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Table 1 Analysis of variance of salinity and y-aminobutyric acid (GABA) on the morphological traits of Melissa officinalis
S.O.V. D.f. : ; MS :
Height Fresh Weight of Aerial Parts Fresh Weight of Roots
Salinity stress (S) 2 1155.19%* 2481.69** 2508.86**
y-amino butyric acid (G) 3 153.14%* 103.52* 151.44%*
SxG 6 0.75%* 44.32% 68.05%
Experimental error 24 1.78 23.31 35.58
Coeff of variation (%) - 4.30 7.18 11.44

*,and *": significant at 5, and 1% probability levels, respectively.
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Fig 1 Results of the mean comparison of the interactive effects of salinity stress treatments x y-aminobutyric acid (GABA) foliar application
on the plant height of Melissa officinalis
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Fig 2 Results of the mean comparison of the interactive effects of salinity stress treatments x y-aminobutyric acid (GABA) foliar application
on the Fresh weight of aerial and roof of Melissa officinalis
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Table 2 Analysis of variance of salinity and y-aminobutyric acid (GABA) on Photosynthetic pigments of Melissa

officinalis
M.S.
8.0.V. D Chlorophyll a Chlorophyll b Carotenoid
Salinity stress (S) 2 9.77** 7.48%* 4.19%*
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y-amino butyric acid (G) 3 3.61%* 1.67** 0.87**

SxG 6 0.45%* 0.12%* 0.07**
Experimental error 24 0.04 0.01 0.01
Coeff of variation (%) - 5.27 4.25 4.32

" significant at 1% probability levels, respectively.
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Fig 3 Results of the mean comparison of the interactive effects of salinity stress treatments x y-aminobutyric acid (GABA) foliar application
on the Chlorophyll a and b of Melissa officinalis
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Fig 4 Results of the mean comparison of the interactive effects of salinity stress treatments x y-aminobutyric acid (GABA) foliar application
on the Carotenoid of Melissa officinalis

99



VEL0 sls 5 YT ay05 VY 6 led Olpl 214 mblo 5 pgle e

SUoCblis 4 Jes opl S KaS SlnS] e 13 Ylaast 5 e s b s IS (sl g alS
e s IS ek lageSs s oIS IS Jlke 5 e (0SS e 5B e O
SoS aisy Cunds dpe 4 GABA IYV] 5330 oy [ITT UL o 25 s 55 ol Conglie siasolis
35 42 53 5 38 DolS 25 4 pad e ) 4SS s b L8 e Gopd A5 Tl s S5 5,8 5 s IS
ol ol [YA] spdpe ame 5JS jme 5 e s Shes Glle i OIS o sl e 1l
A5 S apd g s e lPl Coge iomen OIS (GLad laintis ot 4 bain s (6l se 2alS
SIB L] Ll e SGS sS85 S Ssy) sl -0 dile L35 0 s e slagu 3T
0P wlr Gly atn Ul oS (s S mhaw wkdsIS s Gluls Osdasise LA A
W Gl e s o as @ sl plab Lds s 0L W, Sl s G5 TE] AL 5L ss, S
23 e o S5 5) 1s kS SS a8 5 ol 03,55 @b p a3 Jpams W5 5 A
LE Tl s 55 pl 55 olS 5l bl Al Sl gt 15 5 ST sy 0 pobe S

JoS 5 e G555 sladl b ezt ol Al 4 S

el g8 Oliwo Y s Ol ol 1) ams Jolse a5 olS Wiy lgs 5 ol

JS A5 5 s oS sl 0L lls wm mls ey Ll ol o bt S dulp e
a sl bl s Shee 5 Aoy GSI AT s M s elS s Y] el g (e S5 s
w53 GABA 3L e 5 (5553 25 ol il o O s 3l S Salt s Olpe 4 035 S
I lales Jlie J1oss ol pme do)s G Jlen| DV 2138 o 3 s 8 0T o i 505
v 53 il s Shes 5 do s eS| BT e dls  J5 ok Ab s s Jets sl el GABA
Aoy e 53 S LSS0 s s S Jle JsAS ‘L"‘v-.’)—ﬂ ol Sl Olgen GBI 5 S e
(F Jad) sls 0L S sl oS5 G Olge w el pl PV Al il 5

ui.l: )\ L;\;VLJ 6[.&&_,.:.«:\ &ALS “ o9 e:JS JA& d‘.,\:.ws‘&b‘
Table 3 Analysis of variance of salinity and y-aminobutyric acid (GABA) on phytochemical traits of Melissa officinalis

M.S.
S.0.V. D.f. Total Phenol Total Anti-Oxidant Essential Oil Essential Oil
Flavonoid Activity Percent Yield
Salinity stress (S) 2 2178.95%* 2342.33%* 2646.03%* 0.58** 1010.04**
y-aming (b(‘}l;ync acid 3 gy5.450 318.85%* 785.00%* 0.16%* 158.62%*
SxG 6 49.62%* 9.18* 59.47** 0.01%** 7.12%*
Experimental error 24 6.30 3.44 7.67 0.003 3.17
Coeff of variation (%) - 4.84 4.11 4.85 6.11 8.52

*, and ™" significant at 5, and 1% probability levels, respectively.
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Fig 5 Results of the mean comparison of the interactive effects of salinity stress treatments x y-aminobutyric acid (GABA) foliar application
on the Total Phenol and Total flavonoids of Melissa officinalis
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ARTICLE INFO ABSTRACT
y-aminobutyric acid (GABA) is a biochemical elicitor that can function as
. . an endogenous signaling molecule. Nowadays, the use of GABA to mitigate
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the effects of environmental stresses and enhance the production of bioactive
compounds in plants has become common. This study aimed to investigate
the effect of gamma-aminobutyric acid (0, 0.5, 1.5, and 3 mM) on the growth,
physiological, and biochemical characteristics of lemon balm (Melissa
officinalis) under salinity stress (0, 60, and 120 mM) using a factorial
experiment based on a completely randomized design with three replications.
The results showed that 120 mM salinity stress significantly reduced
morphological traits such as plant height, fresh weight of aerial parts and
roots, and photosynthetic pigment content in the plant. The application of 3
mM gamma-aminobutyric acid resulted in the highest levels of phenols, total
flavonoids, and antioxidant activity, which were positively correlated. Under
moderate salinity stress (60 mM), the essential oil content of the plant
increased, but under severe salinity stress (120 mM), the percentage and
yield of essential oil decreased. In summary, while lemon balm demonstrates
sensitivity to salinity stress, GABA application effectively mitigates its
adverse effects by enhancing growth and stimulating production of valuable
secondary metabolites. Foliar treatment with 3 mM GABA is recommended
as a practical strategy to improve antioxidant capacity and essential oil yield
under moderate saline conditions up to 60 mM NaCl, supporting sustainable
cultivation of this medicinal plant in affected regions.
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