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ABSTRACT

In African sub-Saharan countries, sesame is mostly grown under rain fed conditions where it is
subjected to drought stress. The objective of this study was to identify the drought tolerance sources
in induced-mutants of sesame. Sixteen induced mutants and their three respective parental sources
were eval uated in separate experiments under drought stress and normal conditions in the field over
two years (2010 and 2011). Seven drought tolerance indices including stress susceptibility index
(S9), stress tolerance index (STI), mean productivity (MP), geometric mean productivity (GMP),
tolerance (TOL), yield index (YI) and yield stability index (YS) were calculated based on yield
under drought (Ys) and yield in optimal conditions (Y,). Factor analysis (FA) evidenced that first and
second factors accounted for 98.7 and 98.5 % of the variation in the first and second year,
respectively. Biplot and FA evidenced that genotypes LC 164, LC 162, BC 167, EF 147 and MT 169
had the highest grain yield under both DS and NS environments in 2010, whereas in 2011 the best
performers in both environments were HC 108, 32-15, HB 168 and 38-1-7. FA and the mean rank
method discriminated genotypes LC 164, LC 162 and BC 167 as the most drought-tolerant in 2010
whereas in 2011 the combined methods identified 32-15 as the highest drought-tolerant genotype.
Plant height, the number of capsules per plant, and the length of the capsules should be considered
in selection for obtaining high-yielding sesame cultivars in drought-stressed environments.
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INTRODUCTION
Sesame Sesamum indicum L., Pedaliaceae) is also called orphan crop. Newsdhowever world
demand for its seeds is interestingly increasingngvo its good quality oil (50 %), protein (25 %Hd
for content of antioxidants™*® Beside these nutritional benefits, sesame cropipis many agricultural
advantages: it grows well in tropical to tempedimates, it can grow on stored soil moisture withihe
need for rainfall or irrigation, and be grown inrewstands with low input, or else in mixed standih w
diverse crops
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Despite the many advantages of sesame seedsttkssoa is dedicated to the crop by research cgnte
so that genetic and breeding improvement efforesame have been limited making the results &f suc
efforts slow to emerge. Asfirstated that the main reason for this limited sssde that sesame is a crop
mainly produced in developing countries and usubitysmallholders. The total world production was
about 4 756 751 tones from a planted area of 9amilhectares in 2013 and the average yields ranged
from 385 kg ha in 2000 to 506 kg hhin 20132 Despite the high yield potential of sesame, dgtiedds

are quite low due to a combination of biotic antbtb stresses.

The main sesame grower countries are India, MyammarSudan, most growing areas are classed as arid
or semi-arid® and in these regions, sesame is subjected torterrmnd intermittent droughts. In these
drought prone environments, breeders’ primary @gers in grain yield which may be considered to be
affected by three components including yield pasnappropriate phenology and drought tolerdhce
To achieve high and durable yield in such enviromisiedrought-tolerant genotypes are needed.
Unfortunately, the development of improved sesamitivars for drought tolerance is hampered by the
lack of efficient selection criteria. Two classicalethods are usually followed to select for drought
tolerance in crops: (i) utilization of grain yie&d direct selection criteria, and (ii) indirectesgion based

on secondary tratSwhich are plant characteristics that are assatiaith yield, and they can provide
additional information for breeders to use wherytmake selectiori

Although some authors reported positive correlabietween yield in optimal conditions and yield unde
drought®!"? direct selection based on yield potential or mgatd under non-stress conditions may be
misleading for the selection of drought-tolerannagpes because drought tolerance is a complex
quantitative trait, involving interactions of mametabolic pathways related to stress tolerancesjene

The identification of a standard evaluation assay lbeen the most pressing problem for the seleofion
drought-tolerant genotyp¥s Different indices have been employed for selectifrought-tolerant
genotypes. Rosielle and HamBfimefined stress tolerance (TOL) as the differeretevéen yields under
optimal () and stress conditions {Yand the mean productivity (MP) as the averagkl yoetween Y
and Y,. Fischer and Maurérproposed a stress susceptibility index (SSI) amchdndeZ' introduced a
stress tolerance index (STI) as a selection aoitetd identify genotypes with high yield and stress
tolerance potentials. The latter author stated MBt has an upward bias due to a relatively larger
difference between yand Y;and proposed a novel index, the geometric mearuptivity (GMP) which

is less sensitive to large extreme values.

All these indices are based on grain yield thoitgh,useful to screen for secondary traits as wetlause
grain yield under drought is a complex quantitatirgt whose repeatability is low relative to yidld
non-stress environments, reducing selection effii@. Also, high-yielding cultivars in well-watered
conditions are not necessarily the top performerdrought-stressed conditions. Hence much effast ha
been focused on the genetic analysis of secondaty.tin a drought breeding program, secondaitstra
are valuable for many reasons: If observed befos fiowering, they can be used for selecting rddxbe
crossing parents; if observed before maturity, tteybe used for preliminary selection.

Banziger and Lafittereported that secondary traits can help to imptbeeprecision with which drought-
tolerant genotypes are identified, compared to omaag only grain yield under drought. Thereforeg th
understanding of the relationship between yield sewbndary traits is crucial for developing an adée
breeding program and this relationship is tradalgnexplained by means of correlation, regressiod
path coefficient analys€s®*® Path coefficient analysfsis helpful in partitioning the direct and indirect
contribution of yield components to seed yféland gives more realistic relationship between attars
than the phenotypic correlation.

The objective of this study was to evaluate an@cehigh yielding sesame genotypes and identify
secondary traits to be used as selection criteriaded yield under both drought and optimal caoat
Phenotypic correlations, path coefficients anddiaahalysis will be used for this assessment.
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MATERIALS AND METHODS
Germplasm and location
The experiments were carried out with 19 sesanas lit the experimental station of the Centre Nation
de Recherche Agronomique (CNRA), Bambey, Senegtitutle 14° 42’ North and longitude 16° 28’
West) during the dry season of 2010 (04 Novembd20 January 25, 2011) and the wet cropping
season of 2011 (July, 01-November, 30). These limdaded 16 gamma-ray-induced mutants and their
three respective parental sources: 32-15; 38-1d/Bakan. Mutants were induced in 2008 using 300 an
400 Gy gamma rays doses irradiating seeds of tiee thother sources cited above. These mutants were
confirmed in 2009 and 20%#. Cultivars 32-15 and 38-1-7 belonged to the sesgenmplasm collection
of the Institut Sénégalais de Recherches Agric®RA) and are widely grown by senegalese sesame
growers for their rusticity and their marketabled® value (white seeds). Cultivar Birkan is a non-
photosensitive mutant-cultivar introduced from Baeulty of Agriculture, Akdeniz University (Turkey)
Experimental design and set-up
In both 2010 and 2011, the layout was a factorédigh consisted of adjacent non-stressed (NS) and
drought-stressed (DS) blocks separated by a boffé® m to prevent lateral movement of water fréwm t
NS to the DS plots. Within each block, plants wassigned to experimental plots using a randomized
complete block design with three replications. Epldt consisted of four rows, spaced 0.6 m apattt wi
0.20 m between plants in the row. Row length waws #h both years. All trials were established in the
field and plots were kept free from weeds, diseases insects pests by a combination of preventive
chemicals treatments (Decis, 1) hnd hand labour.
Prior to seeding, the soil was ploughed at a 15depth. A composite N-P-K fertilizer (15-15-15) was
applied at a rate of 80 kg haefore sowing. In the dry season of 2010-2011No#ember 2010 to
January 25, 2011), plots were irrigated with 40 mater one day prior to seeding usiag oscillating
ramp systemAfter emergence, both NS and DS blocks were ireidatith 20 mm of water twice a week
until flowering time. Thereafter, DS plots did n&ceive water until harvest, whereas NS plants were
kept well watered by receiving 20 mm of water twiceveek until physiological maturitjdon-stressed
plots received a total amount of 460 mm water, eviliS plots had received a total of 180 mm before
flowering.
Environmental data, including daily rainfall (mm)inimum and maximum temperatures (°C) and
relative air humidity (%) were obtained from anauated weather station (Hobo H21-002) placed on the
experimental site. The minimum air temperature lanmdidity were 13.4 °C and 8 %, respectively and the
maximum were 39.1°C and 100 %, respectively.
In the 2011 wet cropping season, NS plots were dawluly as normal planting.o simulatea terminal
drought, DS plots were planted with a delay of tmonths (September, 5). In all DS plots, 50 %
flowering occurred between October, 9 and 15. Aftes period, no rainfall was recorded until crop
maturity. Total rainfall was 584.2 mm in NS plotile DS plots received 159.9 mm before flowering.
The minimum air temperature and humidity were P&&nd 13 %, respectively and the maximum were
40.4°C and 100 %, respectively.
In both seasons, data were recorded for plant héiRjH), height to the first capsule on the maimste
(SLFC), number of branches per plant (NB), numidecapsules per plant (NCP), number of seed per
capsule (NSC), capsule length (LC), 1000-seed weislW) and seed yield. For seed yield measurement,
2.4 nf where harvested from the two central rows. Pondrvesting, the first two plants at the borders
of the row were discarded.
In addition, the drought intensity index (DIl) dedid by Fischer and Maur@was determined for each
season.

1-X
DIl ==——9% where %< and X, are the mean yields of all genotypes under drestghtsed and non-
ns

stressed conditions, respectively.
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The stress susceptibility index (SSI) was calcdiaecording to Fischer and Maureand the stress
tolerance index (STI) was determined for each ggrefollowing Fernandéz
[1—YSJ
— \f

S = T ,where ¥, and Y, are the mean yields of a given genotype in DSN®&a&nvironments,

respectively.
_YsxYp
= =8
p
Geometric mean productivity (GMP) was calculatatsieed yield according to Fernantfez

GMP = /(YsxYp

STl

where X is the mean yield of all genotypes under non-se@<sonditions.

Data were analyzed using MINITAB statistical pragrdby one-way ANOVA and t test.

Differences between mean values of treatments esakiated using least significant difference
(LSD) at a 0.05 significance level. Path coeffiti@md phenotypic correlation analyses were
carried out to determine the relationship betwéwmnttaits studied and their direct and indirect

contribution to seed yield

RESULTS
Variation in yield and yield components under non-gessed (NS) and drought-stressed (DS)
environments
For both years, the results of ANOVA showed siguaifit differences between genotypes in respect to
yield and yield components under normal and drosgieiss conditions (Tables 1 & 2) except for plant
height and number of branches in 2010 and for nurobeapsules per plant in 2011 in drought stress
conditions.
Comparison of means grain yield per genotypes atdatthat in well watered conditions (NS) HB 168 in
2010 and 38-1-7, HB 168, and 32-15 in 2011 hachtbkest grain yield while Birkan, MC 114 in 2010;
MT 169 in 2011 had the lowest yield. In droughess conditions (DS), LC 164 and LC 162 in 2010; HC
107 in 2011 had the highest yield while MC 114 tellowest in both years (Tables 1 & 2). The rainge
yield under normal and drought stress conditiormaglal that there is a genotypic variability between
genotypes for productivity.
In 2010, genotypes LC 164, LC 162, BC 167, EF 14¥ T 169 had the highest grain yield under both
DS and NS environments while ICN 130, MC 112, 324C3 115, HC 107, Birkan, and MC 114 had the
lowest grain yields under both DS and NS conditiffable 1, Fig. 1a). HC 108, SHI 165 and EF 153
had the highest grain yields only in DS environmientontrast to VGR 156, 38-1-7, HSC 105 and HB
168 which were the best performers only in NS emrinent.
In 2011, HC 108, 32-15, HB 168 and 38-1-7 had tighdst grain yield under both DS and NS
conditions. In contrast MT 169, MC 112, EF 147, 98b, and MC 114 had the lowest grain yield in
both DS and NS conditions (Table 2, Fig. 1b). HC,10C 162, LC 164, HSC 105, and ICN 115 had the
highest grain yields in DS environments while Bitrk« GR 156, BC 167, ICN 130 and EF 153 revealed
higher grain yields only in NS conditions (TableFRj. 1b).

Stress tolerance indices and selection for droughésistance
To evaluate 19 sesame genotypes for drought taleraeven selection indices (SSI, STI, MP  GMP,
TOL, Yl and YSI) were used. STI, MP, GMP and Y| hsignificant positive correlation with both yield
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under drought-stressed dYand yield under non stressed environments in tvathyears but there is no

correlation between Yl and,¥n 2011 (Table 3 & 4). Y1 had the highest corriglat(r = 1 in both years)
with Y, whereas MP had the highest correlation wigh(ry= 0.87** and r = 0.94**, for 2010 and 2011,
respectively).

The correlation between,¥and Y, was positively significant (r = 0.40in 2010 but not significant at all

in 2011. SSI and TOL were negatively correlatediwis even though this correlation is not significian

the year 2011 (Table 4).

The estimates of drought tolerance attributes based single criterion are contradictory. In thel@0
trial and according to STI, MP and GMP genotypeslleg, LC 162 and HB 168 were the most drought-
tolerant genotypes whereas MC 114, Birkan and MZwére the most sensitive ones during the season
2010 (Table 5). Based on TOL scores HC 108, LC d6d SHI 165 were the most desirable drought
tolerant genotypes and HB 168, HSC 105 and 38 frtost sensitive genotypes. According to SSI and
YSI the desirable drought-tolerant genotypes wetelld8, BC 167 and SHI 165 (Table 5).

The same contradiction was highlighted in the 2@idpping season when suitable drought-tolerant
genotypes were selected based on a single dranlghaiice index (Table 6).

The mean rank and standard deviation of ranksl afralight tolerance criteria were calculated anskba
on these two criteria the most desirable drougbtaot genotypes were identified. In consideratiall
indices genotypes LC 164, LC 162 and BC 167 exbihe best mean rank and low standard deviation
of ranks (Table 5) under drought-stressed envirarinie 2010, hence they were considered as the
suitable drought tolerant genotypes.

In 2011, LC 162, 32-15, HB 168 and HC 108 had thst Imean rank and low standard deviation (Table
6) and were identified as the most drought tolegemotypes.

Genotype LC 162 could therefore be identified a&stibst drought tolerant material, while MC 114 was
the most sensitive for both years.

To use all indices simultaneously, factor analysés also carried out. The two first factors expddin
98.7 % and 98.5 % of the total variance in 2010 a@d1, respectively (Table 7). The relationship
between the genotypes and all the drought toleramiees is plotted in the same graph (Fig 2a & 2b)
The first factor (FA1) was highly and positivelyroelated with ¥, STI, MP and GMP in both years
(Table). Yl and Y were positively correlated by the first factor2@10. Therefore, FA1 in both years was
named as drought tolerance.

The second factor (FA2) was represented by SSI, a@LYSI in 2010 and bysYI, STI, MP and GMP

in 2011. SSI, TOL, YS, STI, MP, GMP and YI had niagacoefficient with FA2. Thus the higher scores
for FA1 and FA2 in 2010 were in accordance withhieigdrought tolerance while in 2011 it's higher
score for FA1 and lower scores for FA2 which maycbasidered as higher drought tolerance. The sum
of two first factors (FA1+FA2) are presented in Tem5 and 6, respectively.

Coefficients of direct and indirect effects of pathalysis in drought-stressed conditions are shiown
Table 8. The number of capsules per plant had itfieekt positive and direct effect (p = 0.519) oadse
yield in drought conditions. This trait was folloavey plant height (p = 0.332), thousand seeds wémgh

= 0.276), length of the capsule (p = 0.233) and lmemof seeds per capsule (p = 0.176). The stentheng
to the first capsule had negative direct effect283) on seed yield under drought-stressed comnditio
The height of the Plant had the highest indirefeiatf(0.348) on seed yield via the number of casper
plant. Similarly, the number of capsules per plzad a positive indirect effect (0.223) via planighé on
seed vyield followed by stem length to the firstsap (0.221) via plant height. Thousand seeds weigh

had negative indirect effect (-0.216) on seed ywddnumber of capsules per plant.
Copyright © February, 2016; IJPAB 49
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Table 1. Yield component and yield of sesame genplgs grown under well watered (WW) and water stresé/NS) conditions during 2010

Genotype PH(cm) SLFC(cm) NCP NSC NB Lcap (cm) 1000-SW (g) Yield(kg B
WW WS WW WS WW WS WW WS WWwW WS WWwW WS WwW S WW WS

32-15 93.3 725 27.7 20.6 102.6  58.0 55.0 59.0 42 43 27 3.0 3.7 3.3 14189 1083.3
38-1-7 98.2 82.0 27.8 25.0 138.7 100.2 71.0 48.0 47 5.0 36 28 2.9 3.2 2182.1 1325.1
BC167 92.3 87.9 20.9 23.8 1244 710 763 71.0 35 49 35 3.1 3.7 3.6 1782.7 2041.6
Birkan 835 745 17.7 17.6 80.0 52.6 617 56.0 34 3.0 32 27 3.7 4.2 943.5 935.7
EF147 93.3 90.8 199 184 90.7 99.1 713 773 .6 347 35 3.9 3.8 3.7 2047.4 1809.3
EF153 102.9  90.9 249 256 102.4 103.9 76.7 683 39 64 3.0 3.0 3.0 3.2 1699.2 1686.1
HB168 109.6 822 26.0 23.0 1521 85.8 60.3 52.0 46 6.1 32 29 3.6 35 2834.1 1419.6
HC107 89.1 72.3 25.0 20.8 89.9 522 64.7 75.0 9 339 29 34 3.5 3.4 1703.5 1070.7
HC108 1012 94.1 242 238 120.7 116.8 69.7 37.0 4.7 6.8 28 27 3.2 3.3 12924 1678.2
HSC105 110.1 854 21.0 20.4 1649 1129 53.0345. 39 6.0 34 28 3.3 3.4 2218.8 1315.2
ICN115 88.9 76.2 18.0 16.1 1089 76.0 643 573 37 4.2 35 3.2 3.6 3.6 1681.8 1116.0
ICN130 83.8 714 21.0 185 97.8 60.5 617 58.0 25 27 28 26 3.6 3.7 1500.5 1278.0
LC162 116.1 102.0 239 29.2 138.3 118.6 80.7 378. 43 6.8 31 35 3.3 3.2 2093.4 2273.2
LC164 944 928 26.3 25.8 1121 921 717 777 37 51 32 33 3.7 3.7 2086.1 2379.0
MC112 939 831 249 20.3 1069 78.0 69.0 71.0 43 53 30 25 3.4 3.5 1033.7 1076.4
MC114 121.6 102.1 50.0 52.9 734  81.0 111.3 750 41 47 23 22 2.8 2.9 996.4 507.2
MT169 971 87.0 205 194 117.6  84.0 50.3 46.0 32 28 27 32 3.4 3.5 19709 1620.7
SHI165 955 80.2 25.7 24.6 134.4 104.9 57.0 450 36 3.7 25 24 3.6 35 1476.4 1690.0
VGR156 118.2  90.5 349 284 128.1 825 500 68.0 46 7.5 32 31 3.3 3.2 1926.6 1355.8
Mean 99.1  85.2 253 23.9 1149 85.8 67.6 613 .9 350 31 3.0 3.4 3.4 1731.0 1455.8
LSD(5%) 17.3 221 53 7.2 441 394 185 21.3 1 135 08 0.7 0.3 0.4 662.3 775.7

SLFC: stem length to the first capsule, PH: plaight, NCP: number of capsules per plant, NSC: rerrobseed per capsule, LC: length of the cap8i¢, 1000-seed weight.
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Table 2. Yield components and yield of sesame gegpées grown under well watered (WW) and water streséVS) conditions during 2011

Genotype PH(cm) SLFC(cm) NCP NSC NB 1000-SW (g) Yield(kg ha')
WW WS WwW WS WwW WS WwW WS WW WS WwW WS WW WS
32-15 176 137.8 85.6 69.3 132.0 80.4 60.5 70.7 5.2 2.5 3.6 3.4 4270.0 2503.5
38-1-7 185.2 1425 76.9 87.9 434.4 67.5 74.2 70.5 5.8 2.6 2.9 3.3 4281.9 2080.0
BC167 2145 1416 117.2 66.4 129.7 52.6 72.6 74.9 4.6 2.1 3.8 3.8 3494.2 1720.2
Birkan 1245 116.8 31.2 37.6 76.3 79.4 74.4 78.6 2.9 3.5 3.7 3.9 2867.6 1759.2
EF147 148.2 112.8 61.5 50.3 89.6 50.7 73.6 72.4 3.2 2.6 3.8 3.7 1799 1505.4
EF153 218.7 1512 122.8 94 151.0 96.6 68.8 74.5 4.1 4.2 2.9 3.4 3421.9 1649.2
HB168 185.1 134.6 87.7 62.4 122.2 73.7 61.7 66.9 3.5 2.9 3.7 3.6 3613.4 2227.0
HC107 142.4 1315 72.9 70.7 95.6 68.7 63.0 67.1 4.8 1.9 3.7 3.4 1866.5 2561.4
HC108 186.6  147.6 105.7 72.8 111.5 84.1 70.3 72.3 5.0 2.5 3.3 3.2 3159.1 2216.4
HSC105 1355 1153 51.5 44.9 101.6 97.8 64.9 64.8 3.6 3.3 3.5 35 1964.5 2188.6
ICN115 1246 1179 42.8 39.8 96.6 90.6 74.9 68.2 3.9 2.9 3.7 3.3 2440.7 2090.8
ICN130 191.7 1226 81.8 57.6 123.6 76.8 61.7 66.1 0.5 0.0 3.8 35 3305.5 1653.3
LC162 194.8 136.8 93.8 71.3 123.6 70.3 69.9 80.4 3.3 2.4 3.1 3.3 2715.2 2127.3
LC164 2158 153.2 115.9 83.5 90.2 77.4 72.0 78.1 2.1 2.9 3.8 35 2581.6 1980.7
MC112 154.3 1234 74.3 63.5 94.3 63.1 80.1 82.1 3.8 2.8 35 3.6 21345 1788.9
MC114 188.9 130.0 116.5 83.0 116.4 48.7 83.9 88.3 4.9 3.8 3.3 3.2 2381.7 1386.7
MT169 187.8 143.1 714 85.7 92.6 72.8 71.2 66.3 0.0 2.1 3.3 3.2 14411 1900.2
SHI165 172.2 1311 87.1 62.6 90.8 81.1 57.5 71.9 1.9 15 35 3.3 2449.8 1599.9
VGR156 201.2 1446 118.7 86.9 106.3 711 65.0 68.7 4.1 2.7 2.7 3.2 3383.7 1827.0
Mean 176.2 1334 85 67.9 125.2 73.9 69.5 72.8 3.5 2.6 3.46 3.4 2793.7 1935.1
LSD (5%) 26.7 22.33 15.38  17.46 50.52  30.17 9.9 11.2 1.7 1.2 0.35 0.3 748.9 623.5

SLFC: stem length to the first capsule, PH: plaight, NCP: number of capsules per plant, NSC: rarmbseed per capsule, LC: length of the cap8Wé, 1000-seed weigh
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Table 3. Simple correlation coefficients between Y Ys and drought tolerance/susceptibility indices of 19
sesame genotype in 2010

Y Y, SS| STI MP GMP TOL YI
Ys  0.494
SSI 0.317 -0.630
STI 0.816 0.894* -0.235
MP 0.868 o0.861 -0.174 0.985
GMP 0.833 0.89f -0.231 0.988 0.997
TOL 0521 -0.484 0.937 -0.063 0.029 -0.036
YI  0.492 1.006 -0.632° 0.894 0.860° 0.890 -0.486
YSl -0.316 0.631 -1.0000 0.237 0.176 0.232 -0.837 0.633

Y. yield in optimal conditions, ¥ yield under drought, SSI: stress susceptibiiitiex, STI: stress tolerance index, MP:
mean productivity, GMP: geometric mean productivilyOL: tolerance, YI: yield index , YSI: yield &itity index

Table 4. Simple correlation coefficients between ¥ Y and drought tolerance/susceptibility indices of 19
sesame genotype in 2011
Y% Ys SSi STI MP GMP TOL Yl

YS  0.186
SsI 0.791 -0.400

STI 0900 0576 0.485

MP 0940 0511 0.552 0.988

GMP 0.907 0.578 0.500 0.994 0.994

TOL 0.92f -0.211 0.945 0.667 0.732 0.673

YI 0.190 1.000-0.398 0.579 0.514 0.581 -0.208

YSI -0.789 0.402 -1.000 -0.481 -0.550 -0.497 -0.944 0.400

Y, yield in optimal conditions, ¥ yield under drought, SSI: stress susceptibiiitiex, STI: stress tolerance index, MP:
mean productivity, GMP: geometric mean productivifyOL: tolerance, YI: yield index , YSI: yield ity index

Table 5. Ranks, ranks mean and standard deviationfeanks mean (SDR) of drought tolerance /susceptilify
indices in 2010

Genotype ¥ Ys SSI STI MP GMP TOL Yl YSI Rankmean SDR FAl1+FA2

32-15 15 15 12 16 16 16 11 15 12  14.22[16] 1.99 O08[L6]
38-1-7 3 11 16 8 8 8 17 11 16  10.89[10] 4.70  -Q3Y
BC167 9 3 2 5 5 5 3 3 2 4.11[3] 2.20 1.88[3]
Birkan 19 18 8 18 18 18 7 18 8 14.67[17] 527  -[1S
EF147 6 4 9 4 4 4 10 4 9 6.00[4] 2.60  0.83[6]
EF153 1 6 7 9 9 9 8 6 7 8.00[7] 1.66 0.77[7]
HB168 1 9 19 3 3 3 19 9 19 9.44[9] 7.67  -0.61[12]
HC107 10 17 15 15 15 15 16 17 15  15.00[18] 2.06 33[L8]
HC108 6 7 1 12 12 12 1 7 1 7.67[6] 5.70 1.37[4]
HSC105 2 12 17 7 7 7 18 12 17  11.00[11] 561  -08p
ICN115 12 14 14 14 13 14 14 14 14  13.67[15] 0.71 .17u7]
ICN130 13 13 10 13 14 13 9 13 10  12.00[13] 1.80 44[
LC162 4 2 5 2 2 2 5 2 5 3.22[2] 1.48  2.28[2]
LC164 5 1 4 1 1 1 2 1 4 2.22[1] 1.64  2.60[1]
MC112 17 16 6 17 17 17 6 16 6 13.11[14] 5.35  -QUP[
MC114 18 19 18 19 19 19 13 19 18  18.00[19] 1.94 93[9]
MT169 7 8 11 6 6 6 12 8 11 8.33[8] 2.40  0.31[8]
SHI165 14 5 3 11 11 11 4 5 3 7.44[5] 4.25 1.06[5]
VGR156 8 10 13 10 10 10 15 10 13  11.00[11]  2.18 5H10]
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Table 6. Ranks, ranks mean and standard deviationfeanks mean (SDR) of drought tolerance /susceptilify
indices in 2011

Genotype ¥ Ys SSI STI MP GMP TOL Yl YSI Rankmean SDR  FAl+FA2
32-15 2 13 1 1 1 16 2 13 5.67[1] 6.32 3.07[1]
38-1-7 1 8 18 2 2 2 19 8 18 8.67[8] 7.70 2.07[2]
BC167 4 14 17 6 5 6 18 14 17 11.22[12] 5.85 0.44[6]
Birkan 9 13 12 12 10 12 12 13 12 11.67[14] 1.32 16Q12]
EF147 18 18 6 19 19 19 4 18 6 14.11[18] 6.62 -22p[
EF153 5 16 19 8 7 8 17 16 19 12.78[16] 5.65 0.25[8]
HB168 3 3 11 3 3 3 13 3 11 5.89[2] 4.37 1.72[3]
HC107 17 1 1 13 13 13 1 1 1 6.78[4] 6.96 -0.43[13]
HC108 8 4 9 4 4 4 10 4 9 6.22[3] 2.68 1.24[4]
HSC105 16 5 3 14 14 14 3 5 3 8.56[7] 5.73 -0.79[14]
ICN115 13 7 4 11 12 11 6 7 4 8.33[6] 3.46 -0.07[10]
ICN130 7 15 16 9 8 9 15 15 16 12.22[15] 3.83 0.12[9
LC162 10 6 7 7 9 7 7 6 7 7.33[5] 1.32 0.44[6]
LC164 11 9 8 10 11 10 8 9 8 9.33[9] 1.22 -0.08[11]
MC112 15 12 5 16 16 16 5 12 5 11.33[13] 5.00 -N6B[
MC114 14 19 14 17 17 17 11 19 14 15.78[19] 2.68 4HL7]
MT169 19 10 2 18 18 18 2 10 2 11.00[11] 7.55 -216][
SHI165 12 17 10 15 15 15 9 17 10 13.33[17] 3.12 98[5]
VGR156 6 11 15 5 6 5 14 11 15 9.78[10] 4.32 0.58[5]

Table 7. Results of factor analysis for drought ta@rance/susceptibility indices and yields of 19 sesa
genotypes in two years

2010 2011
Index Factor loading Communalities Factor loading Comnlities
FAl FA2 FAl FA2

Yp 0.875  -0.459 1 0.915 -0.368 1
Ys 0.851 0.521 1 -0.193 -0.981 1
SSl -0.142  -0.987 1 0.97 0.216 0.983
STI 0.987 0.100 0.985 0.672  -0.718 1
MP 0.998 0.029 1 0.733  -0.664 0.999
GMP 0.995 0.088 0.999 0.685 -0.723 1
TOL 0.045 -0.973 1 0.987 0.023 1
Yl 0.85 0.523 1 -0.19 -0.982 1
YSI 0.144 0.987 1 -0.97 -0.219 1
Variance 5.2139 3.6687 5.2254  3.6363
Variance %  0.579 0.408 0.581 0.404
Cumulative 0.579 0.987 0.581 0.985
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Table 8. Path coefficients of measured traits in ntant germplasm of sesame

Stem length to the first capsule vs r =-0.195 Number of seeds per capsule vs y r=0.157
yield

Direct effect -0.283 Direct effect 0.176
Indirect effect via PH 0.221 Indirect effect 8&FC -0.089
Indirect effect via NCP 0.100 Indirect effect W&l 0.106
Indirect effect via NSC 0.056 Indirect effect W&P -0.111
Indirect effect via LC -0.092 Indirect effect Wi& 0.099
Indirect effect via SW -0.189 Indirect effect \BaV -0.021
Plant height vs yield r=0.409 Capsule lengthiesdy r=0.533
Direct effect 0.332 Direct effect 0.233
Indirect effect via SLFC -0.188 Indirect effecaVBLFC 0.112
Indirect effect via NCP 0.348 Indirect effect W&l 0.029
Indirect effect via NSC 0.056 Indirect effect W&EP 0.032
Indirect effect via LC 0.021 Indirect effect WsC 0.075
Indirect effect via SW -0.142 Indirect effect \BaV 0.055
Number of cap. per plant vs yield r=0.531 Thoukseeds weight vs yield r=0.132
Direct effect 0.519 Direct effect 0.276
Indirect effect via SLFC -0.055 Indirect effecavBLFC 0.193
Indirect effect via PH 0.223 Indirect effect A& -0.171
Indirect effect via NSC -0.038 Indirect effect W&eP -0.216
Indirect effect via LC 0.015 Indirect effect WsC -0.013
Indirect effect via SW -0.115 Indirect effect i€ 0.046

SLFC: stem length to the first capsule, PH: plaight, NCP: number of capsules per plant, NSC: rarmbseed per capsule,
LC: length of the capsule, SW: 1000-seed weight.

DISCUSSION
In sesame breeding, the goal is to attain high gexd. The later character is therefore the meballe
measure for selecting for drought tolerance. Vemzamiet al.* stated that direct selection under dry
season stress also gave similar response as ustdealty occurring wet season stress. But our tesuk
in contradiction with this later author accordimga high genotype x season interaction (data rawish
In our research conditions, yield was significaritiwer in drought-stressed conditions relative ¢m-n
stressed conditions. However, contrary to what asgsected, some genotypes performed better under
moderate drought-stressed conditions than in n@ssed conditions. Similar findings were reportgd b
Urreaet al.** with the dry bear{Phaseolus vulgaris L.) cultivar SER 22 which performed well under
drought-stressed conditions, but below average rumd@-stressed conditions. These genotypes are
classified in the class C according to Fernatidez

In 2010, genotypes LC 164, LC 162, BC 167, EF 14¥ T 169 had the highest grain yield under both
DS and NS environments, while in 2011 HC 108, 32HB 168 and 38-1-7 had the highest grain yield
irrespective to the environments. These genotypakide therefore classified in the group A based o
FernandeZ model. In contrast ICN 130, MC 112, 32-15, ICN 1H&E 107, Birkan, MC 114 and MT
169, MC 112, EF 147, SHI 165, MC 114 perform podnyooth DS and NS conditions in the first and
second year, respectively, and were classified@asggD.

HC 108, SHI 165, EF 153 and HC 107, LC 162, LC 188C 105, ICN 115 perform favorably only

when grown under DS conditions in 2010 and 2014peetively, and were classified in the group C
contrary to VGR 156, 38-1-7, HSC 105, HB 168 antk&i, VGR 156, BC 167, ICN 130 and EF 153
which perform favorably only in NS environment athdis were classified in the group B according to
Fernande?.
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To determine the most suitable drought toleranégs, the correlation between, Yy and other drought
tolerance indices was computed. In other wordgetation studies between yield and drought tolezanc
indices can be a good criteria for screening thst lgenotypes and indices uSkdTherefore, a
discriminatory index must have a significant catiein with grain yield under both stressed and non-
stressed environmenRts

STI, MP and GMP had significant and positive catieh with both yield under drought-stressed (Ys)
and non-stressed environments in both two yearss@hesults confirmed those of Abdolshahal.
stating that STI, MP, GMP and Y| appeared to bentiost efficient selection indices for identifyinggh
yielding genotypes for both normal and droughtssteel environments.

GMP and STI had high correlation with MP and therefSTI, GMP and MP could produce similar
results. Fernandé&zstated that STl is estimated based on GMP anddirelation between STI and GMP
is equal to 1. Akcurat al.? reported that Y1, YSI, STI, GMP were significantind positively correlated
with stress yield and these indices showed thatvant may be ranked only on the basis of theildyie
under stress and so does not discriminate genobfgsup A.

Based on STI, GMP and MP, LC 164 was the best diiotederant genotype in the first year. Thus, it
could be concluded that selection based on thetecs results in genotypes with high yield potdraa
stated by Abdolshatet al.>. STl is effective in selecting higher-yielding éis in both stressed and non-
stressed environments and could thus discrimirgrtmsp A with others (B,C,D). The higher the valde o
STI of a given genotype, the higher its stressramiee and yield potentfdl It is clear that STI is not
efficient in selecting low yield lines even thougheir reduction percentage of seed vyield across
environments is lower. It's the case of genotypsslA5 with yield reduction percentage (PR= 8 %a dat
not shown), mc112 (PR = 10 %) and mutant-cultiviakdh (PR = 29 %).

The correlation betweenyand Y; was positively significant (r = 0.40in 2010 but not in 2011. In other
words, sesame genotypes with high yield potentiay mot necessarily perform favorably in drought-
stressed environments. This result is supporteBdio et al.° who reported poor relationship between
grain yield under NS and DS environments in botbrtsand medium duration cowpea genotypes and
opposed those claimed by certain authors who sthgdyenotypes with high yield potential are like
have high yield in drought-stressed conditions.

The correlation between Y| and¢ equal to 1. Therefore, Yl is a suitable critarfor drought tolerance.
TOL had high positive correlation with,Yand negative ones with,YFernande? stated that selection
based on TOL favours genotypes with low yield ptiggin non-stressed conditions and high yield unde
stress conditions. Based on these results STI, @MPMP favour genotypes with high yield potential
while TOL favours genotypes with low yield potehti@hus, different indices would not result in the
same ranking.

Factor analysis and the mean ranking approach weed for selecting the suitable drought tolerant
material across environments and years. These dwetive the advantage to use all drought tolerance
indices simultaneously. In the first year, LC 1644 C 162 were identified as the best drought soler
genotypes according to the two ranking methods.

In 2011, cultivar 32-15 was ranked first accordiag-A and the mean ranks method and thus identified
as the most drought tolerant genotype. This rankieghod was also used to identify drought-tolerant
cultivars of bread whe&t spring canola cultivat$and Corf?’.

Genotypes ranking according to their drought telee#susceptibility were thus affected across the
seasons. The two experiments were conducted idlifferent seasons contrasting for weather condition
In 2010, the experiment was conducted in a hot @gnydseason under irrigated conditions while the
second year corresponds to the normal rainy seasahe semi-arid tropic. In other words, this
seasonality may interact as a genotype by enviraheféect. The cultivar 32-15 is a well locally qdad
variety grown largely by Senegalese sesame groimerainfed conditions. All other genotypes were
induced by mutagenesis from 32-15 and 38-1-7 anpar
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Path coefficient analysis in the present study stbthat number of capsules per plant, plant height,
thousand seed weight and length of the capsules ther most important components with direct and
positive influence on seed yield in drought stremsditions. This was in accordance with the findig
Uzun and Cagirgafiand Yingzhong and Yishdl Plant height is the character most contributingeed
yield in sesame because the species has an indeaéergrowth habif. Although this character prevents
mechanized harvesting and the expansion of itgvatitin, plant height may favoured high branching a
capsule production. Thus, plant height, numberapkales per plant, and length of the capsules &Homul
considered in selection for obtaining high- yielglisesame cultivars in drought-stressed environments
This was supported by the fact that plant heigist dgositive indirect effect (Table 8) on seeddyidh
number of capsules per plant. In other studhigher number of capsules per plant and planthteig
showed a positive indirect effect on seed yield.

The correlation and the direct effect of stem langgt the first capsule on seed yield were negative.
However, the stem length to the first capsule hadsitive indirect effect on seed yield via plaefdt
with which it was strongly correlated. Thus, inimedt selection for high-yielding sesame cultivapsant
height and stem length to the first capsule tditauld be considered together as a selectionioriter
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