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Table 1- Soil physico-chemical properties and water characteristics of experimental site

SB Slasio polie of wlasin polie
Soil properties Values Water properties Values
EC (dS.m™) EC (dS.m™)
PHS £l 4ty dpu 7.2 PHOSL gLl aiy s 7
o osle 0.45 redS 092 1
Organic matter (%) Ca®* (mequiv. 1)
Nitrogen (%) s yiw 0.07 Mg (mequiv.I")w a0 92 10
Phosphorus yéu.s 109 Na* (mequiv.l'l)mm o 6.9
(ppm)
Potassium guawlsy 202 o QA i) 39
(ppm) Sodium adsorption ratio '
SL cdl & o
. L -cl 16
Soil texture oam-ciay

CI' (mequiv.I’)

ooy 5o 290253k olS i3 oole wds 5 (Su59d98 90 slatall (Jedg kS et ls il g i -Y Jou

b sl jlers
Table 2- Variance analysis of chlorophyll index, morphological parameters and dry
matter production of lemon balm in response to foliar application

asLy slowy
Ol s i “’.)‘5. Jdg s o5l ag glas,l S Jeb S P as Lo olosy 05“""
SO V’ ol Chlorophyll Plant Leaf Leaf Number of  Number of
I df index height length width branches lateral
branches
sl R - . *
Foliar 8 75.147 10.535 0.108™ 0.166 0.446™ 4.325
application
Ws  Error 18 1.095 1.033 0.063 0.031 0.237 1.433
(1) &l g5 s o C.V. 3.8 4.8 8.5 8.07 19.5 22.5

2oy B gV Jleiml mhans 13 o ixe g 0 sire il il s * g ** ns
ns, ** and *: non significant and significant at the 1% and 5% probability levels, respectively

=Y Jgue awlol
Table 2- Continued

. . K PR WESNS
-  sloss P Sl 039 SLS 039 ¢ o
oy o 3 > 0,5 olaxi ol <5 Lo dgr e sl
SOV &9yl Number of Number of L fci branches d dry weight of
et df nodes leave ca’ cry ranches Ay aerial parts of
weight weight
plant
W b o * ok * *
."“ J”LM ) 8 2.08 547.63 0.421 0.019 0.435
Foliar application
Ws  Error 18 0.419 167.5 0.096 0.0078 0.132
(1) &lpii oo C.V. 5.76 23.8 17.4 224 16.80

Aoy3 0 gV Jlozsl o jo ls gae g ls gine e pa ¥ g FF s

ns, ** and *: non significant and significant at the 1% and 5% probability levels, respectively
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Table 3- Chlorophyll index, morphological parameters and dry matter production of lemon balm
as influenced by foliar application

. . Sl 39
R e Sl 039 S 39 o ol
. e ) . K
byl p5Ls ; c el Folam Spolan sls oo
2 Jsloo Chlorophyll ~ *% b o * = branch SLJEL
. o . Plant Leaf e Number ~ Number RS ranches .
Foliar application index d dry weight
Spad height ~ width ~ Number  ofnodes  ofleave  Leafdry Ty of aerial
(Spad) (cm) (cm) of lateral weight welghlt parts
branches (gplant’)  (gplant’) (eplant")
C“‘"tL‘ | 20.20° 19.35¢ 1.99¢ 3.60° 10.0¢ 43.1° 1.300¢ 0.310° 1.666°
ontro
3 mZOL_I 22.00¢ 19.83¢  2.03¢ 4.67" 10.6*¢ 55.6° 1.476% 0.366" 1.753%
- )
3: § r;;g" 23.50% 19.56¢ 1.98¢ 6.40° 11.6® 53.3° 1.430% 0.333% 1.856>¢
s i .
. i mlg'j(i_l 2411 20129 2.04%  630° 1.4 5660 1.870%  0.390% 2,243
: wn -
mZ;OL_I 28.00° 2095  2.00° 6.65 12.2¢ 57.9 1.910% 0.323% 2.266*¢
méOL'l 28.50° 1936 226" 3.60° 10.5¢ 48.4° 1.580% 0.380" 2.046>
K g mlgog_l 28.06" 21.62% 233 4.60™ 10.6% 46.1° 1.796°¢  0.400™ 2.270"¢
3 2 )
Ralh=
25 150_1 34.39* 24.65°  2.48® 5.75" 12.0° 45.0° 2.113* 0.466™ 2.423®
mg.L
ngoi,l 34.03° 23.19"%  2.60° 6.10° 12.2° 81.6" 2.490° 0.570° 2.880°

ol 58510 5051 51 eolitl b auoyd O Jlotirl mhans 10 lo gime gl pae 00isS lo S i By
Means followed by the same letters are not significantly different using Duncan’s test at (P<%5).
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Table 4- Variance analysis of essential oil compounds in lemon balm in response to foliar

application and harvest stage

axy®
o ss aolie -
S & 8oy Caryoph yllene Linalool  Citronellal ~ Z-Citral  E-Citral  Caryophyllene Carvacrol o Geraniol
S.0.V. oxide Pinene
df
Foliar 8 0.321™ 0.56 16.20 8.09 52.97 1.11 1.62 0.04 13.36
application
2l o al> * * * . . . ok o o
Slon diz g0 1 22.52 0.48 3.94 208.66™  400.44 200.76 155.82 0.09 17.42
Harvest stage
Lo 31 - - * . . . .
& " 8 0.186™ 0.017™ 60.06 3.69 24.98 0.384 0.92 0.01 1.55
Interaction
U
36 0.10 0.03 0.10 0.16 0.70 0.06 0.14 0.001 0.22
Error
¢y UCJ' V Fare 17.5 20.3 11.7 21.8 13.4 18.4 14.8 17.5 19.6

RN JL&:IC_E..J).))I;@M5)IQ@.MFA%JJS@*5

ns, ** and *: non significant and significant at the 1% and 5% probability levels, respectively

ek
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Table 5- Essential oil compounds of lemon balm as influenced by harvest stage and foliar

application
SialesT b yles Caryophyllene oxide Linalool
Experimental treatments (%)
il alo e 9,  Seedling 10.21° 0.67°
Harvest stage 25 Flowering 8.91° 0.86"
by Control 9.295° 0.51°
50 9.485" 0.60°
| Skl 675° 614
sl Joie ;T 1." N'd igg 996779521 ggéc
. T alicylic aci . ’
F"ha(rn‘?ple_‘f)at‘O“ 200 9.115° 1.04°
& 50 9.565" 0.57¢
: 100 9.625 0.61¢
-1 3655Chit
oligsChitosan 150 9.8° 0.83¢
200 9.73* 1.45°

ol 58515 y503] 51 ool b duoys O Jloil grhans 10 lo gine Siglis pas 00 Gl S i g >
Means followed by the same letters are not significantly different using Duncan’s test at (P<%5).
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Table 6- Essential oil compounds of lemon balm as influenced by harvest stage and foliar
application interaction

s o . Z- E- o- .
o il ol Citronellal Citral Citral Caryophyllene  Carvacrol Pinene Geraniol
= Foliar application
Harvest (mg_L-l) (%)
stage
sl Control 3.73°¢ 2036° 22.52° 1.59f 1.90¢ 0.1° 12.131
Skl 50 3.75¢ 2046°  29.12° 1.62 1.94¢ 0.1° 12221
" 100 343°¢ 20.50°  29.16° 1.64 <" 2.01¢ 01"  1330%
. S 1;‘ i 150 3.43° 2041°  29.28° 1.85 % 2.01¢ 0.14%" 1403 %
2.9 alicylic )
i > 200 4611 21.68* 29.88*° 2.141¢ 2.07¢ 0.26° 1521
Seedling acid
50 3.52¢ 20.22%  26.15° 159" 2.01¢ 01" 13.14"
RUT 1 100 3.83°¢ 21.78* 28.97° 1.62< 2.02¢ 0.1' 14.20 ¢
Chitosan 150 3.87°¢ 21.86* 29.18° 2.00 % 2224 0.1°f 15.47 b
200 5.93¢ 2156  29.46° 2.18¢ 2.34¢ 0.15%"  1572°%
asls  Control 241° 16577  18.66¢ 5.12°¢ 4.97° 0.13¢" 1375 %
Skl 50 2.55° 13.63"  18.84¢ 522°¢ 5.00° 0.15%"  13.81 %
! 100 2.59f 1670 26.41° 5.34% 5.01°¢ 0.14 % 1372 %
_ = 150 5.60° 17.82°¢  2643° 5.63° 5.05°¢ 023% 1511
LY Salicylic b 4 b b hed
. . 200 7.62 18.56 26.61 6.74° 6.21 032 15.39%
Flowering acid , ,
50 2571 15278 16.87° 522°¢ 4.95° 0.16% 1372 %"
RUTEN 100 262" 16.68" 17.75% 530" 5.11°¢ 0.17%  14.92%
Chitosan 150 5.79°¢ 18559  26.36° 5.51% 5.16° 0.19¢ 16.02°
200 9.23° 19.67¢  26.75° 6.84° 7.64° 0.33° 19.22°¢

ol 58515 y503] 51 ool b duoys O Jloil grhans 10 lo gine Siglis pas 00 Gl S i g >
Means followed by the same letters are not significantly different using Duncan’s test at (P<%5).
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Table 7- Essential oil percentage of lemon balm as influenced by harvest stage and foliar
application interaction

b Jglow

Caild g al> o ) o owibul sy
Harvest stage FOha(rn?ng)}_l lc)atlon Essential Oil (%)
VW) Control 0.07¢
50 0.07 ¢
Sl Splawd s 100 0.08 ¢
* Salicylic acid 150 0.09 ¢
29
S;:;i;g 200 0.08
50 0.09 ¢
RUTSN 100 0.08 ¢
Chitosan 150 0.09 ¢
200 0.09 ¢
ol Control 0.30°
50 031°
Aol Sl 100 0.29°
vt Salicylic acid 150 0.36°
Flowering 200 0.43°
50 0.29°¢
oligias 100 031°
Chitosan 150 0.41°
200 0.52°

el S5l g3l 5l ookl b asye O Jlis! o ;o jls g Dglas pae oatsS Ly S i By >
Means followed by the same letters are not significantly different using Duncan’s test at (P<%5).
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Abstract

Lemon balm is an aromatic and perennial bushy plant with interesting
pharmacological and biological properties, which extensively distributed in the
Mediterranean region and Asia. The effects of salicylic acid (50, 100, 150 and 200
mg.L™") and chitosan (50, 100, 150 and 200 mg.L™") foliar application on plant
parameters, essential oil and chemical compositions of lemon balm at two different
harvest stages (seedling and flowering) were evaluated. The results showed that the
highest values of chlorophyll index obtained from foliar application of 150 and 200
mg/L chitosan. Application of chitosan (all concentration levels except 50 mg.L™")
significantly improved the plant height of lemon balm compared with the control. Leaf
and dry weight of aerial parts per plant increased with increasing in salicylic acid and
chitosan concentrations. The essential oil compounds of lemon balm (citronellal,
caryophyllene, linalool, carvacrol, a-pinene, geraniol) at flowering harvest stage were
significantly higher than the seedling harvest stage. Foliar application of chitosan was
more effective than salicylic acid in increasing essential oil compounds of lemon balm.
The essential oil content ranged between 0.07% and 0.09% in the seedling harvest stage
and between 0.30% and 0.52% in the flowering harvest stage. The highest value of
essential oil (0.52%) was recorded from the flowering harvest stage with foliar
application of 200 mg.L™" chitosan. The findings of the current study showed that both
elicitors possess strong potential in biomass production and enhancement of essential oil
compounds in lemon balm.

Key words: Biomass production, Biostimulants, Chlorophyll index, Essential oil,
Lemon balm.
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