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Introduction

Today, the crisis of water resources is one of the biggest challenges of human societies. Population growth and
industrialization have increased the demand for water consumption. The agricultural sector is facing many
problems to supply the required water resources. Irrigation management and the use of plastic mulches play a
crucial role in raised-bed cultivation of horticultural and medicinal plants, serving various purposes such as
enhancing quality and increasing yield. Moreover, given the current water scarcity conditions, improving the
quantitative and qualitative yield of medicinal plants relies heavily on effective irrigation management and
efficient cultivation practices.

Material and Methods

In this research, a split-plot experiment was conducted using a randomized complete block design (RCBD).
The experimental treatments included: the main factor of irrigation management (IM) with four levels (IM100,
IM80, IM60 and 1M40) and the sub-factor of plastic mulch (PM) with two levels (black plastic mulch (PM1) and
no mulch (PMO0)) with 3 replications during the growth season 2022-2023 and was conducted at Sari Agricultural
Sciences and Natural Resources University (SANRU), Iran. The dimensions of the experimental plot was arranged
as 1.80 x 1.20 meters (length and width). Lemon balm was planted in rows with a spacing of 30 cm between plants
and 40 cm between rows. Soil moisture was measured by weight method and irrigation was done manually with a
sprinkler. In the end, the data obtained from measuring water productivity (WP), relative water content (RWC),
essential oil content, morphological and biochemical characteristics of lemon balm were analyzed using ANOVA
of SAS software. The Duncan multiple range post hoc test was employed to compare treatment means.

Result
Based on the findings, the interaction effect of irrigation management and plastic mulch on water productivity
was significant. So, the IM100 conditions and PML1, the highest water productivity was observed with
38.5 kg.m and the lowest amount was related to IM40 and PMO 25 kg m . The results showed that the simple
effect of IM on the RWC in IM100 was very noticeable and obvious compared to other IMs. The highest (74.3%)
RWC was observed in IM100, while the lowest RWC was related to 1M40 (40.1%). In PM1, the highest amount
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of RWC (62.1%) was observed and the lowest amount was related to the PMO (51.8%). The results showed that
vegetative wet and dry weight, leaf area index (LAI) and the number of lateral branches of lemon balm increased
under the IMs and PML1 affect compared to the control (PMO0). The comparison of averages indicated that the
highest wet and dry root weights were 217 kg ha™ and 140.8 kg ha'%, respectively, observed in the IM100 treatment.
Additionally, the highest wet and dry root weights under the plastic mulch treatment (PM1) were 151.1 kg ha*
and 108.5 kg ha’l, respectively. The results also showed that the highest vegetative wet and dry weights were
recorded at 647.2 kg ha and 231 kg ha%, respectively, in the IM100 treatment. Furthermore, the interaction effect
of irrigation management (IM) and plastic mulch (PM) on the leaf area index revealed that the highest LAI value
(2.8) was observed in the IM100 and PM1 combination. This was while the lowest value of the LAI was related
to IM40 and PMO. The interaction effect of IM and PM on the number of lateral branches indicated that IM100
and PM1, the highest number of lateral branches (12) was generated. Based on the obtained results, the highest
amount of phenol and flavonoids content were related to IM40 and PMO with 13.4 mg.GA g and 14.6 mg.QU g
!, respectively. While their lowest amount was observed under IM100 and PM1 with 10.2 mg.GA g* and 11.8
mg.QU g%, respectively. Also, the results showed that the highest essential oil content was related to IM100 and
IM80 conditions with 1.14% and 1.13 %, respectively, and the lowest was observed in IM40 condition with 0.53%.

Conclusion
The evaluation of the irrigation management and plastic mulch effects on water productivity and quantitative
and qualitative yield of lemon balm showed that the use of plastic mulch by maintaining soil moisture and
improving cultivation conditions, increased the vegetative growth and some qualitative characteristics. In general,
due to the crisis of lack of water resources and the challenge of water scarcity, irrigation under IM80 conditions
and the use of black plastic mulch in the rise-bed of lemon balm are suggested.

Keywords: Essential oil, Leaf area index, Medicinal, Phenol content, Water deficit



SB g ol @ i
https://jsw.um.ac.ir

AT

oo 35 Je

SEV-FAY .o FY Wl (yotg F 0,los FA ol

AS 5 oS5 5 5 O Gose 2 Sl @y bl o ke ST L5
(Melissa officinalis L.) 4 g ;a4

¥

R g e =D p S 35 o s = U] )
VEY/Y/ 8 B 5 b

daS

Oil38l g cutS 390 aile lisee Blual b og)ld 5 (LU lalS i s 3 (Saodl slagle I oslituwl g ()bl Copte (i 0,

Copdo 955 30 ol oS luly b @ sag b g (alS iS5 (o8 3 Skes (I3 Cuenl Bk Sl ail o Conl Pl iy 5 Slos
9283k (&S 5 (oS 3Skes 5 ol (gy90 500 32 (St @lo g )l e 1T b3 elaieds bl o 2oLl CS (Slaoged 5 )l
s ez b (IM) (o)l o ol 5516 ol tylof] celolo b doloss JolS’ (slacSsl )b sl o 3,5 &8 Ltalyl b Ltloj]
Y55 (PMO) e gt 5 (PML) olyus (Sitesdly gle) ghaas 93 b (PM) Sty llo 53 55256  (IM40 5 IM60 AM80 AM100)
GaSo oy p)S oS YAD b OF (6yg0 e iz 2t ol (Situodly @llo 9 IMI00 (o)l o Ll s 5 daaily aly o o plosl 1S5
olS Sy Ol s (slgizme e oy i iomen A odmliie xS yio p p)SohS YF/A L (Siodly @lo (g0 5 IMAD 5 o o j2aS
claasls sl g Sy aw asls ol pluil Sid g 5 (59 45 3l Ui ol g0 doyd VY L IML00 (6 )bl o pie bl 4 bgypo
2 S sl £33 eo WIF j0lie b i s dagigMé 9 Jid slgiome (fem copidin 8L el 33l dle (g bl 4o o 905 )0L (>
balp 4y bgayo uibl diops (2 g (St @lo s 5 IMAO (bl oo Ll 4 bgryo £33 i 365 2.5 oo \¥17 9 25
b e dS yobas b odalie o ys +/0Y L IMA0 (o)Ll Ll )5 ol lime opyieS g 392 2o p> VY 5 VVF L coi sy IMBO 4 IM100 (¢,
452290 (291> oS Syt )3 ol (Sl lo 1 oalistsl 5 IMBO Lyl o ()l ¢ oIS e 5 ol ollo 39008 o 42 a2

235 oo Moy

J.lé dl}«m ‘L;’][vg “.f)g Ela.w UA>L» c&”‘.) ¢L)~uLv| :‘5.\.‘»)5 dha)‘s

oo Blaml 3yt 53 Lol IS g 55k 25 (oLwliod g (29>
bl gl (US98 adlw a5 lp Slae g sladhaie
b bl (s oy S p (eLall drwg g Jliil
o 95 0555 Wil (S5 saianS g SIS plyean
GRU ) (§)9y—2 9 e Sl 3 (SO lgied g 958y (gl

LVRUFY

4 Gl g9l (LS (Melissa officinalis L.) 455050,
& 0193&" Q] Sley uo\9'> L)“)’G") e el olel= 03\9515

35 ol gl a5 81l (gl ol
olalS cwenl 0950l (Nourbakhsh Rezaei et al., 2019)

ol&_iily ‘chl))' (b IRXCERA “TJ’l (b 09)5 ‘d)')gl_.ﬂf u_wl.a.wlyb )lg'.)l:_wl 9 sl ‘Ls—“&) 9 d)uj .,\_M:)I (_s_wu)lf 4_Z>9n’lu~_>‘.) (WY -y 9 Yo

https://doi.org/10.22067/jsw.2025.87779.1405

Olrl i)l ()l (rub @l 5 (455l pole
(Email: magholamis@yah00.com : Jyus ot g —)


https://jsw.um.ac.ir/
mailto:magholamis@yahoo.com
https://doi.org/10.22067/jsw.2025.87779.1405
https://orcid.org/0000-0001-8732-4929
https://orcid.org/0000-0001-9434-2885

VP ¥ Wil cage oF 0jlocd YA wl> (S g of apis PV

8L Gl 43gigMe (s (FC L)) sald Jlows

st S S s 5 S5y (Sl Slagdle J ol
F Sl s pials el (g JB 2> U £l plals
slacale S (Amare and Desta, 2021) S5 > Ol cé,) ,an
9o Lol 3 Sles iuljdl g (S sl Sy 9 i
Shiukhy et al., ) 4, Sen 5 A9 .(Singh et al., 2017)
Sl & (St sloglle s Seste slze 3 1 (2015
bty al58l e lié slgo 4y ol o ytwd ialidl o SB gl
2 bl See 2 (58, Vb g (alié polic Cla (gl 4y,
Syl o1y olS 0,Slee inlial cules jo a8 W S o)Ll S1S
ol (Shiukhy Soganloo & Raeini, 2018) .ly § (59
G e y395 s o8 Seiasdly il 3 eslizul o 15305
P SR oge Sl el wge 3 )Shes
5 delo Jl gl b (ald o) @le g bl )5 b aulie
&l jl odlaiwl 55y 4 0 (EI-Mageed et al., 2016) -, Son
IS ool Bpmao S Gl 5 e g bl 4 o
sl 0Ll 5 Slas (sl g 3 Shes Liulsél ojyn clacile

R R
4 s 2ol S (slmoge g lais)sled 4 938l o) 3l
2 g Gl OF gt B g po g i (sl sby)
5 Vg 4 only (e 2l oo Cpmd Bl sl g 25
S 5 il gl bl gl il (SigSs e
5 <l ogorte ORIB gLy &S 5 o slaShy
olS 9od 9 13 (50y93 Jobo 3 (Sid (i gllaal 5l ialS
5 St gl odis ol Bl 3 88 3 g 30 4815
o | 355 Olie (1S 2 (y938] 92053k ol S i
2 Brmae o e Shals 5 S e glod i SLs
2 olS dnogi 9 1) (sl osllas byly b 5l oald L ol
o Gellasl il il g U wilgh o gdlo o Loyl 5 b awolde
5 Gan 11l oy 1y ol 3,Skes elinl g 3,Shos y S
2 Sy @l g (bl cpie 15U L) Gl o)
g1 439280l S 5 o5 3 Skes 5 Ol ()50 0

W yg; 9 dlge

5 hgiS pole o8 tils (lesl as 50 ) g, adlaie
by> g 51 el b o)l ol o 53 &Bly oyl (b @lie
SUL Sl 5 (31,5 Bl a3 W) Lo 1,K5lee o 520 YY)
5 oitlasl Jome (alsp g Ol bl oSy e (e e 701
935 50)9> Jobo 3 42 )50 S (aben S =S58 sl Sy
A5 ALY Joda 53 4555,0k olS gl

(Naveed et al., 2020) L Cguworo (5jysbisS

aelge ol b sy ol 0950l & o iy 085 5l (S
Cal SV guaze ol 5L el cas ol @l il lal witue
SYoamo gyl 4545 > (Alizadegan et al., 2022a)
Oy 2 lie el 55 51 dgaome SS9 (55)9LiS
9 Cure A5y b Lol [(Alizadegan et al., 2022b) ¢85 .o
Vg ae CiS 3 35 3y90 o lie el sl (55p5liS
Mokari et al., ) .a_sb o dalse (sdaxt0 Mo by ¢(5y5liS
(2020

gy e0 oy e ola (il oy yiegs 5las uj oS
5 OlSUgk dag il Slodes A5y o Shos b5 b Jdsan
Shiukhy Soganloo, ) ¢ wl aslw 595 glara |y (55,9l iS
‘d)l:‘?j &Lé)')l 9 OL"} coewlio O 9 gudso Lg)‘g.)«a[}ﬁ L .(2023
gé)__.m )I 6)591> u.o_ao 9 ") .\m|9> ua..a‘.: °lf:§ )L.J.))?A ul
SxS o 38 Jgaze 3 Slas (S g ol G5 jop 5l Ol gy
aloludl 5l S (Shiukhy Soganloo et al., 2021) 553 »
S ol el P o)lul ol)j Sl o 3 (e
Alizadegan ) a8 cdbys Ol 95 jLisyge 0jlhla g aBgeds oLS
olS 5 i sbl el ol 5Ll eS8 o)Ll (et al., 2022b
293 5 5 2)90 Ol e bioe g Sl iz 5 Ol (8 um
w8y S 8l sl gy A (St oy plalS (ol
(Karimi et al., 2020) 5,5 dalaio yo Kull 9 (uyd95 b (o)

3,8es g 2y 23yl o Ll 18 5 ame gl 15 )
2 Gt Al Cueal Bl b (Sl g (o) Y paxe
2 e Sl g Jpame Mg sl (s BB Cudgioe
» ols (Ray et al., 2018) Lgd o wgwze eyl
Olyoss falos 5l Jglaie glag wl o ol yiid U dagales
b Js¥9e 5 olaoa—don ( Sdglio (Sl 508 «(N39l5)90
dalge Cudgio 1y olS ged g 4y Cules jo a8 Lad o LS
ol J(Fahad et al., 2017) wgs o0 5Sdas JialS cely g aslo
@ a8 b G oy lulpd b )l )3 (ol 35500 sl ol
Gl 9o 9 4y Jolpe 51 S 2 3 G5 E58g Lo g 4igS
oh&ed 9 biL,8 (Wei et al., 2018) was L |y Jalae
oplbwes] e 45 45,8 Lo (Ghorbanli et al., 2012)
Linum usitatissimum ) LS a5 olS cplgp o L6 oloS s
AigMe (e (ppimen L il (St i Gl L (L
(o) byl 4 cus) FCra 9 FCas (Suid (5 joy bl 5
bdlio 3 Jls o & bl wcdly il oS au g ialjl



PYN o drgan ol (S g o8 5o 9 T (6590500 32 Sty llo g 53l oo 33T D31 sl 0m g (G

halejl 12l Jore SB g algd o Of bl pad (S S 5l (A2 - g
Table 1- Some of the weather conditions and soil characteristics of experimental site
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Table 2- Results of variance analysis of irrigation management and plastic mulch on the morphological
characteristics of the Lemon Balm during the growing season
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Table 3- The results of the comparison of the mean effects of simple irrigation management and plastic mulch on the
morphological characteristics of Lemon Balm
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Figure 1- Evaluation of the interaction effect of irrigation management and plastic mulch on the foliage wet and dry weight
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Figure 2- Evaluation of the interaction effect of irrigation management and plastic mulch on the leaf area index
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Figure 3- Evaluation of the interaction effect of irrigation management and plastic mulch on the number of lateral branches
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Table 4- The results of variance analysis of the effect of irrigation management and plastic mulch on biochemical
characteristics, water productivity, relative water content and essential oil
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Figure 4- Evaluation of the simple effects of irrigation management and plastic mulch on antioxidant activity, phenol and
flavonoid contents
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Figure 6- Evaluation of the interaction effect of irrigation management and plastic mulch on water productivity
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Figure 7- Evaluation of the interaction effect of irrigation management and plastic mulch on relative water content
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