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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.RIgo) 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
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
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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,O.
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 2. Soil physico-chemical characteristics
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Table 3. Analysis of variance (mean square) the effects of vermicompost and methanol on the biochemical traits of flag
leaf of triticale under salinity stress.

ot glo @003 a2y T3] sty K st fS Jelro glouid
S.0.V df Protein POD CAT PPO Soluble sugars
- A 2 6.76™ 263.34™ 187.19 17.73" 16.27™
Replication
. S5 2 46.28™  4537.93"  3086.22" 1966.74™ 585.13™
Salinity (S)
. Cg0T (589 1 8.51™ 805.96™ 183.08" 437.82™ 1454.01™
Vermicompost (V)
Jgiko o o o o o
Methanol (M) 2 26.32 2540.32 1562.24 1487.26 518.90
SxV 2 0.80" 11.71m 221.00™ 12.70" 202.56"
SxM 4 0.32" 114.29™ 140.00" 54.82™ 37.97™
VxM 2 0.006" 3.89m 10.58"™ #22.49 248.19™
SxXVxM 4 1.39™ 67.02" 41.32™ 31.50™ 135.80™
s 34 0.34 11.19 77.54 3.42 16.35
Error
CV%  (%0) &l puais' gy 4.65 5.83 13.12 4.40 4,18
Table 3. Continued )Y Jouo
G oote 2P odb o g
sov  TET sl Gy Glseassly sl ol el 10 3 Ko
df  Proline H202 MDA RWC EC 91 Grain yield
— A 2 0.76" 0.00067" 0.0006" 50.73™ 124.44™ 0.002"
Replication
. ¢% 2 2161  0.0059" 0.0044™ 74825~  66.00™ 19.17"
Salinity (S)
. 9085 (59 1 24.91™  0.00066" 0.00075" 154.13" 28.69™ 3.14™
Vermicompost (V)
Jgﬁl&o **k *k *k *k Kk Kk
Methanol (M) 2 24.14 0.0011 0.0043 307.14 49.42 12.69
SxV 2 2.26™  0.000066™ 0.00004"s 93.04" 5.65" 0.456™
SxM 4 4.06™ 0.00016" 0.00028" 22.45M 2.69™ 6.76™
VxM 2 1.70™  0.000090" 0.00005" 72.73"™ 0.49m 0.112™
SxXVxM 4 2.64™  0.000055™  0.000078" 129.72™ 10.41™ 0.152™
Error o 34 0.16 0.00014 0.00018 19.60 2.10 0.005
CV% (%) &l o 10.53 13.62 14.56 5.64 5.29 5.72

ns, * 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);
Hydrogen peroxide (H202) and Malondialdehyde content (MDA).
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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.

o RTT ] BE ) B Jelmo slausd
Treatments Protein POD PPO Soluble sugars
% - OD pg protein/min-------- mg.g* FW
S1xV1xMy 12.28f 35.37' 22.58" 65.379
S1xV1xM2 14.632%¢ 39.11 31.44 91.04¢
S1xV1xMs 15.192 45 77" 36.991k 93.27¢%
S1xV2xMi 14.07°cd 38.28K 28.98'm 99.260¢
S1xV2xM2 14.82%® 43.8ni 34.52¢ 99.07bcd
S1xV2xMs 15.572 56.679 42.389 101.41°¢
S2xV1xMi 10.96M 36.264 27.90m 83.38f
S2xV1xM2 11.44¢n 47.96" 38.18i 98.620bcd
S2xV1xMs 13.32d 67.64¢f 46.52¢f 99.74bcd
S2xVax M1 10.407 41.791 35.64K 98.82b¢d
S2xVax Mz 12.75¢f 62.91f 42.03¢ 97.76bcd
S2xVaxMs 13.69¢¢% 69.88¢% 48.47% 95,15¢
S3xV1xMy 9.65i 54.119 39.04M 94.36%
S3xV1xM2 10.96" 74.48% 50.92¢d 97.97bcd
S3xV1xMs 11.629 80.84° 58.72° 99.57bcd
S3xV2xMi 10.87" 66.32¢f 43.901 101.87°
S3xV2xMz 11729 77.48b¢ 53.62°¢ 109.732
S3xV2xMs 13.32d 93.872 74.022 113.532
LSD 0.97 5.55 3.07 6.71




Table 4. Continued

alol.F Jgoo
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Treatments Proline RWC EC Grain yield
ug.g* FW % ds. m? g per plant
S1xVixMy 0.75% 71.850N 29.60b 0.559"
S1xV1xMa 3.07% 82.690¢ 25.13" 1.47¢
S1xV1xMs 1.61 89.26% 24,389 4.16°
S1xV2x My 2.62h 87.77%¢ 26.66%9 1.35%
S1xV2xMa 3.93¢f 88.5580¢ 23.03 1.78°
S1xV2xMs 3.89 90.832 23.50M 5.442
SaxVixMy 2.51hi 76.49¢h 27.86¢0% 0.46'
SaxVixM;, 4,94 78.1249 28.16"¢ 0.65¢
S2xV1xMs 4.60°% 81.85°" 27.06%" 0.91f
SaxVoxM 2.43h 68.461 30.56° 0.81f
SaxVoxM; 5.21¢d 79.971%" 26.20¢1 1.33¢
S2xV2xMs 6.05° 84.20%d 25.80¢h 1.35%
SaxV1xMy 3.521 62.16! 33.132 0.15
SaxVixM;, 2.310 76.67¢" 29.030¢ 0.50"
S3xV1xMs 5.56" 72.549h 28.860< 0.609"
S3xV2x My 3.68 77.90%¢ 27.96¢0 0.26/
SaxVoxM; 6.17° 69.43"i 28.800c 0.609"
SsxV2xMs 7.112 74.98" 27.50¢f 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 0599w dmnsS | 5y el go il Y6l
Treatments H20> MDA CAT
----------- umol.g FW-eeeeeeeeeee OD pg protein/min
S1 0.019° 0.075° 54.59¢
S5 Tolams s? 0.040b 0.096° 66.025
Salinity Levels Ss 0.056 @ 0.105 80.712
LSD 0.008 0.009 5.96
M1 0.045% 0.108° 56.67"
Me;’:;of’i‘; " Mo 0.040° 0.092° 70.08°
M 0.029P 0.077¢ 7457
LSD 0.008 0.009 5.96
CongenS o3 Vi 0.0422 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, M2and Ms are 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).
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