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Abstract

Background and objectives: The beneficial effects of the chamomile plant have been attributed to
its essential oil, so any factor that affects the quantity of its essential oil will be of interest to
researchers. To investigate the effect of plant growth regulators salicylic acid and methyl jasmonate on
the production of secondary metabolites in chamomile plants, this experiment was conducted under
the native in vitro conditions of Sharbian City.
Methodology: To conduct this research, chamomile seeds were collected from Sharbian (N "52 58 37
and E "06 '11 °), East Azerbaijan province. After transfer, the seeds were sterilized for 15 minutes in a
detergent. Their surfaces were disinfected with 70% alcohol for 45 seconds and then with sodium
hypochlorite for 30 minutes. After surface disinfection, they were washed twice with distilled water.
The basic culture medium in this study was the MS culture medium. All cultures were placed in the
growth chamber at a temperature of 24+2°C and 16 hours of light and 8 hours of darkness. A factorial
experiment was performed in a complete random design with three_replications. Test treatments
included salicylic acid (SA) and methyl jasmonate (MeJA) at five_levels (0, 50, 100, 200, 400 uM).
Minguez-Mosquera and Perez-Galvez methods were applied to determine photosynthetic pigment
amounts. The amount of phenolic compounds in the plant extract was measured with a slight
modification based on the Slinkard and Singleton method with the_Folin-Ciocalteau reagent. The data
related to this research were analyzed using SAS V.9.g.1 statistical software. The comparison of
treatment averages was done with Duncan's test at 5% and_1%. Graphs were drawn using Microsoft
Excel software.
Results: The analysis of variance showed that the interaction effect of the applied treatments on the
traits of stem weight, root weight, stem length, and root length is significant at the 1% probability
level. In addition,_it is significant on the number of stems at the 5% probability level. The comparison
of the averages showed that the highest amount of stem weight was obtained in the interaction effect
of (50 pM) SA and (200 pM) MelA, and the lowest amount of stem weight was obtained in the
interaction effect of (400 uM) SA and (400 uM) MeJA treatment. The comparison of the means shows
a significant difference in this trait. The highest amount of root weight was obtained in the interaction
effect of (100 pM) SA and (100 pM) MeJA, and the lowest amount of root weight was obtained in the
interaction of (400 pM) SA and (400 pM) MeJA treatment. Came. A comparison of the averages
showed that the highest number of stems was obtained in the interaction of (100 uM) SA and (50 M)
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MeJA, and the lowest number of stems was obtained in the interaction of (400 pM) SA and (200 pM)
MeJA. The comparison of the means showed the significance of the stem and root length traits. The
highest value of these two traits was due to the interaction of (50 uM) SA and (100 uM) MelJA
treatments, and the lowest value of stem length was in the combination of (400 uM) SA and (UM)
treatments. 400) MeJA and root length were measured from the combination of SA (400 puM) and
MeJA (200 uM) treatments. In the biochemical traits, variance analysis of the data showed that the
effect of SA levels on the amount of chlorophyll a, b, carotenoid, total chlorophyll, phenol, and
flavonoid in all three wavelengths was significant at the 1% probability level.

Conclusion: In this experiment, it was shown that metabolite production depends not only on enzyme
activity but also on stimulant concentration. Increasing the stimulus more than usual not_only increases
metabolism but also reduces or stops the production of metabolites through the reduction of enzyme
activity (probably through the reduction of the corresponding gene expression).
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Table 1. ANOVA of salicylic acid and methyl jasmonate effects on morphological properties of Matricaria
chamomilla under in vitro culture

M.S.
S.O.V. d.f. . . Number of Number
Stem weight Root weight Stem length Root length
stems of roots
Salicylic acid (S) 4 0.12** 0.02** 65.13** 8.70m 2.54m 9.45**
Methyl jasmonate (M) 4 0.10** 0.02** 8.55m 2.40m 4.32%* 3.39**
SxM 16 0.03** 0.01** 63.81* 3.56" 3.20** 12.59**
Experimental error 50 0.00 0.00 26.87 4.03 1.11 1.05
C.V. (%) 15.53 29.85 31.84 33.82 19.75 14.09

n.s., *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Table 2. Means comparison of salicylic acid x methyl jasmonate interaction on morphological traits of

Matricaria chamomilla under in vitro culture

Treatment Root length Stem length Number Root Stem
Salicylic acid (#M) Methyl jasmonate (M) (cm) (cm) of stems weight (g)  weight (g)

0 6.50%) 5.300 12.00¢ 0.32¢ 0.40%9

50 10.50° 5.200 17.00%¢ 0.134f 0.36"

0 100 5,37+ 4.20%f 12.33% 0.04hi 0.329
200 8.57¢¢ 5.370f 11.67¢ 0.22b¢ 0.57°

400 6.43") 5.70>¢ 18.67%¢ 0.12%9 0.39¢¢

0 5.57k 5.400-f 16.67%¢ 0.10¢h 0.37%

50 6.83¢1 4.10°f 20.00%d 0.15¢% 0.49%¢

50 100 12532 8.172 22.00%¢ 0.19¢« 0.37%
200 10.00%¢ 6.50%¢ 25.672 0.26% 0.702

400 7.23% 5.07vf 13.00¢ 0.08" 0.56"!

0 7.30¢ 5.570f 24.33® 0.07% 0.247k

50 6.63¢ 5.774¢ 26.332 0.08F 0.37F

100 100 7.30% 6.63% 14.330d 0.282 0.50¢¢
200 8.10¢f 5.87b¢ 19.33%4d 0.07% 0.42¢f

400 7.73¢h 3.90¢f 14.00% 0.03M 0.17¢

0 5.17k 6.372°¢ 15.330 0.19 0.19H
50 5.80Mk 6.27%d 10.334 0.149%f 0.480-¢
200 100 7.10¢ 4.43¢F 17.00%d 0.19¢ 0.44¢f
200 5.979k 5.400f 11.67% 0.11%9 0.22+

400 9,730 4,20%f 14.67"d 0.07% 0.22"

0 7.83%9 453 17.00%¢ 0.07% 0.20i

50 7.808" 4.57vf 12.00¢ 0.069" 0.28"

400 100 6.23 4.830f 13.00% 0.229 0.27Mi
200 4.30K 6.27%d 9.67¢ 0.08" 0.23"

400 5.601 3.57f 19.00%¢ 0.02' 0.13'

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. ANOVA of salicylic acid and methyl jasmonate effects on biochemical properties of Matricaria
chamomilla under in vitro culture

M.S.
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flavonoids  flavonoids  flavonoid Total
S.0.V. d.f. Total avonoias avonoias avonoias Chloro Chloro Carote ota
henol at at ohylla phyllb  noids  CM°™
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270 330
salicylicacid (S) 4 3974740  0.00%* 0.00% 0.00%*  025% 010% 020 0.34**

Methyl | t

ey (Jl\a/l S;monae 4 261231 0007 0.00% 000% 002 001% 002 003
S xM 16 4589.41™ 0.00%* 0.00%* 0.00%* 002  001™ 002 002
Experimental error 50 3330.07 0.00 0.00 0.00 002 00l 002 003
C.V. (%) 26.81 14.61 15.85 16.99 1944 19019 1748 1935

n.s. and **: non-significant and significant at 1% probability level, respectively
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Table 4. Means comparison of salicylic acid x methyl jasmonate interaction on biochemical traits of Matricaria
chamomilla under in vitro culture

Treatment Total flavonoids at Total flavonoids at Total flavonoids at
Salicylic acid Methyl jasmonat wavelength 330 (mg wavelength 300 (mg wavelength 270 (mg
(uM) (M) CAT.100 g FW) CAT.100 g1 FW) CAT.100 g1 FW)
0 0.0290%9 0.03019" 0.0483%"
50 0.0191i 0.02144 0.0230"
0 100 0.0335¢% 0.0403%¢ 0.04287«
200 0.04252 0.0422° 0.0547¢
400 0.0398 0.0310¢ 0.0455"
0 0.0207Mi 0.0217¢ 0.0398K
50 0.0284% 0.02711 0.0513¢F
50 100 0.0259¢ 0.02681 0.0424+
200 0.0292¢f 0.03169 0.0322m
400 0.0297¢f 0.0315¢9 0.0421
0 0.0318¢% 0.0321f 0.0310m
50 0.0320¢% 0.0392¢ 0.0413k
100 100 0.0214hi 0.0233% 0.0254"
200 0.0416% 0.0405% 0.0369'
400 0.0230¢f 0.0303¢" 0.0535¢%
0 0.0368° 0.0347¢f 0.0578¢
50 0.0228" 0.0240x 0.0521¢%f
200 100 0.0370° 0.0365¢% 0.0490%"
200 0.04432 0.04612 0.04679
400 0.0302¢f 0.0297¢1 0.0536¢%
0 0.0179i 0.0190' 0.0458"
50 0.0382° 0.0385% 0.06492
400 100 0.0208Mi 0.0228k 0.0504¢9
200 0.0261¢ 0.0279" 0.0595°
400 0.0216" 0.0228% 0.04659"

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