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Abstract

Considering the limitations of water resources and the increasing impacts of climate change, managing
drought stress in agriculture has gained significant importance. Drought stress can substantially reduce
both the quantity and quality of plant yields, including essential oils such as basil. This study examined the
effects of drought stress and foliar application of glycine betaine on the efficiency of essential oil and its
components in basil grown under greenhouse conditions. The experiment was a factorial design based on a
completely randomized layout, with different levels of drought stress (0%, 25%, 50%, and 100% of the
field capacity) and various concentrations of glycine betaine foliar spray (0, 50, 100, and 200 mM). Results
indicated that drought stress increased essential oil yield but had mixed effects on its components. Foliar
application of glycine betaine enhanced essential oil yield and improved most of its constituent compounds.
The findings suggest that the use of resilience-promoting additives like glycine betaine could be an effective
strategy to mitigate the negative effects of drought on both the quantity and composition of basil essential

oil.
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Table 1- Physicochemical properties of the soil used in this study
(PPm)eely,  (ppm),ans  (B)IS 0sts (AS/M) Spslicge 0 () JTens sl Lobs

Potassium Phosphorus Total Electrical conductivity A01 d1 ¢ Organic Texture
(ppm) (ppm) l’litI'OgeIl('/.) (dS/m) y carbon(/) class
S
250 10 0.05 21 7.5 0.45 &7

Loamy  soil

Gz oyl 50 oolawl 0 )90 CawgaoS (o bl 9 (S 38 Wlasio Y Jguo
Table 2- Physicochemical properties of the compost used in this study

el (ppm) i (CON ST (dS/m) S sl culom o (%) S enss
P()(tlzlrs)gill)lm Phosphorus ~ Total nitrogen  Electrical conductivity A01 d1 ty Organic
m ) dS/m carbon(/.)
(ppm) (ppm) (dS/m)
0.9 0.3 0.5 5.8 7.2 1.5 oS

Compost
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Table 3 - Analysis of variance of the yield and various constituents of basil essential oil under treatment with
different concentrations of glycine betaine at various irrigation levels
Sources of variation <l .55 wlie

o s . Drought stress x Glycine . .
(30,9) OlysS e yo Error betaine Glycine betaine  Drought stress

Coefficient of

e o 6°lj‘ FES
variation (%) 3 9 3 3 3 Degrees of
freedom
8.08989 0.00023 0.00033 " 0.00261** 0.02346 ** | Essential Oil efficiency
4.17566 0.00024 0.00044 " 0.00557** 0.02016** o-pinene
5.78069 0.00009 0.00009 " 0.00009 " 0.00039* camphene
6.89588 0.00029 0.00039 "™ 0.00150** 0.00212** sabinene
6.35833 0.00183 0.00239 "™ 0.01054** 0.07759** B-pinene
7.18925 0.00058 0.00052 " 0.00060 " 0.00176* myrcene
4.88404 0.00061 0.00081 " 0.00291** 0.04224** a-Phellandrene
4.65240 0.00004 0.00005 "™ 0.00035** 0.00131** limonene
3.73750 0.00004 0.00006 "™ 0.00083** 0.00165** B —Phellandrene
3.41924 0.04399 0.09515"™ 0.43966** 44.71460** 1,8-cineole
3.69096 0.02840 0.02079 "™ 0.51935** 2.82779%** B-Ocimene
4.04489 0.00004 0.00006 " 0.00028** 0.00309** y-terpinene
2.49053 0.00023 0.00049 " 0.00101* 0.03338** Fenchone
3.43556 2.64721 3.28802"™ 16.39030** 216.75300%* linalool
4.48330 0.00140 0.00083 " 0.00185"™ 0.05780** camphor Sl e (2 Silee
4.38228 0.00443 0.00419 "™ 0.01457* 0.46701** borneol Mean squares
3.69598 0.00003 0.00005 "™ 0.00008 ™ 0.00208** Terpinene-4-ol
7.38029 0.06194 0.07701"™ 0.52795** 13.39900%** a-terpineol
4.39820 0.06436 0.01905"™ 1.65853** 4.74584%** geraniol
4.62567 0.00648 0.00454 " 0.01416"™ 0.05555%** Bornyl acetate
4.72424 0.04032 0.02880™ 0.12696* 23.49840** Eugenol
3.39279 0.00016 0.00026 "™ 0.00137** 0.00606** o -Copaene
5.91733 0.00033 0.00057 " 0.00542%** 0.01504** B -Cubebene
4.02471 0.00118 0.00104 "™ 0.01067** 0.05266** o - Elemene
4.17021 0.00089 0.00030"™ 0.00304* 0.09046** B-Elemene
5.82469 0.00146 0.00042 " 0.00341"™ 0.03071** Methyl eugenol
3.76788 0.00064 0.00105"™ 0.00201* 0.03835** Spathulenol
3.91604 0.00074 0.00103 "™ 0.01097** 0.05805** caryophyllene oxide
4.10419 0.03586 0.07133"™ 1.08222%* 3.67085%* a- Cadinol
3.66296 0.01743 0.01304"™ 0.32211%** 1.75828%** Muurol-5-en-4- a-ol

a0 e ol 1) 5 lo ciae Dglis oszg pae ™ g ao)s B 5 ) gl 0 ()0 s i 4 ¥ *

** and * represent significance at the 1% and 5% levels, respectively, and ™ indicates no significant difference.
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Table 4 - Comparison of simple effect means of irrigation treatment on the yield and various constituents of basil

essential oil

(L_é‘)) “J)'E o)) Lji )L“‘J

Irrigation treatment (percentage of field capacity)

25 50 75 100 S
0.205a 0.189b 0.178bc 0.170c Essential Oil efficiency
0.384a 0.382a 0.383b 0.341b a-pinene
0.237c 0.245a 0.261ab 0.254ab sabinene
0.687a 0.685a 0.687b 0.627b B-pinene
0.524a 0.506b 0.501b 0.487b a-Phellandrene
0.131a 0.128a 0.131b 0.121b limonene
0.182a 0.175b 0.172¢ 0.163¢ B —Phellandrene
6.282a 6.187a 6.215b 5.853b 1,8-cineole
4.798a 4.625b 4.540¢ 4.299¢ B-Ocimene
0.162a 0.160a 0.162b 0.152b y-terpinene
0.621a 0.619a 0.611b 0.600b Fenchone

48.141a 48.064a 47.583b 45.645b linalool
1.544a 1.508a 1.551b 1.476b borneol
3.622a 3.455¢ 3.263¢ 3.147¢ a-terpineol
6.089a 5.800b 5.944c 5.239¢ geraniol
4.389a 4.229a 4.244b 4.14b Eugenol
0.389a 0.381b 0.378¢c 0.364c o -Copaene
0.324a 0.319a 0.313b 0.278b B -Cubebene
0.885a 0.867b 0.851c¢ 0.813¢ o - Elemene
0.726a 0.727a 0.711b 0.693b B-Elemene
0.677a 0.678a 0.683b 0.653b Spathulenol
0.726a 0.702b 0.690c 0.651c caryophyllene oxide
4.982a 4.700c 4.498d 4.277d a- Cadinol
3.788a 3.651b 3.584c 3.39%4c Muurol-5-en-4- a-ol

it LSD (4505170 Jlois! lans jo s simo (5 kel S 0Bl S jiiin B9 1> (gl gl (peSileo

Means with same letters are not significantly different at the 5% probability level according to the LSD test.
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Table 5 - Comparison of simple effect means of different glycine betaine concentrations on the yield and various
constituents of basil essential oil

Y5 (ko) 53l rmaa S
Glycine Betaine (millimolar)

(A%
200 100 >0 0 (/) Variable
0.241a 0.199b 0.162¢ 0.140d Essential Oil efficiency Oil
0.415a 0.393b 0.358¢ 0.323d a-pinene
0.167a 0.170a 0.171a 0.158b camphene
0.24b 0.245b 0.243b 0.269a sabinene
0.740a 0.716a 0.673b 0.557¢ B-pinene
0.352a 0.327b 0.327b 0.328b myrcene
0.472¢ 0.498b 0.460c 0.590a a-Phellandrene
0.142a 0.131b 0.118¢c 0.121c limonene
0.191a 0.175b 0.162¢ 0.165¢ 8 —Phellandrene
4.249d 4.881c 6.952b 8.454a 1,8-cineole
5.149a 4.716b 4.389¢ 4.008d B-Ocimene
0.18a 0.163b 0.152¢ 0.142d y-terpinene
0.684a 0.618b 0.588¢ 0.562d Fenchone
45.543a 52.56b 48.673¢c 42.658d linalool
0.923a 0.85b 0.797¢ 0.763d camphor
1.742a 1.625b 1.40c 1.313d borneol
0.169a 0.153b 0.145¢ 0.140d Terpinene-4-ol
4.454a 3.855b 3.187¢ 1.991d a-terpineol
5.031d 6.498a 6.007b 5.536¢ geraniol
1.833a 1.675b 1.709b 1.738b Bornyl acetate
2.877d 3.323¢ 491b 5.891a Eugenol
0.404a 0.388b 0.365¢ 0.356¢ o -Copaene
0.264c 0.296b 0.337a 0.338a B -Cubebene
0.912a 0911a 0.793b 0.801b o - Elemene
0.716b 0.837a 0.653¢ 0.653¢ B-Elemene
0.5%4c¢ 0.698a 0.633b 0.696a Methyl eugenol
0.623b 0.722a 0.721a 0.625b Spathulenol
0.614d 0.661c 0.774a 0.719b caryophyllene oxide
5.416a 4.544b 4.264c 4.232¢ a- Cadinol
4.065a 3.724b 3.465¢ 3.164d Muurol-5-en-4- a-ol

izt LSD (4505170 Jlois! alans (o s cime (g kel S 03l S jiie B9 > (g ls slo (puSilee
Means with same letters are not significantly different at the 5% probability level according to the LSD test.
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CymedS 3l oolat] il o pol> Gados sl auil b @lkhe a5 (Rahimi ef al., 2023) wgds so i Loyl o SloS 5
Sl 03,5 youlo (AL alis (sladigS yo (S (a5 phe Dl 205 (6ly Fhe 51l S5 plyie 4 (GB) ol
O SaS g Jobw sbolizle ot b g oS o Joo (6ol La8lre SO lgre 4y 5l S (Hussain et al., 2008)
as ols ylas L8 ollas (Ashraf & Foolad, 2007) sas oo Lialidl O 8508 ol j0 1) olS oot (6 ol Jolos
Lulps o1y Ol 0 @S Shaee oS 5 (S cale 5 Guilul o Sles gz g8 BB 5k 4 Wl o0 GB ()15 0 )18
bl 4 oo 5 amd e (el 1) jiiwgid Glesil, Yeene (Sis i (Aminifard ef al., 2024) sis sgu A5
wsds o Jas! GB a5 oK (Jl> ! L (Ahmed et al., 2019) s co bl 3iiwan lp 655 09 (o yiwsd 5o
AL S o 815 1y olol slss 3500 SISl oS (Slplin slas Shoe bk b 5 0,5 5,55k siimsis als
S g oy aSh g8 e ol Laix el g5 4 GB )5 1yj el mis s ¥l i1 ol (Huqail et al., 2020
olas LS wlidss (Agami ef al, 2016) wS o0 S50 g walss phae Ohgo pl e oS alll ol Gl
L5 il glo il 5 55 B g e oS A5 Lyl 15 GB L o plKin jlane laleS 5 o8l el
S ols 5 sdie Slge iz 2l LGB 0,5 a5 el ools (L gkl 5 rtasl 55y Slallas ¢ Jle (sl ilools
S ywe & GB o4,5 .(Burbulis ef al., 2022; Tisarum et al., 2019) sls zl38l |, Luilul caas 5 o0 ,Sles wolS
Shafiq et ) coul ool atuils Lo e witusd uilul Gliz! Jols a5 @ gl sl mhw (il b olS Sdslie
Gy e il o LT GB 5 0,5 aiien @l 1 g Sl Jelss 51 GB 5,18 35, 5 ole; (al,, 2021
Kockmaz et ) cul 55 50 (S 5 il bawgs piins iz s 4 Yiml) slacy ) 0,05 4 cos Guilal adss
38as j azgs BB dset 4 e Wiy oo 9S00 a3 ) sk (slas Shos @ (I GGl g, cnl (@l 2015
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