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ABSTRACT

For the investigation of effects of nano Zinc chelate foliar application on drought stress resistance of Dracocephalum
kotschyi, and it's qualitative and quantitative characteristics, a field experiment, was conducted during 2016 growing
season at research field of Imam Khomeini International University of Qazvin, Iran. The experiment was laid out in
Factorial experiment based on randomized complete block design with 6 treatments and 3 replications. The
experimental factors were; drought stress at three levels (100, 60 and 30% of field capacity) and nano zinc chelate at
two levels (with and without foliar application). Results showed that with increasing of drought stress intensity, fresh
and dry weight of plants as well as plant height were significantly decreased, but foliar application of zinc caused
increasing in these traits. The maximum essential oil percentage (1.53%) was observed in plants treated with
moderate drought stress and Zn foliar application. Zinc application could increase the amount of chlorophyll a,
however the highest chlorophyll content (0.85 mg/gFW) was obtained by 100% FC irrigation. Main constituents of
D.kotschyi essential oil are limonene, verbenone, neral and citral. The maximum percentage of limonene (30.72%),
verbenone (33.72%) and neral (7.37%) were found in plants that treated with medium drought stress (60% FC).
However the amounts of limonene, neral and verbenone were increased in presence of zinc foliar application.

Keywords: Chlorophyll content, Dracocephalum kotschyi Bioss, essential oil, Limonene.
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1. Limonene

2. Alpha-terpineol
3. Verbenone

4. Caryophyllene
5. Angiotensin
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1. GC (Gas Chromatography)
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1. GC-Mas (Gas chromatography—mass spectrometry)
2. Spectrophotometer
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Table 1. Physical and chemical properties of experimental Soil

oM N Available Potassium Auvailable Phosphorus Silt
EC H Sand (% Clay (% Texture
R o (ppm) (ppm) %0 g Gy
2.37 7.2 0.81 0.09 131 12.7 29 34 37 Loam

LS )5 (58088 90 Slao (59 (Bl sle 5 (Sis i 130 Luibls 5 Y oo
Table 2. Analysis of variance for the effect of drought stress and Zn foliar application on morphological traits of D. kotschyi

Mean Square

Source of Variance df Plant Number Number Fresh Dry
Height of Branches of Flowers weight weight
Drought Stress 2 30.957 " 3.529 "™ 28.974 ™ 781.672" 178.475 "
Zn foliar application 1 93.389 16.743 "™ 3.075"™ 1237.863 ™ 515.205
Drought StressxZn Foliar application 2 1341 12.952 "™ 2.008 ™ 155.757 ™ 13.959 ™
Error 12 4.819 3.781 1.157 114.076 44.854
C.V. (%) 12.3 17.3 29.9 21.9 312

Aoy ) g0 Jiol mdaw ;o o gime BB lo poe BT 040 oS ey sk S

ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels, respectively.
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Figure 1. Means comparison of treatments on quantitative traits in D. kotschyi
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Table 3. Analysis of variance for the effect of drought stress and Zn application on chlorophyll content and essential
oil percentage of D. kotschyi

Mean Square

Source of Variance df

Essence% Chlorophyll a Chlorophyll b Total Chlorophyll
Drought Stress 2 03547 0.023" 0.001™ 0.0317
Zn foliar application 1 0.106 ™ 0.029 " 0.001 ™ 0.039"
Drought Stress x Zn Foliar application 2 0.192" 0.001 ™ 4.172"™ 0.001 "™
Error 12 0.051 0.004 0.001 0.006
C.V. (%) 27.2 16.4 8.1 12.8

Aoy ) 50 Jleil e )5 ls g BB o sire B 890 o5 ey

ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels, respectively.
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Figure 2. Means comparison of treatments on qualitative traits in D.kotschyi
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Table 4. Analysis of variance for the effect of drought stress and Zn application on essential oil constituents of D. kotschyi

Mean Square

Source of Variance df Limonene Verbenone Neral Citral
Drought Stress 2 39.044 " 445127 15.694 ™ 2.958
Zn foliar application 1 15.792 ™ 16.666 7.605 ™ 0.497 "™
Drought Stress x Zn Foliar application 2 2.378 "™ 0.699 " 1.036 ™ 5.492 "
Error 12 0.892 1.666 0.605 0.484
C.V. (%) 9 8.9 19 14.6

Aoy ) 50 Jizl mdaw ;o o gme BB lo pe BT 0408 o Ay s S
ns, *, **: non-significantly difference and significantly differences at 5 and 1% of probability levels, respectively.
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Table 5. Means comparison of measured traits in D. kotschyi under drought stress and Zn application

Traits
Plant Number ~ Number Fresh Dry Total
Treatment . - . Chlorophylla  Chlorophyll b
Height of of weight weight (mg/gFLeaf) (Mmg/gFLeaf) Chlorophyll
(cm) Branches  Flowers (gn) (gn) (mg/gFLeaf)
Drought Stress

T0 3150a 13.05a 8.1la 8556a  34.0la 0.58 a 0.27a 0.85a

T1 2752b 13.33a 8.18a 7393ab 29.58ab 0.50 b 0.25a 0.76 ab

T2 27.62b 1449a 4.68 b 62.73b  23.16b 0.46 b 0.25a 0.71b

Zn (Foliar application)
Z0 26.60b  1459a 6.77 a 65.78 b 23.57b 0.47b 0.25a 0.73b
Z1 31.16a 12.66a 7.60 a 82.37a 34.27a 0.55a 0.26 a 0.82a
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Means in each column followed by similar letter(s), are not significantly different at 5% probability level.
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Table 6. Means comparison of essential oil constituents in D. kotschyi under drought stress and Zn application

Treatment Traits
Essence (%) Limonene (%) Verbenone (%) Neral (%) Citral (%)

Drought Stress
TO 1.06 b 25.62¢ 28.74b 5.88b 719b
T1 148a 30.72a 33.72a 7.37a 8.56 a
T2 1.06 b 28.13b 29.31b 414c 81la
Zn (Foliar application)
20 121a 27.22b 29.63b 515b 8.12a
Z1 127a 29.10 a 3155a 6.45a 7.79a
Zn * Drought Stress
Z0TO0 8.03b
Z0T1 9.15a
Z0T2 719c
Z1T0 6.34d
Z1T1 7.98 be
Z1T2 9.04 a

s e BB 0o y0 B mhaw (o Wiloals astive aline By > b giw 2 0 a5 ol Sl
Means in each column followed by similar letter(s), are not significantly different at 5% probability level.
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Figure 3. Means comparison of treatments on essential oil constituents in D. kotschyi
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1. Oxidoreductases
2. Transferases

3. Lyases

4. Isomerase

5. Hydrolases

6. Ligases
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