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Article Info ABSTRACT
Article type: Background and Objectives: Dracocephalum kotschyi Boiss. commonly
Full Length Research Paper  known as Badrandjboie-Dennaie and Zarrin-Giah called in Farsi, belongs
to the family Lamiaceae, is one of the endangered species in Iran. The main
Article history: compounds of the essential o.il from D. kotachyi are Monoterps:ne
Received: 01, 09'.202 4 hydrocarbor}s ca}tegory (alpha-pinene, gamma-terpinene, neral, geranial,
Revised: 01.23.2024 nerol, geraniol, limonene, carvacrol and thymol), Qxygenated monoterpenes
Accepted: 02.01.2024 category (alpha-campholene aldehyde), Sesquiterpenes (caryophyllene)
and geranyl acetate from Acetates of carboxylic acids category. This study
was done to evaluate the foliar application of amino-acids on the morpho-

Keywords: physiological and phytochemical characters of D. kotachyi to determine
Alpha-pinene, and introduce the best amino-acid under water stress.

Geranial,

Medicinal plant, . R . .
Methionine, Materials and Methods: This investigation was done from spring (May)

2022 to fall (September) 2023 in Shahrekord, Iran. The present study was
conducted in split plot layout in a randomized complete block design
(RCBD) with three replications. Three irrigation regimes (3, 6, 9 day
interval) in main plots and foliar application of amino acids (methionine,
lysine, phenylalanine and proline) and control level (without any spraying)
in sub plots were done. The concentration of amino acids of methionine
and lysine were 2.5 and 5 mg.I"', for phenylalanine was 100 and 200 uM
and for Proline was 500 and 1000 uM. In each year, treatments were
applied in stage of flowering stage. Foliar application was done in three
stages (since V,4-Vg stage) once every 10 days (before harvest) in the early
morning. The proline content, relative water content, total chlorophyll
content and total phenol content were determined using the method of
Bates et al., (1973), Arnon (1975), Dere et al., (1998) and Marinova et al.,
(2005), respectively. The essential oils were extracted by hydro-distillation
and analyzed using GC/MS.

Phenylalanine

Results: According to obtained results, applied amino acids significantly
influenced the morpho-physiological and phytochemical characters of
Dracocephalum kotschyi. It was specified that foliar application of amino
acids in plants cause to increase of yield of dry weight then essential oil
was increased too. Treatments of methionine (2.5 g.1") and phenylalanine
(100 pM) increased the shoot dry matter to 176.4 and 187.9 gr.plant” in
primary and secondary years respectively. In two years, the highest
chlorophyll content (2.33-2.59 mg.g"' FW), total phenol content (2.31-2.45
mg.g'FW), essential oil contents (1.01-1.12%) were obtained in
methionine (2.5 g.1") and phenylalanine (100 pM) treatments by irrigation
regimes 3 day interval. According to the biennial results of the chemical
analysis of the essential oils from by GC/MS, the most important chemical
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compounds that determine the quality of D. kotachyi essential oil included
Monoterpene hydrocarbons category such as alpha-pinene (23.51-24.54%),
neral (12.92-14.51%), geranial (14.54-16.23%), limonene (8.92-9.21%),
and Geranyl acetate (8.92-9.21%) from acetates of carboxylic acids
category. Alpha-pinene belonging to monoterpene hydrocarbons was the
predominant constituent of essential oil of Dracocephalum kotschyi.

Conclusion: Morpho-physiological and essential oil of Dracocephalum
kotschyi had significant differences by amino acids and irrigation regimes.
Foliar application of methionine and phenylalanine significantly increased
the monoterpene hydrocarbons compounds in essential oils of D. kotachyi
so that the content of these compounds in treated plants by amino acids
approximately 45% was more than the control plants. Finally, the
application of methionine at 2.5 g.1" can be a good strategy to improve
morpho-physiological characters and essential oil quantity and quality of
D. kotachyi in same climates.
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Table 1. Physicochemical and climatic properties of experimental field.

2023 2022 Characters
83 82 P (ppm)
212 209.2 K (ppm)
0.08 0.09 N (ppm)
0.42 0.41 EC (ds.m™)
0.85 0.77 Organic Carbon (%)
7.3 7.4 pH
276.3 311.1 Average rainfall (mm)
11.9 11.6 Average temperature (°C)
24.8 22.6 Average maximum temperature (°C)
-10.1 -12.4 Average minimum temperature (°C)
okl g eslimul 5,40 OF Slaseine —Y Jyus
Table 2. Characters of used water for irrigation.
HCO; Cl Mg Ca K Na TDS EC pH
meq/1 mg/1 ms/m
3.44 0.93 1.45 2.31 0.18 0.543 2452 366 7.4
-y JJJ? aalsl
Continue Table 2.
NO; Zn Mn Cu Fe Cd SO, CO;
meq/1
24.55 0.001 0.001 0.001 0.008 0 0.001 0.22
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Table 3. Complex analysis variance of mean of squares of essential oil content and components of essential oil
of Dracocephalum kotschyi (2021-2022).

Slag o :Sks
e
L e L ) T ) ) BENGS GO Gt'“
o o b id BT dsSlels = e Jiy &bl SOV”
Esseptla P-Cymene Gamma— Caryophyllene  Carvacrol Alpha— Limonene  Neral DF”
oil Terpinene Pinene
6.88 3.55 11.88 14.97 0.66 12.44 4.54 4.65 1
Y
e 5o 1SS
0.62 0.9 0.12 0.92 0.063 0.044 0.056 0.06 4 e 1S
R(Y)
ok ok ok ok sox ok ok sox 6)“1
3.12 1.66 3.44 5.71 0.99 2.66 7.78 3.65 2 =
A
3.54" 191" 2.89" 8.42" 0.55" 3.88" 443" 3.55" 2 AXY
0.14 0.027 0.055 0.04 0.019 0.049 0.06 0.043 8 a glat
- - - - - - - - S e
2.14 1.55 2.55 8.49 0.82 5.55 4.66 3.43 8
B
3.17" 1917 3.77" 538" 0.83" 552" 244" 2.66" 16 AxB
2.99" 147" 2.99" 6.29" 0.78" 6.77" 6.76" 421" 8 BxY
0.032™ 0.041™ 0.088™ 0.17™ 0.061™ 0.23™ 0.15™ 0.015™ 16 AXBxY
0.32 0.056 0.22 0.044 0.072 0.21 0.17 0.041 96 b lax
M Q. 5 — 5
455 9.14 7.14 5.55 5.88 8.91 6.67 7.19 (239 Sl s 2
C.V* (%)

Qo330 ) JL@}!CE‘)JLQBJ'M (oI5 s pe \.ﬁ;f“u.ﬁ}mg
“SOV: source of variation, * df: degree of freedom, * CV: coefficient of variation
*, ** gignificant at P=0.05 and P=0.01 levels of probability respectively, ™ not significant

ns

-y Jij' aalsl
Continue Table 3.
Slag o :Sks
Jebos Aol S5 _ _ o3 5 ol
. - - RRRURRRPPALLF] _ p St
Jsas Juls Jssls e ol e A e Jedss sl SOV”
Th | G ol G ol e Alpha campholene Eucalvptol  DF ¥
ymo erania eranio Geranyl Geranic acid Aldehyde ucalypto
acetate methyl ester
8.77 0.081 14.061 2.66 6.55 3.12 433 1
Y
Lo s 1SS
0.09 0.008 0.079 0.011 0.14 0.076 0.077 4 3 1S
R(Y)
ok ok ok ok ok ok ok 6)“1
2.55 3.77 12.62 0.97 15.24 436 234 2 =
A
3.88" 444" 11527 0.48" 12.65” 133" 2.62" 2 AXY
0.041 0.041 0.033 0.019 0.98 0.045 0.045 8 a sl
- - - - - - - S e
2.55 2.99 0.545 43.81 12.99 244 243 8
B
3.88" 2.54" 0.33" 33.84" 13.52" 3.45" 2.66" 16 AxB
147" 2.86" 021" 2277 13777 488" 221" 8 BxY
0.033™  0.088™  0.024™ 0.51™ 0.55™ 0.22™ 0.014™ 16 AXBxY
0.045 244 0.053 1.12 0.77 0.44 0.029 96 b glax
(v\aﬂ ) Q. 5 — 5
7.65 9.91 6.76 7.98 8.76 7.7 9.13 it
C.V* (%)

Qo330 ) Ju:}lcbﬂ);‘_g)b@m‘d)!;&m@u\.,.;f“af,”‘
“SOV: source of variation, * df: degree of freedom, * CV: coefficient of variation
* k% gignificant at P=0.05 and P=0.01 levels of probability respectively, ™ not significant

ns
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Table 4. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 3 day interval (2022).
Ll SSLS ks

" J5 ) i
o Jls Sl Al e . o Syed Jis " e
Esse:tlal Geranial Geranyl Geranic Alpha ';l pha- Limonene Neral Treatment
o1 acetate acid methyl ~ campholene inene
ester Aldehyde
. . . . . . Aals
0.79+0.03°  12.79+1.4°  6.51£0.6° 3.85+0.01°  2.4440.06° 20.32+1.1°  6.76+0.8°  9.5+0.6°
Control
0.91+0.02°  13.91+1.1°  8.78+0.5" 4.99+0.02"  3.45+0.01°  21.35+1.2°  8.44+0.9" 11.50.9° 1 o
0.89+0.01™  12.89+1.3"  7.39+0.6° 3.81+0.02° 3.23+0.03°  21.81+1.1° 7.73+0.7° 10.02+0.4° 2 Lysine
1.01£0.03"  13.01+1.2°  838+0.5° 5.1240.02°  3.29+0.02°  22.85+1.3"  8.92+0.6° 12.9+0.8° 1 oaee

0.99+0.01%"°  12.99+1.1°  7.4440.6°  4.79+0.03°  3.21+0.02°  22.12+1.4°  8.44+0.7° 11.88+0.8° 2  Methionine
1.01£0.03"  14.54+13™  8.1+04°  4.91+0.03° 3.010.06®  23.51+1.4°  8.76+0.6" 12.92+0.7° 1 oo s
0.9240.01°  13.92+1.4°  6.22+0.4°  3.88+0.03°  2.99+0.05°  21.81+0.9°  7.55+0.8° 11.82+0.5® 2  Phenylalanine

0.87+0.02%  13.87+1.2°  7.82+0.4° 4.01+0.02®  3.1240.06"  21.12+1.1°  7.76+0.9°  10.82+0.6" 1 ol
0.81£0.04°  13.81+1.1°  6.99+0.4% 3.99+0.01  2.910.01° 2129+1.2°  7.22+0.7° 10.120.45° 2 Proline
0.55 0.99 0.99 0.99 0.91 0.77 0.81 0.99 LSD

o Vaas Ko Ve ) VT s s e S0 e 1) 53 p S Y0 e i) 53 0 S0 s md s e SY0N T
Ny S Voo e ¥ s 0 Vpes o 000 0V s Vges S Yoo ¥ 0N
Al 55 bl 65 8 G s s S rie Gy e 51ls 45 O a3 (galael
Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:

200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 5. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 3 interval (2023).

Al S5 sl

Ll s i Y|
o ' July Sl Sl e sl S pped Jiy ® s
Esse:tlal Geranial Geranyl Geranic Alpha ';l pha- Limonene Neral Treatment
o1 acetate acid methyl ~ campholene inene
ester Aldehyde
. . . . L
0.8740.03%  14.18+1.9° 7.99+0.4° 3.85+0.01°  2.51+0.06° 20.11x1.1™  7.76£0.6°  10.1£0.72° w
Control
0.94+0.02°  15.66+1.8°  9.14£0.3®  4.99+0.02°  3.56+0.01"°  22.35+1.2"  8.44+0.6°  13.540.9° 1 o
0.91£0.01°  14.51+1.2°  8.39+0.5°  3.81+0.02°  3.14+0.03*  21.81+1.3°  8.73+0.8*  12.02+0.87° 2 Lysine
1.1240.03*  1531+1.1°  8.3840.4° 5.67+0.02°  3.36£0.02°  24.54+1.1° 9.21+0.8°  13.940.9° 1 oisa

1.01£0.01%°  14.9241.2°  7.44+0.5°  4.7940.03°  3.2140.02*  22.1240.9"  8.44+0.9° 12.88+0.8® 2  Methionine
1.1240.03®  16.23+.1.1°  8.140.6°  4.88+0.03°  3.19+0.06°  24.53+1.1°  8.76+0.7° 14.51+0.81° 1 ool s
0.98+0.01°  15.22+0.9* 7.22+04°  4.1240.03°  2.65+0.05° 22.81+1.2® 8.55+0.8° 13.82+0.91° 2  Phenylalanine

0.94+0.02°  15.69+1.1°  8.82+0.3%  4.0120.02*  3.1240.06" 22.12+1.1™ 8.76+0.7"  13.8240.8* 1 o
0.9140.04°  14.99+0.9°  7.02+0.4™ 3.99+0.01°  2.88+0.01°  21.89+1.3° 822+0.7°  12.120.6° 2 Proline
0.55 0.99 0.99 0.66 0.99 0.88 0.99 0.79 LSD
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Ny S Veee ¥ s 5 Vpes o 000 0V o Vges S Yoo ¥ 0N
Al 55 bl o5 8 G s s S rie Gy e 51l 45 O a3 (golael

Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 6. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 6 day interval (2022).
el S5 N hals il

Ll s i W
o Jls ol Al e Al o e Jis " e
Esse:tlal Geranial Geranyl Geranic Alpha ';l pha- Limonene Neral Treatment
o1 acetate acid methyl ~ campholene inene
ester Aldehyde
. . . . L
0.61+0.03°  10.18+£0.9°  5.78+0.2°  2.85+0.01  1.79+0.06°  18.43+1.1° 5.76+0.5° 7.61+0.4¢ w
Control
0.85+0.02°  14.66+0.8" 7.81x02°  4.31:0.02°  2.45:0.01° 20.65:1.2° 6.44+0.6°  9.65+0.5° 1 o
0.81+0.01°  13.51£0.9°  6.39+0.3°  3.8130.02°  2.1340.03°  19.44+1.1° 6.73+0.5° 8.87+0.5° 2 Lysine
0.8740.03°  14.31+0.9°  7.38+03°  4.22+0.02°  2.15+0.02° 20.85+1.2° 7.85+0.6° 10.9+0.6° 1 oaee

0.81£0.01°  13.92+0.7°  6.44+02°  3.5620.03°  221+0.02° 19.12£1.1° 6.44£0.6° 9.88%0.6° 2  Methionine
0.880.03%  14.69+0.8™  7.1x0.4°  4.19+0.03°  2.09+0.06° 20.89+0.9° 6.76x0.7° 10.92+0.4° 1 oo s
0.81£0.01°  13.22+0.7°  6.22+0.3°  3.88+0.03°  2.1520.05° 18.81£1.1° 6.55+0.6° 9.82+0.6° 2  Phenylalanine

0.79+0.02°  13.69+0.8°  8.82+0.5"  4.01£0.02*  2.1240.06°  20.12+1.2°  6.76+0.5° 9.91+0.7° 1 s
0.7340.04°  12.14+0.9°  8.02+0.4°  3.81x0.01°  1.91+0.01°  19.29+1.1° 6.22+0.6° 9.43+0.5° 2 Proline
0.76 0.66 1.00 0.85 0.78 0.91 1.00 0.78 LSD
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Ny S Voen ¥ s 5 Vpes o 000 0V o Vges S Yoo ¥ 0N
Al 55 bl 65 8 G s s S rie Gy e 51ls 45 O a3 (galael

Lysine 1: 2.5 g.I"', Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 7. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 6 interval (2023).

Al S5 sl

v J5 ) i
Ew ol Juls ol Al e . “’T; e Jdis s
sse:tla Geranial Geranyl Geranic Alpha ';.p a- Limonene Neral Treatment
o1 acetate acid methyl  campholene nene
ester Aldehyde
c de c c cd c cd c Al
0.810.03°  9.91+0.9 6.1240.4°  3.55+0.01°  1.99+0.06 19.5141.3°  5.12+0.4 8.8820.5
Control
0.91£0.02°  13.66+1.1°  8.81+0.3%  4.43+0.02° 2.45+0.01° 233514  6.44+0.5°  11.120.6° 1 o
0.81£0.01°  12.51+1.2°  7.39+0.5° 3.8120.02°  1.73+0.03°  21.81x1.2%  6.73+0.6° 10.88+0.4° 2 Lysine
0.99+0.03"  14.31+1.1°  8.38+0.4° 4.51+0.02° 1.85+0.02°  22.85+1.1°  7.85+0.5" 12.01x0.5° 1 oaee

0.91£0.01°  13.92+41.2°  7.4420.5° 3.66+0.03° 221+0.02°  21.12+1.2®  7.44+0.6" 11.9140.4° 2  Methionine
1.01£0.03"  14.69+0.9"  8.1+0.6°  4.51+0.03° 2.41+0.06°  23.89+1.1°  7.76+0.6°  12.02+0.5° 1 oo s
0.95+0.01°  13.22+.1.1° 7.22+04° 3.88+0.03°  1.65+0.05°  21.81+1.2%®  6.55+0.5° 11.55+0.4> 2  Phenylalanine

091£0.02°  13.69+12°  7.82803° 42120.02°  2.1240.06°  22.1240.91"  7.76£0.6°  10.91x0.3° 1 ol
0.88£0.04  11.14£0.9° 698204 3.8130.01° 19120.01°  2029+1.1°  622£0.7° 1021205 2 Proline
1.00 0.99 0.84 0.66 0.65 0.92 0.99 1.00 LSD
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Lysine 1: 2.5 g.I', Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 8. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 9 day interval (2022).
el S5 NSl

Ll s i W
w" July3 Sl Sl Jee sl S e Jiy ® s
Esse:tlal Geranial Geranyl Geranic Alpha ';l pha- Limonene Neral Treatment
o1 acetate acid methyl ~ campholene inene
ester Aldehyde
Aals
0.56+0.03°  6.91+0.8° 4.01+02%  1.9240.01%°  1.1440.02°  15.65+1.1° 3.1240.3%  3.85+0.1°
Control
0.91£0.02°  8.66+0.9%  5.81+0.2° 2.99+0.02%  1.81+0.01°  17.3541.2°  5.44+0.4° 7.25+02¢ 1 o
0.8140.01°  7.51+1.1°  4.39+0.5%°  1.81%0.02°  1.7330.03°  16.81+1.1°  5.73204°  6.92+02° 2 Lysine
0.9240.03°  8.31+0.9% 538+0.3¢ 2.89+0.02°  1.85+0.02°  17.85+1.2°  6.85+0.5°  8.88+0.3° 1 oaee

0.8240.01°  7.92+0.8%  4.44+03¢  1.79+0.03°  1.2120.02°  17.12+1.3%  544+04°  7.12+02° 2 Methionine
0.88+0.03°  9.69+0.9¢  5.1+0.5%  2.91+0.03%  2.0240.01°  17.89+1.4°  5.76+0.5°  8.92+0.3° 1| ool s
0.8240.01°  8.22+1.19  4.22+04°  1.88+0.03%*  1.65+0.01°  16.81+1.1  5.55+0.4°  7.65+0.2° 2  Phenylalanine

0.78£0.02%  8.69+0.9"  5.82+0.2°  2.01+0.02®  134+0.02°  16.12+12% 476+0.5°  7.55:03% 1 ol
0.71£0.04*  8.14+1.1°  3.38+0.4°  1.99+0.01®  1.11£0.01°  15.65+0.9°  3.12#0.3% 5.45+0.18° 2 Proline
0.89 1.00 0.76 0.84 1.00 0.89 0.85 0.88 LSD

o Vaas Ko Ve ) VT s s e S0 e 1) 53 p S Y0 e i) 53 0 S0 s md s e SY0 T
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Lysine 1: 2.5 g.I"', Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:

200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 9. Means of essential oil content and main chemical composition of essential oil of Dracocephalum
kotschyi plants affected by amino acids and irrigation regimes with 9 day interval (2023).
Aol S5 A saas Wl

v J5 ) i

o ' July Sl Sl e sl S e Jiy ® s

Esse'r;tlal Geranial Geranyl Geranic Alpha A.l pha- Limonene Neral Treatment
o1 acetate acid methyl ~ campholene Pinene
ester Aldehyde
. L
0.66+0.03%°  7.89+0.8%  4.19+0.4%  2.85+0.01°  1.41%0.02*°  16.91+1.1 4.82+03°  4.58+0.1° -
Control

0.85£0.02°  9.66+0.9°  5.81+0.5°  3.44+0.02°  2.09+0.01°  17.35+1.19  5.44+03°  8.5+02% 1 o

0.76+0.01°  851+1.1¢ 43905  2.81x0.02%  1.73:0.03'  16.81x1.2%  5.73:03° 7.91x02% 2 Lysine

0.8240.03°  9.31+0.7°  5.38+03¢  3.11£0.02°  1.85%0.02°  18.85+1.5°  6.85+0.4°  9.12+0.2° 1 oaee

0.78£0.01°  8.92+0.8°  4.440.5% 2794003  1.21x0.02°  17.12+1.19  5.44+0.5° 8.14+02° 2 Methionine
0.88+0.03°  9.69+0.9  5.1+05%  2.91x0.03%  1.99+0.03%  17.89+1.3°  6.76+0.5°  9.32+0.3° 1 oo s
0.81£0.01°  822+1.1° 422404  2.12+0.03°  1.65:0.05" 17.81£1.2%  5.55+0.5° 8.82+0.3° 2  Phenylalanine

0.75£0.02¢  8.69+12¢  582+0.3°  3.01x0.02°  1.45:0.04%  17.12+12% 576+0.4°  7.82+02° 1 ol
0.66x0.04%  8.14+1.1%  4.12+02%  2.8120.01  123+0.01°  16.99+1.4%  522+04° 6.89+02% 2 Proline
0.55 0.73 0.75 0.88 1.00 0.88 0.85 0.77 LSD
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Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 10. Complex analysis variance of mean of squares of morpho-physiological characters in
Dracocephalum kotschyi (2022-2023).

Sl :SSkee <
— - - &3l a= s Ol s dl;.»
Ol s &l e Jgs Js s s Us s Gl plll S ele DE® SOV”
R.W.C (%) Total Phenol Total Chlorophyll Proline Shoot Dry Matter
- - - - - Ju.
33.1 35.1 29.1 22.78 31.1 1
Y
Lo s 1SS
1.01 0.55 0.45 1.55 0.77 4 e 1S
R(Y)
- - - - - ol
51.9 445 324 25.7 18.11 2 =
A
221" 29.6" 322" 30.56" 215" AXY
0.41 0.84 0.77 0.98 1.01 a sl
* * * * * anal ool
29.9 34.12 28.8 18.2 21.2 8 o
B
31.6" 237" 332" 20.23" 155" 16 AxB
165" 24.67" 33.44" 24.56" 1517 8 BxY
0.13™ 0.87™ 1.12™ 0.85™ 0.11™ 16 AXBxY
0.83 0.91 1.11 1.01 0.45 96 b glax
(M ) Q. 2
6.84 733 6.65 9.12 18.32 it

C.V* (%)

o330 ) Jw}‘cb—w)é‘_g)b&mcd)‘é&#¢_b\f.§}4;‘#}wwg

“SOV: source of variation, * df: degree of freedom, * CV: coefficient of variation
*, ** gignificant at P=0.05 and P=0.01 levels of probability respectively, ™ not significant

ns
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Table 11. Means of morpho-physiological characters in Dracocephalum kotschyi plants affected by amino acids

and irrigation regimes with 3 day interval.

u] J.M..: 6.);'9:»
Relative Water Content (%)

Jeo s s
Total Chlorophyll (mg.g”"' FW)

Jss Js
Total phenol (mg.g" FW)

Lo
2023 2022 2023 2022 2023 2022 J
Year
b be a b b b Aol
53.7+1.4 49.8+1.2 2.32+0.03 1.79+0.04 2.09+0.01 1.9940.01
Control
59.3+1.3% 58.5+2.5% 2.3140.01° 2.21+0.08° 2.33+0.02° 2.15+0.01% o
55.99+1.2° 57.6£2.6™ 2.12+0.03% 2.07+0.06™ 2.09+0.01° 2.06£0.02° 2 Lysine
62.61+1.3° 61.143.2° 2.59+0.02° 2.3340.03° 2.45+0.01° 2.29+0.02° e
59.81£2.2% 55.5+1.2° 2.41+0.01° 2.14+0.02% 2.33+0.02° 2.08+0.02° 2 Methionine
a ab a a a a .
65.3+1.5 59.9+1.9 2.59+0.01 2.33+0.08 2.21+0.01 2.31£0.01 oV s
59.9+1.2% 53.5+1.4° 2.33+0.03° 2.16+0.04® 2.05+0.02° 2.22+0.01° 2  Phenylalanine
59.1+1.4% 54.1+1.2° 2.44+0.01° 2.09+0.02 % 2.11+0.01° 2.23+0.01° i
543423 51.8+1.8° 2.2140.02° 1.99+0.06° 2.04+0.02° 2.19+£0.01° 2 Proline
0.91 0.81 1.00 1.00 0.85 0.95 LSD

L}:;éé)‘ﬁ}ﬁ})g:ﬂ\" R wyiwg]@ BE (“)50 Y u.:.v}::w 4,7.:.‘ BE ¢J§Y/° R u.:.»}:.?.a 4,7.:.‘ BE ¢J§° Y d‘lfl'! 4,7.:.‘ BE ¢J§Y/° R d'lfl"ﬁ
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Al 55 bl o5 8 G s s S rie Gy e 51l 45 O a3 (golael

Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Continue Table 11.

\;):JJ-}:J: sl (l,\_}l&,ﬁ.}ut«
Proline (ug.g'l FW) Shoot Dry Matter (g.plant'l)
Lo
2023 2022 2023 2022 J
Year
Aals
8.22+0.2¢ 8.82+0.2° 135.1+1.2° 124.942.5°
Control
d cd a b
7.55+0.1 8.5+0.3 174.944.3 155.87+4.9 1 o
8.3x0.2¢ 8.1x0.1¢ 166.1£4.1° 145.245.3° 2 Lysine
d e a a .
7.1240.1 6.65+0.2 181.65+1.2 176.4+6.1 1 O ase
7.55+0.1¢ 7.99+0.2¢ 172.8+1.2° 159.9+4.1° 2 Methionine
de e a a T .
7.1240.4 6.64+0.3 187.9+1.4 176.3+1.2 1 oVl s
7.4+0.1¢ 8.4+0.2¢ 171.9942.3° 165.543.3" 2 Phenylalanine
7.99+0.1¢ 8.140.2¢ 165.99+3.4° 145.145.2° 1 e
8.49+0.1% 8.5£0.3¢ 155.88+3.2° 135.145.1° 2 Proline
0.93 1.00 0.99 1.00 LSD

o Vaas Ko Ve ) VT s s e S0 e 1) 53 p S Y0 e i) 53 0 S 0 s md s e SY0N T
Ny S Voee ¥ s 5 Vpes o 000 0V s Vg S Yoo ¥ 0N
Al 55 bl 65 8 G s s S rie Gy 51ls 45 O a3 (golel
Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:

200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group

S 500N ol s Co gl SS e Sl olE )5 S5 s e Dk Kils Sluglie VY Jgu

Table 12. Means of morpho-physiological characters in Dracocephalum kotschyi plants affected by amino acids
and irrigation regimes by with 6 interval.

Jds s s Jyd Js

g.w.jtgljbu

Relative Water Content (%)

Total Chlorophyll (mg.g”"' FW)

Total phenol (mg.g" FW)

L
2023 2022 2023 2022 2023 2022 J
Year
dall
45.741.1° 41.8+1.1° 1.520.03 ¢ 1.490.04°¢ 1.55¢0.01°  1.43+0.01°
Control
553+1.3° 51.5+1.2° 2.08+0.01° 2.01£0.02°  2.09£0.02°  2.01x0.01° 1 o
49.99+1.1% 48.6+1.5° 1.99+0.03° 1.91£0.01° 2.11£0.01"  1.99+0.02° 2 Lysine
57.61£12% 50.7+1.2° 2.1420.02% 2.02+0.03°  2.09£0.01°  2.03+0.02° 1 s
49.81+1.2% 45.541.5°¢ 1.7740.01° 1.5140.02° 1.98£0.02°  1.85£0.02° 2 Methionine
56.6+3.2° 50.9+1.3° 1.98+0.01° 1.99:0.08°  2.04£0.01°  1.99£0.01° 1 oV Jed
48.9+3.1" 47.5+12° 1.81+0.03° 1.76+0.04° 2.01£0.02° 1.78+0.01° 2 Phenylalanine
52.1+1.5° 49.1%1.1% 1.58+0.01¢ 1.610.02° 1.98+0.01°  2.04+0.01° 1 oo
49.3+1.3" 47.8+1.4° 1.410.02° 1.44+0.06° 1.88+0.02"  1.98+0.01° 2 Proline
1.00 0.78 0.81 0.88 0.96 0.88 LSD
L}:;éé)‘ﬁ}ﬁ})g:ﬂ\":\ O:J‘YIJ?'&‘JL:!)J¢)§°IY O:J}:;agf?!)>¢)§r/° R O:J}:J.ngf?!)>¢)§olr &1}:!4;?1);@5\‘/0 R u‘l,f:"w

Nses See Ver e ¥ s Vaes S 00 ) o Y gy Sa Yoo oY 5T
03 55 bl o3 8 G s dites S 2l Gg o Glls 4 D5t a3 gl

Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Continue Table 12.
sl (l.,\jl i osle
Shoot Dry Matter (g.plant™)

oo
Proline (ng.g' FW)

2023 2022 2023 2022 e
Year
10.71£0.2° 10.120.2° 100.8+1.2¢ 99.9+2.5¢ et
Control
9.55+0.1°¢ 9.5+0.3°¢ 141.9+3.3° 134.87+2.9° 1 o
9.3+0.2° 9.10.1° 133.125.1° 123.242.3¢ 2 Lysine
9.15+0.1° 9.65+0.2° 140.65+1.2° 131.5+2.1° 1 e
9.55+0.1° 9.99+0.2" 135.8+1.2° 129.942.1% 2 Methionine
9.51x0.2° 9.8+0.3° 130.8+1.4™ 128.8+1.2°¢ 1 o s
9.4+0.1° 9.9£0.2" 128.99+2.3° 122.543.3° 2 Phenylalanine
9.56:0.1°¢ 9.99:+0.2% 137.99+3.4° 129.1£5.2"% 1 oo
9.95+0.1" 10.12+0.3° 134.88+3.2° 118.124.1° 2 Proline
0.77 1.00 0.99 0.85 LSD

L}:;éé)‘ﬁ}ﬁ})g:ﬂ\" R u.:.»‘WJ.:.\ngL:‘ BE (“)50 .Y u.:.v}::w 4,7.:.‘ BE ¢J§Y/° R u.:.»}:.?.a 4,7.:.‘ BE ¢J§° R d‘lfl'! 4,7.:.‘ BE ¢J§Y/° R u.lﬁ.‘w
Ny S Voo e ¥ s 0 Vpes Koo 000 0) s Vges S Yoo ¥ 0N
Al 55 bl o3 8 G s dites S i g 6l 45 Ot a3 6ol

Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Table 13. Means of morpho-physiological characters in Dracocephalum kotschyi plants affected by amino acids
and irrigation regimes with 9 day interval.

Jis s s dgs s
Total Chlorophyll (mg.g”"' FW) Total phenol (mg.g" FW)

u] J.M..: 6.);'9:»
Relative Water Content (%)

Lo
2023 2022 2023 2022 2023 2022 J
Year
L
24.5+1.1° 22.6+1.1° 1.19+0.03¢ 1.03+0.03¢ 1.39+0.01¢ 1.2240.01° »
Control
35.341.2¢ 39.3+1.1¢ 1.43£0.01°¢ 1.3340.01% 1.44£0.02¢  1.56£0.01° 1 N
32.99+0.9 33.99+1.1 1.21£0.03¢ 1.2940.03% 1.61£0.01¢  1.33+0.02° 2 Lysine
d d c c d c .
35.61+1.1 38.61+0.9 1.48+0.02 1.410.02 1.45+0.01 1.44+0.02 1 e
29.81+1.2¢ 35.81+1.5¢ 1.29+0.01% 1.2240.01¢ 1.33+0.02¢ 1.2140.02° 2 Methionine
d d c c c cd w7 .
34.6+1.1 37.6+1.2 1.36+0.01 1.31+0.01 1.45+0.01 1.49+0.01 1 oV s
27.9+0.9°¢ 33.9+1.1¢ 1.29+0.03% 1.25+0.03¢ 1.39+0.02¢ 1.22+0.01° 2 Phenylalanine
30.1£2.1% 38.1+1.2¢ 1.38+0.01° 1.18+0.01¢ 1.44+0.01¢ 1.55+0.01° 1 o
28.3+1.1° 36.3+1.3¢ 1.25+0.02¢ 1.21+0.02¢ 1.32+0.02% 1.44+0.01¢ 2 Proline
1.00 0.86 1.00 0.89 0.99 0.67 LSD
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Lysine 1: 2.5 g.I", Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:
200 uM, Proline 1: 500 uM, Proline 2: 1000 uM
Numbers in each column that have same word, have same group
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Continue Table 13.

Q’:Sﬁji sl (U‘.}l&,ﬁ.}ub
Proline (ng.g' FW) Shoot Dry Matter (g.plant™)
Lo
2023 2022 2023 2022 J
Year
Aals
1155402 1173402 56.1+£5.2 " 45784557
Control
11.4340.1° 10.55+0.1° 100.942.3¢ 98.87+2.9¢ 1 o
10.91+0.2° 10.88+0.2° 92.142.1¢ 85.242.3° 2 Lysine
be b d d .
10.05+0.1 10.15+0.1 100.65+1.2 91.545.1 1 e
9.75+0.1°¢ 9.85+0.1°¢ 98.8+5.2¢ 83.942.1° 2 Methionine
b b d d T .
10.44+0.2 10.51+0.2 101.8+1.4 92.8+1.2 1 oV s
10.11£0.1° 9.44+0.1°¢ 98.99+2.3¢ 83.5+3.3° 2 Phenylalanine
ab b d d
11.54+0.1 10.99+0.1 97.99+3 .4 97.141.2 1 oo
12.9140.1° 11.89+0.1° 94.88+5.2% 85.142.1° 2 Proline
1.00 0.99 0.87 0.93 LSD

o Vaas Ko Ve ) VT s m 5s e S0 e 1) 53 p S Y0 e i) 53 e S0 s md s e SY0 it
Ny S Voo e ¥ s 0 Vpes oo 000 0V s Vg S Yoo ¥ 0N
03 55 bl o5 8 G s dites S 2ie Gg e lls &S O o s (galel
Lysine 1: 2.5 g.I', Lysine 2: 5 g.I'', Methionine 1: 2.5 g.I", Methionine 2: 5 g.I'', Phenylalanine 1: 100 uM, Phenylalanine 2:

200 uM, Proline 1: 500 uM, Proline 2: 1000 uM

Numbers in each column that have same word, have same group
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