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Abstract

Background and objectives: In producing medicinal plants, it is critical to use plants with a
high percentage of active ingredients and consume low amounts of water. Thymus daenensis
Celak is a tolerant Thymus species for rainfed cultivation. In addition, using complementary
irrigation regimes and applying anti-stress compounds at critical stages of plant growth are
suitable programs for sustainable production and optimal water consumption under dry farming
conditions. For this purpose, this experiment was to evaluate the effect of different
complementary irrigation regimes along with sodium nitroprusside (SNP) as a nitric oxide
donor, kaolin, and potassium spraying on yield and some biochemical characteristics of T.
daenensis under rainfed conditions.
Methodology: This experiment was designed and implemented as a split plot based on a
randomized complete blocks design with three replications in the research field of the Research
Institute of Forests and Rangelands-Homand Rangelands Research Station (Damavand) for
three years (2017-2019 crop years). The experimental treatments included complementary
irrigation as the main factor at three levels: control (no irrigation), one and two complementary
irrigation, and spraying of stress-modulating substances as a secondary factor with three
compounds of SNP (200 uM), kaolin (5%) and potassium (75 kg/ha from a potassium sulfate
source). Cultivation was indirect and through seedlings. To prepare seedlings, the seeds were
planted in the cultivation trays in the greenhouse at the end of September. After growing in the
greenhouse, the seedlings (8-10 leaves) were transferred to the field in November with rain
monitoring. Complementary irrigation and different foliar spraying treatments were done twice
in the pre-flowering and 10 % flowering stages. Treatments were applied in the third year of
plant growth to increase economic yield. After applying the treatments, the plant's flowering
branch was sampled to measure malondialdehyde (MDA). After measuring the morphological
characteristics (plant height and canopy diameter) in the full flowering stage, plant shoots were
harvested to determine the dry matter yield per square meter and hectare. Percentage and yield
of essential oil, total phenol, total flavonoids, and antioxidant capacity were also determined.
Results: The results showed that increasing the number of complementary irrigations increased
the crown diameter, plant height, and dry matter yield per plant and hectare. Kaolin treatment
under two complementary irrigation regimes had the highest height (31.6 cm), and the control
treatment under no irrigation had the lowest height (19.3 cm). Also, using kaolin and two
complementary irrigations showed the highest dry matter yield per m2 (77.2 grams) and per
hectare (771.4 kg). In addition, MDA content was lower in the double complementary irrigation
treatment with kaolin foliar spraying (1.22 pmol/g of fresh weight). Foliar spraying of kaolin,
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potassium, and SNP under rainfed conditions (without irrigation) increased the amount of
essential oil (by 1.83, 1.67, and 1.6 percent, respectively) compared to the control treatment (1.4
percent). In contrast, the maximum essential oil yield per hectare was related to the double
complementary irrigation regime with potassium foliar spraying (10.6 kg/ha). Foliar spraying
with potassium in the regimes of without irrigation (rainfed) and one-time complementary
irrigation had the highest content of total phenols and flavonoids, respectively. The highest
antioxidant capacity was obtained without irrigation and foliar spraying (control).

Conclusion: This experiment showed that complementary irrigation increased dry matter yield
per plant and hectare. On the other hand, foliar spraying with anti-stress compounds, especially
kaolin, and potassium, along with complementary irrigation, increased essential oil yield per
hectare. In general, based on the results of this experiment, it is suggested to use complementary
irrigation regimes according to the available water sources. In addition, it is suggested to use
kaolin or potassium foliar application under rainfed conditions for T. daenensis.

Keywords: Thymus daenensis Celak, potassium sulfate, malondialdehyde (MDA), total
phenol, nitric oxide.
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Table 1. Some physicochemical properties of experimental field soil

cpn (SO pn 0, snd st Gy CREITigen  phosphonus  potassum
(cm) ' > > > (%) (%) (mgkg®)  (mg.kg?)
0-30 Sclllg/- 1.7 0.5 17 475 35.5 1 0.8 25 270

O bl Wsles catad w3l e Slidod By AFAY-AYAR ol )5 sl bzl e LT Y Jsus

Table 2. Meteorological statistics of 2017-2018 crop years of Homand Rangelands Research Station,
Damavand, Tehran province

. Average Average
. Average Number of days Relative . .
Rainfall o minimum maximum
Month temperature below zero humidity
(mm) ) temperature temperature

(°C) temperature (%) s )
(‘C) ('C)
October 45 13 0 46.6 7 18.6
November 60.5 4.3 16 56.9 0.1 8.4
December 60 3.9 16 57.2 -0.3 8.2
January 74 0.1 25 58.4 -4.4 4.7
February 46.5 1.3 25 50.3 -3.6 6.1
March 34 2.2 25 455 -3.2 7.6
April 122 6.9 6 49.7 24 114
May 115 12.6 2 38.4 6.4 18.8
June 32 19.9 0 329 12.6 27.3
July 15 259 0 21.6 19.1 328
August 0 23.8 0 22.6 16.1 315
September 0.5 19.9 0 34.6 125 27.3
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Table 3. ANOVA of complementary irrigation and foliar application of sodium nitroprusside, kaolin, and
potassium effects on morphological traits, dry matter yield, and malondialdehyde content in Thymus daenensis
under dry farming conditions

M.S.
SOV, d.f. Large canopy  Small canopy Plant Dry Dry MDA
diameter diameter height matter.m? matter.ha! content
Repetition 2 7.1m 8.1" 7.5 15.8™ 1577.5™ 0.592™
Irrigation (1) 2 461.1" 306.8™ 132.5™ 2147.9" 214630.8" 1.8™
Experimental error (1) 4 4.9 24 18 3.7 372.9 0.073
Foliar spray (F) 3 259.2" 3928.7" 46.5" 154.8™ 15443.1™ 0.925™
IxF 6 9.7™ 227.1™ 25" 6.5 656.6™ 0.036™
Experimental error 18 4.4 2.7 0.364 1.4 141.8 0.004
C.V. (%) - 8.1 7.4 5.1 7.1 8.3 3.1

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively; MDA: Malondialdehyde
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Table 4. Means comparison of complementary irrigation and foliar application of sodium nitroprusside,

kaolin, and potassium interactions on morphological traits and dry matter yield in

Thymus daenensis under dry farming conditions

N Foliar spray Plant height Dry matter Dry matter
Irrigation treatment treatment (cm) (@.m?) (kg.ha))

Control 19.3+0.737" 40.6+0.6381 406.4+6.51

Lo SNP 20.6£1.19 43.7+0.7' 436.8+7.1'

No irrigation Kaolin 23.240.809° 49.7+1.69 496.4+16.69

K 21.9+0.959f 47.9+1.4" 479.6+13.6"

Control 21.740.273f 51.5+0.7269 515.3+7.39

One complementary SNP 24.9+0.318¢ 56.5+1.2f 564.4+11.8f

irrigation Kaolin 26.7+0.291°¢ 59+0.289¢ 589.8+2.7¢

K 26.8+0.318° 56.8+0.462f 567.9+4.5f

Control 24.7+0.335¢ 65.5+0.889¢ 654.8+9.1¢

Two complementary SNP 26.6+0.218¢ 69.8+1.1°¢ 697.8+10.6¢

irrigations Kaolin 31.6+0.959? 77.2+1.22 771.4+11.32

K 28.6+0.504° 75.7+1.1° 757.2+10.1°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Figure 1. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,

and potassium interactions on malondialdehyde content in 7hymus daenensis under dry farming conditions
Means with common letters are in the same statistical group at 5% probability level (LSD test).
SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Table 5. ANOVA of complementary irrigation and foliar application of sodium nitroprusside, kaolin, and
potassium effects on biochemical traits in Thymus daenensis under dry farming conditions

M.S.
. . . Total o
S.0.V. df. Essential oil Essential oil ~ Total phenolics . Antioxidant
} flavonoids .
percentage yield content capacity
content
Repetition 2 0.013m 1318.7" 200.7" 10.6™ 115.4™
Irrigation (1) 2 0.519™ 9726.1™ 707.8™ 6.4™ 1115.8™
Experimental error (1) 4 0.002 515 11.2 0.1 24
Foliar spray (F) 3 0.209™ 24080.4™ 122.4™ 49" 16.2"
I xF 6 0.014" 672.4" 53.1™ 0.3" 62.1™
Experimental error 18 0.005 253.5 0.598 0.1 0.589
C.V. (%) 49 101 3.9 5.3 2.7

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Figure 2. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,
and potassium interactions on essential oil percentage in Thymus daenensis under dry farming conditions
Means with common letters are in the same statistical group at 5% probability level (LSD test).

SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Figure 3. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,
and potassium interactions on essential oil yield in Thymus daenensis under dry farming conditions
Means with common letters are in the same statistical group at 5% probability level (LSD test).
SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Figure 4. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,
and potassium interactions on total phenolics content in 7hymus daenensis under dry farming conditions
Means with common letters are in the same statistical group at 5% probability level (LSD test).

SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Figure 5. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,
and potassium interactions on total flavonoids content in 7hymus daenensis under dry farming conditions

Means with common letters are in the same statistical group at 5% probability level (LSD test).
SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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Figure 6. Means comparison of complementary irrigation and foliar application of sodium nitroprusside, kaolin,
and potassium interactions on antioxidant capacity in Thymus daenensis under dry farming conditions
Means with common letters are in the same statistical group at 5% probability level (LSD test).

SNP: Sodium nitroprusside, Kaolin: Kaolin clay powder, K: Potassium sulphate (K,SO,)
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