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Introduction

The production of oilseeds is very important in the economy of every country, because the consumption of oil in the
world has an upward trend, so that it is predicted that by 2030, the global need for edible oil will reach one billion
kilograms. Sesame, as an annual oilseed plant, is widely cultivated in arid and semi-arid regions of the world. Although
sesame is more drought tolerant than other oilseeds, its production is affected by high levels of drought stress .In
general, the results of various researches show that sesame reacts to water stress and its sensitivity to drought stress
should be evaluated accurately. Since the effects of deficit irrigation during the sesame flowering stage have not been
well investigated, in the present study, an attempt has been made to investigate the effect of drought stress on sesame
production, and the possible effects of humic acid and silicon foliar application in reducing the negative effects of
drought stress.

Materials and Methods

The experiment was conducted as split factorial based on RCBD with three replications. The experiment factors were
irrigation (l1: full irrigation and I: irrigation interrupting at flowering stage) in main plot and humic acid and silicon as
sub plot. Three levels of humic acid (0.0, 3.0 and 6.0 kg ha) and silicon (0.0, 1.0 and 2.0 mM) were employed. At
maturity, grain yield and related traits including, capsule number per plant, grain number per capsule, 1000-grain
weight, plant height, biological yield, harvest index, oil yield and protein yield were measured. To measure oil yield,
seed oil percentage was first measured (using Soxhlet apparatus) and then the indices of seed oil percentage and seed
yield were used. Seed protein percentage was also measured using Kjeldahl apparatus.

Results and Discussion

Under irrigation interrupting at flowering stage, water consumption decreased by 36% and seed protein increased by
10%. Water deficit stress decreased the number of capsules per plant, number of seeds per capsule, plant height, 1000-
grain weight and grain oil by 12.5, 32, 26, 9 and 7%, respectively. The highest number of capsules per plant, number of
seeds per capsule, plant height, biological yield, oil percentage and seed protein percentage were recorded in the foliar
application of 6 kg " of humic acid, which were 20%, 52%, 64%, 18%, 4% and 11% more than that of no humic acid
application treatment, respectively. Similar results were recorded for the consumption of 2 mM silicon where silicon
foliar application led to the improvement of indicators related to the yield and quality of sesame seeds. The highest
number of capsules per plant, number of seeds per capsule, plant height, harvest index, oil percentage and seed protein
percentage were obtained with the consumption of 2 mM silicon, which is 21, 26, 38, 6, 4 and 13% more than the
treatment which did not use silicone. The use of 6 kg ** of humic acid and 2 mM silicon increased the yield of oil and
protein by 60 and 82%, respectively. The highest water productivity of sesame water (0.756 kg m) was obtained in the
treatment of interruption of irrigation and consumption of 6 kg " of humic acid and 2 mM silicon. Finally, it can be
stated that the consumption of two 6 kg  of humic acid and 2 mM silicon can reduce the effects of water shortage
stress on sesame.

Conclusion

In this study, applying limited irrigation reduced the production of sesame seeds and oil (by 25 and 30%, respectively).
However, since in the drought stress treatment, water consumption was lower than in full irrigation, the water
productivity for seed production increased by 58% in the treatment of interruption of irrigation. Humic acid and silicon
increased the tolerance of sesame to drought and improved seed yield and related traits. According to the fact that in the
present study, the interruption of irrigation was necessarily applied in the flowering stage based on the conditions of the
region, it is necessary to investigate the effects of interruption of irrigation in the vegetative growth stages in order to
support the idea that probably the interruption of irrigation in the vegetative growth stage increases water productivity
in sesame without serious impact on seed yield, gave a more accurate answer.
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Table 1: Some physical and chemical properties of the soil of the experimental site

Depth Texture EC pH K20 P20s N Organic Carbon
(cm) (ds m) (mg kg*) (mg kg*) (%) (%)
0-60 Silt-loam 1.88 7.3 224 14.0 0.08 0.51

Table 2: Some climatic properties of the experimental site during 2022-23 growing season

Monthly minimum

Monthly maximum

Relative humidity Precipitation

Month temperature (°C) temperature (°C) (%) (mm)
June 33.2 43.8 61.0 -
July 28.5 42.5 75.0 -
August 27.5 38.6 64.0 -
September 27.0 35.3 48.0 -
October 23.0 30.2 23.0 0.1
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Table 3: Analysis of variance of measured traits of sesame in response to irrigation, humic acid and silicon

\S/c;‘#i’;rfczf df CP PC PH GW GY BY HI GOP oY e WP GPP PY
Replication 2 201™ 741 164™ 0.056  2192™ 66655 0889  1.26™ 1266 2087 0.0001™  5.72 256"
Irrigation (1) 1 523 6936  6534" 1.86" 166537" 11614851" 409" 156" 624037 55170272~  0.602" 104* 22940
Error 2 65 60.2 112 0.050 1087 47251 1.185 0075 238 1468 0.0001 2.06 66.7
Humic acid (H) 2 36"  2666%  60.7 01267 324337 1814034* 184" 197" 110947 888" 0.060% 224" 34531
I x H 2 117 7407 45 00017  14962™ 9410 6.13" 03127 2503 62.2n8 0.016™ 0772 952
Silicon (S) 2 330" 862 2500  0.249 306238 1921202* 162"  1825™ 106050  1016" 0.064™  2956™ 37041
IxS 2 112 4557 4850 0083  35863™ 315874 2020 1.06™ 4452 63.2n8 0.025™ 1.56™ 2657
HxS 4 667 520 123™ 0.049  20375™ 116602 220 151 7123 1619™ 0.004™ 236" 2859
IxHxS 4 267 160  185M 0.036™  7363™ 46138 207 0414 13250 646" 0.002% 01947 305
Error 32 115 227 1245 0.039 1388 51724 1.85 0.547 671 2015 0.0001 1.76 177
CV (%) 756 8.04 15.06 6.12 3.02 5.89 433 150 422 157 235 6.05 4.92

CP: capsule number per plant; GP: Grain number per capsule; PH: Plant height; GW: 1000-grain weight; GY: Grain yield; BY: Biological yield; HI: Harvest index; GOP: Grain oil
percentage; OY: Qil yield; WC: Water consumption; WP: Water productivity; GPP: Grain protein percentage; PY: Protein yield

* ** and ns indicate significant at P<0.05, P<0.01 and not significant, respectively
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Table 4: Mean comparison for the effect of water deficit at flowering stage on some traits of sesame

Capsule . . . Water . .
Irrigation number per Grain nuTber Plant height 10(_)0r-]gra|n Grain oil (%)  consumption (:;J/ram protein
plant per capsule (cm) weight (g) (m? ha'd) (%)
I 48a 71a 85a 3.42a 51.1a 2863a 21.0b
I2 42b 48b 63b 3.10b 47.7b 1842b 23.0a

Different letters in each column indicate significant difference according to Tukey’s test. I1: Normal irrigation, 1,: Water

interruption at flowering stage

Table 5: Mean comparison for the effect of humic acid foliar application on some traits of sesame.

Humic acid Capsule Grain number  Plant height B_lologlcal - Grain protein
(Kg ha'l) number per oer capsule (cm) yield Grain oil (%) %)
plant (kg ha'?)
0.0 40.2b 47.3c 56.5¢ 3525¢ 48.5¢c 20.8b
3.0 46.3a 59.0b 72.8b 3899h 49.3b 22.1ab
6.0 48.2a 71.7a 93.0a 4156a 50.6a 23.0a

Different letters in each column indicate significant difference according to Tukey’s test.

Table 6: Mean comparison for the effect of silicon foliar application on some traits of sesame

Silicon Capsule number Grain number Plant height Harvestindex  Grainoil (%)  Grain protein
(mM) per plant per capsule (cm) (%) (%)
0.0 40.3b 52.5¢c 61.8¢c 30.3b 48.3b 20.6b
1.0 45.5a 59.2b 75.2b 31.7ab 49.7a 22.1a
2.0 48.8a 66.3a 85.3 32.2a 50.3a 23.2a

Different letters in each column indicate significant difference according to Tukey’s test
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Treatment

Fig. 1: Harvest index (%) of sesame in different irrigation and humic acid treatments

I1: Full irrigation; I.: water interruption at flowering stage; Hi, Hz and Hs indicate 0.0, 3.0 and 6.0 kg ha* humic acid
foliar application, respectively Different letters indicate significant difference at P<0.01 according to Tukey’s test
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Table 7: Mean comparison for the effect of silicon foliar application on biological yield, oil yield and protein yield of

sesame under two irrigation treatments

Irrigation S(:qlﬁ/?; Biological yield (kg hat) El):gll ﬁl;ll;j E’krgtﬁ;rjl)yleld
Ih 0.0 4143ab 660c 259c

Ih 1.0 4298a 724b 288b

Ih 2.0 4529a 782a 325a

I2 0.0 2965¢ 415f 191d

I2 1.0 3345¢ 507e 251c

I2 2.0 3879b 599d 306ab

I1: Full irrigation; 12: water interruption at flowering stage

Different letters in each column indicate significant difference according to Tukey’s test

Sbos Sl i Ao s AY 50 e boles pl s deeS
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Figure 2. Oil yield (kg ha') of sesame in different treatments of humic acid and silicon
Hz1, Hz2 and Hs indicate 0.0, 3.0 and 6.0 kg ha'! humic acid foliar application, respectively Si, Sz and Sz indicate 0.0, 1.0 and 2.0 mM
silicon foliar application, respectively Different letters indicate significant difference at P<0.01 according to Tukey’s test

Protein yield (kg/ha)
1
S
S

—

I3

S3
H3

L]

150
100 A
50 A
0
S1 S2 S3 S1 S2 S3 S1 S2 S3
Hl Hl Hl H2 H2 H2 H3 H3 H3
Treatment

Figure 3. Protein yield (kg ha') of sesame in different treatments of humic acid and silicon.
Hi1, Hz2 and Hs indicate 0.0, 3.0 and 6.0 kg ha'* humic acid foliar application, respectively. S1, Sz and Ss indicate 0.0, 1.0 and 2.0 mM
silicon foliar application, respectively. Different letters indicate significant difference at P<0.01 according to Tukey’s test
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Table 8. Mean comparison for the effect of humic acid and silicon foliar application on grain yield and water

productivity of sesame under two irrigation treatments

Irrigation Humic acid Silicon Grain yield Water productivity
(kg ha') (mM) (kg ha*) (Kg m®)
l1 0.0 0.0 1240fg 0.317i
l1 0.0 1.0 1290efg 0.333hi
I1 0.0 2.0 1340def 0.343hi
I1 3.0 0.0 1360def 0.353gh
I1 3.0 1.0 1425bcd 0.367gh
I1 3.0 2.0 1550ab 0.403f
I1 6.0 0.0 1380cde 0.357gh
l1 6.0 1.0 1500abc 0.387fg
l1 6.0 2.0 1606a 0.413f
I2 0.0 0.0 7801 0.417f
I2 0.0 1.0 920jk 0.500d
I2 0.0 2.0 950ijk 0.523d
I2 3.0 0.0 840kl 0.460e
I2 3.0 1.0 1075hi 0.583c
I2 3.0 2.0 1350def 0.737a
2 6.0 0.0 1030ij 0.560c
2 6.0 1.0 1180gh 0.637b
I2 6.0 2.0 1400cde 0.757a

I1: Full irrigation; 12: water interruption at flowering stage

Different letters in each column indicate significant difference according to Tukey’s test
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