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Abstract

In order to investigate the effects of salinity, vermicompost, and methanol on the trend
of changes of chlorophyll fluorescence components and some physiological traits of
triticale, this experimental study was conducted as factorial based on randomized
complete block design with three replications in greenhouse research of the Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili in 2022. Factors
experiments 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).
The results showed that the highest salinity level (100 mM) and both vermicompost and
foliar application of 30% volume of methanol increased chlorophyll index (27%),
nitrogen index (20.5%), stomatal conductance (38.9%), relative water content (26.7%),
maximum fluorescence (27.6%), variable fluorescence (70.7%), and quantum yield
(33.8%) compared to no application of vermicompost and methanol under the same of
salinity level. In addition, the highest grain yield (5.4 g per plant) was obtained due to
the application of vermicompost and methanol 30% volume under no-stress conditions.
Based on the results of this study, it seems that the application of vermicompost and
methanol can be used to mitigate the adverse effects of salinity stress due to the
improvement of chlorophyll fluorescence components and some physiological traits in
triticale.

Introduction
Triticale is a human-made crop, being a hybrid by cross-fertilization of wheat (Triticum
spp.) and rye (Secale spp.). This plant can act as a soil improver, as its extensive root
system binds erosion-prone soil and provides a good substrate for conversion into
subsoil organic carbon by soil microbes. Salinity stress is one of the most destructive
* Corresponding Author: raouf_ssharifi@yahoo.com
2322- 2204/ © University of Isfahan

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)

DOI. 10.22108/1JPB.2023.138576.1332


https://creativecommons.org/licenses%20BY-NC-ND%204.0
https://doi.org/10.22108/ijpb.2023.138576.1332
https://ijpb.ui.ac.ir/?lang=en
https://www.orcid.org/0000-0003-2567-7029

Iranian Journal of Plant Biology, Vol. 14, Issue, No. 4, Winter 2022 2

environmental stresses, which affects almost every aspect of the physiology and
biochemistry of a plant, resulting in a reduction in its yield. On the other hand, salinity
can damage the photosynthesis of plants and decrease chlorophyll content, relative
water content, stomata conductance, and quantum yield. Several strategies have been
suggested in order to improve yield under environmental stresses in plants, among them
the application of methanol and vermicompost play a key role in yield improvement.
Methanol can increase the concentration of CO; in a plant and help photosynthesis rate
and vermicompost increase growth due to access to nutrients under salinity stress. A
better understanding of physiological responses under salinity stress may help in
programs in which the objective is to improve the salinity resistance of crops.
Therefore, the aim of this study was to investigate the effects of methanol and
vermicompost on some physiological and biochemical (i.e., chlorophyll index, electrical
conductivity, quantum yield, stomata conduction, and relative water content) responses
of triticale under salinity stress.

Materials and Methods

The experiment was conducted as factorial based on a randomized complete block
design with three replications in greenhouse research of the Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili in 2022. Factors experiments
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).
Vermicompost was purchased from the Gilda Corporation and soils were treated based
on the manufacturer’s protocol. The triticale cultivar "Sanabad" was used in the
experiment with a plant density of 400 seeds m™. In this study, chlorophyll index,
nitrogen index, stomatal conductance, EC, RWC, maximum fluorescence, variable
fluorescence, quantum yield, and grain yield were investigated. Stomatal conductance
was measured by Prometer (Decagon Devices, Inc.) and chlorophyll index was
measured using a chlorophyll meter (SPAD-502 Minolta, Japan). Electrical conductivity
(EC) is measured using an electrical-conductivity meter (Mi 180 Bench Meter model).
The quantum yield was measured by the uppermost fool expanded leaf using a
fluorometer (chlorophyll fluorometer; Optic Science-OS-30 USA). The relative water
content was measured according to the following formula:

RWC [%] = (wf— wd) [ (ws —wd)x 100

Where, RWC, FW, DW, and TW are relative water content, fresh weight, dry weight,
and turgid weight, respectively. At plant maturity, grain yield in each pot was harvested
by five plants per pot. 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 the 0.05 probability level.

Results and Discussion

The results showed that the highest salinity level (100 mM) and both vermicompost and
foliar application of 30% volume of methanol increased chlorophyll index (27%),
nitrogen index (20.5%), stomatal conductance (38.9%), relative water content (26.7%),
maximum fluorescence (27.6%), variable fluorescence (70.7%), and quantum vyield
(33.8%) compared to no application of vermicompost and methanol under the same of
salinity level. Moreover, the highest grain yield (5.4 g per plant) was obtained due to the
application of vermicompost and methanol 30% volume under no-stress conditions.
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Conclusion

Based on the results of the present study, it seems that the application of vermicompost
and methanol can be used to mitigate the adverse effects of salinity stress due to the
improvement of chlorophyll fluorescence components and some physiological traits in
triticale.

Keywords: Chlorophyll Index, Grain Yield per Plant, Electrical Conductivity, Stomatal
Conductivity
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Figure 1- The effects of vermicompost and methanol on variation of chlorophyll index (SPAD) flag leaf of triticale
under salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no
salinity, C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM

salinity, E) without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM
salinity. Means with similar letters in each column are not significantly different based on LSD test.
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Table 2- Variance analysis (mean square) of the effects of vermicompost and methanol on nitrogen index of flag leaf

of triticale under salinity stress

Sources of Nitrogen Index (Day after planting)
variation df 76 80 84 88 92 96 100
Repetition 2 0.00078”  0.00051"  0.000449™ 0.000017"  0.000057"  0.000020"  0.000002"
Salinity (S) 2 0.00101”  0.00093  0.000981™ 0.000687"° 0.000613”  0.000400”  0.000211"
Vermicompost (V) 1 0.00024°  0.00043”  0.000421”  0.000659”  0.000316™  0.000281"  0.000174"
Methanol (M) 2 000046”  0.00045”  0000378" 0.000479" 0.000425" 0000227  0-000196
SxV 2 000015°  0.00012°  0.000110°  0.000050™ 0.000034™  0.000185”  0.000013™
SxM 4 000017” 0.000016ns  0.000094°  0.000061°  0.000037"  0.000010ns  0.000030"
VxM 2 0.00001" 0.000036ns  0.00018™  0.000482"  0.000055"  0.000008ns  0.000017™
SXVxM 4 000013° 0.000192”  0.000094°  0.000058°  0.000203™  0.000103  0.000031"
Error 34 000003  0.000028  0.0000318  0.000022  0.000025  0.000017  0.000010
CV (%) 5.45 4.90 5.22 454 5.01 450 3.48
Loys &S ) Jlee| Clu 0315 gme g )l fme pe S Sy sk g % NS

ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Figure 2- The effects of vermicompost and methanol on variation of nitrogen index flag leaf of triticale under
salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no salinity,
C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM salinity, E)
without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM salinity. Means
with similar letters in each column are not significantly different based on LSD test.
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Table 3- Variance analysis (mean square) of the effects of vermicompost and methanol on stomata conductivity of

flag leaf of triticale under salinity stress

Sources of variation

Stomatal Conduction (Day after planting)

df 76 80 84 88 92 96 100

Repetition 2 19863.3 72.6™ 111.4™ 593.6 873.9 436.2" 419.97
Salinity (S) 2 3648.7" 2631.8" 1162.5™ 1626.9” 3051.4" 862.1" 910.8™
Vermicompost (V) 1 468.4" 2675 602.3™ 1087.1" 204.6™ 558.4™ 449.6™
Methanol (M) 2 2249.4” 2778.37 809.0™ 960.9™ 1244.2" 309.0™ 659.1™
SxV 2 93.6™ 31.1™ 19.5™ 103.9 48.0™ 83.7" 237.6"
SxM 4 46.0™ 372.9™ 168.5" 142.6™ 204.7" 90.1" 26.4"™
VxM 2 231.3" 346.8" 110.9™ 198.5™ 77.4™ 300.6™ 0.86™
SxVxM 4 477.9" 267.5 293.77 82.3" 151.07 60.7" 67.7"

Error 34 91.1 72.0 48.4 29.1 56.2 21.8 24.4

CV (%) 55 6.0 5.4 46 7.15 43 6.5
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ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 4- Variance analysis (mean square) of the effects of vermicompost and methanol on water content of flag leaf

of triticale under salinity stress

Sources of variation

Relative Water Content (Day after planting)

df 76 80 84 88 92 96 100
Repetition 2 50.7™ 76.47" 103.0° 4.68™ 20.2™ 59.57 102.17
Salinity (S) 2 748.2" 747.6™ 549.2" 758.2" 709.0™ 581.5" 468.0”
Vermicompost (V) 1 154.1" 131.66" 443.3™ 105.4" 200.1 171.17 222.0"
Methanol (M) 2 307.17 467.0™ 320.2 41317 259.9™ 376.3™ 279.8™
SxV 2 93.0” 7.8™ 133.7° 12717 21.5™ 46.7" 33.1™
SxM 4 22.4" 39.5™ 8.1" 56.7" 422 193.17 15.4"™
VxM 2 72.7" 16.4™ 47.3™ 19.2™ 73.8™ 0.7 495"
SxVxM 4 129.77 93.6™ 124.9™ 54.4" 52.6 43.9 84.4™
Error 34 19.6 226 27.4 19.6 19.4 11.9 13.8
CV (%) 56 6.2 7.0 6.02 6.1 5.1 55

L3 & 5 gy el elan )3 s gme 5 513 an b S S 5 % 1S
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 5- Variance analysis (mean square) of the effects of vermicompost and methanol on electrical conductivity of

flag leaf of triticale under salinity stress

Sources of variation

Electrical Conductivity (Day after planting)

df 76 80 84 88 92 96 100
Repetition 2 124.44™ 14047 69.717 117557 902,59 2183.08™ 1312.84™
Salinity (S) 2 66.00" 193.11" 164.78" 212.38" 539.22" 662.91" 1155.54™

Vermicompost (V) 1 28.69" 52.07" 39.93™ 50.03" 201577 43.77™ 411.407
Methanol (M) 2 49.42™ 12717 77.57" 96.20" 278.407 681.04" 595.18"
SxV 2 5.65" 29.90" 10.31" 31.65" 49.96™ 281.49™ 101.31"
SxM 4 2.69™ 20.78" 5.94" 16.83" 20.45™ 13.59" 70.49™
VxM 2 0.49™ 11.62™ 465" 10.76™ 32.19™ 39.67™ 33.84™
SxVxM 4 10.41" 11.34" 9.66" 18.63" 91.68" 169.50" 124.58"
Error 34 2.10 4.03 2.99 6.94 21.48 32.68 28.00
CV (%) - 5.29 5.16 4.09 5.20 8.64 9.06 6.18
Loy d&) C'J“ Jlea! CEM)J )‘J@M})‘}@xﬁﬁb S S w9 %k NS

ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Figure 3- The effects of vermicompost and methanol on variation of stomatal conduction flag leaf of triticale under
salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no salinity,
C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM salinity, E)

without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM salinity. Means
with similar letters in each column are not significantly different based on LSD test.
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Figure 4- The effects of vermicompost and methanol on variation of relative water content flag leaf of triticale
under salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no
salinity, C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM

salinity, E) without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM
salinity. Means with similar letters in each column are not significantly different based on LSD test.
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Figure 5- The effects of vermicompost and methanol on variation of electrical conductivity flag leaf of triticale
under salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no
salinity, C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM
salinity, E) without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM
salinity. Means with similar letters in each column are not significantly different based on LSD test.
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Table 6- Variance analysis (mean square) of the effects of vermicompost and methanol on quantum yield of flag leaf
of triticale under salinity stress
Sources of variation

Quantum Yield (Day after planting)

df 76 80 84 88 92 96 100
Repetition 2 0.006™ 0.008" 0.011™ 0.0024™ 0.003"™ 0.0016™ 0.019”
Salinity (S) 2 0.032™ 0.029™ 0.047™ 0.080™ 0.067™ 0.072™ 0.064"™
Vermicompost (V) 1 0.009™ 0.007" 0.021™ 0.027™ 0.008"™ 0.023" 0.054"
Methanol (M) 2 0.029™ 0.023™ 0.032™ 0.039™ 0.028™ 0.037” 0.035™
SxV 2 0.003"™ 0.003"™ 0.0021"™ 0.010" 0.0009™ 0.012" 0.018"
SxM 4 0.009™ 0.0002™  0.0017™ 0.012™ 0.005"™ 0.002" 0.001"
VxM 2 0.0005™ 0.0009™  0.0007™ 0.003"™ 0.002" 0.0019™ 0.004"
SxVxM 4 0.003" 0.006" 0.011" 0.007™ 0.012" 0.015™ 0.013"
Error 34 0.001 0.002 0.002 0.002 0.002 0.003 0.003

CV (%) - 418 5.53 6.06 7.21 7.329 9.30 9.13

Loy ;’11) c.i Jlea| CEM): )l:@))l:@}:é S S w9 %k NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Figure 6- The effects of vermicompost and methanol on variation of quantum yield flag leaf of triticale under
salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no salinity,
C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM salinity, E)

without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM salinity. Means
with similar letters in each column are not significantly different based on LSD test.
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Figure 7- The effects of vermicompost and methanol on variation of maximum fluorescence flag leaf of triticale
under salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no
salinity, C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM
salinity, E) without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM
salinity. Means with similar letters in each column are not significantly different based on LSD test.
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Table 7- Variance analysis (mean square) of the effects of vermicompost and methanol on maximum fluorescence of

flag leaf of triticale under salinity stress

Sources of Maximum Fluorescence (Day after planting)
variation df 76 80 84 88 92 96 100
Repetition 2 50732.90™  134594.24™  30819.05™  77686.57"  25937.85™ 7701.72" 897.57™
Salinity (S) 2 297784.79™ 45821157  82518.16"  46814.68™  58290.13™  49543.72"  77192.79”
Verm'(%o)mpo“ 1 40892527  116389.79”  57207.79°  21162.24"  7373.35™  15674.07°  59335.18"
Methanol (M) 2 177121.90"  244478.13" 12553.72™  23511.46™  25993.13"  31955.72"  36183.57"
SxV 2 57667.24" 32876.46™ 59513.12" 1047857 6177.79" 5738.02" 27199.46™
SxM 4 54827.40" 65843.99"™ 64004.38™ 2362577  12731.13" 1212.52" 1847.35™
VxM 2 10518.68™ 7421.24"™ 16293.02™ 7595.24" 4472.24™ 1299.79"™ 1042.91"™
SxVxM 4 19721.07" 44335.82" 86558.18" 8255.32" 6504.35" 6837.65" 9976.18™
Error i 6104.88 14964.82 9598.95 3027.79 2429.12 2540.72 2082.45
CV (%) 416 7.84 8.19 5.14 5.18 5.85 6.21

M,:eﬁ;_}@dl,c:-\clw);)l;@M})b@mﬁ'gﬁ_ﬁg;gem)e:ems
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 8- Variance analysis (mean square) of the effects of vermicompost and methanol on variable fluorescence of
flag leaf of triticale under salinity stress

Sources of Variable Fluorescence (Day after planting)
variation df 76 80 84 88 92 96 100
Repetition 2 7.0107 111609.56°  41265.6™  46707.84"  8791.96™ 2352.13" 7287.02"
Salinity (S) 2 614462.20™ 637897.68" 230022.03" 214010.80 172576.98" 14513457 136463.31"
Vermicompost (V) 1  118346.07" 157789.35" 130003.11" 73653.00"  18643.50™  48037.15™ 112527.25"
Methanol (M) 2 403306.20" 367963.717 62123.89° 101160.24” 72072217  72173.97"  63003.44™
SxV 2 8877359  54892.25"  55280.06°  30621.17"  8943.67"  22085.11°  48026.14"
4
2
4

SxM 120469.57"  61211.34°  68210.95~  43337.46"  20836.13" 5144.75™ 4158.81"™
VxM 11924.99™  9899.29™  12251.65™  15638.45™  8572.26™ 3271.98™ 3257.67™
SxVxM 39650.33°  75928.11"° 105835.75"  19300.88°  20599.75" 2417256  21172.38"
Error 34 11046.18 21633.85 13096.75 5775.32 5980.43 5833.26 4318.87
CV (%) - 7.01 11.84 12.57 10.07 11.75 13.25 13.65

Loy d&) C'J“ Jlea! CEM)J )‘}@M})‘}@Mﬁb S w9 %k NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively

ol aals S Sl b Sile e

5l 3 0l S oy S

s ,la, ey @J..lf 0)93)3 (s CEM B
O RN W PP P R LI VPN 9 ¢ N L -9

SRl L e ol ST il s ani
S Al o il Pl 5 S opl et il 4l
SR L anS el el S
oyl e 4l alis dle gl
SU L A s e Bl g S
b S S D S i
a3 cosls alS 1, 09 S sl 5 5y
SR OT a5 sy o Fin 40 o o 4 ot

S wrs Sosh S ) oy Sieds
Sy ia eilaysh Olze 5 ot oS )
3}?3Q.>\>QL&JJLAL§6MJJL4{V¢A
5 eslimul ahex 31 b,y 51 eslizal b oy
OLLE (o551 Ol 3l S gaS a5 5 Jgilie
455)}194;.4.,\.&5];‘51;- o9l b A5 Lo
Oljen O¥sa ke Vo0) (658 mhaw o 5YL 5o
5 o gpaS 3 ol 3208 55wy il 5l
o33 YV/F 153l 5 ez Lo 3 Yo J gilie

23 d5ke 5 S gaS )5 2, pde 4 S



V) Ole cpolezr 3 ol )l a3l Jlo 01yl (LS ol 5 al

(e Control

A

Warible fluorescence

=== Methanol 15% volume

T T
76 80 84
Day after planting

Varible fkuoresceence

Warible fluorescnce

16 80 84

38

PIZ

Day after planting
308 pde (A L5550 205 Cow S 5 (A S p e il s Sl ks Loy p dsle 5 o gaS oys 56 A Ko

=t Methanol 30% volume

Vanbke fkuomescence

0 . r . .
76 80 84 83 92 96
Day after planting

Varible fluorescnce

76 80 §4 88 92 96
Day after planting

Varible fluorescnce

100

76 80 84 88 92 96
Day after planting

)‘){)L{ C-\ﬁ (C 46)).:3 JL«D‘ Cu\& ‘h‘.'.“)":' BE) CM»:}:..JLSAJJ bjf‘)g (B 4‘5‘)}5 JL«G‘ ru\.ﬁ Ja;_‘,& BE] QM}?JL;A)}

pte (B Ve e 00 (g5 dlasl Lol 2 )3 G 5aST a5 2,0 (D Y50 s 00 (5558 Jlasl Lol 1o 55 S g8 o)

')Y)‘ul:‘\“ 6)ﬁdw‘hi|ﬁ))w}§@)}:x)l§(F ‘)Y}‘gsl-"‘\.. 6)}.5: Jw‘b{_‘ﬁjéw}g@)}.:ﬁ)lf

515 8 LLSD O ga3T ol (5l e (T 3Bkt 50 52 55 ailie o3 b sla o ilee

Figure 8- The effects of vermicompost and methanol on variation of variable fluorescence flag leaf of triticale under
salinity stress. A) without application of vermicompost + no salinity, B) application of vermicompost + no salinity,
C) without application of vermicompost +50 mM salinity, D) application of vermicompost +50 mM salinity, E)
without application of vermicompost +100 mM salinity, F) application of vermicompost +100 mM salinity. Means

with similar letters in each column are not significantly different based on LSD test.
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Table 2- Variance analysis (mean square) of the effects of vermicompost and methanol on grain yield per plant of

triticale under salinity stress

Sources of variation df Grain Yield
Repetition 2 0.002"™
Salinity (S) 2 19.177
Vermicompost (V) 1 3.14"
Methanol (M) 2 12.69™
SxV 2 0.456™
SxM 4 6.76™
VxM 2 0.112™
SxVxM 4 0.152"
Error 34 0.005
CV (%) - 5.72

Lo &S e e 03 Jl3 gme 5 0I5 me b S i w5 NS

ns, * and ** show no significant and significant differences at 0.01 probability level, respectively.
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Table 3- Means comparison of the effects of vermicompost and methanol on grain yield per plant of triticale under

salinity stress.

Treatment Grain Yield (g per
plant)
M; M, M
S A 0.55%" 1.47° 4.16°
V, 1.35% 1.78° 5.44°
S, \A 0.46' 0.65° 0.91°
V, 0.81f 1.33° 1.35%
S; \A 0.15 0.50" 0.60%"
V, 0.26! 0.60% 0.88
LSD 0.12

M3 s Ma My s a8 a5 2,58 L s 05y e 5 Vo s Vi ¥ e Ve 500 (6,58 dlasl 5 (6558 Jlesl pe < 5455 557 Sy

Lol 1 13 e T Ot 0 gt 5 53 i U3 b Sla o S0le s omm A3 ¥ 500 U gie (3 ghoes ¢ 3 sloms ok o i

Ll o2 LLSD Ryl

S1, S; and S; are no salinity, 50 and 100 mM salinity. V; and V, are without and with application of vermicompost. My,
M, and M 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.
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