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Abstract

Seeds of ten sesame cultivars (Karaj, Darab, Safiabad, Jiroft, Borazjan, Yellow-white,
Felestin, Ultan, Isfahan and Abpakhsh) were sown into soil filled pots in 2008 and 2009. Pots
were watered with six levels of salts (0.0038 (tap water as control), 4.89, 8.61, 10.5, 14.54,
17.74 ds.m™ NaCl) until full maturity. Plant height, root and shoot dry weight, yield and yield
components, seed oil and protein contents of cultivars were measured. Increasing salinity
caused significant reduction in plant height, root and shoot dry weight, yield and yield
components, seed oil and protein contents of all cultivars. However, there were significant
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differences among the cultivars for measured traits for each salinity level. Based on seed oil
yield data, Safiabad and Kraj at 0.0038ds.m™, Safiabad and Ultan at 4.89ds.m™, Ultan,
Safiabad and Darab at 8.61 salinity levels were the superior cultivars. High variability in
tolerance to salinity among the tested sesame cultivars suggests that selection of more salt
tolerant cultivars for planting or breeding purposes is possible.

Highlights

Effects of contrasting salinity levels (0.0038 (tap water as control), 4.89, 8.61, 10.5, 14.54,
17.74 ds.m™NaCl) on sesame cultivars were tested. Salinity reduced plant growth and yield
and seed oil and protein contents. However, there were significant differences among the
cultivars for measured traits for each salinity level.

Keywords: Dry weight, Oil content, Protein content, Salinity stress
1. Introduction

Sesame (Sesamum indicum L.) is an important oil seed crop which is widely cultivated in
many parts of the world (Morris, 2002). Sesame is widely used in food and in the
nutraceutical, and pharmaceutical industry in many countries due to its high oil content,
antioxidant and protein contents (Morris, 2002; Koca et al., 2007). Moreover, its amino acid
composition is identical to meat, thus its seed protein is superior to that of grain legumes and
other oil seed crops (Yahya, 1998). In addition, sesame oil contains sesamin and sesaminol
lignans which plays an important role in the oxidative stability and antioxidative activity (Xu
et al., 2005). Sesame is used for preparing perfumes and cologne and sesame oil is used as a
solvent, oleaginous for skin softener, drugs and in margarine and soap manufacturing (Morris,
2002). Sesame also is used for cancer, cold, diarrhea and cough treatments in many countries
(Morris, 2002).

Sesame is cultivated in dry and semi-dry regions of the world where soil and/ or water
salinization is common. This crop was reported to tolerate moderately saline conditions
(Yousef et al., 1972). Yahya (1998) in several salt culture solutions at seedling stage found
that salinity reduced sesame growth. Mahmood et al. (2003) reported that salinity reduced
growth, yield, yield components and oil content, but increased protein content of sesame
cultivars. However, they found a considerable degree of variability between cultivars for their
salinity tolerance. Ramirez et al. (2005) evaluated sesame genotypes for their salt tolerance at
germination, vegetative and maturity stages. Germination parameters, growth and yield of the
genotypes increased under low salinity level, but decreased under high salinity level. They
detected high variability in tolerance to salinity among the genotypes. Gaballah et al. (2007)
also reported that low salinity level increased while high salinity level reduced growth
parameters of sesame cultivars. The previous reports reviewed here showed that sesame
cultivars were subject to salinity stress using sandy soil (Gaballah et al., 2007) and perlite
(Koca et al., 2007).

However, to allow for a more realistic response to salt, using field soil is needed for practical
use of cultivars under ordinary field soil. Therefore, research is needed for cultivation and
selecting salt tolerance cultivars in ordinary soils.
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Salt-tolerance sesame cultivars could be an option for salt affected areas. Therefore,
identification and selection of the most salt tolerant sesame cultivars would be of great value
for agriculture. The reports reviewed here and elsewhere suggest that there is not enough
information regarding the effect of salinity level on growth and quality of sesame cultivars of
different origin. The present study was initiated to investigate the influence of salinity levels
on the yield, yield components and quality of sesame cultivars.

2. Materials and Methods

Seeds of ten sesame cultivars (Karaj (NW of Tehran), Darab (SE of Shiraz), Safiabad (SW of
Ahwaz) Jiroft, Borazjan (NW of Bushehr), Isfahan and Abpakhsh (NE of Bushehr) from
Central (Tehran), Fars, Khusitan, Kerman, Bushehr, Isfahan and Bushehr provinces,
respectively and Ultan, from Russia Yellow-white from Nigeria and Felestin from Palestine)
were obtained from Seed and Plant Improvement Institute (Iranian National Gene Bank),
Karaj, Iran. Seeds were sterilized with 5% sodium hypochlorite for five min and washed with
sterile distilled water 4 times. Then seeds were sown into the pots (40 cm height and 30
diameter filled with 10 kg agriculture soil (texture= clay loam, pH=7.5, N=0.06%, P=21 mg
per kg, K= 195 mg per kg, bulk density=1.36 g cm® EC= 0.9 dsm™). Eight seeds were sown
per pot and pots were put in the open space under natural sunlight on June 26, 2008 and June
20, 2009. The average minimum and maximum temperatures in 2008 were 18.9/36.9,
19.2/38.2, 14.5/33.6 and 11.3/27.3 'C and in 2009 were 18.8/30.6, 22.8/34.1, 19.9/32.9 and
16.1/29.7 during June, July, August and September, respectively. The average minimum and
maximum relative humidity in 2008 were 11/46, 9/32, 8/30 and 11/41% and in 2009 were
10/58, 17/52, 14/53 and 14/56 during June, July, August and September, respectively. Pots
were watered with tap water and seedlings were thinned down to four plants per pot.
Thereafter, pots were watered with six levels of salts (0.0038 (tap water as control), 4.89,
8.61, 10.5, 14.54, 17.74 ds.m™ NaCl) until full maturity. The salinity levels were reached
stepwise, with increments of NaCl, for acclimation to salinity. The initial EC level of the soil
was maintained by flushing each pot with the required volume of corresponding treatment
solution every 10 days. N fertilizer (200 g N per pot) in the form of urea added to the pots
before planting (30% of 200 g N), 4 weeks after planting (30% of 200 g N) and 8 weeks after
planting (40% of 200 g N) and about 1.5 L of treatment solution was applied to each pot at 3
day interval. Pots were arranged in a factorial experiment based on a randomized complete
block design (RCBD) with four replications. At end of the experiment the EC of the soil for
respected salinity levels were 3.9, 5.3, 8.3, 12, 14.6 and 18.4 ds.m™. At full maturity stage,
capsules were harvested and number of capsule per plant, number of seeds per capsule,
1000-seed weight, seed yield, and seed protein and oil contents were determined. The seeds
protein and oil contents were determined by NRI (Perten 8620 A). The plants were uprooted
carefully and washed with distilled water. After recording the fresh masses of both shoots and
roots, they were oven-dried at 75 C for 48 h and dry weight was recorded. Data were
analyzed using the MSTAT-C and ANOVA procedures of the SAS system (SAS, Ver 9.1).
Comparisons with P < 0.05 were considered significantly different.
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3. Results
3.1 Plant Height

Plant height was negatively affected by salinity (Table 1). Darab at 0.0038, 8.61 and 17.74
ds.m™ and on average, Safiabad at 8.61 ds.m™, Borazjan at 10.5 ds.m™ salinity levels had the
highest height (Table 1). Mahmood et al. (2003) and Koca et al. (2007) also reported that
salinity reduced sesame height and there was significant different between the cultivars for
this trait. Their results were in accordance with ours. Gaballah et al. (2007) reported that low
salinity level increased while high salinity level reduced sesame height and there were
significant differences between the cultivars for this trait. Their results were not totally in
accordance with ours perhaps due to differences between salinity level, plant genotypes and
environmental conditions. In line with our results, reduction in safflower and canola heights
was also reported by Bassil and Kaffka (2002) and Bybordy (2010), respectively. Reduction
in the plant height could be due to drought stress caused by salt on water adjustment in plant
tissues and cell enlargement as well as increase in leaf senescence and abscission (Tester &
Davenport, 2003; Manivannan et al., 2007; Jaleel et al., 2008).

Table 1. Effects of salinity levels on plant height (cm) of sesame cultivars.

Salinity level (ds.m?)
Cultivars 0.0038 | 4.89 8.61 10.5 14.54 17.74 Mean
Karaj 64.7 c-f | 55.2f-k | 48.0k-n | 36.70-s | 3450t | 305q-v | 44.9CD'
Darab 80.0a 75.7ab | 62.7c-g | 475k-n | 41.2m-p | 125yz 53.3A
Borazjan 71.2abc | 70.7abc | 62.0c-h | 49.7i-m | 325p-u | 7.5z 489B
Safiabad 64.5c-f | 59.7d-i | 63.5¢cf | 475k-n | 402m-r | 7.22 47.1 BCD
Jiroft 71.2abc | 70.7abc | 55.5f-k | 40.7m-q | 36.70-s | 125yz 479 BC
Yellow-white | 52.0 h-l | 49.5i-m | 33.2p-u | 26.7s-w | 155xyz | 9.5z 311G
Felestin 65.2c-f | 57.5e-k | 485j-n | 385n-r | 30.0rv | 23.7u-x | 43.9DE
Ultan 68.2bcd | 58.7d-j | 56.7e-k | 44.01-0 | 255t-w | 13.5yz 44.5 CDE
Isfahan 58.7d-j | 50.2i-m | 36.20-s | 35.00-t | 33.70-u | 20.0wxy | 39.0 F
Abpakhsh 66.0b-e | 525¢-1 | 4401-0 | 335p-u | 26.5s-w | 22.2v-y | 40.8EF
Mean 66.2A |60.1B |511C |400D 31.7E 159F

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

' Means within column (main effect of cultivar) or row (main effect on salinity level) with the same letters are
not significantly different at the 5% level.

3.2 Root and Shoot Dry Weights

Root dry weight reduced as salinity level increased. Ultan at 0.0038, Abpakhsh at 4.89, 10.5
and 14.54 ds.m™ and 17.74 ds.m™ and on average and Sefiabad at 170.9 mM salinity levels
produced the highest root weight (Table 2). Increasing salinity also reduced shoot weight
(Table 3). Though differences between the cultivars for each salinity level were not always
statistically significant, Safiaba at 0.0038 ds.m™, Jiroft at 4.89 ds.m™ and Abpakhsh on
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average and at 8.61, 14.54 and 17.74 ds.m™ salinity levels produced the highest shoot dry
weight (Table 3). Shoot and root growth inhibition is a common response of plant to salt
stress. Mahmood et al. (2003) and Ramireza et al. (2005) found that salinity reduced growth
of sesame cultivars. They further showed that high variability in tolerance to salinity between
the tested cultivars. Koca et al. (2007) reported that shoot and root of sesame cultivars
reduced under an increasing salinity level; however, there were significant differences
between the cultivars. They concluded that salt tolerant cultivars produced more root and
shoot growth and antioxidative enzyme activities as compared with salt sensitive cultivars.
Their results were in line with ours. However, Gaballah et al. (2007) showed that root and
shoot weight of sesame cultivars were increased under moderate but reduced under high salt
levels. They further showed that cultivars responded differently to salt stress. They concluded
that stimulatory effect of moderate salinity level on growth of plant may be due to the
improvement of the shoot osmotic status by increasing ion uptake. Their results were not
totally in agreement with ours perhaps due differences in the salt levels and plant genotypes.
Reduction in the plant shoot and root weights could be due to drought stress caused by salt on
water adjustment in plant tissues and cell enlargement as well as increase in leaf senescence
and abscission (Tester & Davenport, 2003; Manivannan et al., 2007; Jaleel et al., 2008).

Table 2. Effects of salinity levels on root dry weight (g per plant) of sesame cultivars.

Salinity level (ds.m™)

Cultivars 0.0038 | 4.89 8.61 10.5 1454 | 17.74 | Mean
Karaj 3.0b-e" | 29b-f | 1.8jklI |09pg [05rs |0.1uv |15C'
Darab 28c-g | 27e-h | 1.6k-n | 0.8pgr | 0.3stu | 0.0tuv | 1.4D
Borazjan 2.6 fgh | 2.11ij 15Imn | 04rst | 0.3s-v | 0.0V 11E
Safiabad 3.2b 3.0b-e | 24hi 10p 0.5rs | 0.0v 1.7B
Jiroft 25gh |[18j-m | 09p 04rst | 0.2s-v |00V 10F
Yellow-white | 2.0 ij 16k-n | 09p 0.4stu | 0.3s-v | 00v 09F
Felestin 3.2b 2.7e-h | 1.6k-n | 05rs | 03stu | 0.0v 14D
Ultan 38a 30bcd | 1.8j-m | 1.1op | 0.6qrs | 0.3s-v | 1.8AB
Isfahan 2.8d-g | 2.4hi 15mn | 09pg | 05rs | 0luv | 1.3D
Abpakhsh 3.3Db 31bc | 19jk 14no [10p |04stu|18A
Mean 29A 25B 16C 08D |04E |01F

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

' Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.
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Table 3. Effects of salinity levels on shoot dry weight (g per plant) of sesame cultivars.

Salinity level (ds.m™)
Cultivars 0.0038 4.89 8.61 10.5 14.54 17.74 Mean
Karaj 17.7bcd’ | 14.7hi | 81qrs |6.1tuv | 50uvw | 1.1z 8.8E'
Darab 18.9 ab 14.6 hj 99o0pq | 7.9rst 6.1tuv | 05z 96D
Borazjan 16.3d-h | 10.6 mno | 85pgr | 6.5sv | 3.7wx |0.7z 7.7FG
Safiabad 20.1a 15.2ghi | 11.6k-0 | 8.1qrs 47u-x | 1l4yz 0.1CD
Jiroft 184abc | 17.4b-e | 123j-m | 123 nop | 4.7vwx | 0.4z 10.6 BC
Yellow-white | 15.8 d-i 11.3k-0 |83qrs | 6.3s-v 31xy |04z 75G
Felestin 18.8 ab 169c-g | 11.9k-n | 7.7 rst 3.7wx |05z 9.9CD
Ultan 18.9 ab 173b-f | 127jkl | 86pgr | 7.4rst |16yz | 11.1AB
Isfahan 15.7e-i | 127k 10.81-0 | 6.6r-u 36wx |08z 8.3EF
Abpakhsh 16.7c-g | 15.5fi 13.8ij 116k-0 | 7.8rst | 3.1wxy | 114A
Mean 17.7A 146 B 108C | 80D 49E 10F

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

' Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

3.3 Number of Capsule per Plant

On average and for each cultivar, as salinity level increased, the number of capsule per plant
decreased (Table 4). Karaj on average and at 0.0038 and 4.89 ds.m™, Felestin at 17.74 ds.m™
and Safiabad at 8.61, 10.5, and 14.54 ds.m™ salinity levels produced the highest number of
capsules per plant (Table 4). Gaballah et al. (2007) also reported that number of capsules per
plant of sesame cultivars were increased under moderate but reduced under high salt levels.
They further showed that cultivars responded differently to salt stress for this trait. Bybordy
(2010) also showed that the numbers of capsules per plant of canola were reduced as salinity
level increased.

Reduction in the number of capsule per plant was perhaps due to reduction in the plant height
and roots and shoots growth as indicated in Tables 1-3.

Table 4. Effects of salinity levels on number of capsules per plant of sesame cultivars.

Salinity level (ds.m™)

Cultivars 0.0038 | 4.89 8.61 10.5 14.54 17.74 | Mean
Karaj 33.3a" | 255bc | 146d-g |75m-p [50p-u |26tw | 147A"
Darab 243bc | 165de | 1067h-m |560-u |34rw |00w |101C
Borazjan 17.4d 12.0 f-j 10.87h-1 | 9.0j-0 |570-u [0.0w 9.2 CDE
Safiabad 258D 22.1c 1494 def | 9.8i-n | 6.00-t | 0.0w |13.1B
Jiroft 134e-h | 11.1fk | 7.76 I-p 560-u | 3.1rv |[10vw |[70F
Yellow-white | 12.5f-i | 10.5h-m | 8.41 k-p 6.5nr |33rv [00w |[69F
Felestin 16.6de | 14.2def | 11.79f-k | 65n-r | 52p-u | 29s-w | 9.6 CD
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Ultan 17.7d 145dg | 11.26g-k | 6.40-s | 25uvw | 0.0w | 8.7DE
Isfahan 14.7def | 11.29-k | 8.91j-0 71nq |560-u |[07vw | 8.0EF
Abpakhsh 16.2de | 121fj |742m-p |50p-u |3.79gv |0.7vw | 74F
Mean 19.2A 149B 106C 6.5D 44E 0.7F

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

" Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

3.4 Number of Seeds per Capsule

The number of seeds per capsule on average and for each cultivar reduced, as salinity level
increased (Table 5). Jiroft, Darab, Borazjan and Ultan on average, Jiroft at 0.0038 and 4.89
ds.m™, Jiroft and Darab at 8.61 ds.m™, Darab at 10.5 ds.m™, Safiabad at 14.54 ds.m™ and
Felestin at 17.74 ds.m™ salinity levels produced the highest number of seeds per capsule
(Table 4). In line with our results, Francois (1996) reported that the number seeds per head of
sunflower cultivars were reduced with increasing salinity level. Bybordy (2010) also reported
that the numbers of seeds per capsule of canola were reduced under salinity. The decrease in
the number of seeds per capsule was perhaps due to reduction in the plant height and roots
and shoots growth as indicated in Tables 1-3.

Table 5. Effects of salinity levels on number of seeds per capsules of sesame cultivars.

Salinity level (ds.m™)
Cultivars 0.0038 4.89 8.61 10.5 14.54 17.74 | Mean
Karaj 56.0 b-h' 52.0 d-i 49.0 e-i 39.0 h- 30.0j-n 14.0 n-q 40.0 C'*
Darab 72.0 abc 72.0 abc 72.0 abc 72.0 abc 36.0i-m 00q 54.0A
Borazjan 72.0 abc 72.0 abc 68.0 a-e 64.0 a-g 48.0 f-j 0.0q 540 A
Safiabad 72.0 abc 64.0 a-g 60.0 a-g 52.0 d-i 51.0 d-i 00q 49.8 AB
Jiroft 78.0a 74.0 ab 72.0 abc 52.0 d-i 39.0 h-l 11.0 opq 543 A
Yellow-white | 64.0 a-g 64.0 a-g 59.0 a-g 51.0 d-i 36.0i-m 00q 45.6 BC
Felestin 72.0 abc 68.0 a-e 64.0 a-g 45.0 g-k 48.0 f-j 28.0 k-0 54.1A
Ultan 72.0 abc 72.0 abc 68.0 a-e 67.0 a-f 24.01-p 0.0q 50.5AB
Isfahan 53.0 c-i 52.0 d-i 49.0 e-i 49.0 e-i 48.0 f-j 8.0 pq 43.1C
Abpakhsh 69.0 a-d 68.0 a-e 67.0 a-f 56.0 b-h 40.0 h-l 16.0 m-p 52.5AB
Mean 68.0 A 65.8 AB 62.8B 547C 40.0D 76E

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%

level.

' Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are

not significantly different at the 5% level.
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3.5 1000-Seed Weight

Safiabad produced the maximum 1000-seed weight at all salinity levels and on average
except at the 17.74 ds.m™ salinity level where Yellow-white had highest 1000-seed weight
(Table 6). In line with our results, Francois (1996) reported that 100-seed weight of sunflower
cultivars was reduced with increasing salinity level. The reduction in the 1000-seeds weight
was perhaps due to a decrease in plant height and roots and shoot growth as indicated in
Tables 1-3.

Table 6. Effects of salinity levels on 1000-seed weight of sesame cultivars.

Salinity level (ds.m?)

Cultivars 0.0038 4.89 8.61 10 1454 1774 | Mean
Karaj 2.0ck' | 20el | 1.2nr | 120r |09ru |06tw |13C'
Darab 21b-i [ 19¢g-1 |1.8h-m|1.7i-n | 0.7s-v | 0.0x 14C
Borazjan 25a-e | 24a-9g|21bj |1.8h-m|120-r |0.0x 1.7AB
Safiabad 2.7a 24af | 21b-j | 18h-1 | 1.8h-m | 0.0x 1.8A
Jiroft 2.7a 22a-h|20d-k | 18h-m | 09ru |02wx | 1.6B
Yellow-white | 25abc | 2.1b-j | 1.6k-p | 1.3nr | 05tw | 04X 1.4C
Felestin 21b-j [19¢g-l |16j0 |09rst | 10qrs |04v-x|13C
Ultan 26ab |25ae|19¢gl |15l |05tw |0.0x 1.5BC
Isfahan 25ad [19¢g-l |16k-p |15l | 1.3m-r | 0.2wx | 1.5BC
Abpakhsh 25a-e | 20fl | 18h-l |11p-s |1l1lo0-s |04ux|14C
Mean 247A | 21B |18C 15D 10E 0.1F

"Means within columns and row (interaction) with the same letters are not significantly different at the 5% level.

' Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

3.6 Seed Yield

Though seed yield reduced as salinity level increased, there were significant differences
among the cultivars for their seed yield (Table 7). Safiabad on average and at 0.0038, 4.89,
8.61 and 14.54 ds.m™ and Borazjan at 10.5 ds.m™ salinity levels produced the highest yield.
Yahya (1998) and Ramirez et al. (2005) found that salinity reduced seed yield of sesame
cultivars. They further showed high variability in tolerance to salinity between the tested
cultivars. Also in line with our results, Francois (1996) and Bybordy (2010) reported that seed
yield of sunflower and canola cultivars were reduced with increasing salinity level,
respectively. Moreover, Hebbara et al. (1992) and Hebbara et al. (2003), also in line with our
results reported that yield of all of sunflower cultivars decreased as salinity levels increased
in the field. In the pot experiment, Hebbara et al. (2003) showed that leaf temperature,
stomata conductance and transpiration rate reduced, but osmotic potential increased under
salinity. They concluded that a large genetic variation existed among tested cultivars to
salinity and they responded differently to salinity. They further showed that various tolerance
mechanisms were operating in promising cultivars. Decrease in seed yield was perhaps due to
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reduction in the plant height, roots and shoots growth, number of capsules per plant, number
of seeds per plant and 1000 —seed weight as indicated in Tables 1-5.

Table 7. Effects of salinity levels on seed yield (g per plant) of sesame cultivars.

Salinity level (ds.m™)

Cultivars 0.0038 4.89 8.61 105 1454 17.74 | Mean
Karaj 39b" | 26fg |09qgu |03w-z|01lyz |00z |1.3B"
Darab 38bc | 23gh |13m-p|0.7s-w |00z 00z 1.3B
Borazjan 3.1de | 2.1hi 15k-n [ 10p-s | 03t-x | 0.0z 1.3B
Safiabad 51a |35cd |19ijk |09g-t |O05tw |00z 20A
Jiroft 2.8ef | 1.8 1lor |05ty |01lyz |=00z|1l1C
Yellow-white | 2.0hi | 1.4m-p | 0.8r-v | 04v-z |00z 00z 08D
Felestin 25fg | 1.8l 12np [ 02w-z|02xyz | 00z 10C
Ultan 3.3d | 26fg 1510 [06tx | 0.0z 00z 1.3B
Isfahan 19hij | 110-r |[0.7s-w |05u-y | 03w-z |=0.0z| 07D
Abpakhsh 28ef [ 16j-m | 09qg-u | 03w-z | 01lyz | =00z |09C
Mean 31A |21B 12C 06D |02E 00F |12

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

T Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

3.7 Oil Content

Ultan produced the highest oil content on average and at 0.0038, 4.89, 17.74 ds.m™ salinity
levels (Table 8). On the other hand, Darab at 8.61, 10.5 ds.m™ and Felestin at 14.54 ds.m™
salinity levels had the highest oil contents. A sharp reduction in oil contents of Borazjan and
Jiroft cultivars occurred at 8.61 ds.m™ indicating susceptibility of these cultivars at this
salinity level and several folds reduction in oil contents of other cultivars except Darab and
Ultan were noted at 10.5 ds.m™ salinity level. These results showed that irrigating sesame
cultivars beyond this salinity levels may not produce acceptable seed oil content. On average,
reduction in oil content was 11, 47, 66, 85 and 97% under 4.89, 8.61, 10.5, 14.54 and 17.74
ds.m™ salinity level, respectively. Mahmood et al. (2003) also reported that oil content of
sesame cultivars was reduced under the salt stress, but reduction was less in salt tolerant
cultivars. These results are generally in line with ours. Gaballah et al. (2007) reported that oil
content of sesame cultivars were increased under moderate but reduced under high salt levels.
They further showed that cultivars responded differently to salt stress for this trait. In contrast
with our results, Francois (1996) reported that oil content of two cultivars of sunflower was
not significantly affected by salinity; oil content of the third cultivar was slightly reduced.
Bassil and Kaffka (2002) also reported that oil content of safflower was not adversely
affected by salinity. The contrasting results could be due to salinity level, climate, soil
conditions, cultural practices and plant species. Reduction in seed oil content was likely due
to reduction in growth parameters, yield and yield components as indicated in Tables 1-7.
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Though we did not determine the hull percentage of the seeds, decreases in oil content could
be also due to increases in hull percentage caused by enhanced physiological maturity under
salt stress as reported by Francois and Bernstein (1964). Oil content of the cultivars ranged
from 39.7 to 50.6% under control condition. The ranges of 37 to 63% oil contents for sesame
cultivars were reported by others (Khattab and Khidir, 1970; Dhawan et al., 1972;
Mahmood et al., 2003). The results showed that the range of oil content of our cultivars was
within the ranges reported by others.

Table 8. Effects of salinity levels on oil content (%) of sesame cultivars.

) Salinity level (ds.m™)
Cultivars Mean
0.0038 4.89 8.61 10.5 14.54 17.74
Karaj 47.4a-d" | 38.1¢ghi | 23.1Im [69p-s |0.7s 06s |19.4D'
Darab 474ab | 46.8b-g | 40.7f-i | 39.2jk | 3.6qrs 0.0s 284B
Borazjan 40.1e-i | 35.6hij | 5.9qrs 3.5qrs 0.0s 0.0s 142 F
Safiabad 39.3f-i | 36.7ghi | 25.0klm | 15.6n0 | 2.4rs 0.0s 199D
Jiroft 41.7d-h | 38.4¢ghi | 85pgr | 59qrs 5.4 qrs 00s 16.7E
Yellow-white | 47.6a-d | 36.6 f-i | 27.9j 21o0pg | 0.0s 0.0s 26.0C
Felestin 476a-d | 43.3c-g | 29.2jkl | 19.7mn | 13.4nop | 3.5¢qrs | 25.5C
Oultan 50.6 a 49.2 abc | 37.6 ghi | 35.3hij | 25.6klm | 0.0s 33.6A
Isfahan 455Db-f | 38.0ghi | 19.3mn | 10.50pqg | 4.9 grs 0.0s 19.7D
Abpakhsh 479a-d | 46.8a-e | 249klm | 16.5n0 | 5.0qrs 26rs | 240C
Mean 46.1 A 409B |244C 156D | 6.8E 11F

tMeans within columns and rows (interaction) with the same letters are not significantly different at the 5%

level.

11 Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

3.8 Protein Content

Protein content of the cultivars ranged from 21.4 to 23.5%, however, protein content reduced
with increasing salinity level (Table 9). Desphande et al. (1996) reported that Asian and
African sesame cultivars contained 22 to 25% protein. Thus, protein content of tested
cultivars was within the range of Asian and African cultivars. On average and at 341.9 ds.m™
salinity level, Ultan produced the highest protein content. However, the highest protein
content was recorded in Felestin at 8.61 and 10.5 ds.m™ and Karaj at 0.0038 and 4.89 ds.m™
salinity levels. On average, protein content reduced 0.03, 0.08, 12, 21 and 84% under 4.89,
8.61, 10.5, 14.54 and 17.74 ds.m™ salinity levels, respectively. Mahmood et al. (2003) also
reported that protein content of sesame cultivars were reduced under the salt stress, but
reduction was less in salt tolerant cultivars. Reduction in seed protein content in our
experiment was likely due to reduction in growth parameters, yield and yield components as
indicated in Tables 1-7. Though we did not determine the hull percentage of the seeds,
decreased in protein content could be also due to an increase in hull percentage caused by
enhanced physiological maturity under salt stress as reported by Francois & Bernstein (1964).
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In addition, reduction in protein content could be to reduction in K* content by Na " under
salinity stress since protein synthesis requires high concentration of K*, owing to the K*
requirements for the binding of tRNA to ribosomes (Blaha, et al., 2000).

A\\ Mac rOth i “k Environmental Management and Sustainable Development

Table 9. Effects of salinity levels on protein content (%) of sesame cultivars.

Salinity level (ds.m™)
Cultivars 0.0038 4.89 8.61 10.5 14.54 17.74 | Mean
Karaj 23.5ab’ | 23.6a 21.1a-g | 200aj |188a-j |88no |17.9B"
Darab 20.0a-j |194aj |179ej |17.0g- | 153jk |[0.0p 159C
Borazjan 214a-g | 20.0a-j |19.0aj |181lcj |16.1h-k |0.0p 158C
Safiabad 23.0abc | 205a-i |204a-i |19.0a |159ijk |00p 17.0BC
Jiroft 20.3a-i |200aj |182c-j |17.6fj |153jk |38o0p |159C
Yellow-white | 20.5a-i | 20.3a-i | 19.2a-j |19.1aj | 125kl 33p 15.3C
Felestin 228a-d |222ab |221af |209a-h |199aj |290p 18.7 AB
Oultan 23.3ab | 22.7a-e |21.7a-g |220af |205ai |00p 20.2A
Isfahan 20.7a-i |191a-j |187b-j |179d-j |174fj |110Im |157C
Abpakhsh 209a-g |21.8ag |198aj |19.0aj |19.0aj |80mn |183B
Mean 21.7A 21.1B 19.9B 19.1B 172C 35D

"Means within columns and rows (interaction) with the same letters are not significantly different at the 5%
level.

" Means within column (main effect of cultivar) or row (main effect of salinity level) with the same letters are
not significantly different at the 5% level.

4. Discussion

In saline environments, NaCl is often the most injurious and predominant salt. Salt stress
causes a variety of negative consequences. Salt causes ionic imbalances because Na* and CI
increase, whereas K*, Ca*, NO3" and P reduce under salinity condition (Yahya, 1998; Khan et
al., 2000; Tester & Davenport, 2003; Jaleel et al., 2008). That is due to the competition of Na
and CI with other ions in the uptake (Bhandal & Malik, 1988; Aziz & Khan, 2001). Moreover,
salinity has deleterious effect on many cellular systems due to excess Na and CI ions.
Metabolic toxicity of Na is largely caused by competition with K for binding sites of protein
components essential for cellular process where Na cannot substitute the role of K (Kook et
al, 2009). Salinity also induces reduction in chemical activity of water causing a loss of cell
turgor which inflicts hyper osmotic shock on plants. Moreover, salinity causes lesser
availability of nutrients along with lower translocation of photosynthesis from source to sink
area under salt stress as suggested by Manivannan et al. (2007), Sankar et al. (2007) and
Farooq et al. (2009). In addition, salinity was reported that caused reduction in protein
synthesis, water uptake, chlorophyll content, oxygen evolution, carbon fixation and
photosynthesis (Srivastava et al., 2008). Consequently, salinity causes ionic imbalance, has
deleterious effect on cellular system and osmotic stress, thus reducing protein synthesis,
chlorophyll content, photosynthetic rate, nutrient and water availability. Therefore, reduction
in sesame height, yield components, seed yield and oil and protein contents under salt could
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be due to a decrease in cell division, enlargement, differentiation and growth, wilting and
closure of stomata caused by osmotically driven removal of water from cells and reducing
water uptake by roots as result of above mentioned effects of salinity (Flowers et al., 1991;
Tester & Davenport, 2003.

5. Conclusion

Sesame response to increasing salinity included reduced plant height, root and shoot growth,
yield components, seed yield, and seed protein and oil contents, but reduction in oil content
was more than protein content.

High variability in tolerance to salinity among the tested sesame cultivars was observed
indicating that selection of more salt tolerance cultivar for planting or breeding purposes is
possible.

Based on oil yield data (seed yield x oil percent), Safiabad and Kraj at 0.0038 ds.m™,
Safiabad and Ultan at 4.89 ds.m™, Ultan Safiabad and Darab at 8.61 ds.m™ salinity levels
were superior cultivars.

At the 10.5 ds.m™ salinity levels or higher, oil yield of all cultivars were too low suggesting
that beyond this salinity level cultivation of these cultivars may not be possible.
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