It
is used in a wide variety of foods such as confectioneries,
cakes, and pastries. While high-quality oil is utilized in
cooking, margarine manufacture, and pharmaceutical
industries, lower-quality oil is used in soap production
(ElNaim et al.,2010). Despite the high nutritional value,
health benefits and economic importance of sesame in
many countries, it is largely ignored by plant breeders
(Bedigian, 2010).
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the deviation in performance of any attribute of genotypes
within the various growing environments. GXE interac-
tion makes varietal selection more difficult because it
lessens the utility of genotypes by confusing their yield
and performance by reducing the correlation between
genotypic and phenotypic parameters (Farshadfar et al.,
2012). However, it is possible to develop genotypes with
low GXxE interaction via sub-division of heterogeneous
area into smaller-more homogeneous sub-regions and by
selecting genotypes with a better stability across a wide
range of environments (Farshadfar et al., 2011). So, GXE
interaction may be considered as both an opportunity and
a challenge for breeders. Additive Main Effect and Mul-
tiplicative Interaction (AMMI) is important to analyze
multi-environment trials data to interprets the effect of the
genotype (G) and environments (E) as additive effects and
the GxE as a multiplicative component and submits it to
principal component analysis. The AMMI approach has
been proven to improve estimation accuracy since it uses
an ordinary ANOVA procedure to fit additive main effects
for genotypes and environments and then applies Princi-
pal Component Analysis (PCA) to the matrix of residuals
that remain after fitting main effects (Singh and Bisen,
2020). In AMMI model, the Genotype by Environment
Interaction (GEI) can be decomposed into several Inter-
action Principal Component Axes (IPCA) using PCA.
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GGE biplot is a data visualization tool, displays graphi-
cally a GxE interaction in a two-way table (Yan, 2000). It
is an effective tool for recommending specific genotypes
to a specific mega-environment (Yan and Kang, 2002),
determining stability and performance of genotypes and
discriminating among genotypes in target environments.
Singh and Bisen (2020) and Movahedi et al. (2020) are
among the many authors who used GGE biplot to identify
mega environments, to evaluate the genotypes and to test
the environments. The present study was designed with the
following objectives: i) Find out promising combinations
of genotypes at different sowing dates across locations and
years and ii) Apply AMMI and bi-plot models to visual-
ize the GEI and summarize patterns and relationships of
sesame genotypes and tested environment.
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cm depth at random before sowing. Analysis were per-
formed at the Laboratory of Soil and Water Department,
Agric. Res. Station, Ismailia according to Kilmer and
Alexander (1949) and are presented in Table 1. Monthly
meteorological data during growing seasons including
temperature, RH% and rainfall (Table 2) was obtained
from Egyptian Meteorological Authority (EMA).

Genetic materials

Six sesame genotypes were selected and provided by
Research Institute of Oil Crops, Agricultural Research
Center, Giza and constituted the parents in this study. The
genotypes comprised variability in origin, plant and yield
characteristics (Table 3). Sesame genotypes were crossed

Table 1: Soil physical properties and chemical com-
position of the experimental fields

MATERIALS AND METHODS Locations
The present study has been coordinated by Agronomy Parameters fgnf:rzrfl;; ‘1’ d I;“;fi‘:ﬁﬁf;i:g:;
Department, Faculty of Agriculture, SCU and Institute | gand (%) 33.9 91.7
of Oil Crops Research, ARC, Giza and continued during |silt (%) 30.6 6.30
the period from 2018 to 2020. Clay (%) 14.0 3.20
.. . ] Soil pH 7.60 6.80
Description and experimental locations Textural class Silt Sandy loam
The field experiments were conducted in two locations | Organic-C% 1.32 0.15
during two summer growing seasons. The first location ~ Orsanic matter % . 2.89 2.87
is the experimental farm of Agricultural Research Sta- Total soluble N % (mgkg ) 17.3 0.08
. .1s . Available P% (mg kg!) 5.10 32.2
tion, ARC, Ismailia Governorate. The second location Ca>* (mEq/l) 6.60 0.56
is a farmer’s field in El-Sharkia Governorate. To analyze Mg (mEq/l) 0.40 0.16
physical composition and chemical properties of the | Na*(mEq/) 5.40 0.22
experimental sites, soil samples were collected from 0-20 | K* (mEq/l) 58.2 0.15
Table 2: Meteorological date for 2019 and 2020 growing summer seasons
Ismailia El-Sharkia
Month Mok T‘;{“‘i‘::”t“‘r;{ean RH% | Rainfall @mm) - T‘%ﬁfrat“‘r;dean RH% | Rainfall (mm)
2019
April 28.3 14.4 21.3 49.5 0 28.7 15.5 22.1 50.3 0
May 33.2 20.1 26.7 42.1 0 33.1 21.1 27.1 46.5 0
June 34.9 21.9 28.4 44.5 0 34.8 23.8 29.3 47.5 0
July 35.9 23.8 29.9 55.8 0 36.6 244 30.5 56.2 0
August 34.9 234 29.1 55.7 0 354 24.6 30.0 54.0 0
September 34.1 22.1 28.1 59.6 0 34.3 22.2 28.3 56.9 0
October 30.5 18.4 24.5 60.2 0 28.9 20.3 24.6 59.0 0
Average 33.1 20.6 26.8 52.5 0 33.1 21.7 27.4 52.9 0
2020
April 26.5 13.8 20.2 51 0 24.8 14.7 19.8 49.4 0
May 32.2 18.2 25.2 46.5 0 334 19.5 26.5 45.5 0
June 35.2 22.1 28.6 46.3 0 35.5 23.6 29.6 46.5 0
July 36.1 23.2 29.7 55.8 0 37.6 23.4 30.5 56.4 0
August 36.1 23.7 29.9 53.6 0 36.2 24.9 30.6 54.0 0
September 33.5 21.5 27.5 57.1 0 33.7 21.6 27.7 56.9 0
October 31.1 19.1 25.1 59.0 0 30.4 19.6 25.0 59.9 0
Average 32.9 20.2 26.6 52.7 0 33.1 21 27.1 52.6 0
Table 3: Names, origin, pedigree and some characteristics of the sesame parent’s genotypes
Genotype G1 G2 G3 G4 G5 G6
Name Shadwell3 Local 133 | Imported282-2 | Imported 188 | Imported 686 H102 F18-2
Pedigree Giza 32 x Introduction 130| Fayoum 1981 USA 1975 Ethiopia 1975 | Ethiopia 1988 | Imported 217 x Giza 25 1976
Origin Egypt Egypt USA Ethiopia Ethiopia Egypt
Description Variety Line Line Line Line Line
Branching Low Branching Branching | Low Branching | Low Branching Branching Branching
No. of capsules/leaf axel 3 capsule One capsule | One capsule 3 capsules One capsule One capsule
Plant height (cm) 190 200 210 180 240 270
Fruiting zone (cm) 110 125 140 105 120 125
Length of the capsule (cm) 4.6 4 4.5 3.5 4.2 4.5
Seed color White Waxy Red Beige Beige Red
Shattering Non Shattering  [Non Shattering Non Shattering Shattering Non Shattering Non Shattering
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in a half diallel mating system (excluding reciprocals)
to produce 15 F1 crosses according to Griffing (1956)
during 2019 summer season at the experimental farm of
Agricultural Research Station, Ismailia.

Experimental design and trial management

Four field experiments were established comprising two
growing seasons (2019 and 2020) and two locations
(Ismailia and El-sharkia governorates). For each experi-
ment, six sesame parents along with their 15 F1 crosses
were arranged in split-plot in three randomized complete
block design. Three sowing dates namely, 1 and 2 April
(SD1), 1 and 2 May (SD2) and, 1 and 2 June (SD3) in
Ismailia and El-sharkia locations, respectively comprised
main plots and 21 sesame genotypes comprised sub-
plots. Each genotype was sown in a plot size of 3.6 m,
consisting of three rows of 2 m in length. The spacing
between rows and plants was 60 and 20 cm, respectively
resulting in 30 plants plot. Fertilizer in the form of Cal-
cium superphosphate (15.5% P,O,) at rate of 200 kg/
fed and potassium sulphate (48% K O) at rate of 100 kg/
fed were added during soil preparation. Nitrogen in the
form of ammonium nitrate (33%) at rate of 150 kg was
manually side dressed into three portions, at sowing, after
thinning and at flowering stage. All agricultural practices
were adopted as recommended for each location.

Data collection

From each harvestable plot, 10 representative plants
were selected randomly and tagged to collect all the
under mentioned data for each genotype at each test
environment. The data collection was represented by
each of days to 1st flower (d), plant height (cm), height
to 1" capsule (cm), fruiting zone length (cm), capsules
plant”, 1000-seed weight (g), seed yield plant’ (g) and
oil content (%), Oil content (%): Extraction and analysis
procedures were applied using Soxhlet system HT, ap-
paratus according to the method of AOAC (1980).

Physiological and quality traits

SPAD value: Estimated by using chlorophyll meter
(SPAD - 502, soil plant analysis development (SPAD)
Minolta, Japan) according to Castelli et al. (1996).

Relative water content (%): Leaf relative water content
(LRWC) was estimated according to the procedure of
Meher et al. (2018). Briefly, about 0.5 g of leaf sample was
incubated in 100 mL of distilled water for 4 h. After that, the
turgid weights of leaf samples were taken. The leaf samples
were oven-dried at 80°C for 24 h. The dry weights of the
samples were taken till a constant weight was achieved.

LRWC (%) = [(Fresh wt-Dry wt)/(Turgid wt-Dry wt)] x100
Peroxidase activity (u mol-min™ -g' FM)

Fresh leaves (0.5 g) were freeze in (-20°C) and then ho-
mogenized with a prechilled mortar and pestle under ice
cold-conditionsin 4 ml 50 mM potassium phosphate bufter
(KH,PO,/K,HPO,), pH 7.0, with the addition of 1 mM Na,
EDTA. The iiomogenate was centrifuged at 15000 rpm, at
4°C for 20 min. The supernatant was stored at -20°C and
used for the assay of enzyme activity. Peroxidase (POD)
activity was determined as described by Liu and Huang
(2000). The POD reaction solution (3 ml) contained 50 mM
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potassium phosphate buffer (pH 7.8), 20 mM guaiacol, 40
mM H,O,, and 100 pl enzyme extract. Changes in absor-
bance of the reaction solution at 470 nm were determined
every 30 sec. One unit of peroxidase activity was defined as
an absorbance change of mg fresh weight per min.

Statistical analysis

A combined analysis of variance over sites and seasons
based on split-plot was performed for each season to test
the significance effect of locations, genotypes, sowing
dates and their interactions on the responses of sesame
attributes. The data obtained were analyzed using the
program Agri-stat software according to Mather and
Jinks (1982), and mean differences among tested factors
were calculated using LSD at 0.05% level of significance.

Multivariate analysis of GXE interaction

The seed yield data were subjected to combined analysis
of variance and AMMI analysis which is a combination
of analysis of variance and multiplication effect analysis.
Analysis of variance is used to partition variance into
three components: genotype deviations from the grand
mean, environment deviations from the grand mean,
and GE deviations from the grand mean. Afterward,
multiplication effect analysis is used to partition GE
deviations into different interaction principal compo-
nent axes (IPCA), which can be tested for statistical
significance through ANOVA. Statistical analyses were
performed using GENSTAT software version 17.

AMMI biplot analysis

To understand specific GEI combination and the general
pattern of adaptation, a biplot of genotypes and environ-
ments was performed. The AMMI biplot is developed by
placing both genotype and environment values on the
abscissa (X- axis) and the respective PCA axis, Eigen vec-
tor on the Y- axis. XLSTAT software was used to perform
analysis and biplot visualization.

AMMI Stability Value (ASV)

AMMI Stability Values were calculated for each geno-
type to rank them in terms of stability according to
the relative contribution of IPCA1 and IPCA2 to the
interaction SS.

The AMMI stability value (ASV) as described by Pur-
chase et al. (2000) was calculated as follows.

]

rPCAl — B

K £ . 2

ASV = Yll"'ojs‘q“a' e(l,,("”l S(‘Ol'e) - (IP(V"‘:"' S(‘Ol'e)
1PC Azsumofsquare

IPCA score= SSwca
‘SVS”’(] 2

Where SS ., /SS .., is the weight given to the IPCA1
value by dividing the IPCA1 SS by the IPCA2 SS; and
the IPCA1 and IPCAZ2 scores are the genotypic scores in

the AMMI model.

IPCA score is the weight given to the IPCA1-value by divid-
ing the IPCA1 sum of squares by the IPCA2 sum of squares.
The larger the IPCA score, either negative or positive, the
more specifically adapted a genotype is to certain environ-
ments. Smaller ASV scores indicate a more stable genotype
across environments.
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RESULTS

Multivariate analysis of GXE interaction

Combined analysis of variance for seed yields over 12
environments (2 years, 2 locations, 3 sowing dates, table
4) showed significant effect of environments, genotypes,
and their interactions (Table 5). Sum squares due to en-
vironments explained 74.8 of the total variation for seed
yield. In contrast, variation due to genotypes and GxE
interaction constituted less contribution (2.26 and 22.3),
respectively. The genotypes by environments interaction
as a measure of environmental diversity was very small.

AMMI analysis

The presence of significant GEI confirmed the diverse
responses of genotypes among tested environments,
therefore GEI analysis through AMMI analysis (Table 6)
is presented. The AMMI analysis demonstrated the pres-
ence of significant G x E interactions, and this has been
partitioned among the firstand second Interaction Princi-
pal Component Axes (IPCAs). Both components showed
significant effects and accounted for a total of 63.6 of GEI
for seed yield. IPCA1 had a higher significant contribu-
tion to GEI (41.7 %) than IPCA2 (21.9 %) for seed yield.

Means, IPCA1 and IPCA2 scores and ASV for seed yield
of 21 sesame genotypes are shown in Table 6. Genotypes
7 and 19 had low values for IPC1(1.49 and 0.09), ASV
(7.15 and 6.39) and high mean seed yield (707 and 705
kg/fed) above the grand value, considered the most stable
genotypes. While G20 and Gl that considered the least
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Table 4: List of environments used in the study

Env.1 2019, El-Sharkia, SD1
Env.2 2019, El-Sharkia, SD2
Env.3 2019, El-Sharkia, SD3
Env.4 2019, Ismailia, SD1
Env.5 2019, Ismailia, SD2
Env.6 2019, Ismailia, SD3
Env.7 2020, El-Sharkia, SD1
Env.8 2020, El-Sharkia, SD2
Env.9 2020, El-Sharkia, SD3
Env.10 2020, Ismailia, SD1
Env.11 2020, Ismailia, SD2
Env.12 2020, Ismailia, SD3

SD1, 2 and 3, the first, second and third sowing dates

Table 5: Combined analysis of variance for seed yield
of sesame genotypes evaluated across 12 environments

Source | D.E | SS. ms. P Total o gg
Treatments 251 | 123805575 | 493249 | 994
Genotypes 20 2815909 | 140795 | 2.26
Environments 11 93211924 8473811 74.8
Block 24 115981 4833
GxE 220 27777742 | 126262 | 22.3
IPCA 1 30 11576443 | 385881 41.7
IPCA 2 28 6084709 | 217311 21.9
Residuals 162 10116589 62448
[Error 480 602411 1255
Total 755 | 124523967 | 164932

Table 6: Mean seed yield (kg fed '), IPCA1, IPCA2 scores and ASV of 21 sesame genotypes tested across 12

environments
No G | Genotype Env.1| Env.2 |Env.3 | Env.4 | Env.5 [Env.6| Env.7 | Env.8 | Env.9 |[Env.10 Env.11 Env.12| Mean IPCA1IPCA2| ASV
Gl Shadweel3 466 | 624 | 1055 | 426 | 475 | 308| 6691051 | 910 | 550 | 502 | 576 | 634 | 19.1 11.7|38.3
G2 |Locall33 613 |1229 |1076 | 355 | 352 | 586| 1177|1285 |1231 | 248 | 335 | 483 | 747 | 14.3 | -4.50|27.6
G3 | Imported282-2 564 | 988 | 545 | 267 | 203 | 392| 1396|1334 | 851 | 496 | 181 361 | 632 | 7.88 | -7.45|16.7
G4 | Imported188 775 |1202 | 855 | 349 | 265 | 373| 1317|1586 | 743 | 561 | 262 | 570 | 738 | 8.28 | -10.4|18.9
G5 | Imported686 647 | 884 | 689 | 164 | 399 | 445| 1179 870 | 683 | 222 | 406 | 501 | 591 | 8.23 | 5.96/16.7
G6 |HI102F18-2 707 | 864 | 835 | 216 | 453 | 392| 989 736 | 751 | 168 | 491 | 259 | 572 | 827 | 8.02|17.6
G7 | Shadweel3xLocal133 933 | 1277 | 821 | 268 | 369 | 414 1523|1187 | 753 | 194 | 410 | 339 | 707 | 1.49 | -6.56|7.10
G8 | Shadweel3xImported282-2 {1692 |1298 | 826 | 239 | 275 | 277| 1788|1413 | 776 | 293 | 231 133 | 770 |-16.0 | -13.8|33.4
G9 | Shadweel3xImported188 1264 | 926 | 845 | 300 | 178 | 289 1280|1227 | 881 | 347 | 170 | 227 | 661 |-4.23 | -4.16|9.05
G10 | Shadweel3xImported686 1204 | 927 | 672 | 404 | 368 | 587 | 1146|1208 | 587 | 373 | 348 | 198 | 668 |-2.83 | -2.32|5.86
G11 |Shadweel3xH102F18-2 1786 | 1055 | 749 | 347 | 320 | 312| 1544|1268 | 781 | 345 | 365 | 234 | 759 |-153 | -4.54|29.4
G12 | Local133xImported282-2 1068 | 1211 | 684 | 400 | 335 | 290| 922|1067 | 665 | 337 | 357 | 182 | 626 | 2.95 | -3.68|6.72
G13 | Locall33xImported188 1347 | 1052 | 1047 | 322 | 341 | 324 1454|1557 | 891 | 292 | 359 | 187 | 764 |-4.50 | -9.41|12.7
G14 | Local133xImported686 1375 | 856 | 780 | 551 | 227 | 267| 1356[1013 | 593 | 645 | 230 | 192 | 674 |-8.48 1.5116.2
G15 |Local 133xH102F18-2 1181 |1040 | 734 | 363 | 270 | 335| 1218 | 946 | 608 | 323 | 297 | 149 | 622 | -3.45 | -0.79 |6.60
G16 |Imported282-2xImported188 (1420 | 813 | 754 | 293 | 348 | 300| 1342| 691 | 526 | 161 | 322 | 679 | 638 |-8.10 | 12.2|19.7
G17 |Imported282-2xImported686 | 813 |1643 | 832 | 526 | 316 | 294| 893| 955 | 613 | 375 | 322 | 129 | 643 | 9.22 | -8.18 |19.3
G18 |Imported282-2xH102 F18-2 |1023 |1051 | 815 | 462 | 283 | 266 | 1141| 914 | 573 | 449 | 263 | 543 | 649 | 2.26 | 3.905.81
G19 | Imported188xImported686 1166 | 1058 | 714 | 407 | 433 | 381| 1258 | 933 | 629 | 364 | 385 | 727 | 705 | 0.09 | 6.396.39
G20 | Imported188xH102F18-2 1568 | 455 | 767 | 449 | 344 | 287 1838| 548 | 771 | 293 | 314 | 229 | 655 |-18.5 153 |38.3
G21 | Imported686xH102F18-2 1164 | 657 | 850 | 299 | 211 | 235| 972| 714 | 888 | 338 | 227 | 338 | 574 | -0.80 | 10.7|10.8
Mean 1085 | 1005 | 807 | 353 | 322 | 350 1257|1072 | 748 | 351 | 323 | 345 | 668 | - - -
IPCA1 -34.8 | 7.11 | 533 | 1.39 | 4.54 | 6.34| -20.2| 470 | 6.82 | 4.04 | 5.18 | 9.54 | - - - -
IPCA2 277 |-20.4 | 3.31 | 5.55 | 8.17 | 3.18| -3.96|-24.5 | 1.38 | 2.48 | 8.07 | 139 | - - - -
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stable genotype, had the highest ASV (38.3 and 38.3),and
IPCI values (-18.5 and 19.1); and low mean yield (655.2
and 634.5 kg/fed) below the grand mean value.

AMMI biplot

The AMMI graph is used to visualize the adaptability
(average performance across locations) and stability
(consistent performance across environments) of vari-
ous genotypes. In the AMMI graph the genotypes that
are located close to the origin are relatively stable, while
the ones that are located far away from the origin are
unstable because they interact with the environments.

E2, E3, E8 and E9 had high mean seed yield above the
grand mean values and is considered as suitable and favor-
able for sesame seed production due to its low interactive
effects. The six lowest yielding environments (4, 5, 6, 10,
11 and 12) were separated from other environments and
grouped together. It showed rather less interactive effect
for seed yield and considered the least favorable environ-
ments for almost genotypes for sesame yield production.

Eland E7also exhibited the highest meanyield above the
grand value and represented high and negative interac-
tive effects. Those environments considered not suitable
to select for high seed yield in the present set of genetic
materials. They negatively interacting with high yielding
genotypes (G8, G11, G13 and G14).

Genotypes 7, 18, 10, 19, 12, 13, 15 were nearly close to
the origin and the most stable with less responsive to the
GEI (Figure 1). In contrast, genotypes, 1, 20, 8, 11 and
2 were far from the origin, sensitive to environmental
changes and be unstable. Therefore, the genotypes, 8,
13,11 and 2 are considered the best and could be grown
in wide environments.

Association of traits and classification of sesame
genotypes using PCA

PCA for 13 traits and 21 genotypes at three sowing dates
(SD’s) averaged across two sites and two growing seasons
was performed to identify the principal components of
measured parameters that best described the response to
SD’s (Figures 2, 3 and 4). Results showed that 57.5, 49.8
and 56.2% of the total variation were contributed by the
first two PCs when evaluating sesame genotypes at SD1,
SD2 and SD3, respectively. Generally, contribution of
PC1 for the 13 traits was more than two times that of PC2.
The first PC was positively correlated with SYE OYE
PH, SYP and SW, whereas, SYE, OYF and RWC were the
most important contributing traits to PC2 under SD1
condition. Under SD2, the PC1 can be interpreted as
representing higher values for SYE, OYE, SW, NOB and
NEC. At SD3, SYE, OYE SYP, NOB and FZ contributed
with PC1, while FZ and OC contribution were the most
important in PC2 variation. Positive and high loadings
values of variables are related to the diversity of sesame
genotypes. Biplot of PC1 vs. PC2 should separate the
tested genotypes based on differences in responses to
different sowing dates and are placed in the upper-right
and lower-left corner of the graph. At SD1, the hybrids,
HS8, H4, H12, parent Imported 188 are located in the 1st
quadrant and performed the best and have higher values
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for NOB, NOC, FZ, PH and DTE The parents H2, H5,
H10 and H14, performed less and possessed high values
for SW, HFC, SYFE. The least performed genotypes (Shan-
daweel3, Local122 and H102 F18-2) placed in the 4"
quadrantand do not possess desirable yield traits. For the
2" sowing date, one parent Import188 and three hybrids
(H2, H 7 and H14) revealed high values for NOB, HFC,
OYE FE SW and SYE Under late sowing condition,
higher values for variables SW, PH, FF, RWC and Oil%
were presented in three parents (Local133, Imported282
and imported188) and the hybrid H3 possessed.

Under late sowing, selection for SYF may be practice for
FZ, SYP, PH, SW and NOGC, as those variables showed
acute angle with SY. SPAD values were the traits that
represented negative correlation with SY under the three
sowing dates and does not consider as a criterion for
selection under varying planting dates.

Mean SYF1 vs IPCA1: AMMI plot
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Figure 1: Additive main effect and multiplicative interaction
biplot showing seed yield vs. PC1 of sesame genotypes and
environments
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Figure 2: A biplot for the first two principal component (PC)
scores, PC1 vs. PC2 related to the classification of sesame
genotypes for first sowing date
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The second sowing date (SD2)
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Figure 3: A biplot for the first two principal component (PC)
scores, PC1 vs. PC2, related to the classification of sesame
genotypes for second sowing date

The third sowing date (SD3)
Scatter plot (Total - 56.16%)

xH8

xLocal 133

PC2 - 22.29%

x Shadwell3

PC1-33.87%

Figure 4: A biplot for the first two principal component (PC)
scores, PC1 vs. PC2, related to the classification of sesame
genotypes for third sowing date

Legend of figures 1 to 4:

HI: Shadwell3*Local 133; H2: Shadwell3*Imported 282-2; H3:
Shadwell3*Imported 188; H4: Shadwell3*Imported 686; H5:
Shadwell3*H102F18-2; H6: Local 133*Imported 282-2; H7: Local 133*Im-
ported 188; H8: Local 133*Imported 686; H9: Local 133*H102 F18-2; H10:
Imported282-2*Tmported188; HI11: Imported282-2*Tmported686; HI12:
Imported 282-2*H102 F18-2; H13: Imported188*Imported686; H14: Im-
ported 188*H102 F18-2; H15: Imported 686*H102 F18-2; FF: first flower;
PH: plant height; HFC: height to first capsule; NOB: no. of branches; FZ:
Fruit zone; NOC: no. of capsules; SYP: Seed yield plant; SW: 1000 seed
weight; SYF: seed yield/ fed; OYF: oil yield /fed
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DISCUSSION

Multivariate analysis of GXE interaction

Combined analysis of variance for seed yields over 12 envi-
ronments showed significant effect of environments, geno-
types, and their interactions (Table 5). This result indicates
the differential responses of genotypes to sowing dates and
locations in both years. The large sum square for environ-
ments reveals the diversity of the tested environments that
caused the most variation in sesame yield. The genotypes
by environments interaction asa measure of environmental
diversity was very small. That was to be expected because
the locations in the study were not geographically distinct.
It seems that although significant, GEI is generally of less
importance than effects of genotypes and environments.
Similar results were reported for seed yield of sixteen sesa-
me genotypes and 12 environments (4 seasons and 3 loca-
tion), where environment and GEI contributed 73.4% and
20.3% of the total variation, respectively (Okello-Anyanga
et al., 2016). In another study carried out by Baraki et al.
2020 to analyze GEI in thirteen sesame genotypes under
eight environments results recorded environment, geno-
type, and their interactions 42.6%, 6.22% and 25.1% of the
total sum of squares. In contrast, variation due to genotypes
explained the maximum contribution to sesame seed yield
(37.4%) followed by environment (30.2%) and GEI (11.2%)
(Sedeck et al., 2018).

AMMI analysis

Both components showed significant effects of GEI for
seedyield. IPCA1had ahigher significant contribution to
GEI for seed yield (Table 6). This suggested that the other
interaction principal components were not effective pre-
dictors in explaining observed GEI. Using the first two
IPCAs to predict AMMI model accuracy was confirmed
by many investigators (Gauch and Zobel 1996).

The AMMI model does not provide a measure of quan-
titative stability. But quantitative stability measure is
essential in order to quantify and rank genotypes accord-
ing to yield stability. For this reason, ASV was proposed
by Purchase (1997). In this model, genotypes with least
ASV were considered the most stable, whereas those
which had highest ASV were considered unstable.

Genotypes had low values for IPC1 and high mean seed
yield above the grand value, considered the most stable
genotypes. While the genotypes had the highest ASV,
IPC1 values and low mean yield below the grand mean
value was considered the least stable genotype,. This re-
sult is confirmed by the study of Movahedi et al. (2020)
who affirmed that the lowest values of ASV refer to the
most stable genotypes.

AMMI biplot

The AMMI graph is used to visualize the adaptability
(average performance across locations) and stability
(consistent performance across environments) of vari-
ous genotypes. In the AMMI graph the genotypes that
are located close to the origin are relatively stable, while
the ones that are located far away from the origin are
unstable because they interact with the environments.
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Graphical presentation of GEI using AMMI parameters
is known as biplot, it is used to study the pattern of re-
sponse of G, E and GEI using main effect of means vs
the IPCA1 and identify genotypes with broad or specific
adaptation to target environments (Amiri et al., 2013).

According to Weikai (1999), yield stability is an impor-
tant issue in genotype testing and selection, but stabil-
ity is meaningful for cultivar evaluation only when the
genotypes are comparable in average yield. There for
stability alone is meaningless, that means a less stable
cultivar that performs well on average is better than a
cultivar that stable and performs consistently poor.

Association of traits and classification of sesame
genotypes using PCA

PCA gives two important pictures of association among
traitsand classification of tested genotypes based on their
tolerance/sensitivity to environmental conditions. Since
it is not sufficient to consider one of yield-correlated
traits as indicative for stress resistance, all traits together
as indicators must be considered.

The cosine of the angles between vectors shows the mag-
nitude of correlation between traits. The acute angles
represent positive correlations, and the wide obtuse
angles show a negative correlation. On the other hand,
the length of the vectors connecting traits to the origin
shows the extent of variability.

Our results showed that the total variation was contrib-
uted by the first two PCs when evaluating sesame geno-
types at SD1, SD2 and SD3, respectively (Figures 2, 3 and
4). Baraki et al. (2020) extracted about seven PCs, which
are with greater than a unity although they have less than
80% ofthe total variance. The importance and relationship
between variables within a component are determined by
the magnitude and direction of a factor loadings within a
PC(Abateetal.,2015). Positive and high loadings values of
variables are related to the diversity of sesame genotypes.
Biplot of PC1 vs. PC2 should separate the tested genotypes
based on differences in responses to different sowing dates
and are placed in the upper-right and lower-left corner of
the graph. Baraki et al. (2015) reported that G1 and G4
had the largest scores in the first PC (PC1) and located in
the positive direction of this PC were highly associated
with grain yield, oil content, length of capsule bearing
zone and number of capsules. In study in maize by Omar
et al. (2022) found that sowing date on 10 April displayed
the highest agronomic performance compared to the late
date on 28 May. The sowing delay negatively impacted
the plant height, the number of rows ear’, the number
of kernels row™, 100-kernel weight, and the grain yield.
Although late sowing decreased the grain yield by 18.3%
compared to timely sowing. Baraki et al. (2020) used the
PCA for sketching biplots and to assess the association of
sesame genotypes and their agronomic traits under two
locations x two seasons x two irrigations. Accordingly,
G5 is positively associated with plant height and seeds
capsules ! while G12 and G13 are associated with grain
yield, capsules Plant™, primary branches plant” and 100
seed weight indicating these traits may be important to
develop high yielding sesame.

Hefny et al.: Multivariate analysis of interactive effects of sowing dates and sesame genotypes

CONCLUSION

AMMI analysis of variance for seed yield over 12 en-
vironments showed significant effect of environments,
genotypes and their interactions. Sum squares due to
environments explained 74.85% of the total variation
for seed yield. In contrast, variation due to sesame geno-
types and GxE interaction constituted less contribution
(2.26 and 22.3) respectively. The AMMI analysis dem-
onstrated the presence of significant G x E interactions,
and this has been partitioned among the first and second
Interaction Principal Component Axes (IPCAs). Both
components showed significant effects and accounted
for a total of 63.6 of GEI for seed yield IPCA1 had higher
significant contribution to GEI (41.7 %) than IPCA2
(21.9 %) for seed yield. The E2, E3, E8 and E9 had high
mean seed yield above the grand mean values and is con-
sidered as suitable and favorable for sesame seed produc-
tion due to its low interactive effects. The E1 and E7 also
exhibited the highest mean yield above the grand value
and represented high and negative interactive effects.

Sesame genotypes 7, 18, 10, 19, 12, 13, 15 were nearly
close to the origin and the most stable with less respon-
sive to the GEL. In contrast, genotypes, 1, 20, 8, 11 and
2 were far from the origin, sensitive to environmental
changes and be unstable. Therefore, the sesame geno-
types, 8, 13,11 and 2 are considered the best and could
be grown in wide environments.
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