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Introduction

Sesame (Sesamum indicum L.) is one of the important oilseed crops in warm and dry regions due to its high oil content,
desirable fatty acid composition, and relative tolerance to drought stress. However, most sesame cultivars currently
grown in Iran are dehiscent types, and seed shattering at maturity limits mechanical harvesting and causes considerable
yield losses. Indehiscent sesame cultivars can reduce seed losses and provide better opportunities for mechanized
harvesting and expansion of sesame cultivation. Achieving high yield in these cultivars requires appropriate
management of agronomic factors, particularly plant density and nutrient management. Optimum plant density
improves the efficient use of environmental resources and increases biomass production, while humic acid application
can enhance root growth, nutrient uptake, and plant performance through improving soil properties. Considering that no
comprehensive study has been conducted on the interaction between suitable plant density and optimum levels of
organic fertilizer application for improving quantitative and qualitative yield of indehiscent sesame under the conditions
of Khuzestan province, this study was carried out in 2021 in Behbahan, Khuzestan province, to evaluate the effects of
plant density and humic acid application on growth characteristics, yield, and yield components of indehiscent sesame.

Materials and methods

This experiment was conducted during the 2021 growing season in Behbahan, Khuzestan province, Iran. The
experiment was arranged as a factorial experiment based on a randomized complete block design with three
replications, in 2021. The experimental treatments consisted of four plant densities (30, 40, 50, and 60 plants m2) and
four levels of humic acid application (0, 3, 6, and 9 L ha™'). Morpho-physiological traits, yield components, seed yield,
and oil yield were measured and statistically analyzed. The sesame cultivar used in this experiment was a non-shattering
type named "Mohajer." This cultivar is single-stemmed and features an average yield of approximately 1 ton per hectare
and a thousand-seed weight of about 3.5 grams, with a seed oil content ranging from 47% to 50%. Statistical analysis,
including the assessment of residual normality, analysis of variance, and mean comparison, was performed using SAS
v9.4 software. Mean comparisons were conducted using the LSD test at a 5% significance level. Graphs were plotted
using Excel software.

Results and discussion

Statistical analysis results showed that the experimental factors investigated in this study had a significant effect on
most morpho-physiological traits and the yield of the indehiscent sesame cultivar 'Mohajer'.The highest Grain yield
(1252 kg ha™') was obtained at the planting density of 60 plants m™2, whereas the lowest yield (763 kg ha™) was
recorded at 30 plants m=. In addition, application of 6 L ha™ humic acid resulted in the highest Grain yield (1194 kg
ha™') and oil product (412.8 kg ha™). The interaction between planting density and humic acid level had a significant
effect on capsule length and plant height. The greatest capsule length (2.4 cm) and plant height (143 cm) were observed
in the combination of 60 plants m™2 and 6 L ha™' humic acid, while the lowest capsule length (1.4 cm) and plant height
(109 cm) were recorded under 30 plants m2 and the control treatment (no humic acid application).
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Conclusions

Sesame yield and yield components were influenced by planting density and humic acid application; a density of 60
plants per square meter combined with a foliar application of humic acid at a rate of 6 liters per hectare elicited a
positive response from the plant. Increasing plant density and applying humic acid resulted in significant increases in
grain yield, oil yield, and biological yield. Furthermore, the number of seeds per unit area, leaf area index, plant height,
and capsule length also increased significantly in response to these treatments. Overall, the results indicated that
optimizing plant density combined with humic acid application can play an effective role in improving quantitative and
yield-related traits. The highest grain and oil yields were achieved at a density of 60 plants per square meter with a
humic acid application rate of 6 liters per hectare. Therefore, the foliar application of humic acid and the selection of an
appropriate planting density for shatter-resistant sesame can effectively increase grain production, biological yield, and
oil yield. In summary, a density of 60 plants per square meter combined with an application rate of 6 liters per hectare is
the best recommended treatment.
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Table 1: Physical and Chemical Properties of the Experimental Field Soil

Electrical

Organic

Sampling Soil Texture Conductivity ~ Matter T(?tal o Phosphgrus Pof?ssmm (mg pH

depth (cm) (dS m) (%) Nitrogen (%) (mgkg™) kg™)

0-30 Silty Clay Loam 3.2 0.62 0.054 9.43 238 7.7
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Table 2: Characteristics of sesame cultivar used in the experiment

Grain Thousand .
Selst?‘rgi Dehiscence Maturity ~ Growth type E(l;:n;t ‘tI:]rl;ElckLeersOf Yield Seed I(’);lcenta .
“ & (ton.ha™) Weight(gr) g
Mohajer Indehiscence Medium Indeterminate Medium Absent or 1.08 35 47-49
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Table 3 : Analysis of variance of morphological traits affected by humic acid levels at different Plant densities

Mean Squares

\S/;)E;:fogf df Plant First branch Number of Capsule Root denth Leaf area
height height branches length P index
Block (R) 2 5.9 15.2 0.44 0.02 10.2 1.20%*
Plant density (D) 3 504.30%* 51.40 2.00%* 0.12%x* 1.60 18.20%**
Humic acid (H) 3 965.4%* 16.00 1.24* 0.39%* 1.40 19.80%**
D xH 9 65.4% 23.30 52.00 0.05%* 12.50 3.00
Error 30 227 36.90 32.00 0.02 28.20 0.20
CV (%) 3.7 18.70 18.50 7.70 26.30 8.30

ns: Not significant™ and : ** Significant at 5% and 1% probability levels, respectively
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Fig. 1: Investigate the interaction ratio of density and foliar application of humic acid on plant height
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Table 4: Comparison of mean number of branches per plant and leaf area index at flowering stage under different

planting densities and humic acid levels

Planting density (plants m2?)

Number of branches per plant

Leaf area index

30 3.63a 3.29¢
40 2.95b 4.20b
50 2.75b 5.76a
60 2.79b 5.82a
Humic acid (L ha™)

0 2.71b 3.46¢
3 2.83b 3.87b
6 3.42a 5.85a
9 3.20ab 5.90a

Means with common letters within each column do not differ significantly
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Fig. 2: Comparison of the Mean Capsule length as Affected by the Interaction of Plant Density and Humic Acid Levels
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Table 5: Analysis of variance for oil percentage, yield components, and seed, oil, and biological yield affected by humic acid levels at different plant densities

Number of . .
Source of Number of Number of Seeds Thousand . Biological . S
Variation df Pods per Plant lS)zt.(aids per per m? Seed Weight Seed Yield Yield Harvest Index  Oil Percentage  Oil Yield
Block (R) 2 471 1.0 65232882 0.003 28601 1330555 2.1 41.1* 8542
Plant Density (D) 3 1135.5%%* 7.5%%* 819820142%* 0.014 560358** 17850996** 50.4** 65.9%* 32387**
Humic Acid (H) 3 1222.6** 24.9%* 1325549362%* 0.018 690322%* 17571267** 2.3 20.1 63447%*
D*H 9 26 3.3% 44035233 0.017 13719 395642 0.9 0.8 1058
Error 30 222 1.5 20682090 0.013 15968 185901 1.9 10.0 4032
CV (%) - 179 7.7 11.0 4.6 12.9 9.0 7.4 9.0 18.8
* and ** indicate significance at 5% and 1% probability levels, respectively
Table 6: Comparison of the mean values of quantitative and qualitative traits of sesame under the effects of plant density levels and humic acid
Plant Density Number of Capsules Number of Seeds Grain Yield (kg Biological Yield(kg  Harvest Seed Oil Oil Yield
(plants m2?) per Plant per m? ha™) ha™) Index(%) Percentage(%) (kg ha™)
30 73.2a 33159¢ 763c 3277¢ 21.1a 37.6a 286¢
40 60.1b 36946¢ 857c 4320b 19.5b 36.4a 311.6bc
50 54.1b 43313b 1044b 5731a 17.8¢ 33.8b 350.1b
60 51.3¢c 52055a 1252a 5823a 16.4d 32.5b 405.5a
Humic Acid (L ha™)
0 51.1b 31627b 760b 3616b - 36.5a 274.3b
3 51.0b 33007b 784b 3870b - 35.6ab 280b
6 67.2a 51586a 1194a 5811a - 34.9ab 412.8a
9 69.5a 49253a 1180a 5852a — 33.4b 390.2a

Means with the same letter in each column are not significantly different from each other
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