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ABSTRACT
In order to evaluate traits related to drought stress in eight sesame (sesamum indicum L.)
genotypes, two experiments were carried out in randomized complete design with three
replications in the field of the Research Station of College of Agriculture, Shiraz University, Iran.
The two experiments differed with respect to their irrigation regimes. Yield related traits (number
of days to maturation, NDM; number of capsules per plant, NCP; 1000 seed weight, TSW; harvest
index, HI; biological yield, BY and grain yield, GY) and physiological traits(canopy temperature,
Tc, leaf water potential, LWP; leaf osmotic potential, LOP; initial water content, IWC and rate of
water loss, RWL) were evaluated under both conditions. The results showed that drought
decreased all yield related traits except HI, significantly. LWP and LOP decreased under drought
stress, while RWL increased, significantly. T¢c and IWC did not show significant changes under
drought stress. Based on the results, it is reasonable to assume that high yield of sesame plants
under drought conditions could be obtained by selecting breeding materials with lowest reduction
in NDM, NCP, TSW, BY, GY, LWP and LOP and the highest reduction in RWL. Under non-stress
condition LOP in both stages was the best traits. Under drought condition LWP, LOP at both
stages and RWL at grain filling stage were the most suitable traits.

© 2015 AESS Publications. All Rights Reserved.

Keywords: Drought stress, Physiological traits, Sesame genotypes, Yield related traits, Irrigation regimes.

Contribution/ Originality
This study is one of very few studies which have investigated the effects of drought stress on
physiological and yield related traits of sesame genotypes.

1. INTRODUCTION

Sesame (Sesamum indicum L.) is a one of the oldest oil seed crops, growing widely in tropical
and subtropical areas [1]. Sesame seeds contain oil (44-58%), protein (18-25%), carbohydrate
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(~13.5%) [2] and also two unique substances: sesamin and sesamolin known to have a cholesterol
lowering effect in humans [3]. Drought is one of the most important abiotic stresses which affect
almost every aspect of plant growth [4]. The arid and semi-arid regions where sesame is grown are
specified by high temperatures, high evaporation demand and occurrence of unpredictable drought
[5]. This plant is relatively drought tolerant [6]. Resistance to water stress in sesame is important in
many country with low rainfall. Traits correlated with drought tolerance such as yield components
and physiological traits are suitable indicators for selection of drought tolerant genotypes in
breeding programs to reduce the impact of water deficit on crop yield [7]. Understanding of
physiological mechanisms that enable plants to adapt to water deficit and maintain growth and
productivity during stress period could help in screening and selection of tolerant genotypes and
using these traits in breeding programs [8]. Therefore, the use of physiological traits as an indirect
selection would be important in augmenting yield-based selection procedures. In the present study,
the effects of drought stress on traits such as yield related traits (NDM, NCP, TSW and HI) and
physiological traits (Tc, LWP, LOP, IWC and RWL) was studied. Efforts have been made to
enhance the efficiency of selection for drought tolerant genotypes based on yield and specific
physiological traits [9]. T¢ has already been considered to be effective for drought resistance
screening in pearl millet (Pennisetum glaucum) [10] safflower (Carthamus tinctorius L.) [11] and
sunflower (Helianthus annuus L.) [12]. LWP and LOP are other criterion used by several
researchers in safflower [11] wheat [13] and sunflower [14]. Several researchers have used IWC
and RWL from excised leaves as screening criteria in drought resistance breeding programs [5, 11,
15]. The objectives of this study were to investigate the effects of drought stress on yield related
traits and physiological traits under drought stress of 8 sesame genotypes and identify the efficient
traits for screening drought tolerant genotypes.

2. MATERIAL AND METHODS

Field experiments. The field experiments were conducted in the Research Station of the
Agriculture College of Shiraz University, Iran (29° 50" N and 52° 46" E, 1810 m altitude) during
2003. The soil texture was clay loam (fine, mixed, mesic and calcixerollic xerochrepts). Eight
sesame genotypes (Table 1) were provided from Agricultural and Natural Resources Research
Center of Fars, Iran. These genotypes were evaluated in a randomized complete block design with
three replications in two separate experiments under drought stress and non-stress conditions. Non-
stress experiment was irrigated by 100% of calculated crop water requirement (CWR) [16] while
drought stress experiment was irrigated by 60% of calculated CWR. Each plot consisted of six 4-m
long rows spaced 50 cm apart with a 10 cm plant distance in the rows. The four middle rows were
used for sampling.

Fertilizer was applied at the rate of 120 Kg/ha N and 50 Kg/ha P,Os. Crops received one half
of N in urea form and total amount of P,Os at planting, while the remaining N was applied at
tillering stage. Planting time was in 9th June in 2003.

Determination of yield related traits. Before harvesting, 10 plants were selected from two
middle rows and then their NCP and TSW were measured. The plants were harvested from an area
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of 3 m?in October when they almost turned yellow but the capsules were not split yet.

Table-1. Names and origin of 8 sesame lines

Entry Lines Origin
1 TN 240 Seed and Plant Improvement Institute
2 TN 239 Seed and Plant Improvement Institute
3 TN 238 Seed and Plant Improvement Institute
4 Progeny of the landrace of Dezfoul Dezfoul
5 Sesame landrace of Dezfoul Dezfoul
6 Darab 14 Darab
7 Line 1 from progeny of the landrace of Darab Darab
8 Line 2 from progeny of the landrace of Darab | Darab

Source: Agricultural and Natural Resources Research Center of Fars, Iran

Then BY and GY (kg/ha) were determined. The Harvest Index (HI) was calculated as the ratio
between GY and BY.

Determination of physiological traits. The canopy temperature (T¢) of each plot was measured
at the flowering and grain filling stages at 15:30 hour in both experiments using an infrared
thermometer (Kane-May Model Infratrace 800). The instrument was pointed down at three random
points in each plot and held at an oblique angle to the canopy surface to minimize the influence of
soil exposure [15]. The leaf water potential (LWP) was measured at the flowering and grain filling
stages using a pressure chamber (PMS Model) technique [11]. The leaf osmotic potential (LOP)
was measured at the flowering and grain filling stages, after sap extraction using the Cryoscopy
method and a digital thermometer ET1-2001 Model. LOP [15] was determined as:

LOP = [(T/1.86) x 2.27] Where, T= freezing point of sap

The rate of water loss (RWL) from excised leaves and initial water content (IWC) were

measured at the flowering and grain filling stages [17] by following equations:
RWL = {[(Wo =W>) + (W, =Wy) + (W, =Wg)J/[3 XWeX(T>—T1)])
IWC = [(Wo —Wg)/Wq]

Where, T,-T,= time interval between two subsequent measurements (2 h), W= fresh weight,
(W,, W, and Ws) = weight after 2, 4 and 6 hours in a controlled chamber at 25°C, and W4= oven-
dry at 50°C for 24 hours.

Statistical analysis. The data were statistically analyzed by software SAS [18]. Differences
among yield related traits and physiological traits were analyzed using t-test and Duncan test at 5%
level. The correlation between drought indices and physiological traits were analyzed using SAS
[18].

3. RESULT AND DISCUSSION

The mean of GY and some related traits for both experiments are shown in Table 2. Analysis
of variance revealed that genotypes differed significantly for the most traits under drought stress
and non-stress conditions. There were significant differences between genotypes in NCP, TSW, HI,
BY and GY in both conditions while in NDM only in drought stress conditions. Drought stress
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reduced significantly the NDM, NCP, TSW, BY and GY of genotypes while it did not reduced HI
significantly. NDM showed a significant reduction of 7.41 percent under drought stress. Drought
stress accelerated all growth stages, reduced the normal growth and development periods, dry
matter production and final yield. These results were consistent with the results of Pouresmaiel, et
al. [19]. There was significant decrease in the flowering period in all genotypes under stress
condition but physiological maturity period was the lowest as compared with flowering period.
NCP and TSW suffered a significant reduction of 53.71 and 23.21, respectively. The significant
decrease in TSW showed that irrigation at reproductive growth and seed development was very
important. Decrease in TSW observed under water stress was in accordance with the findings of
Razi and Assad [20] in sunflower and Pouresmaiel, et al. [19] in sesame. GY in non-stress
conditions varied from 1090 to 1757.6 kg/ha, and under drought condition they varied from 580 to
1120 kg/ha. BY and GY reduction occurred to the extent of 36.82 and 37.34 percent under drought
condition, significantly. GY suffered a maximum reduction of 52.05 percent. GY was greater in
non-stress conditions than stress conditions, a consequence of more NDM, NCP and TSW.
Genotypes did not differ significantly in respect to HI under drought stress compared with non-
stress conditions and this could emphasize that the range of reduction in GY was similar to the rate
of biomass under drought stress.

Mean of water-related traits in sesame genotypes at the flowering and grain filling stages
under non-stress and stress conditions are shown in Table 3. Genotypes differ significantly in
respect to LWP at the flowering stage while did not differ at grain filling stage under non-stress
conditions (p<0.05). There were significant differences between LWP of genotypes in both stages
under drought conditions (p<0.05). LWP decreased in all genotypes under stress conditions at both
stages, significantly. This result is consistent with that of Golestani and Assad [15] who observed
decrease in the LWP under drought condition in wheat. Genotypes were significantly different with
regard to LOP in both stages under both conditions (p<0.05). The trend of LOP reduction at both
stages was similar to LWP under stress conditions. Other investigators [21-23] also reported that
drought resistant cultivars had lower ys values as compared with susceptible wheat cultivars.
Sesame genotypes did not differ significantly in respect to RWL under non-stress conditions in
both stages while differ significantly under drought conditions in both stages. RWL increased
significantly (P<0.01) under drought stress condition as compared with non-stress conditions. The
changes in IWC of genotypes were significant in both stages under both conditions (p<0.05). The
results showed that IWC increased in the majority of genotypes except one genotype at flowering
stage and two genotypes at grain filling stage under drought stress conditions. The differences in
the T¢ of genotypes were not significant in both stages under both conditions (p<0.05). Pinter, et al.
[24] and Golestani and Assad [15] reported that (Ta - Tc) is a valuable technique in screening
drought resistant genotypes while in this study T¢ could not apply in discriminating between
genotypes.
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Table-2. Mean of number of days to maturation (NDM), number of capsules per plant (NCP), 1000 seed weight (TSW) ,
harvest index (HI), biological yield (BY) and grain yield (GY) in sesame lines under non-stress and stress conditions.

Genotypes

Traits Conditi 1 2 3 4 5 (1] 7 § Mean
NDM Non-stress 125 042 126042 125 642 124 042 124 042 128 A= 125 642 126042 12542
Stress 121042 1203482 | 11734BCH 114082 112,05 115048Ch | 11434BCE | 115 0ABCH 116.1*

NCP Non-stress 15 08= 43052 50 3°DE= 54 7ARC= 513503 56.0°82 50344 55 3ABC2 5252

Stress 24 05C0 25 §AECY 24058 17382 23 008 22002 20.00% 28 04T 2430

TSW Non-stress 3.10°0= 20402 313502 3334552 3434802 36042 3.544E2 355482 336°

Stress 2408% 14350 24080 163550 27340 164550 2 64ABD 171488 2580

HI Non-stress 224882 222482 222082 24,6942 24 6742 23 034B=2 22 74AB= 22 5982 XL
Stress 223950 222260 22.13%* 24 3540 2425480 [ 23 734BCH | 97 504BCH 22.528CH 23.020
BY Non-stress 5380082 5345.682 4882.672 6679.652 7118.642 6306.652 5911.65= 6336.652 | 6022.7°
Stress 2580 670 3124 FE2 3535090 | 42616850 | 4g1564% | 3033000 4335.6%80 | 10386B%Y | 330400
GY Non-stress 1200652 | 11893F2 1090.072 16506452 | 1757643 | 151005 | 13446082 | 14820°0= | 14043F
Stress 580,070 601 652 785 600 10373485 [ 11200%% 034 650 079 6550 000352 8708°

Means within each row (column) followed by same capital (small) letters are not significantly different at DMRT (t test) (probability level
5%).

Table-3. Mean of physiological traits including canopy temperature (TC), leaf water potential (LWP), leaf osmotic potential
(LOP), initial water content (IWC) and rate of water loss (RWL) in sesame lines at the flowering (F) and grain filling (G)
stages under non-stress and stress conditions.

Genotypes
Traits | Stages | Conditions 4 5 7 8 Mean
Te F Non-stress 259342 250142 253742 249342 246642 25302
Stress 25.8042 253642 25.584=2 25234 25.1642 25492
G Non-stress 27.6442 28.0142 27.964= 28.534= 282142 27992
Stress 284642 28.1942 27.704= 283442 283642 28.112
LwWp B Non-stress 12.4048C= 13275 13.108%= -12.724BC= | _13 018C= | _12.682
Stress 133348+ 14.750+ 14.63°0+ -13.9848°0F | 141030+ | 13920
G Non-stress -13.634= -14.134= -14.304= -13.804= -13.9g4= -14.004= -13.8428
Stress -14 22480 -16.110 -15.910% -14 662550 -14.725C0 -14.88°% | -1485%
LOP F Non-stress 275482 -3.18%2 -3.10°0= -1.92BC=2 -2.504802 2.874B= -2.892
Stress -3 21ABCH -5.200% -5.4002 -3.27BCH -3.31BC 34260 -3.74%
G Non-stress -3.42AB= -4.14%= -4.08DE= -3.84°0= -3.74%2 -3.628¢2 -3.67°
Stress -3.744% 6970 -7330% 5018 4965 4908 -3.063
™wWeC F Non-stress 4.0264= 3 .873ABa 3.7708= 3.3260= 3.4400= 3.56652 37202
Stress 392642 373342 3.9204= 3.7804= 3.7634=2 371042 3.816*
G Non-stress 2.0300%= 1.680%= 1.8007%= 238042 1.19105F2 2.3004%= | 2.056°
Stress 24038 245653 262042 1.9600= 138652 2.0430= 2.120%2 2
RWL F Non-stress 0.1630%2 | 0.16414= 0.165242 0.168342 0.167042 0.160942 0.162242
Stress 0.173148= | 0169748 0.17104B= 0.165848= 0.17874= 0.15884= 0.15904=
G Non-stress 0.178842 [ 0.173042 0.178042 0.1718A2 0.174042 0.175042 0.176342
Stress 0207642 0.19808= | 0.2026 AB= 0.138002 0.14000= 0.18025= 0.1840%2

Means within each row (column) followed by same capital (small) letters are not significantly different at DMRT (t test) (probability level
5%).

Correlation between suitable drought resistance indices in these sesame lines including mean
productivity (MP), geometric mean productivity (GMP), harmonic mean (HM) and stress tolerance
index (STI) [25] with physiological traits (table 4) was used to determine the suitable physiological
traits in screening resistant sesame lines. Under non-stress condition LOP in both stages were the
best traits because of significant correlation between these traits with drought resistance indices.
Under drought condition LWP, LOP at both stages and RWL at grain filling stage were the most
suitable physiological traits.

Leaf water potential (LWP) at both stages under non-stress condition were not suitable traits in
spite of significant correlation between these traits with drought resistance indices because of non-
significant differences between genotypes for these traits. Initial water content (IWC) at grain
filling under drought condition could not discriminate between lines as well as drought resistance
indices in spite of significant correlation between these traits with drought resistance indices.
Canopy temperature (T¢) at both stages and both conditions could not discriminate between lines
because of non-significant difference between genotypes.
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Table-4. Significant pearson correlation coefficient (r) between suitable drought indices including mean productivity (MP),
geometric mean productivity (GMP), harmonic mean (HM) and stress tolerance index (STI) with physiological traits
including leaf water potential (LWP), leaf osmotic potential (LOP), rate of water loss (RWL) and initial water content

(IWC) in sesame genotypes at the flowering (F) and grain filling (G) stages under non-stress and stress conditions.

- . Physiological traits
Drought indices Stages | Conditions WP LOP RWL e
MP F Non-stress | -0.450* -0.757** | - -
Stress -0.780* -0.807** | - -
G Non-stress | -0.433* -0.893** | - -
Stress -0.797* -0.928** | -0.880** | -0.889**
GMP F Non-stress -0.471* -0.767** - -
Stress -0.785** -0.801** | - -
G Non-stress | -0.445* -0.893** | - -
Stress -0.791** -0.925** | -0.879** | -0.886**
HM F Non-stress | -0.488* -0.773** | -
Stress -0.786** -0.790** | -
G Non-stress | -0.453* -0.887** | -
Stress -0.782** -0.916** | -0.873** | -0.877**
STI F Non-stress | -0.460* -0.767** | - -
Stress -0.792** -0.830** | - -
G Non-stress | -0.444* -0.887** | - -
Stress -0.803** -0.937** | -0.890** | -0.896**

*, ** significant at 0.05 and 0.01, respectively

4. CONCLUSIONS

It is concluded from the results of this study that sesame genotypes respond differentially to
drought stress. Under drought stress condition, NDM, NCP, TSW, BY, GY, LWP and LOP
significantly (P < 0.01) decreased while RWL increased significantly (P < 0.05). Based on the
results, it is reasonable to assume that high yield of sesame plants under drought conditions could
be obtained by selecting breeding materials with the lowest reduction in NDM, NCP, TSW, BY,
GY, LWP and LOP and the highest reduction in RWL. Under non-stress condition LOP in both
stages was the best traits. Under drought condition LWP, LOP at both stages and RWL at grain
filling stage were the most suitable physiological traits.
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