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Table 1- Results of analysis of variance of plant height, stem diameter, number of leaves,

fresh matter yield, dry matter yield and number of lateral branches under the influence of
salicylic acid and beta-aminobutyric acid in Dracocephalum moldavica (L.)

o s R as L olosy
4,9 « $ 1 Slasy 5 osle 3 SKhas ’ ;
Sl oo ‘5>|)-T oLe” e8! Stem Nj;l:ef;f Il:r;;h ranatter w2 ok N g:)h? f
S.0.V. ) Plant height diameter : umber o
df 9 leaves yield Dryir;zatter lateral
Y branches
Replication ,!,5 3 37.06™ 0.36™ 1564.04™ 127.58™ 1.19™ 0.48"™
"“““"S"I: ~|_L“’ "‘:' 2 150072 0.734™  26064.434" 1340524 92022 0.971"
alicylic aci
sl S 35 g2g5n0 Ly
Beta.aminobutyric 2 290687”k 0.224™ ].8422.4«".—)4”k :].:].\".—)5.97].*’k :].28182’kx 0.576™
acid
Sl s sl X
K PO PEPLIvY COR OO . "
Salicylic acidx 4 211.742 3.013™ 1749.288™ 260.971™ 145.162 1.991™
Beta-aminobutyric
acid
Error s 24 361.278 10.745 36891.284 1469.230 177.702 32.045
CV. (%) lyusds ca p 65 122 98 228 282 195

ns, *, and **: not significant, significant at P level of 0.05 and 0.01, respectively.

il oo o )0 ST g iy Jleil mhan 13 (610 e 550 e pis o LS ey *x 9 *.ns

eyl o il asls sl

Table 2- Mean comparison of the simple effects of salicylic acid on the studied traits of stem
diameter, number of leaves, fresh matter yield and number of lateral branches in
Dracocephalum moldavica (L.)

adlw yad

L sl il S g olass ook o ,Slos Sl s ls olaxs
RSN . Stem diameter Number of leaves Fresh matter yield Number of lateral
Salicylic acid concentration gt
(mM) (mm) (number) (g.plant™) branches
0.0 529 a 436.99 a 4180 a 5.97 a
0.5 555 a 38000 b 3397 b 6.09 a
1.0 562 a 379.82 Dbc 26.85 ¢ 570 a

35,10 %5 Jlexs! g 58 o cime ST s sy 2 0 S ie B> SO JBlas gl ls aF s aie 1o sla Sl
Means fallowed by similar letters in each row are not significantly different at 5% probability level.
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Table 3- Mean comparison of the simple effects of beta-aminobutyric acid on the studied

traits of stem diameter, number of leaves, fresh matter yield and number of lateral branches
in Dracocephalum moldavica (L.)

o] il
PR adlw yhad [EUIIREY) ook o ,Slos sl 4l olawy
’“ e o Stem diameter Number of leaves Fresh matter Number of lateral
Beta-aminobutyric acid (mm) (number) yield (g.plant™) branches
concentration (mM)
0.0 5.42 a 410.40 a 42.03 a 6.05 a
0.5 5.60 a 367.34 b 28.79 b 5.96 a
1.0 5.44 a 419.07 a 31.80 c 5.75 a

235,05 %5 Jloaxs! o )3 o de ST i (s o 0 S ie B> G JBlas Gl a5 s a2 sla Sl
Means fallowed by similar letters in each row are not significantly different at 5% probability level.

oole 5 Shoe 5 a5 £lis )| Slaw (59, S pggial Ly sl § Selncl s Jlie O3 ks anslia = 4 Jgur
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Table 4- Mean comparison of the average interactions of salicylic acid and beta-
aminobutyric acid on plant height and dry matter yield

Sl sl cdale S0 g g | Ly daw! dale olS glas S sobo 8 ySlas
Salicylic acid Beta-aminobutyric acid Plant height Dry matter yield
concentration (mM) concentration (mM) (cm) (g.plant™)
0.0 66.62 a 11.42 abc
0.0 0.5 62.50 abc 10.32 abc
1.0 56.90 cd 14.00 a
0.0 62.27 ab 11.78 ab
0.5 0.5 54.75 d 5.02 de
1.0 52.42 d 8.97 bcd
0.0 58.52 bed 13.17 ab
1.0 0.5 54.42 d 7.45 cde
1.0 59.70 bed 4.67 e

35,10 %5 Jlexs| v ;o b cixe BB e aiw ;0 0 S e B> SO Bl gl AT s ae o sl Sl
The means of each variable source, which have at least one common letter in each column, do not have a
significantly difference at the statistical level of 5%.
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Table 5- Yield of treated leaf of total extracts and essential oil of Dracocephalum moldavica under
the influence of different amounts of salicylic acid and beta-aminobutyric acid.

ol il ouis Hlowd' Sy ol o jlae & o ouds lond Sy bl 5 ;Slos
Sl ol clalé i , N i
Salic;/I}c acid concentration Bet;?m ﬁg::‘ :i:;ci d Yield of treat‘:t;’lag;fh total extracts  Yield of tream;ﬁ essential oil

(mM) concentrationy(mM) of Dracocep?;lgu)m moldavica of Dracocep?s]lll;m moldavica

0.0 4.73 0.21

0.0 0.5 560 0.23

1.0 6.43 0.27

0.0 534 0.29

0.5 0.5 6.71 0.34

1.0 6.79 0.35

0.0 554 0.38

1.0 0.5 7.36 04

1.0 8.38 045

5 Sebndlo sl Gilisie polie 36 s ook onds Jlews Sy bl mie LS 5 5 bl (Slgioe v y0 =6 Jgor
S gsiel Ly al
Table 6- Percentage of essential oil content and main components of essential oil of treated leaf

ethanolic extracts of Dracocephalum moldavica under the influence of different amounts of
salicylic acid and beta-aminobutyric acid

g AP Sl 5 ey Slgize woyo
Sl LS ! - Components percentage Lol
Sobowad b S5y 2ol Ly 3,3 5 oWl
Saliéy'lic“acid Beta-aminobutyric Jols ol Jul J! J Essential oil
; L ! ol 93055 5155 5 &bl content
con((:ﬁ%lrz;tlon acid cczrrllc&r;tratlon Geranyl Geraniol Geranial Neral Neral percentage
acetate acetate
0.0 32.8 19.1 18.9 8.13 2.7 0.79
0.0 0.5 23.2 13.6 12.8 9.6 2.3 0.86
1.0 19.4 12.8 121 9.2 2.0 1.02
0.0 343 19.5 18.9 14.3 2.9 1.09
0.5 0.5 31.3 15.1 14.6 7.8 2.4 1.28
1.0 30.7 14.9 144 74 2.1 1.32
0.0 36.8 20.5 19.7 14.9 2.9 1.43
1.0 0.5 335 17.7 16.9 7.1 2.6 151

1.0 32.3 16.6 15.8 6.9 2.5 1.7
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Table 7- Inhibition index of main components of essential oil of treated leaf total extracts

of Dracocephalum moldavica under the influence of different amounts of salicylic acid and
beta-aminobutyric acid

sl clale sl cilile SIo3b asls Inhibition index
Sl el
Saliéyulicua_cid B;ﬁﬁﬁmlfr}c ol J"J:’s Jawilys JLly5 Jiy o “i";
CO”‘E?\?&E;“O” acid crzgqc'\e/lr;tratmn C;g;‘g% Geraniol Geranial  Neral a’(\:IStreie
0.0 1349 1215 1229 1205 1227
0.0 0.5 1231 1220 1212 1185 1129
1.0 1224 1213 1201 1178 1089
0.0 1357 1273 1281 1210 1232
0.5 0.5 1228 1219 1207 1169 1076
1.0 1221 1211 1204 1158 1064
0.0 1359 1275 1284 1215 1226
1.0 0.5 1231 1213 1201 1178 1091

1.0 1229 1207 1201 1139 1091
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Abstract

In order to investigate the effects of foliar spraying of salicylic acid and beta-
aminobutyric acid on vyield, physiological and biochemical characteristics of
Dracocephalum moldavica (L.), during cropping year of 2017-2018, in a experiment
based on a randomized complete block design with 4 replications was carried out in
Kerman. Foliar spraying was done one month before harvesting with three
concentrations (0, 0.5 and 1 mM). Plant height, stem diameter, number of leaves, fresh
matter yield, dry matter yield, number of lateral branches, yield of total extract and
essential oil were measured. Identification of essential oil components was done by
using a gas chromatography (GC) which was connected to a mass spectrometer
(GC/MS) by comparing the inhibition indices and mass spectrometry study. According
to the results, the effect of both elicitors of salicylic acid and beta aminobutyric acid on
plant height, number of leaves, fresh matter yield and dry matter yield were significant
at 1% level of probability; But, there was no significant difference in stem diameter and
number of lateral branches. The interaction effect of both elicitors on plant height and
dry matter yield was significant at 5% and 1% probability levels, respectively. While
there was no significant difference on other traits under study. Also, the use of both
elicitors increased the total extract and essential oil yields. The highest percentage of
main compounds in essential oil was affected under the influence of the amount of 1
mM salicylic acid in absence of beta aminobutyric acid, including 36.8% geranyl
acetate, 20.5% geraniol, 19.7% geranial, 14.9% neral and neral acetate 2.9%. In general,
the use of salicylic acid was found and beta-aminobutyric acid to increase
Dracocephalum moldavica (L.) yield.

Key words: Dracocephalum moldavica (L.), Elicitor, Salicylic acid, Beta-amino
butyric acid.
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