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Extended abstract

Introduction

Salinity is a global challenge issue that is drastically reducing agricultural production. More than 800
million hectares of agricultural land suffer from soil salinity. Intense salinity stress may cause
accelerated aging enzymatic and metabolic disorders of the plant. Salinity stress leads to plant death by
reducing photosynthetic carbon dioxide uptake and electron transport activity, chlorophyll degradation,
reactive oxygen species (ROS) accumulation, and membrane damage. Methanol is one of the simplest
alcohols, which is oxidized in the form of formaldehyde and carbon dioxide in the plant, and is produced
in the form of amino acids (serine and methionine) and carbohydrates in various tissues of three-carbon
plants (C3). Plants treated with methanol can increase their net absorption rate. Vermicompost provides
a great potential to enhance crop productivity besides protecting soil health and environmental
sustainability. Its application also enhances the physico-chemical, as well as the organic properties of
the soil. Vermicompost is a solid product of organic residues enriched with earthworms and other micro-
faunas that provide a significant source of growth regulator hormones, degrading enzymes (such as
chitinase, cellulase, lipase, amylase, and proteases), and some essential vitamins. The aim of this study
was the investigation the effects of vermicompost and methanol on the activity of antioxidant enzymes,
compatible osmolytes and some traits of triticale under saline conditions.

Materials and methods

An experiment was conducted as factorial based on randomized complete block design with three
replications in greenhouse research of Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili during 2022. Experimental factors were included salinity in three levels (no salinity
as control, salinity 50 and 100 mM by NaCl), application of vermicompost at two levels (without
vermicompost as control and application of vermicompost) and methanol foliar application in three
levels (foliar application with water as control, foliar application 15 and 30% volume). "Sanabad" cultivar
was used. The seeds were placed in a cold incubator (model IKH.RIg0) for 12 days at 2°C for
vernalization. The amount of vermicompost used in this experiment was 6 tons per hectare (equivalent
to 83.08 g.pot). In this study, activity of CAT, PPO, POD, soluble sugar, protein, proline, MDA, H.0,,
EC, RWC and grain yield were investigated. Electrical conductivity (EC) values were measured using an
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electrical-conductivity meter (Mi 180 Bench Meter model). The activity of antioxidant enzymes (CAT,
PPO and POD) by the method of Sudhakar (Sudhakar et al., 2001), the total protein content of the flag
leaf by the Bradford method (Bradford, 1976), the content of soluble sugars by method of Dubios (Dubios
et al., 1956), malondialdehyde content by Stewart and Beweley's method (Stewart and Beweley, 1980),
proline content by Bates et al.'s method (Bates et al., 1973) and hydrogen peroxide content was measured
by the method of Alexieva et al. (Alexieva et al., 2001) on the flag leaf at the flowering stage (61 BBCH).
At plant maturity, five plants of each pot were randomly harvested to measure grain yield per plant.
Analysis of variance and mean comparisons were performed using SAS9.4 computer software packages.
The main effects and interactions were tested using the least significant difference (LSD) test at 0.05
probability level.

Results and discussion

The results showed that both application of vermicompost and foliar application of 30% volume of
methanol under salinity 100 mM increased the activity of peroxidase (73.4%), polyphenol oxidase
(89.6%), soluble sugar (20.3%), protein (38%), proline (101.9%) and relative water content (20.6%) in
compared to no application of vermicompost and methanol under the same of salinity level. Application
of vermicompost decreased MDA and H,O. content (9 and 20% respectively) in compared to no
application of vermicompost. Foliar application of 30% volume of methanol decreased MDA and H,0,
content (40 and 55% respectively) in compared to no methanol application. Maximum of grain yield was
obtained in both application of vermicompost and methanol at 30% volume under no salinity.

Conclusion

Based on the results of this study, it seems that the application of vermicompost and methanol can
increase the grain yield of triticale under salinity stress due to improving activity of antioxidant enzymes
and compatible osmolytes.
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Table 1. Results of vermicompost analysis
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Table 4. Means comparison of effects of vermicompost and methanol on the biochemical traits flag leaf of

triticale under salinity stress.

e RTY) s s S A Jolo glaad
Treatments Protein POD PPO Soluble sugars
% - OD pg protein/min-------- mg.g™* FW
S1xVixM1 12.281 35.37' 22.58" 65.379
S1xVixM2 14.633¢ 39.11 31.44! 91.04¢
S1xV1xMs 15.192 45 77" 36.991k 93.27¢%
S1xVaxMa 14,070« 38.284 28.98'm 99.260¢
S1xV2oxM2 14.82% 43.ghi 34.52¢ 99.07bcd
S1XV2xMs 15.572 56.679 42.389 101.41°¢
S2xVixM1 10.96M 36.264 27.90m 83.38f
S2xVixM2 11.449% 47.96" 38.18i 98.62b¢d
S2xVixMs 13.32¢ 67.64¢ 46.52¢ 99,740
S2xVoxM1 10.40" 41,79k 35.64K 98.82b¢d
S2xVoxM2 12.75° 62.911 42.03% 97.760
S2xVoxMs 13.69¢¢ 69.88¢% 48.47% 95.15¢®
SsxVixM1 9.65! 54.119 39.04" 94.36%
SaxVixM2 10.96M 74.48% 50.92¢ 97.91bcd
SsxV1xMs 11.629" 80.84° 58.72° 99.51bcd
SexVoxM1 10.87M 66.32¢f 43.901 101.87°
SsxV2xM2 11.72% 77.48 53.62°¢ 109.732
SsxVoxMs 13.32¢% 93.872 74.022 113.532
LSD 0.97 5.55 3.07 6.71




Table 4. Continued
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Treatments Proline RWC EC Grain yield
pg.gt FW % ds. m? g per plant

S1xV1xMy 0.75% 71.850N 29.60% 0.559"
S1xVixMa 3.07%" 82.69"¢ 25.13 1.47¢
S1xV1xMs 1.611 89.26% 24,389 4.16°
S1xV2x M1 2.62" 87.77%¢ 26.66%9 1.35%
S1xVoxMa 3.93¢f 88.55%¢ 23.031 1.78°
S1xV2xMs 3.89f 90.832 23.59" 5.442
SoxV1xMy 2.51hi 76.49¢h 27.86¢5de 0.46!
SaxVixMz 4,94 78.12%9 28.16°¢ 0.659
S2xV1xMs 4.60% 81.85¢f 27.06%f 0.91
S2xVaxMi 2.43N 68.46' 30.56° 0.81f
S2xVoxMa 5.21¢ 79.97%f 26.20¢f 1.33¢
S2xV2xMs 6.05° 84.20%d 25.80¢" 1.35%
SsxV1xM1 3.52f 62.16! 33.132 0.15
SaxV1xM2 2.31 76.67¢" 29.03<d 0.50"
SsxV1xMs 5.56 72.549" 28.86" 0.609"
SsxVox M1 3.681 77.90%9 27.96% 0.26/
SaxV2xMz 6.17° 69.43" 28.80bcd 0.609"
S3xV2xMs 7.112 74,98 27.50°" 0.88"

LSD 0.68 7.34 2.40 0.12
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S1, Sz and Sz are no salinity, 50 and100 mM salinity. V1 and V2 are without and with application of
vermicompost. M1, Mzand Msare no foliar application and foliar application 15 and 30 volume of methanol.
Means with similar letters in each column are not significantly different based on LSD test.

Relative water content (RWC); Electrical conductivity (EC); Peroxidase (POD), Polyphenol Oxidase (PPO)
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Table 5. Mean comparison of the main effect of salinity, vermicompost and methanol levels on hydrogen
peroxide, malondialdehyde and catalase in triticale flag leaves.

slowd O39S 5y sl g glle M
Treatments H20: MDA CAT
----------- pmol.g FW2-mmemmmmeee OD g protein/min
. S1 0.019¢ 0.075° 54.59¢
S35 Tolaw 52 0.0400 0.096 66.02
Salinity Levels Ss 0.056 * 0.105 80.71°
LSD 0.008 0.009 5.96
M1 0.045#2 0.108¢2 56.67P
Jyilio Tyt M> 0.040? 0.092° 70.08°
Methanol Levels Ms 0.029° 0.077¢ 74572
LSD 0.008 0.009 5.96
T Vi 0.042? 0.096? -
vermicompost V2 0.035° 0.088" -
LSD 0.006 0.007 -
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S1, Sz and Sz are no salinity, 50 and100 mM salinity. V1 and V2are without and with application of vermicompost.
M1, Mz2and Msare no foliar application and foliar application 15 and 30 volume of methanol.

Means with similar letters in each column are not significantly different based on LSD test.
Hydrogen peroxide (H202); Malondialdehyde content (MDA) and Catalase (CAT).

oS (5900 eS|y ezt Gialidl (LS )0 090 oo
Alamer ) 0sd oo Jobis 5o & yzie gl ol
ks 2T b gl Sy o ey (eT Al 2022
slodsSse 4 ol Juml b Jslo 51 ol Bd> g
e plp 5o Jeke 5o ol 0SS jslineas Jo oS
Jsbs 09,9 H202 (5ee 35 (el 2 035 (o0 Jos H202
byls o g ol g 0ad oo il a5 gl 0>
2 ogdle A8 gad g 0 (ormb b Wl oo 5 1S
2 Jeke ) cdadle @ Wl oo Joilie (AL sl <
03, SSWS e Jelge 5l iU glacawl Ly
-5l el sl 4 9 (Vojodi Mehrabani, 2019)
5 Sl GlSse, SlsSulsames aile las]
2025 g G40 5 POD codled (al38l 5 (S 50 515
Yl (Zhao et al., 2014) wis SaS S, 0 H20;2
a Jlat b plals 5o 1, HaO2 Wl oo 5 CemgeaS 09
ol ol e g ams zals o] owyiws LialS 3 ROS

H202) (y jg )b ien Ty (lgixo
2 Jgte 9 695 gsba 51 bl 4525 Jgaa bl
T g ) CwgeeS o) Sl g v S Jlixl wlan
(7 J992) &8 lo dne (159,008 9T slyions 12 a0
alasly (25 Hlade b (3,008 denS Ty (slotione vy o0yt
H202 (e «sy5s (25 Gil38 L aS 59k 010 s
Ol Sl gilin 5 CanmgaS 0 )9 0 )5 31 50 9 23 il 8l
Ve 69 el )3 (35,008 9eaST liee ol atulS
o> o, Vo Jgilie 5 ComgiaS (o059 2,15 Vg oo
£ 2 JgegsSee 1oV g o[+ YD [+ 0F b ply o
9> 5l G 098 e (65 (B J99z) 0 S 5 (139
3y (e g eS| yygm0 ¢339 )08 Sy wiile ROS
wile SeuSgigid b iSly carge A5 09bge
(Alamer et al., 2022) sgs oo (g OygamlonnS]y
@y Sl bsle peddplie Jpaze (jg,0 dnSTy
S5 ey S 5 (6508 giue «Cdlys IS )0 ok jladke



bolas azy Yoaul l3l Jolds a5 Ceul (6 jamsl Lailocs
el 5o 9 por Sl BTl a4 S 0sdee Joke JBI
Jsboo J31s 4 OF poza Jdoay Jobo Slhgizms (0.5 5
oolaiwl (g joml ouiS it lgicds sog0 WS 0 S
2y o ol dspm (Singh et al., 2022) sgi o
oS gl Qlyen amo o0 o3lrl 5 08 oo i) b pudsilio
Jobo & el (25 b ol Cusgame slaoygs Job o
5 gy o (Kianietal., 2021) sgi wudais oo o,)lg
Nigella ) <ls ol S5 odg Glgize Jgilie 8,18 31
S8 byl s xe jebay g Lylys o (Sativa
S ads b gl wtals bl Ll pl jo oyeiions
Gl SnSs S0 Colled Gl 5 sl dae
Soltanien ) aes oo Gaol3dl 1, LS 5 jo gy lee
Ligi Sy g9y g ol b Jel=e Joilie (et al., 2023
O 05 90 01 S 5l L g SlaeeST Jgilie 3l
50 Sloyd 05 o (Al S3ilie) Sle s 4y Jous (2HT)
5 CO2 &y o U59,0000 Slojd 3l Lass g al> e
4SS L Jgile (Nonomura et al., 1992) sei o H
e 2L sy dsn sladsee Cos
“Ceets il ol 5 et b sl gy G Sl Grals
253 oy Aoz 31 bS5l ey i s gilisoaiis
(Arabidopsis thaliana) LLIG  ewsgiwl,] § poss
ol L5 e SIS hass jo Jgiln .awl ouls LSl
ol B b g ol LS 5 ple 5l 35, el s,
2lr 5o QLS Cwslia Gl coge (g aelaal
(Valizadeh-Kamran et al., 2019) 54 oo (5,95 25
55 (0 )l B 69 A By 0 (el &S (eln
S (o iy (ABA) Sl sl wiile oo yg0 )90
dslanl SG Olgeds (dgn Fw a5 4 e oS
P ABA 5 Gdsn o Jols o cnl 5B 65902
5 i |y gl golanST Jobs consy wlg oo lalS
3hoslinal W ogd gamed GommslaraSTyy (Al 4 e
5 odon Jbop gobw Li> 4 (LS )0 CwgeS oo
ladnesn; 9929 4 Olgi oo |, (nl 05 (o0 S5 ABA
CewgaS 5059 50 priee 5 55 e 100l 5y, wile
coles yo a5 (Beyk-Khormizi et al., 2022) ols cos
Sylse S5t i Jeod 4 plalS Ul (lil e
(Tammam et al., 2022; Rehman et al., 2023)

do 31 lgil 5 anto (slapacsls Iy Ko colad ul33l o,
5, 1) olS cdlw a5 plaaalig § Sogar slaol
(Ashour et al., 2023) ool sals o0ls Cod wipd o
(Alharbi et al., 2023) ,Ken 3 o)l Lty ol o
Sl lg S Elgil (g5l CasgraS s0y9 2l el
5 iz llsy 4 ool bz, 5 lacenesiST aiils e
ok Sl po a5 Wls 1) H2O2 sla JsSUge 4y 5
SaisS wilg oo el )y S (nl 5 4l go ol
yan HlalS sl a5 ol la 5ol aiile y5anST Jlad

oo sloizo
Ol 2 ool wlfan il 5 Joilie oosgenS cayg o555
mre (B 0590 )3 S o2 S g Slgins
a2 oo Hlid Sl anglas b (¥ Jsuz) 09 Hlo
YINY g IV i) Gudop Slgizme iSTas o JBlas
005 poe (Al oS 4 bgpe (5 0j9 5 2 #5950
Sosd 9 5558 Jlasl pae Lalyls jo Joilie § CangraS' 509
Tl )3 (o> w0, Ve gl § CowgraS o)y (il
il Jled (T Jsoz) allbioe Ysa o Voo (550
pos kulyl o g a0y Ve Jgilie 5 CawgiaS 5059
"3 Ol pos Al Jled 4 Cod 5 Jlesl
GYgoiskee Vo o) 590 oo (2 VL 5o Joilbin 9 CogaS’
FYNS B Vo /d (ole aw yn 0,5 poe) amls e
sl il 1) i 5 las iy Gdgn lpiome sae)0
S s 55 wtee oIS T 5l s (F J3o2)
Jid slaisS 51 ()l b aiien HlalS Sl
sl ng,ume g OHT O HO2 wile (5]
Lulys )3 oad pw g p Geizmes e 0 ATy e
sloddld ple o (gyed 51 AU slasT i
5565 SlapST T slaclled aloz 5l olS (So5alse
5 OarSI Sl 50 00 pSleains S plaicds 5 oo
Ezzatetal., ) s ls o8 lae ey IS L slewsdly slac
o sl 3 cliilns 5 age LB oulsy 43 (2019
237 45 (Siaml G155 AU Glacaml o olS
Olee Ssete 5o Jpilio oS oo Ll ezl (5,58 25 (Lol
G i o8 (590 b abpelapl S a5 (g
Ba 90 (6,54 LS o del glaawl ol s ol

S Glgreas oolatwl 8,50 gl rms co bl |y aseice



Wl o, Kloc
"9 Sopd e Fl LS uibly s Jeax
S8bee 2 Jole a2 plys iSwa 5 Jplie (CgeS
-0 B (Y J502) 0g oy SO et mhas o il
bls pac b i mhaws il 8L ol o Slee ialS a
)I db‘d.u Go...a.c L5"> 9 uT 9 QS'L'\'C .)‘3.0 uﬁla)é B ol.:f
4 Jgilie 5 CamgraS (00)9 02,15 L Lol cadly Las o ladiy
Al Sgape At 50 g 2le polie g eald Jo
ails o, Slae 5 St B ol 38 als o Sles (g iiwgid
o> 220 Ve Joilbe g CemgaS c0)9 plojea 00,55 50
poe lulys 5o ol iS5 G Jlesl poe lulys 5o
Sos g YL 5o Jolie 5 CewgeeS a9 )8
259 Seke ST Jguz) ol Jol> (Yoo do V)
el g S o Ol S cedil s S Ll
J?@ybi{@bhﬁd&mb‘ye;ﬂbogu%
Sl g ol 5o RS 055 e a5 il
oels 5l iz .Joshietal., 2015) o5 5 o ails 5, Slos
Al ool Wlg so gya0 i Lulyd o ails o, Sles
“30dle lyome 5 (S S Colaa Gl s (698
ok o)l 4 sl s sl st s ol L oS
en g wsadl Ll ol e el blsyl o
als o, Sles als LJs (Alshiekheid et al., 2023)
slas ol el a1y el sl o wip
(s R sl ojles ol (Jsle
Shia Jg 09 oo ails o Slee galS 4y e Culys o
wwwﬁoﬁ)lf)ambo)ﬁmco%)l@mw)@
Slge 5 Slansl 0T slaes 31 cudled zol58l 51 ot
(F J592) (Jslome loaid 5 (g 0) )5l slacdson!
adflgsngdle 5 ig,aepanSly lyme hals g
Mohammadi Kale Sarlou et al.,) os i s
4 Oedan 3 GRIBI L CengeeS sy e (2022
oy 9 Uz g aS abilie (5,98 5 L oS o0 S5 el

G Il jo 0 Sles o ar 5 SRl olS (659

g Slymo
Sleme p Jolie 5 CavgaS o)y «5)pd aslran il
(V' J992) 092 jlopme duo 0 Sy Jloiol mhans 58 (0059 2
2 ez do,o Ve Joilie 5 CengiaS 0)ys Hlojee 98
S 2 OBan Slee (n ke 5l 6e0 Jlesl pae Ll
"5 Sl sbimen e ls,en (e)s 1O/BY)
Voo Gopd lulpd )0 (e o3 Ve silie g CengeeS
53 Jolie 5 CewgeaS o0y9 95 poe & S Voo e
O p Sy ooy YA (Gl 690 lalyd ples
pas Jodoas Wl o (5598 (T Jsaz) ol plas 1) (S
msos Lol S Sguma | (alS netign i (el JolsS
Sdae 5y 9 b polis 5l 3V pshaw (S5l CewgeaS
S 4y 3Ll T slge 8,5 wnls b aS () Jsaz) conl
9 WS (0 ol (6,98 (i pln )0 b 3L od)b
P e ey P g b5 Cwdle 9 e
oz (Tammam et al., 2022) sg o 1525 Loyl
A CawgieS (o5 53 Ss7se Suslsd 5 Seeged sladel
G czse Sl o sbge ol els s
iS5 4]y ol Cueglite g oad (aLST L 55 s (e
"9 Vb @l e ulpl Spee Vb e
3 JFo it n i carge Cel (Sen CavgeS
Fiow Gl cpl 09 SlaaST T gl 5 (gpaml i
$59 G5 Sl1 roaed &y el (Seos Ladlona (sl et
Phooi et al., ) S S8 by glsixe Soue o
Sy o baeds iUl ale alS b CasgeoS oo ys (2022
5 Ban Slee Il coge (KpazsS oS
CawgmoS 059 2,5 caimolis aS ol gy aslanl
Sl S el S pae Ol hass o
.(Bziouech et al., 2022)

L RIBIL 55 Joilie (£Bb Jglore vy oo LS4
5 ST Ogep9e adsi Gl carge Sy olite lo
ol 5o g e (nl 45 35800 obS 53 (S g
Ivanova et ) wi,ls oljus G5 LS o gilucmseyn
o psle e Sy b Jsilie cnlnls @l 2001
GBS s 0 2L e S n 0 sl
(Soltanieh et al., 2023) 05 oo o Slas g jwgd



5 oeST ady 3y 5l elS wl) Wl g S » (g9,
WS SaS Gl g 0)Sles g Al gl eieS g
(Abbasian et al., 2016)

Slio (o (Swror
Lls)l Slas (Ggwm) oole (Swwod cuyo (2b))
slo lis zls el odd gy Slao o Aie 5 Sl
Sloiza g (= +/YY) S gy oliwe b alls o Sles
Ly ylosine Cotte (Stued (= +/7Y) Sy Ol (oo
S Solaa g == IVY) 39 00Ty Gl

a5 gyeb clls o pme i (S (I=—+/F9)
Colsd g (g STy Glime &5 gl oS5 52

Sl ails o Slee (5 loss SLuS 5 )1 50 540 YU oS!
e (1= V) O (g (slgima 5 eig s G 092
5 (F==IVY) (5g0up0enSlyy b (g g )lo sine oo
Se2g o s (g (Shrad (F==+0Y) SG xSl colan
Cedld Gl b1y cde  Sad (3 YL Joloro @i o )ls

(F Jgaz) ols plas (r=+/£9) sl s L o3

Table 6. Simple correlation coefficient amoung studied traits

Tammam et al., 2022; Rehman etal., ) .5 o S5
(2023
2 LS sl o Jpbe clle Sl 5b
0o IS (SIglie Gl jme 5 5 ()5 oo oo3b
¢ (Atarodi Asl and Khalilvand Behrouzyar, 2020)
a)S aw lalS 3 esata Jolie LL slxe cul 55U
ol i) ae S plgedr Jgilie 5 )8 alanly,
Mirakhori et al.,) sgi o e lagy| (g 5wy cud b
bl 4 oS ae S plyea Joile 15 (2009
Bl 3)ly Sy 4 g j5ee Lis [0 092 90 oo Ga)b
a5y 0l ()8 el 73U big 39t o0 (LS Sl
Soltanieh et al., ) aas co ial3dl 1, lals o, Sles 4
o Sles Liulidliade )8 sy & Ll ol 40 (2023
3375 4y st b oy (Bl Jsbme 1 5 gy ol
S (05 ) oS il > b iskie (slags 1S
prrSbokite iz LSL sleass I
Jyilie (5 lade b pae 4 aiilys o (Mehtylobatrerium)

wuols

axdllae 0590 Wlao (s 00w (Swaod Cu g .F Jgio

11 10 9 8 7 6 5 4 3 2 1
1 oot 71 083 079 007 077 001 005 -008 -020 -015 1
Protein
J{KVeW
2 MeSln 016 003 018 0697 0367 0717 059 0947 081% 1
POD
VGl A " . " " "
3 019 008 -0.28° 062™ -033" 065" 051" 0.82 1
CAT
3 oSl 8
g MelBeh 009 005 -018 072”031 076 0697 1
PPO
5 ISl 0 08 005 056" 011 068" 1
Soluble sugars
6 oo 543 000 -008 058 017 1
Proline
7 OhreSln g1+ 038" 072 024 1
H202
g lerode 405 013 017 1
MDA
g Clemdsliz a3 03 1
RWC
10 R ERS-LN | JUR RV -0.49" 1
EC
1 '&Ifo,ilu
Grain yield

Hydrogen peroxide (H202) and Malondialdehyde content (MDA)

aoy0 S gy Jlaiol mhaw )5l e g o Sxe f oS 5 4y s g %
*and ** are non-significant, significant at p<0.05 and p<0.01, respectively.
Relative water content (RWC); Electrical conductivity (EC); Catalase (CAT), Peroxidase (POD), Polyphenol Oxidase (PPO);



ujﬁ uj LSW Lg‘}a.?r.o uu.")s‘ 90 ‘oL:f 6‘)“ WL.A
J8 sl g slaasTy YBL) L;sl.\ﬁ....Slk;’;.ﬂ Codled Sgupe
s ol sl & ol als o Slae Culyd (o 5 (Jslowe
e Olgedy Wlg oo CamgiaS s0y9 5 Jolie dny oo Hlaiay

Sgd ool (5,00 lasl i jo

Abbasian, A., Mirshekari, B., Safarzade
Vishekaei, M.N., Rashidi, V., Aminpanah, H.,
2016. Effects of the foliar application of
methanol on the yield and growth of rice
(Oryza sativa cv. Shiroudi). Ciencia e
investigacion agrarian. 43, 17-24.
https://doi.org/10.4067/S0718-
16202016000100002

Ahmad, A., Aslam, Z., Hussain, S., Bibi, A.,
Khaliq, A., Javed, T., Hussain, S., Alotaibi,
S.S., Kalaji, H.M., Telesinski, A., Boonthai
Iwai, C., Kumar, U., 2022. Rice straw
vermicompost  enriched with  cellulolytic
microbes ameliorate the negative effect of
drought in wheat through modulating the
morpho-physiological attributes. Frontiers in
Environmental Science. 10, 902999.
https://doi.org/10.3389/fenvs.2022.902999

Alamer, K.H., Perveen, S., Khalig, A., Zia Ul
Hag, M., lbrahim, M.U., ljaz, B., 2022.
Mitigation of salinity stress in maize seedlings
by the application of vermicompost and
sorghum water extracts. Plants. 11, 2548.
https://doi.org/10.3390/plants11192548

Alexieva, V., Sergiev, I., Mapelli, S., Karanov,
E., 2001. The effect of drought and ultraviolet
radiation on growth and stress markers in pea
and wheat. Plant, Cell and Environment. 24,
1337-1344. https://doi.org/10.1046/j.1365-
3040.2001.00778.x

Alharbi, K., Hafez, E.M., Omara, A.E. D,,
Osman, H.S., 2023. Mitigating osmotic stress
and enhancing developmental productivity
processes in cotton through integrative use of
vermicompost and cyanobacteria. Plants. 12,
1872. https://doi.org/10.3390/plants12091872

Aliyar, S., Aliasgharzad, N., Dabbagh
Mohammadi Nasab, A., Ostan, S., 2021. The
effect of vermicompost application on growth
and water relationships of Quinoa plant under

2l 5 A
ISt ol b (g 98 ol lis asllas cpl 51 Jol> ol
Lo 5T ol aloz 31 ST T Lelss slopiansen 5o
Fobo o)lnd w2 Jolone sload (S (90 «elon
SeSly Rl carge oo xSl caas falidl
Sl s 1 als o ,Sles g ouls awpall g0 y8lle g 059,000
o)y Lulys obul b Jgilie 5 CavgeoS o)y 00,5 Ll

&l
salinity  stress  conditions.  Journal  of
Agricultural ~ Science and  Sustainable

Production. 31, 131-147. [In Persian with
English summary].

Alshiekheid, M.A., Dwiningsih, Y., Alkahtani,
J., 2023. Analysis of morphological,
physiological, and biochemical traits of salt
stress tolerance in Asian rice cultivars at
different  stages.  Preprints.org,  1-19.
https://doi.org/10.20944/preprints202303.0251
vl

Ashour, H.A., Heider, S.M., Soliman, M.M.,
2023. Morphological and physiological
responses of Calliandra haematocephala to
water salinity stress and vermicompost.
Ornamental  Horticulture. 29, 150-162.
https://doi.org/10.1590/2447-536X.v29i2.2555

Atarodi Asl, E., Khalilvand Behrouzyar, E.,
2020. Effect of methanol and salicylic acid
foliar application on some of physiological
traits of winter wheat under limited irrigation.
Environmental Stresses in Crop Sciences. 13,
815-827. [In Persian with English summary].
https://doi.org/10.22077/escs.2020.2199.1549

Bates, L.S., Waldren, R.A., Teare, 1.D., 1973.
Rapid determination of free proline for water-
stress studies. Plant and Soil. 39, 205-207.
https://doi.org/10.1007/BF00018060

Behrouzyar, E.K., Yarnia, M., 2016. Effects of
methanol foliar application on nutrient content
and RWC of sugar beet under water deficit
stress. Bangladesh Journal of Botany. 45, 1069-
1074.

Beyk-Khormizi, A., Hosseini Sarghein, S.,
Sarafraz-Ardakani, M.R., Moshtaghioun, S.M.,
Mousavi-Kouhi, S.M., Ganjeali, A., 2022.
Ameliorating effect of vermicompost on
Foeniculum vulgare under saline condition.
Journal of Plant Nutrition.46, 1601-1615.


https://doi.org/10.4067/S0718-16202016000100002
https://doi.org/10.4067/S0718-16202016000100002
https://doi.org/10.3389/fenvs.2022.902999
https://doi.org/10.3390/plants11192548
https://doi.org/10.1046/j.1365-3040.2001.00778.x
https://doi.org/10.1046/j.1365-3040.2001.00778.x
https://doi.org/10.3390/plants12091872
https://doi.org/10.20944/preprints202303.0251.v1
https://doi.org/10.20944/preprints202303.0251.v1
https://doi.org/10.1590/2447-536X.v29i2.2555
https://doi.org/10.22077/escs.2020.2199.1549
https://doi.org/10.22077/escs.2020.2199.1549
https://doi.org/10.1007/BF00018060

https://doi.org/10.1080/01904167.2022.20925
13

Bradford, M.M., 1976. A rapid and sensitive for
the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Analytical Biochemistry. 72, 248-254.
https://doi.org/10.1016/0003-2697(76)90527-3

Bziouech, S.A., Dhen, N., Helaoui, S., Ammar,
I.B., Dridi, B.A. M. 2022. Effect of
vermicompost soil additive on growth
performance, physiological and biochemical
responses of tomato plants (Solanum
lycopersicum L. var. Firenze) to salt stress.
Emirates Journal of Food and Agriculture. 34,
316-328.
https://doi.org/10.9755/ejfa.2022.v34.i4.2844

Darakeh, S.A.S.S., Weisany, W., Tahir, N.A.R.,
Schenk, P.M., 2022. Physiological and
biochemical responses of black cumin to
vermicompost and plant  biostimulants:
Arbuscular mycorrhizal and plant growth-
promoting rhizobacteria. Industrial Crops and
Products. 188, 115557.
https://doi.org/10.1016/j.indcrop.2022.115557

Dorokhov, Y.L., Sheshukova, E.V., Komarova,
T.V., 2018. Methanol in plant life. Frontiers in
Plant Science. 9, 1-16.
https://doi.org/10.15835/nsh13210949

Dubios, M., Gilles, K.A., Hamilton, JK,
Roberts, P.A., Smith, F., 1956. Colorimetric
method for determination of sugars and related
substances. Analytical Chemistry. 28, 350-356.
https://doi.org/10.1021/ac60111a017

Ezzat, A.S., Badway, A.S., Abdelkader, A.E.,
2019. Sequenced vermicompost, glycine
betaine, proline treatments elevate salinity
tolerance in potatoes. Middle East Journal of
Agriculture Research. 8, 126-138.

Ghassemi-Golezani, K., Abdoli, S., 2022.
Physiological and biochemical responses of
medicinal plants to salt stress. In
Environmental Challenges and Medicinal
Plants: Sustainable Production Solutions under
Adverse Conditions. Springer International
Publishing. 153-181p.
https://doi.org/10.1007/978-3-030-92050-0_6

Golebiowska-Paluch, G., Dyda, M., 2023. The
genome regions associated with abiotic and
biotic stress tolerance, as well as other
important breeding traits in triticale. Plants. 12,
619. https://doi.org/10.3390/plants12030619

Hassanpouraghdam, M.B., Mehrabani, L.V.,
Rahvar, M.R., Khoshmaram, L., Soltanbeigi,

A., 2022. Mollifying salt depression on
Anethum graveolens L. by the foliar
prescription of Nano-Zn, KNOs, Methanol, and
Graphene Oxide. Journal of Soil Science and
Plant Nutrition. 22, 2000-2012. [In Persian
with English summary].

Hossinzadeh, S.R., Salimi, A., Ganjeali, A,
Ahmadpour, R., 2015. Effects of foliar
application of methanol on biochemical
characteristics and antioxidant enzyme activity
of chickpea (Cicer arietinum L.) under drought
stress. Iranian Journal of Plant Physiology and
Biochemistry. 1, 17-30. [In Persian with
English summary].

Ivanova, E.G., Dornina, N.VV and Trotsenko,
Y.A., 2001. Aerobic methylobacteria are
capable of synthesizing auxins. Journal of
Microbiology. 70, 392-397.
https://doi.org/10.1023/A:1010469708107

Joshi, R., Singh, J., Vig, A.P.,, 2015.
Vermicompost as an effective organic fertilizer
and biocontrol agent: effect on growth, yield
and quality of plants. Reviews in
Environmental Science and Bio/Technology.
14, 137-159. https://doi.org/10.1007/s11157-
014-9347-1

Keles, Y., Oncel, 1., 2004. Growth and solute
composition in two wheat species experiencing
combined influence of stress conditions.
Russian Journal of Plant Physiology. 51, 203-
2009.
https://doi.org/10.1023/B:RUPP.0000019215.
20500.6e

Khalilzadeh, R., Seyd Sharifi, R., Pirzad, A.,
2020. Mitigation of drought stress in pot
marigold (Calendula officinalis) plant by foliar
application of methanol. Journal of Plant
Physiology and Breeding. 10, 71-84. [In
Persian with English summary].

Kiani, R., Arzani, A., Mirmohammady Maibody,
S.A.M., 2021. Polyphenols, flavonoids, and
antioxidant activity involved in salt tolerance in
wheat, Aegilops cylindrica and their
amphidiploids. Frontiers in plant science. 12,
646221.
https://doi.org/10.3389/fpls.2021.646221

Kostopoulou, P., Barbayiannis, N., Noitsakis, B.,
2010. Water relations of yellow sweetclover
under the synergy of drought and selenium
addition. Plant and Soil. 330, 65-71.
https://doi.org/10.1007/s11104-009-0176-x

Lahbouki, S., Anli, M., El Gabardi, S., Ait-El-
Mokhtar, M., Ben-Laouane, R., Boutasknit, A.,


https://doi.org/10.1080/01904167.2022.2092513
https://doi.org/10.1080/01904167.2022.2092513
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.9755/ejfa.2022.v34.i4.2844
https://doi.org/10.1016/j.indcrop.2022.115557
https://doi.org/10.15835/nsb13210949
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1007/978-3-030-92050-0_6
https://doi.org/10.3390/plants12030619
https://doi.org/10.1023/A:1010469708107
https://doi.org/10.1007/s11157-014-9347-1
https://doi.org/10.1007/s11157-014-9347-1
https://doi.org/10.1023/B:RUPP.0000019215.20500.6e
https://doi.org/10.1023/B:RUPP.0000019215.20500.6e
https://doi.org/10.3389/fpls.2021.646221
https://doi.org/10.1007/s11104-009-0176-x

Ati-Rahou, Y., Outzaourhit, A., Wahbi, S.,
Douira, A., Meddich, A., 2022. Evaluation of
arbuscular mycorrhizal fungi and
vermicompost supplementation on growth,
phenolic content and antioxidant activity of
prickly pear cactus (Opuntia ficus-indica).
Plant Biosystems-An International Journal
Dealing with All Aspects of Plant Biology. 156,
882-892.
https://doi.org/10.1080/11263504.2021.19474
08

Liu, Y., Cao, X,, Yue, L., Wang, C., Tao, M,
Wang, Z., Xing, B., 2022. Foliar-applied
cerium oxide nanomaterials improve maize
yield under salinity stress: Reactive oxygen
species  homeostasis and  rhizobacteria
regulation. Environmental Pollution. 299P,
118900.
https://doi.org/10.1016/j.envpol.2022.118900

Makkar, C., Singh, J., Parkash, C., Singh, S., Vig,
A. P., Dhaliwal, S.S., 2023. Vermicompost acts
as bio-modulator for plants under stress and
non-stress conditions. Environment,
Development and Sustainability. 25, 2006-

2057. https://doi.org/10.1007/s10668-022-
02132-w
Mirakhori, M., Paknejad, F., Moradi, M.,

Ardakani, M.R., Zahedi, H., Nazeri, P., 2009.
Effect of drought stress and methanol on yield
and yield components of Soybean Max L.
American Journal of Biochemistry and
Biotechnology. 5, 162-169. [In Persian with
English summary].

Mohammadi Kalesar Lou, S., Seyed Sharifi, R.,
Narimani, H., 2022. Effects of flavobacterim,
vermicompost and humic acid on antioxidant
enzymes activity and some biochemical traits
of  triticale under soil salinity conditions.
Journal of Crop Production. 15, 183-202. [In
Persian with English summary].

Mushtag, Z., Faizan, S., Gulzar, B., 2020. Salt
stress, its impacts on plants and the strategies
plants are employing against it: A review.
Journal of Applied Biology and Biotechnology.
8, 81-91.
https://doi.org/10.7324/JABB.2020.80315

Naboulsi, I., Ben Mrid, R., Ennoury, A., Zouaoui,
Z., Nhiri, M., Ben Bakrim, W., Yasri, A.,
Aboulmouhajir, A., 2022. Crataegus
oxyacantha extract as a biostimulant to enhance
tolerance to salinity in tomato plants. Plants.
11, 1283.
https://doi.org/10.3390/plants11101283

Naghdi Badi, H.A., Tolyat Abulhassani, S.M.,
Nazari, M., Mehrafarin, A., 2017.
Phytochemical Response of Sweet Basil
(Ocimum  basilicum) to Application of
Methanol Biostimulant and Iron Nano-chelate.
Journal of Medicinal Plants. 16, 91-106. [In
Persian with English summary].

Narimani, H., Seyed Sharifi, R., 2023. Effect of
mycorrhiza and methanol on grain filling
components, dry matter remobilization and
yield of barley under soil salinity conditions.
Environmental Stresses in Crop Sciences. 16,
383-401. [In Persian with English summary].

Nonomura, A.M., Benson, A.A., 1992. The path
of carbon in photosynthesis: improved crop
yields with methanol. Proceedings of the
National Academy of Sciences. 89, 9794-
9798. https://doi.org/10.1073/pnas.89.20.9794

Phooi, C.L., Azman, E.A., Ismail, R., 2022. Do it
yourself: Humic acid. Pertanika Journal of
Tropicle Agricultural Science. 45, 547-564.
https://doi.org/10.47836/pjtas.45.3.01

Ramirez, I.F., Dorta, V., Espinoza, E., Jimenez,
A., Mercado, H., 2006. Effects of foliar and
root applications of methanol on the growth of
Arabidopsis, tobacco and tomato plants.
Journal of Plant Growth Regulation. 25, 30- 44.
https://doi.org/10.1007/s00344-005-0027-9

Redondo-Gomez, S., Romano-Rodriguez, E.,
Mesa-Marin, J., Sola-Elias, C., Mateos-
Naranjo, E., 2022. Consortia of plant-growth-
promoting  rhizobacteria  isolated  from
halophytes improve the response of Swiss
chard to soil salinization. Agronomy. 12, 468.
https://doi.org/10.3390/agronomy11081609

Rehman, S.U., De Castro, F., Aprile, A,
Benedetti, M., Fanizzi, F.P., 2023.
Vermicompost: Enhancing plant growth and
combating abiotic and biotic stress. Agronomy.
13,1134,

Sahab, S., Suhani, I., Srivastava, V., Chauhan,
P.S., Singh, R.P., Prasad, V., 2021. Potential
risk assessment of soil salinity to
agroecosystem sustainability: Current status
and management strategies. Science of the
Total Environment. 764, 144164.
https://doi.org/10.1016/j.scitotenv.2020.14416
4

Saneinejad, A.A., Tohidi, M., Habibi Khaniani,
B., Sadeghi, M., Khoramian, M., 2019. The
effect of methanol foliar application on some
physiological traits of cowpea bean (Vigna
unguiculata L.) under drought stress


https://doi.org/10.1080/11263504.2021.1947408
https://doi.org/10.1080/11263504.2021.1947408
https://doi.org/10.1016/j.envpol.2022.118900
https://doi.org/10.1007/s10668-022-02132-w
https://doi.org/10.1007/s10668-022-02132-w
https://doi.org/10.7324/JABB.2020.80315
https://doi.org/10.3390/plants11101283
https://doi.org/10.1073/pnas.89.20.9794
https://doi.org/10.1073/pnas.89.20.9794
https://doi.org/10.47836/pjtas.45.3.01
https://doi.org/10.1007/s00344-005-0027-9
https://doi.org/10.3390/agronomy11081609
https://doi.org/10.1016/j.scitotenv.2020.144164
https://doi.org/10.1016/j.scitotenv.2020.144164

conditions. Journal of Agronomy and Plant
Breeding. 15, 45-61 [In Persian with English
summary].

Singh, P., Kumar, V., Sharma, J., Saini, S.,
Sharma, P., Kumar, S., Sinhmar, Y., Kumar,
D., Sharma, A., 2022. Silicon supplementation
alleviates the salinity stress in wheat plants by
enhancing the  plant  water  status,
photosynthetic pigments, proline content and
antioxidant enzyme activities. Plants. 11, 2525.
https://doi.org/10.3390/plants11192525

Soltanieh, M., Talei, D., Nejatkhah, P., 2023.
Performance reaction and biochemical
properties of black cumin under the influence
of different regimes of nitrogen, methanol and
deought stress. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 71, 15-
33.

Sorkhi, F., 2021. Effect of vermicompost
fertilizer on antioxidant enzymes and
chlorophyll contents in Borago officinalis
under salinity stress. Iranian Journal of Plant
Physiology. 11, 3589-3598. [In Persian with
English summary].

Stewart, R.R., Bewley, J.D., 1980. Lipid
peroxidation associated with accelerated aging
of soybean axes. Plant Physiology. 65, 245-
248. https://doi.org/10.1104/pp.65.2.245

Sudhakar, C., Lakshmi, A., Giridarakumar, S.,
2001. Changes in the antioxidant enzyme
efficacy in two high yielding genotypes of
mulberry (Morus alba L.) under NaCl salinity.
Plant Science. 161, 613-619.
https://doi.org/10.1016/S0168-
9452(01)00450-2

Tammam, A.A., Shehata, M.R.A.M., Pessarakli,
M., EI-Aggan, W.H., 2022. Vermicompost and
its role in alleviation of salt tress in plants—II.
Impact of vermicompost on the physiological
responses of salt-stressed plants. Journal of
Plant Nutrition. 45, 1-21.
https://doi.org/10.1007/s11738-022-03481-9

Vahabzadeh, M., Ghodsi, M., Vahabzadeh, M.,
Nazeri, M., Khodarahmi, M., Ghasemi, M.,

Kohkan, S.A. Tajalli, H., 2013. Sanabad, A
new triticale cultivar suitable for temperate and
cold-temperate regions of Iran. Research
Achievements for Field and Horticulture
Crops. 2, 143-153 [In Persian with English
summary].

Valizadeh-Kamran, R., Vojodi Mehrabani, L.,
Pessarakli, M., 2019. Effects of foliar
application of methanol on some physiological
characteristics of Lavandula stoechas L. under
NaCl salinity conditions. Journal of Plant
Nutrition. 42, 261-268.
https://doi.org/10.1080/01904167.2018.15546
77

Vojodi Mehrabani, L., 2019. The effects of
methanol and ethanol foliar application under
salinity stress on some physiological
characteristics of Pelargonium graveolens L.
Journal of Plant Physiology and Breeding. 9,
63-73.

Yasin, N.A., Akram, W., Khan, W.U., Ahmad,
S.R., Ahmad, A., Ali, A., 2018. Halotolerant
plant-growth promoting rhizobacteria
modulate gene expression and osmolyte
production to improve salinity tolerance and
growth in Capsicum annum L. Environmental
Science and Pollution Research, 25, 23236-
23250.  https://doi.org/10.1007/s11356-018-
2381-8

Yousefi, K., Jamei, R., Darvishzadeh, R., 2022.
Study of some physiological and biochemical
parameters of Okra plant (Abelmoschus
esculentus L.) under salt stress in the presence
of chitosan nanoparticles. Iranian Journal of
Plant Biology. 14, 17-38. [In Persian with
English summary].

Zhao, Y., Zeng, Z.D., Qi, CJ., Yu, X.S., Guo,
C.L., Chen, Q., Chen, L.M., 2014. Deciphering
the molecular responses to methanol-enhanced
photosynthesis and stomatal conductance in
broad bean. Acta Physiologiae Plantarum. 36,
2883-2896.  https://doi.org/10.1007/s11738-
014-1658-x


https://doi.org/10.3390/plants11192525
https://doi.org/10.1104/pp.65.2.245
https://doi.org/10.1016/S0168-9452(01)00450-2
https://doi.org/10.1016/S0168-9452(01)00450-2
https://doi.org/10.1007/s11738-022-03481-9
https://doi.org/10.1080/01904167.2018.1554677
https://doi.org/10.1080/01904167.2018.1554677
https://doi.org/10.1007/s11356-018-2381-8
https://doi.org/10.1007/s11356-018-2381-8
https://doi.org/10.1007/s11738-014-1658-x
https://doi.org/10.1007/s11738-014-1658-x

