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Abstract

Background and Objectives: Valuable and adapted medicinal plants used in dry farming
can create green cover during dry seasons, prevent soil erosion on slopes, and increase rainfall
productivity in the vast drylands of Iran. Four species of medicinal plants from the
genus Satureja, Satureja bachtiarica, S. mutica, S. spicigera, and S. sahendica, belonging to the
mint family, are perennial, valuable, adaptable, and exclusive to Iran. We used these species in
this project under rainfed conditions.

Methodology: To test this hypothesis, we conducted four separate experiments in dryland
regions near Tehran (Damavand Research Station, affiliated with the Research Institute of
Forests and Rangelands, RIFR) during 2016-2021. In these experiments, we used four Satureja
species (S. mutica, S. spicigera, S. sahendica, and S. bachtiarica) as valuable, adapted, and
exclusive medicinal plants under a dry farming system. We conducted the field experiments in a
split-plot design with three nutrition treatments (30 tons of manure, 10 tons of straw enriched
with ammonium sulfate, and a control) as main plots and three plant density treatments (26,666,
40,000, and 80,000 plants/ha) as subplots. The measured traits included plant height, canopy
diameter, main stems, dry matter yield, dry/fresh yield ratio, essential oil percentage, and
essential oil yield.

Results: The trait results across the experimental years showed an increasing trend,
demonstrating the growth and tolerance of Satureja species under dry farming in the Damavand
region. The highest dry matter yield (1821 kg/ha) and essential oil percentage (2.86%) were
observed in S. mutica, the valuable and chosen species, in the third year. In these experiments
comparing four Satureja species, morphological and yield traits were high in the control and
manure application treatments at high densities for S. sahendica and S. bachtiarica (limited
canopy) and at medium densities for S. mutica and S. spicigera.
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Conclusion: The highest rates for most traits in the control treatment indicated fertilization
restrictions and the health of savory produced under dryland farming. Successful cultivation,
establishment, and growth of Satureja species in dryland farming demonstrate the adaptability
and economic yield of these species under dry farming in cold semi-steppe regions with 300—
400 mm of annual rainfall in Iran.

Key words: Economic performance, exclusive varieties of savory, rainfed, organic fertilizer,
density, essential oil.
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Table 3. ANOVA of fertilizer and density effects on four Satureja spp. traits under rainfed conditionsduringthree crop years

S.O.V. d.f.  Plant height Crown diameter Number of branches Dry matter percentage Dry matter yield Essential oil percentage Essential oil yield
Species (S) 3 4491.45™ 11244.11™ 2207.4" 4543.98" 6105749.3" 14.16™ 3446.47"*
Repetition (R) x S 8 31.17 14.01 4.97 188.10 540709.3 0.01 1.16
Year (Y) 2 4861.74™ 11852.37™ 9891.61™ 1431.43™ 8036995.7" 0.39™ 2493.06™
Yx S 6 279.42” 838.17" 432.94™ 6705.08™ 2294809.6™ 0.67" 939.31™
Rx Yx S 16 23.42 21.20 4.17 109.06 566543.7 0.00 2.53
Fertilizer (F) 2 429.02™ 443.99™ 633.03™ 72.86"™ 1776571.7" 0.63" 441.15™
SxF 6 203.233" 70.19™ 144.34™ 40.94™ 588578.2" 0.23" 90.26™
Yx F 27.34" 45.16" 196.84™ 109.47" 408327.32™ 0.19" 78.43"
Sx Yx F 12 75477 70.12" 44.23" 145.81" 405561.76" 0.04™ 36.19"
Main error 48 20.36 15.03 4.30 55.53 250588.6 0.01 2.95
Plant density (D) 193.72" 174177 141.73" 10.19™ 2592970.6™ 0.10™ 1253.37"*
SxD 2757 15.20” 8.02" 309.26™ 106954.3™ 057" 217.13”
YxD 134.03™ 79.89™ 28.63™ 583.02" 448501.67™ 0.41" 173.15™*
SxYxD 12 40.46™ 174.03™ 31.94™ 186.86" 142718.66™ 0.53” 168.06**
Fx D 4 9.36" 174.17"™ 12.10° 260.56" 115914.75™ 0.23” 83.40”
Sx Fx D 12 74.99" 33.22" 23.38™ 120.11" 198312.93™ 0.45™ 40.19™
Yx Fx D 8 22.47" 20.25 7.00™ 96.43" 214006.55" 0.24™ 22.74”
Sx Yx Fx D 24 29.92” 23.86" 8.26 78.89 187427.52 0.16 22.61
Minor error 144 10.46 10.99 4.17 51.23 247272.72 0.01 3.96

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 4. Means comparison of fertilizer and density effects on four Satureja spp. dry matter yield under rainfed conditions during three crop years

Plant height Crown diameter Dry matter yield L Essential oil yield

Treatment Number of branches Dry matter (%) i Essential oil (%0) i

1 1

(cm) (cm) (kg.ha™) (kg.ha™)
First 13.89° 13.75° 4.67° 53.63° 121.8° 1.63° 2.03°
Year Second 27.66° 23.88° 13.56° 57.61° 392.3° 1.74? 8.91°
Third 35.19% 34.70° 23.80° 60.89° 667.4° 1.64° 11.28°
S. sahendica 23.22° 14.05° 17.89° 58.17° 367.5° 1.65° 4.80°

Specie S. mutica 38.75° 41.16 14.03° 57.21° 778.28 2.147 16.63°

1es

P S. spicigera 28.19° 20.68° 6.62° 66.21° 297.5% 1.76° 6.74
S. bachtiarica 22.71° 20.54° 17.51° 47.91° 132.2¢ 1.13¢ 1.45¢
Manure 29.16° 24.82% 15.20% 58.27° 370.3%® 1.69° 7.03
Fertilizer Enriched straw 25.93° 21.83° 11.23° 57.22° 279.0° 1.58° 5.59°
Control 29.56° 25.69° 15.61% 56.65° 532.2° 1.73° 9.58°
Low 26.71° 23.76° 12.73° 57.05° 276.6° 1.70° 3.77°
Density Medium 28.66° 25.09% 14.91° 57.66° 335.5° 1.67° 7.91°
High 29.28° 23.49° 14.41% 57.43% 569.5° 1.64° 10.54%

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. Means comparison of fertilizer xdensity interaction on four Satureja spp. dry matter yield under rainfed conditions during three crop years

Treatment Plant height Crown diameter Dry matter yield L Essential oil yield

- — - Number of branches  Dry matter (%) 4 Essential oil (%) 1
Species Fertilizer Density (cm) (cm) (kg.ha™) (kg.ha™)
Low 25.80™ 15.16" 20.26"™ 56.66° 179.4% 1.75° 2.64%

Manure Medium 22,04m 13.28'™ 18.96% 67.61 337.7°" 1.73% 411"

High 21.52m 14.68%| 19.68 55.69° 499.7°" 1.57%" 6.33%"

Low 14.71" 8.38" 9.54 61.92° 188.7¢ 1.81° 0.98"

S.sahendica  Enriched straw  Medium ~ 22.13"™ 14.08% 17.07% 54,88 238.2% 1.87* 4.29"
High 18.87™ 9.44™ 13.03% 58.98° 250.7%f 1.21% 2.31%

Low 23.90" 14.474 18.99% 56.96% 196.1% 1.95% 2.88'k

Control Medium  28.89™" 18.38" 21.35%° 49.04% 4358 1.50" 5.48%"

High 31.11% 18.59" 22.13% 61.83 981.1%° 1.49" 14.22°

Low 37.13"¢ 40.95" 11.11% 59.72° 408.9°f 2.05" 7.76°

Manure Medium  40.33%* 43.38% 14.10%" 59.38° 596.5" 2.17° 16.09°

High 39.04¢ 37.56% 15.24%" 52.20° 951.1%¢ 2.40°% 22.25°

Low 36.22% 43.51% 12.43" 58.59% 318.7°" 1.84% 8.05%¢

S.mutica  Enriched straw  Medium 36.66™ 39.58" 12.96% 54,742 522.0°f 1.86% 16.16°
High 35.73% 33.67¢ 10.30% 58.33° 778.6%f 2.33" 15.30°

Low 40.33% 46.86° 15.76° 54,72 1309.3% 2.08™ 9.67%"

Control Medium 41.84% 45.64° 18.82% 58.93% 894.1%¢ 2.41° 23.99

High 41.33% 39.31% 15.54°0 58.31° 1225.3% 2.35° 30.38°

Low 26.519% 19.98" 4.95™ 67.10% 158.9% 2.04b° 2,51k

o Manure Medium 27.94% 22.75° 5.59™ 73.33¢ 283.0°" 1.519" 7.38%

S. spicigera ] )

High 30.48" 24.79¢ 7.45'M 63.14% 573.3%" 1.58%" 10.17%

Enriched straw ~ Low 28.08" 15.99™ 3.98° 68.11° 142.9f 1.81° 2.45*




Treatment Plant height Crown diameter Dry matter yield L Essential oil yield
Number of branches Dry matter (%6) Essential oil (%0)

Species Fertilizer Density (cm) (cm) (kg.ha) (kg.ha)
Medium 24.14" 17.28%" 5.96™ 66.90% 157.4% 1.64™ 5.65%"
High 30.48 20.47°" 6.63™° 58.91° 397.5¢f 1.60%" 7.96%%
Low 26.519% 17.28%" 7.10"™ 67.87° 198.3% 1.44' 5.73%"
Control Medium 32.19° 24.84° 9.204m 66.99% 234.5% 2.17° 8.09%¢
High 26.73% 22.56° 8.75Km 63.57° 531.1%" 2.05" 10.71¢
Low 2310 22.12%% 19.67°¢ 44,33 84.5' 1.29 1.07¢
Manure Medium 26.49%* 21.48%0 23.12° 46.49° 135.1° 1.124m 1.59j¢
High 29.43%" 21.66°% 22.28% 53.56° 235.1%" 1.05|™ 2.54%
Low 19.16™ 19.344 13.279" 44.57° 65.5' 1.124m 0.74%
S. bachtiarica  Enriched straw  Medium 22.4Km 20.89° 14.86°" 48.86° 104.2f 1.03" 1.09%
High 22.441M 19.26M 14.69°" 51.89° 183.2° 1.16"M 2.15%
Low 18.88™ 20.79°% 15.59°" 44.06° 67.7" 1.18" 0.81%
Control Medium 19.11" 19.52" 16.89% 44.77° 87.2f 1.10Km 0.97*
High 23.69" 19.83" 17.18% 52.70° 227.4d% 1.074M 2.10%

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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