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ABSTRACT

Drought and weeds are both of the most important abiotic and biotic stresses that affect sesame
yield under Egyptian conditions. And climate change requires plant varieties with more adapted to
drought for sustainable development where drought-tolerant varieties will offer great yield stability and
possibly reduced the weed competition. The objectives of this study were to identify high yielding, to
investigate reaction to drought stress of six advanced lines of sesame (F8 and F9 generations) along
with commercial cultivar Shandaweel (C) and the effect of drought on Xanthium strumarium and
Cynodon dactylon weeds to the extent cultivated of sesame in the marginal lands. The study was applied
over two seasons (2016 -2017) at the Agriculture Experiments and Research Station, Cairo University.
Genotypes arranged in a randomized complete block design with three replicates under drought and
normal conditions. Five traits, days to maturity based on plot, seed yield acre™!, oil percentage, oil yield
acrel and root-shoot length ratio and the dry weight of X. strumarium and C. dactylon weeds
calculated.

Genotypes showed a highly significant variation (p < 0.05) for all the studied traits except day to
maturity under drought conditions in the 2016 season. Three traits, oil yield acre-1, seed yield acre™,
and root-shoot length ratio recorded the higher values of phenotypic and genotypic coefficients of
variability connected with high heritability and genetic advanced indicating that additive gene action
was controlling in them. Two lines C1.6 and C1.8 were earlier, on average, than C by 5.2 and 5.3 days
in F8 and F9 generations respectively. Mean performance of the line C3.8 for three traits, seed yield
acre (624.1 kg), oil yield acre™ (316.0 kg) and root-shoot ratio length (66%) was higher than other
genotypes under normal and drought conditions consequently, classified as drought tolerant.
Correlation coefficients results indicated that a direct selection for seed yield would be effective to
identify drought-tolerant sesame varieties under drought conditions. Also, lines have negative effects
on the dry weight of X. strumarium and C. dactylon weeds under drought conditions. To confirm these
results, several locations and years are needed to estimate the interaction between lines and two weeds.

Finally, line C3.8 offering prospects to the form of new varieties having high-yield, highly drought
tolerant and compatible with stored moisture environments.
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Introduction

Crop breeding for drought tolerance is a significant tool for increasing crop adaptation to the
impacts of climate change. For enhancing the productivity of sesame under drought conditions, there is
a need to develop a new drought-tolerant variety (Islam et al.,, 2016). In Egypt, sesame has much
potential as an oil crop for industrial and vegetable purposes because has many advantages, including
withstanding water shortage, preserving food and nutritional security and livelihood improvement, great
oil percentage than other oil crops, high ratio of unsaturated to saturated fatty acid, prolonged shelf life
and it mixed with less firm vegetable oils to mend their stability and longevity (Li et al., 2018).
However, drought and weeds are both of the most important abiotic and biotic stresses that affect sesame
yield under Egyptian conditions.

The main task of plant breeders is to use the genetic variation between genotypes to select drought-
tolerant verities (Menezes et al., 2014). While best crop and water management practices provide
effective methods to enhance crop water productivity for a medium-term, breeding for drought tolerant
in crops can increase a medium- and long-term increase (Sadras et al., 2012). The development of
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sesame varieties has many characters including early maturing, high potential yield, high oil percentage,
high oil yield and high root to shoot ratio length under drought conditions is very important to adapt to
drought stress. Fortunately, sesame expresses versatile morphological adaptations to the resistance of
drought including these traits (Dissanayake 2017). Escape as a drought resistance mechanism includes
early maturity and production of seeds during the stress period. Sserumaga et al. (2018) pointed out that
direct selection for high yield in normal conditions leads to improve yield under drought stress. Seed
yield and oil yield of the sesame crop was reported to be affected by drought conditions (Boureima et
al., 2016). As a result, sesame seed yield is generally low (300-500 kg.ha!) in the arid and semi-arid
areas (Islam et al., 2016). It is well-known that breeding for improving the productivity under drought
stress is difficult because of the temporal variability of available soil moisture and climatic conditions
across years and locations exhibited low genotypic variance in seed yield under those conditions
(Ludlow and Muchow, 1990).Roots have been proposed as a major avenue of research to improve crop
adaptation to water limitations (Vadez 2014). Maintaining root morphology and dissection in
dehydration through the strong activity of antioxidant machines is essential to endure under drought
stress (Dossa et al., 2017).

Effectiveness of selection depends on the determining nature of gene action for studied traits, so
phenotypic (PCV) and genotypic (GCV) coefficients of variation, heritability (h%) and genetic
advanced (GA) from the selection was estimated (Divya 2018). In crop breeding, correlation coefficient
studies measure the relationships between various traits under different conditions to determine the
component character on which selection leads for genetic improvement of yield potential of crops plant
(Kumar and Paul, 2016 and Manjeet ef al., 2019).Therefore, it was suggested that genetic improvement
by the association of traits that are known to participate in seed yield under drought stress into well-
adapted varieties (Wasson et al., 2012).

Under climate change scenarios weed pressure is a significant threat to sustainability development
for crop enhancement (Ramesh et al. 2017). Raza et al. (2019) pointed out that climate change has a
negative impact on agriculture through weed modifications. The potential benefit of development,
drought-tolerant sesame verities would be more competitive against the negative effect of weeds.
Koizumi et al. (2004) claimed that few studies have focused on changes in weed communities under
climatic changes.

Therefore, the objectives of this study were to identify a high -yield, to investigate the reaction to
drought stress of six advanced lines of sesame along with commercial cultivar Shandaweel (C) and the
effect of drought on X. strumarium and C. dactylon weeds to extension cultivated of sesame in marginal
lands in Egypt.

Materials and Methods

Breeding material used in this study were 6 élite derived lines of sesame in Fs and F9 generations
obtained through pedigree selection from Agronomy Department, Faculty of Agriculture, Cairo
University, Egypt and the commercial cultivar " Shandaweel " (C) as check. The lines are as follows:
Cl1.5,Cl1.6, C1.8, C3.8, C6.3, and C6.5.Characteristics of their parents shown in Table 1.

Table 1: The origin, breeding status and description for parents.

Genotypes Breeding status Seed source* Specific characters
Early maturity, non branching first
P1(HM19) Fs-hybrid pop Cairo Univ.* capsule set low, 3 capsules/axil.
Early maturity, first capsule set low,
P2 (EUL90) Mutant line Cairo Univ.* 3 capsule/axil.
P3 (Mutant 48) Mutant line Cairo Univ.* Branching, 3 capsules/axil.

Heavy seed weight, medium

branching, one capsule/axil, long
P4 (Giza 32) Local cultivar ~ Ministry of Agric.& Land  capgule, late maturity.

Stiff stem, late maturity, one
PS5 (N\M59) Exotic line India through TAEA** capsule/axil.
Low branching, 3 capsules/axil,
semi- shattering capsules.
*Advanced breeding materials resulted from the breeding program conducted at Agronomy. Dept. Fac. of Agric. Cairo Univ.
** JAEA:International Atomic Energy Agency.

P6 (Babil) Exotic variety Iraq through IAEA**
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Location and experimental design

Experiments conducted at the Agriculture Experimental and Research station, Cairo University,
Egypt over two seasons (2016 and 2017). Genotypes were evaluated at two soil water regimes. The first
unlimited water and the second in the drought conditions, where all lines received adequate watering
from germination to the beginning of flowering. The experiment was laid down in a randomized
complete block with three replicates. The plot consists of 3 rows 3m long and spaced 0.5 m apart with
a 10 cm plant distance in the rows. The recommendations of Ministry of Agriculture applied.

Data collection

At harvest, 5 guarded plants selected in each plot and five traits were measured under normal (W)
and drought (S) conditions as following: days to maturity based plot (DM), seed yield acre™ (SYA), oil
percentage % (OC): calculated according to AOAC (2002), oil yield acre™ (YOA): oil yield acre™ X
oil percentage, and root-shoot ratio length (RS). In addition to the dry weight
of X. strumarium and C. dactylon weeds estimated from 2m?.

Statistical analysis

Variance analysis was computed by program MSTAT-C (MSTAT-C, 1991). Phenotypic (PCV)
and genotypic (GCV) coefficient of variation were calculated according to Burton (1952). The broad
sense heritability (h%) and genetic advanced from the selection (GA) as a percentage of the lines mean
were estimated according to Allard (1960). The correlation coefficients estimated according to Al-
Jibouri et al. (1958).

Results and Discussion

Analysis of variance indicated highly significant (p<0.05) differences across the lines for studied
traits in Fg and F9 generations under both normal and drought conditions except days to maturity under
drought in Fs generation indicated that variance was presented among the tested sesame lines (Table 2).
Eshghi et al. (2016) agreed with that when evaluated 22 selected sesame under normal and drought
conditions. Variances may be due to temporal variability of available soil moisture across years and
various environmental conditions (Baraki and Berhe 2019).

Table 2: Variance analysis for sex studied traits in Fg and Fo generations of sesame lines under S and
W conditions (OC%, OYA and RS were estimated only in Fo generation).

Traits
DM SYA 0OC% OYA RS
Fs Fo Fs Fo Fo Fo Fo
S.V. DF W S \%% S \%% S \%% S W S W S W S
L 5 k% ns ko k% k% k% ko skok skok skok k% k% k% k%

CV% 25 - 20 31 50 20 40 60 40 30 20 40 30 23
S.V.: source of variation, L: lines, DF: degree of freedom, CV%: coefficient of variability, DM: days to maturity, SYA: seed
yield acre !, OC%: oil percentage, OYA: oil yield acre !, RS: root to shoot length%, Fgand Fo : filial generations, W and S
: normal and drought conditions, ns:non-significant, **: level of significant at 0.05%.

Genetic parameters

Effectiveness of selection depends on the determination nature of gene action for studied traits, so
GCV and PCV, h% and GA values were estimated. Data in Table 3 showed that differences between
GCV and PCV were low for all studied traits under different conditions, indicating that low effect of
environmental conditions with the possibility of improving these traits through phenotypic selection
because these lines are completely homozygous (more than 90%). The ratios of GCV to PCV were
higher for three studied traits (OYA, SYA, and RS) associated with a high value of h% and high to
moderate genetic advance GA%. Suggested additive gene action was presented for these traits and could
be used as indicators to identify drought-tolerant lines in sesame. Divya et al. (2018) were pointed that
high heritability with high genetic advance had an effect on the selection of desirable traits for
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improvement plants. In general, the selection index has these traits expected to identify sesame lines
that adapted to drought conditions.

Table 3: Genetic parameters for studied traits in Fs and Fo9 generations (OC%, OYA and RS were
estimated only in Fo generation).

Genetic parameters

Traits F Co PCV GCV G/P h% GA%
F W 35 32 90.0 33.0 6.0
DM 8 S 3.2 2.0 62.0 42.0 3.0
F W 4.9 4.8 98.0 96.0 10.0
9 S 5.1 4.9 96.0 88.0 10.0
F W 11.1 10.0 90.0 94.0 22.0
SYA 8 S 7.3 7.0 96.0 97.0 15.0
. W 10.4 10.3 99.0 96.3 21.2
9 S 13.0 10.0 73.0 87.2 17.0
o W 43 3.7 6.0 35.0 40
0C% Fo S 48 46 96.0 86.0 8.4
W 21.0 20.0 95.0 99.0 42.0
OYA Fy S 16.0 15.0 93.0 99.0 30.0
RS F W 17.0 16.0 98.0 92.0 16.0
’ S 7.0 6.6 95.0 78.0 12.0

DM: days to maturity, SYA: seed yield acre !, OC%: oil percentage, OY A: oil yield acre !, RS: root to shoot length%, F: filial
generations, Co: different conditions W and S: normal and drought conditions. PCV and GCV are phenotypic and genotypic
coefficients of variation, h%: broad sense heritability, GA: genetic advanced as percentage of the general mean.

Mean performance

Evaluation of lines under drought conditions often helps in the identification of more adapted lines
for drought conditions that may be become a real commercial variety in the future (Singh 2000). Sesame
expresses versatile morphological adaptations to the resistance of drought including, earliness, a high
potential for both seed yield and oil yield and increase root to shoot ratio length under drought
conditions (Dissanayake 2017).

Phonology, earliness (DM):

Earliness provides a favorable strategy for the development of advanced drought-adapted sesame
lines. The data in Table 4 showed that the lines under S conditions were earlier than W conditions in Fg
and Fy generations. Two lines C1.6 and C1.8 were earlier, on average, than C by 5.2 and 5.3 days in Fs
and Fo generations. The previous two lines may be having a lower leaf area index and lower
evapotranspiration and both provided recovery response and developmental plasticity to face drought
stress (Singh 2000). Berger et a/. (2006) contributed to increasing chickpea production in southern India
by developing new varieties of chickpeas more adapted to short-season environments. The early
advantage is obvious because drought-resistant varieties reduce the risks associated with drought
conditions by rapidly completing their life cycle during the non-stress period (Shavrukov et al. 2017).
For lentils, the development of early varieties increased the adaptation of lentil crops in rice-growing
areas (Kumar et al. 2018). A new variety with different periods to avoid stress in critical periods in crop
life cycles is a strategy to adapt to climate change (Ceccarelli ef al. 2010 and Henry and Nevo 2014).

Seed yield acre '(SYA)

The mean performance of lines in the case of W conditions was higher than the S conditions during
two successive seasons (Table 4). The main cause of the yield reduction under drought conditions could
be due to shortage photosynthesis owing to stomata closure, so limited carbon dioxide uptake. Also,
drought conditions cause oxidative stress, which negatively affects plant growth due to bring reactive
oxygen species and cause severe harm to membranes, proteins and DNA (Flexas ef a/.2004 and Parida
et al. 2007). The line C3.8 achieved the highest SYA followed by C under both W and S conditions
indicating that both are more adapted under S conditions perhaps due to the ability to increase water
uptake under drought stress. And both switch genes for drought-tolerant with the potential to increase
the synthesis of chlorophyll contents during drought. Nadeem et al. (2015) showed that exemplary
sesame crop needs three irrigations after sowing to give a good yield. Moreover, sesame has a
mechanism for tolerance drought by a strong induction of antioxidative enzymes, regulating
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the photosynthesis process and phytohormones, etc. (Hussein ef al., 2015). In general, all lines give
reasonable SYA under S conditions, maybe due to sesame as C4 plants show a high net carbon
assimilation rates (Long 1999).

Table 4: Mean performance of sesame genotypes in Fs and Fo generations under W and S conditions for
studied traits (OC%, OYA and RS were estimated only in F9 generation).

Traits F C Genotypes
C1.5 C1.6 C1.8 C3.8 C6.3 C6.5 C LSD
Fs W 116.1 107.6 105.1 116.2 118.1 119.2 114.2 2.1
S 100.2 98.2 99.0 103.6 105.2 102.1 102.0 2.0
DM Fo W 118.2 108.1 111.2 127.3 117.2 113.2 115.2 2.1
S 101.2 100.2 98.2 110.2 99.1 102.2 103.3 2.4
X 108.9 103.5 103.4 114.3 109.9 109.2 108.7
Fs W 608.2 615.1 558.0 736.2 626.0 542.0 720.0 50.2
S 373.2 415.2 437.2 475.2 461.0 448.0 455.0 17.2
SYA Fo W 567.2 584.0 600.2 725.0 612.0 532.0 715.0 38.2
S 468.2 480.2 467.2 560.1 467.5 388.0 500.0 51.2
X 504.2 523.6 515.7 624.1 541.6 477.5 597.5
Fo W 52.0 50.3 50.0 48.0 45.0 45.0 48.0 4.6
0C% S 47.5 53.2 55.0 50.0 48.0 47.0 47.0 4.0
X 49.8 51.8 52.5 49.0 46.5 46.0 47.5
R% -9.0 6.0 10.0 4.0 7.0 4.4 -2.0
Fo, W 295.0 293.0 300.0 348.0 239.0 291.0 343.0 52.0
OYA S 222.0 255.0 264.0 284.0 182.0 233.0 235.3 53.0
X 258.5 274.0 282.0 316.0 210.5 262 289.1
Fo, W 10.4 11.3 16.0 9.1 11.8 13.4 12.0 3.0
RS S 153 13.2 17.0 15.1 15.0 16.0 15.2 2.5
X 12.9 12.3 16.5 12.1 13.4 14.7 13.6
Rr 471 16.8 6.3 66.0 27.0 19.4 26.7

DM: days to maturity, SYA: seed yield acre !, OC%: oil percentage, OYA: oil yield acre !, RS: root to shoot length %, Fs and
Fo: filial generations, Co: conditions, W and S : normal and drought conditions, R%: change rate for OC% under drought, Rr:
change rate for root to shoot length % under drought, X: overall mean, C: commercial cultivar, LSD ¢.0s: least significant
difference

Oil percentage (OC) and oil yield acre’(OYA)

All lines achieved higher oil percentage under S conditions compared to W conditions except the
line C1.5 (Table 4). The highest rate of increase under drought recorded for line C1.8 (10%) followed
by both C6.3 (7%) and C1.6 (6%). The mean performance of two lines, C1.6 and C1.8 for oil
percentages were higher than other genotypes under two conditions. The reason for the low oil
percentage under drought conditions may be due to a considerable amount of abscissic acid, which
produced in the leaves, has been converted to seeds as a result, the oil ratios have been reduced (Connor
and Sadras 1992). In general, most lines achieved higher oil percentage under normal and drought
conditions compared to C. Kim et al. (2006) found that the oil percentage of 4 sesame cultivars
increased while 15 cultivars decreased under drought conditions. The line C3.8 had the highest OYA,
on average, under different conditions than other genotypes because it recorded the highest SYA
followed by C and C1.8, in contrast, line C6.3.

Root to shoot length ratio

Plants with drought avoid an ‘ephemeral strategy’ reacts with increased water absorption by roots
expansion (Kooyers, 2015). Sesame root (Taproot) able to penetration huge depth under stress and
capture water, so the sesame lines able to the biosynthesis of polyunsaturated fatty acids and
naturalizing activities well under stress. The data in Table 4 showed that the line C3.8 reported the
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highest a desirable increase of root to shoot ratio length (66%) under S conditions followed by line C1.5
(47.1%) while C was 26.7% indicating that the potential to drought avoids. Under S conditions the root
to shoot ratio length enhanced which is an indicator of drought avoidance (Tatrai et al. 2016). The line
C3.8 achieved the highest productivity under drought stress caused by root expansion so, it is able to
absorb the moisture of a big depth, therefore classified as a water spender. Moreover, morphological
plasticity of it the root system in addition to, increment root to shoot ratio length blocks increment in
leaf area and, thereby, restricts water stress development (Singh 2000) as results, this line is suitable for
stored soil moisture environments. Vadez (2014) noted that roots have long been offered as a major
pathway of seeking to enhance crop adaptation to water shortage. Similar results recorded by Kashiwagi
et al. (2015) in chickpea crop. Islam et al. (2016) noted that sesame faced drought stress by developing
a large root system. Dossa et al. (2017) demonstrated that the reserve of root morphology and anatomy
under drought by a prompt activity of the antioxidant is essential for drought tolerance in sesame.

Correlation coefficient

Correlation analysis is a useful technique that provides information about the degree of relationship
between important plant traits and is also a good predictor of yield response to a particular character
change (Malik et al., 2007). Correlation studies (Table 5) showed that SY A had significantly (p = 0.05)
and positively correlated with OY A under w conditions but under S conditions it was non-significant.
DM was significantly (p = 0.01) and negatively correlated with RS under W and S conditions.

Singh (2000) point that traits of drought tolerance are negative or unrelated with seed yield. In
contrast, Mohankumar et al. (2011) found that root depth is more an important trait related to high yield
of rice under water limited conditions. In summary, direct selection for seed yield would be effective
to identify drought-tolerant sesame varieties under S conditions (Sserumaga et al. 2018).

Table 5: Simple correlation between study traits under W and S conditions in Fy generation.

W

DM (0]8 YOA RS

SYA 0.59 -0.03 0.71** -0.37
DM -0.12 0.55 -0.63*
oC 0.23 -0.17
YOA -0.39

S

SYA 0.59 0.20 0.47 -0.57
DM -28 0.53 -0.66*
ocC 0.57 0.38
YOA -0.06

DM: days to maturity, SYA: seed yield acre !, OC%: oil percentage, OYA: oil yield acre -!, RS: root to shoot length %, Fs
and Fo:filial generations, W and S : normal and drought conditions. * and ** are level of significant at 0.01 and 0.05 %

Effect of drought on X. strumarium and C. dactylon weeds

Weed pressure is a significant threat to sustainability development for crop productivity especially,
under climate change (Ramesh et al. 2017).

The data in Table 6 illustrated that the dry weight of both X. strumarium and C. dactylon weeds
affected by S conditions in a desirable direction ( a negative effect). The higher reduction was recorded
for C. dactylon in Fg and X. strumarium in F9 generations. Competitive ability of two weeds and their
weed pressure was suppressive by S conditions. The lines perhaps switched genes for adoption
compared to weeds. Meanwhile, drought conditions altered weed distribution and communities
(Nichols et al. 2015). Anter and Ashraf (2018) were classified the line C3.8 as drought- tolerant sesame
(which increases competitiveness against weeds under drought conditions) also, Asch et al. (2005)
recorded similar results.

The line C3.8 reported the highest a desirable increase of root to shoot length under S conditions,
thus the increased capacity to absorb water compared to weeds. Patterson (1995) and Chauhan and
Abugho (2013) found that competitiveness against weeds under drought conditions increased compared
to well-watered conditions. Mortensen and Coble (1989) found that yield soybean reduced in well-
watered conditions compared with drought conditions because of X. strumarium was more vigorous.
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In contrast, Rodenburg et al. (2010) supposed that under drought weed like S. hermonthica will flourish
better. In contrast, Roncoron and Wilen (2014) pointed that the X. strumarium survives well in drought
conditions. In general, under drought conditions, lines have negative effects on tow common weeds in
sesame field may be due to scale down weed pressure, thus decreasing the herbicide costs and overall
cost of production of sesame. To confirm these results, several locations and years are required to
estimate the interaction of lines with weeds.

Table 6: Effect of normal and drought conditions on dry weight of X. strumarium and C. dactylon
weeds in Fgand Fy generations

X. strumarium C. dactylon
Fs Foy Fs Foy
W 118.0 1.5 132.8+1.8 70.3+1.2 79.0+1.4
S 56.0 +1.3 42.0+1.0 22.0+1.0 29.0+0.5
R% 53.0 68.0 69.0 63.0

Fs and Fo: filial generations, W and S: normal and drought conditions, + standard error of mean , R%: change rate.

Conclusion

Drought condition has advantages on six advance sesame lines including increasing oil percentage
and oil yield acre™! as well as earliness (for intercropping with main crops to expand the sesame area in
Egypt). The values of PCV, GCV, GCV/PCV, h%, and GA demonstrated that additive gene action
controlling in three traits, oil yield acre™!, seed yield acre™!, and root- shoot length ratio, therefore, could
be used as indicators to identify drought —tolerant in sesame. Line C3.8 achieved the highest values of
these traits consequence, selected as drought tolerant. Direct selection for seed yield would be effective
to identify drought-tolerant sesame varieties under drought conditions. Lines have a negative effect on
X strumarium and C. dactylon weeds. Finally, line C3.8 offers prospects to the form of new varieties
combining high-yield and highly drought tolerant.
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