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Extended abstract

Introduction

Soil salinity is one of the most serious limiting factors for crop growth and production in the arid and
semi-arid regions. Several strategies have been developed in order to decrease the toxic effects caused
by high salinity on plant growth. Among them, use of bio-fertilizers such as plant growth promoting
rhizobacteria (PGPR), vermicompost and humic acid play a very important role in yield improvement.
Inoculation of plants with native suitable microorganisms may decrease the deleterious effects of
environmental stresses and increase stress tolerance of plants by a variety of mechanisms, including
synthesis of phytohormones such as auxins, cytokinin and gibberellins, solubilization of minerals like
phosphorus, production of siderophores and increase in nutrient uptake, N fixation. Vermicompost
plays a very important role in plant nutrition and soil health. So, it seems that application of bio
fertilizers such as PGPR, vermicompost and humic acid can improve crop yield under soil salinity stress.
Therefore, the aim of this study was evaluation of yield, chlorophyll fluorescence indices and some
physiological traits of triticale in response to humic acid and bio fertilizers application under soil salinity
conditions

Material and methods

In order to study the effects of vermicompost, humic acid and seed inoculation with flavobacterium on
yield, chlorophyll fluorescence indices and some physiological traits of triticale under soil salinity
conditions, an experiment was conducted as factorial based on randomized complete block design with
three replications in greenhouse research of the Faculty of Agriculture and Natural Resources, the
University of Mohaghegh Ardabili during 2020. Experimental factors were included salinity levels (non-
application of salinity as control, application of 50 and 100 mM salinity by NaCl), and bio-fertilizers
application (no application of bio-fertilizers as control, application of vermicompost, seed inoculation
with Flavobacterim, both application vermicompost and Flavobacterim) and foliar application humic
acid (foliar application with water as control and foliar application of 2 g.I't humic acid). vermicompost
was purchased from the Gilda corporation. Flavobacterim was isolated from the rhizospheres of wheat
by Research Institute of Soil and Water, Tehran, Iran. The triticale cultivar "SANABAD" was used in the
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experiment with plant density of 400 seeds m-. For inoculation, seeds were coated with gum Arabic as
an adhesive and rolled into the suspension of bacteria until uniformly coated. The strains and cell
densities of microorganisms used as PGPR in this experiment were 1x108 colony forming units (CFU).
Relative water content: Weight of fresh leaf was measured just after detached from the plants then
taken turgid weight after leaf was incubated in distilled water for 24 h to obtain a full turgidity. Dry
weight of leaf was measured after it was dried at 60°C for 24 h in an oven. Relative water content was
measured according to the following formula (Chelah et al. 2011).

RWC (%) = [(FW-DW) / (TW-DW)] x 100

Where, RWC, FW, DW and TW are relative water content, fresh weight, dry weight and turgid weight
respectively.

Chlorophyll content: A portable chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Japan)
was used to measure the leaf greenness of the wheat plants.

Quantum yield: The quantum yield was measured by the uppermost fool expanded leaf using a
fluorometer (chlorophyll fluorometer; Optic Science-OS-30 USA).

Electrical conductivity: Electrical conductivity was calculated by following the standard method of
Jodeh et al. (2015). Electrical conductivity (EC) values were measured at room temperature of 23+1 °C
using an electrical-conductivity meter. At plant maturity, grain yield in each pot were harvested five
plants per pot.

Statistical analysis: Analysis of variance and mean comparisons were performed using SAS ver 9.1
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

Means comparison showed that the both application of vermicompost, Flavobacterim and foliar
application of 2 g.I't humic acid under no salinity condition increased maximum fluorescence (22.53%),
variable fluorescence (94.69%), quantum yield (58.88%), chlorophyll index (28.91%), nitrogen index
(3.88%), relative water content (50.48%)of flag leaf and grain yield (69.56%) in comparison with no
application of bio-fertilizers and humic acid under 100 mM soil salinity. No application of biofertilizers
and foliar application of humic acid at salinity of 100 mM increased the electrical conductivity and
minimum fluorescence (Fo) the flag leaf.

Conclusion
It seems that application of bio-fertilizers and humic acid can increase grain yield of triticale under soil

salinity conditions due to improving chlorophyll fluorescence and some physiological traits.
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Table 2. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
chlorophyll index of triticale in different days after planting (DAP)
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Table 3. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on nitrogen

index of triticale in different days after planting (DAP)
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Beoye SO g gt Jloiml mav o lo e g jle Jxe wé ol 5 4 ek g s S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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4 ) Sl Sl JUR Ce e ogay98 (al imd s
LS (30755 oo GieI5H g 5 il LS o L
CamrgeS 859 53 39750 (59 Slgie o9 Vb 39 o
J.Js)lf)u.u)o ‘SwLwl )..OLC- )| as (\ J9A>) colﬁm‘é)yo
Oisres ol Gl BYs 0o ) Wed oo g
9 S Oj9r e bl Gl s Cod
colled g (Islam et al., 2010) axdl 253l ol s IS 4
Slaliols g sl pali ol LS g0, o i LS g0, @l s
Jabeen and ) wb oo iol38l 50 (5,08 b axlge jo sl
S9e,y50 dnds Codled gl ls swl Segan (Ahmad, 2016
S9dse obS 039y Il e wlS s (e

.(Nardi et al., 2002)

5 o Jlosl pae Lulyd 50 apl Sioged g pon iSLgMo
Sy B3gS 35 pae )3 (410 VV0) ol Jlade (p S
odalin Voodeo Ver (g)9d Lulyd 5o sl Seogen
9 Jedo 5L oYL (Ko SPAD sue (F Jguz) o
&5 a5, (Scharf et al., 2000) s,ls Sy 59 50
O3 ol Ol 5o Rl g wlige GRIPENS g il
ol olS ;3 Bl 09meS 5 ()39 i alS crge
595wl ol 5l asas g (Volkmar et al., 1998)
balpd 50 piers patls el jl ide o Srels
Sl w3l coled gl mals 1 36 Wisiee 555
0aiiS o el 4 abl sl elielS o5l g 5LSgo,
o8 (Lietal, 2005) cusl (39,05 JTp,8 4 ponigal
9 ool 0B ek LAl Il 4 e pg SLOY
sl xS ol bl (Flores et al., 2005) Ko

O3y Olsee olS (S g 30,98 (5o (S Ay

P 2 59 S g sl Sogad (Sl Jglome (w5 SB09S 9,15 Jiliio 1 (puSilo duglio F Jgur

Ay 5 5y g Judg S

Table 4. Means comparison of effects of bio fertilizers, foliar application of humic acid
and salinity stress on chlorophyll and nitrogen index of triticale.

" Chlorophyll Index Jdg s el
Pl . i .
Treatments Day after planting Cils 31 e 395
57 61 65 69 73 77 81
SixB1xHi 48.4¢ 48.5" 43.81 40.9" 38.51k 38.3ih 34.1¢hi
S1xB2xHi 50.9¢ 49.7¢ 46.31 41.7¢ 41.8°0 38.61h 36.6°
S1xB3xHi 53.7° 52.8% 48.8 444 43.1 40d° 39.8¢
S1xB4xHi 55.6* 54.8® 49.9* 45.6* 45° 43.1* 41.9%
S1xB1xH: 50 51.2f 45.8¢n 42.9¢ 39.8M 3912 34.9¢
S1xB2xHz 53¢ 52.94 48.1%4 44.6d° 434 40.7¢ 39
S1xB3xHz 53.7° 54b* 49° 45b* 43.8% 42° 41°
Si1xB4xHz 55.7° 54.9% 502 45.6° 44.7° 43.5° 42.8°
S2xBixHi 41.1h 45.91 43 40.3% 38 37.9ik 34.2¢h
S2xB2xHi 47.2h 4771 43.1% 40.6™ 38.21 38t 33.9hi
S2xB3xHi 50.2¢f 508 46he 42.5% 41¢ 38t 39f
S2xB4xHi 53.8¢ 53 47.1¢ 4414 42.6% 41.1¢ 414
S2xB1xH2 46.3¢ 47.8¢ 43.7% 40.7 38.41k 38.11 42 genii
S2xB2xH2 46.4h 49¢ 4491 40.9 39hi 38.6%h 34.28
S2xB3xHz 50.2¢f 52.9%® 46¢h 444 41.2f% 40.5% 33.9¢
S2xB4xH: 53.8° 54.8% 49.9* 45.5 44.3% 43¢ 36°
SsxB1xHi 46.3 45.7 4241 40.5% 37.4! 37k 38.30
S3xB2xHi 46.4 45.8 42,94 401 37.9M 37.34 34.1h
S3xB3xHi 49.5° 49.8¢ 44.91 42.1% 39Mit 38.8f8  36.1¢M
SaxB4xHi1 524 51.9< 47 43.1° 42¢f 39.4¢f 41.2¢
S3xB1xHz 47.2h 477" 43.1% 40.6™ 38.2¢ 37.9i 33.28
S3xB2xH2 48.4¢ 48.6" 43.4% 41.68 38.31k 38.5¢i 33 gehi
S3xB3xHz 49.6¢ 51.2f 45.2Mi 42.9¢ 39.1M 39.1% 34.28h
S3xB4xH2 52.2¢4 53.9% 47.3% 40.9% 42.6% 41.8° 37.9%
LSD 0.9633  0.9804 0.8104  0.6273  0.8171 0.6335  0.9957
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Table 4. Continued

alol.f Jgo

s Nitrogen Index 0595w sl
Tre;tl;lents Day after planting Cuils 31w 39,
57 61 65 69 73 77 81

SixBixHi 0.096¢ 0.096" 0.088) 0.08" 0.081k 0.079"  0.072¢ehi
S1xBaxHi 0.1¢ 0.098# 0.0921 0.085¢ 0.085¢f 0.08ehi 0.077°
S1xB3xHi 0.104° 0.103¢% 0.096°¢ 0.0894 0.087¢ 0.082¢% 0.082°
S1xBaxHi 0.108* 0.106% 0.098* 0.091° 0.09* 0.087° 0.085%
S1xBixH: 0.098# 0.1 0.092¢ 0.087¢ 0.082" 0.08 0.074#
S1xBaxH; 0.103% 0.1039 0.095¢ 0.09< 0.087¢¢ 0.083¢ 0.08<
S1xB3xH: 0.104° 0.105% 0.097° 0.09%¢ 0.088" 0.085° 0.084°
S1xBsxHa 0.108* 0.106 0.098* 0.091° 0.09° 0.088* 0.087*
S2xB1xHi 0.094" 0.092! 0.087 0.083M 0.0794 0.079% 0.0738h
S2xB2xHi 0.094" 0.095" 0.087 0.083M 0.0794 0.079Y 0.072"
S2xB3xHi 0.099¢f 0.098g 0.092¢h 0.086°f 0.084¢ 0.079Y 0.076"
S2xBaxHi 0.102¢¢ 0.103¢ 0.094¢f 0.089¢ 0.086% 0.084¢ 0.079%
S2xBixH: 0.096# 0.095h 0.088 0.083" 0.08iik 0.079i 0.072¢hi
S2xBaxH: 0.093" 0.098# 0.09 0.084¢ 0.08M 0.08eh 0.073¢n
S2xB3xH: 0.099¢f 0.103¢ 0.092¢ 0.089¢ 0.0841 0.083¢ 0.076"
S2xBaxH: 0.105° 0.106% 0.098* 0.0912® 0.089% 0.087* 0.084°
S3xBixHi 0.092" 0.091! 0.086! 0.083M 0.078! 0.077" 0.074
S3xBaxHi 0.093" 0.092! 0.0874 0.082! 0.0794 0.078% 0.072M
S3xB3xHi 0.098f 0.098# 0.09 0.086f® 0.08Mi 0.081eh 0.073¢hi
S3xBaxHi1 0.102¢ 0.102¢f 0.094°f 0.087¢ 0.085¢f 0.081¢f 0.079¢
S3xB1xH: 0.094" 0.095" 0.087 0.083M 0.079K 0.079% 0.0729
S3xB2xH: 0.096# 0.096h 0.088! 0.085¢ 0.079%% 0.0808  0.072¢hd
S3xB3xH: 0.098f 0.1 0.091% 0.087¢ 0.081" 0.0811% 0.0738h
S3xBaxH: 0.102¢4 0.105% 0.0944¢ 0.09% 0.086d° 0.085° 0.08%

LSD 0.0016 0.0016 0.0013 0.001 0.0013 0.001 0.0016

539 S5 i sin; sloogS 90,5 pae i 3 4 Ba 9 B3 B2 Bi . Yee dwo Ve

500 So5d 5 69 pas oS 4 S3 982 S

205 Y Bl 5 o2hslxe pac coss 4 Ha g Hi o 2Sbgdls 5 CngeaS gy 0135 0215 5 32 25155 0 )18 cammgeaS

A3l 02 LLSD (yg03T bl 53 (gl cimo (6 )Ll M (g 1o 0 alie B, 61l (sloSilee
S1, S2 and S3 are no salinity, salinity 50 and 100 mM respectively. Bi, B2, B3 and B4 are no application of bio
fertilizers, application of vermicompost, Flabacterium and both application vermicompost, Flabacterium. Hi and
Hz are no foliar application and foliar application 2 g.L"! humic acid respectively.
Means with similar letters in each column are not significantly different based on LSD test.
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Table 5. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on variable

fluorescence of triticale in different days after planting (DAP)

it M.S (DAP) (ol 51 gt 39 50) las yo (uSilo

6é|}T
5.0V i gl gf 57 61 65 69 73 77 81
Replicatin IS5 20 361326.97 253093.8" 18984.8™ 139537.5"" 88768 42076™ 25741.5™
Salinity (S) G 2 122313 45305.3" 11478.2" 166953" 31853.3™ 1548.2" 11803.3"
Biofertilizers (B) Sy soss 3 16883.6™ 63687.17" 199232 20046.8" 56320.8"" 2662.4™ 15181.5™
Humic acid (H) Saogud sl ] 4802 19701.1™  4851.1" 5618  11704.5™ 790™ 4802*
SxB ) SBogS X (5y9l 6 333" 1250.3"  173.1™ 464.2" 653.7" 84.3" 150"
SxH Sogad Sl X 5y 2 4.62m 12.8m 140" 43.6™ 34.1m 5.34" 60.5™
BxH Sogud duwlX Sy j sOgS 3 78.3" 558.4" 142.3" 1517 227.5m 36.1 149
S¥BxH 6 1.64" 78.3" 687.2" 304.5™ 336.1" 732.1" 421"

Sooged dwlX (gm § 5 BO5X (5590 ' ' ’ ’ ' ' '

Error WL 46 48 182.4 52.84 60.57 146.9 7.39 44.09
C.V% Ol gl o b - 6.8 8.02 8.9 6.03 7.11 10.2 8.55

Aoy SO g g Jleil mhaw 1ol g g o pire e oS A
ns, * and ** are non-significant, significant at P<0.05 and P<0.01,

% NS

respectively.

3 AL 5 JBlas uileyold » (6r0h G 9 sl Sogad (LBl Jokno (w3 $W09S 051yl 13T il ylg 435 £ Joun
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Table 6. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
minimum fluorescence triticale in different days after planting (DAP)

2 M.S (DAP) (ol 31 g 395 58) Ol po yuSibio

!
Replicatin S5 2 29744 34367.8" 44266.8™ 41633.3 43808.5 50600.1"  51894™
Salinity (S) G 2 1805.8™  1135.1%  12.0™ 24385 4.76™ 58147 371.6™
Biofertilizers (B) i slses 3 27313 17817  31242™ 22509 7015.8™ 1314.7"  909.6™
Humic acid (H) Srogad sl 1 87.77  1596.1™ 533" 1035.1%  12.2m™ 338" 288"
SxB o) GBS X gyed 6 13637 12777 1055 1103 8354 483" 107.2*
SxH Soogud el X gy9d 2 32617 59627 557.5"  1224™  981.3% 7.050 7.12"
BXH = Suogad dgmslX s j sl22gS 3 82.6™ 22037 3166  391.3"  337.5% 482" 54.3"
S<BxH 6 128.6™ 18914  137.9" 3373 1269  44.6" 49.4

S g domslX s 5 (5 BI9TX (5 )9 ’ ’ ’ ' ' ' ’

Error ks 46 8.39 20.8 7.54 9.72 17.2 3.57 2.82
C.V% CHJOUE - SUTSW S 8.2 5.6 8.9 6.5 9.11 8.3 7.18

Woys SO gz Jloisl mlaw 1o ls gee g jlo Jxe ué o 4 e g % S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively

Seesed 5 (Fo) GBS 95 pas ()l S 5 o
s ael caws 4 S Yeo lo Voo (55980 50 il
(awgroS o059 plgi 85,15 4y S (gaue )0 VYIRD i34l
S5 Jlosl pas Ll pd Co sl Seagen 5 po 2L
S 5 ol sleslatul vy oo Sa5 a4 (Y J592) 952,10 )95

F0) f5la> il 55
A Jilas il jsls Al s 55580 YL ok
Jleel pae Ll 550 lge Jlas il 5ld (l5ae o9l
(Y Jgoz) 09: SI Voo oo Ve (6558 5l jaS (555
(VIY) JBlax uilio 518 (32 5 o «2calS 5l mg 55, AN o
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J9uz) 0l S5 5l e 5, AY S0 S Ve e ) -
SOUES e g SSTas il jsld lree o als (V-
il Gl Sy GalS dadijy) ol dtey osims
Gl dodijy; 5l ()T denSle (enl S alS (g,
Maxwell ) cwl jiwgsd jzals coles,s 3 JEl e
st pidam g (39,le0l35 > (and Johnson, 2000
(Kherizadeh Arough and Seyed Sharifi, 2018)
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Table 7. Means comparison of effects of bio fertilizers, foliar application of humic acid and salinity stress
on variable fluorescence and minimum fluorescence of triticale

s Variable Fluorescence o guili ygld
Trez)itr;lents Day after planting bS5l s 39,
57 61 65 69 73 77 81

Si1xB1xHi 593kim 471Km 422.5K 36071 2644 199.5H 146"
S1xB2xHi1 614" 513h 444 50 381% 302N 206.5%" 164<f
S1xB3xHi 638t 561 463 417¢ 346° 216.5° 185¢
S1xB4xHi1 670% 625% 5122 441 406 234.5% 216%
S1xB1xH2 614hi 513h 444 50 376" 302M 206.5% 161¢f%
Si1xB2xH2 631% 537¢ 457.5¢8 4154 333f% 211.5° 1844
Si1xB3xHz 655¢ 611b¢ 4794 425 361% 231° 204%¢
S1xB4xH2 677 639* 504.5% 446° 419° 238 220%
S2xB1xHi 570 441nop 406.5™"° 339m 240mne 197kimn 128k
S2xB2xHi 589im 463!mn 4]8Kim 355Kk 257H 199Kim 145hi
S2xB3xHi 604iik 4931k 433.51 368N 284 203.5M 155%h
S2xBaxHi 655¢ 577% 488.5% 430" 378¢d 2214 205b
S2xB1xHz 585mn 457mn 414.5!m 3525k 245]mne 198.5kIm 1411
S2xB2xH2 6097 5031 4391 372¢h 293 205" 158°f
S2xB3xHz 6268 547t 470.5¢ 402hi 324# 213¢t 181¢
S2xB4xH2 663 5954 497° 432b¢ 393 226.5¢ 211%®
SsxB1xHi 5690 427 394p 328™ 229° 195™" 113!
S3xB2xHi 571 424p 397 330™ 235m 193" 1184
S3xB3xHi 570° 441nop 406.5™"° 335im 240mne 197K!mn 125k
S3xB4xHi1 621" 527¢ 452¢h 385f 3158 210% 167¢
S3xB1xHz 5740 433 402"°p 333m 231" 196" 1184
S3xB2xH2 582mne - 449mne 4]11mn 343H 25(mn 198.5Km 137
S3xB3xHz 598 4813 427k 364" 273k 2011k 152¢h
S3xBaxHa 646% 595¢d 488.5% 421 378¢d 226.5¢ 196°¢

LSD 11.387  22.199 11.947 12.792 19.921 4.4686 10.914
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Table 7. Continued aolol.Y Jgus
s Minimum Fluorescence Flas il yald
Tre;tl;lents Day after planting el 3w 395
57 61 65 69 73 77 81
S1xBixHi 175% 193f% 212.5 210¢f 208 236.10cd 236
S1xB2xHi 163 190" 213.51 215% 2130 232feh 2412
S1xB3xHi 1627 207 221 efeh 204s 208.5 228.8 234t
S1xBsxHi 148.5! 200edf 186m 190/ 198k 212mn 215
S1xB1xH2 172¢0 175 218.5¢ 210°f 213i 231¢hi 240¢de
SixB2xH2 1933 216% 239.05° 201.5¢ 243.4¢ 233.2¢f¢ 233f
SixB3xH2 173feh 157% 2244t 196" 2274t 214.4im 220!
S1xBsxH2 155k 174 203.54 189 201k 209" 215
S2xB1xHi 188 197°f 210.5 219 224t 237.2b 238b
S2xB2xHi 186¢ 184hi 223defe 205% 220.5%h 235.6%4 236¢d
S>xB3xHi 177.5¢ 202% 229.5° 223b 223f 234 50t 236¢d
S2xB4xHi 158 143! 202.54 173.5k 188.5! 218.2% 221
S2xB1xHa 1869 203¢% 212.5 215¢% 2235 236.8" 236
S2xB2xH2 181° 176.5" 229b¢ 204¢ 2304 231.5%hi 235df
S2xB3xH2 171¢h 148! 205.5% 189/ 217¢h 225j 2308
S2xByxH2 155.5k 206¢ 199.6' 195hi 183.5™ 219.5% 219!
S3xB1xHj 1864 1974t 218N 226° 233be 238abe 242°
S3xBa2xHi 191be 205.5¢t 22 5bede 226° 231bed 240.8° 238b
S3xB3xHi 1953 223.5¢  224.50f 238* 230cde 238.9% 237
S3xBaxHi 169" 185h 200.5' 215% 181™ 228.9Mi 240
S3xB1xHz 191%e 214be 225bcde 227° 237.5% 238.6%¢ 2412
S3xB2xH2 191b¢ 202% 2270 220 224 5%t 236.5b 237
S3xB3xH2 196* 200.59%f 2207 217¢ 214phi 236bede 233t
S3xBsxHz 1611 142! 183.5™ 1909 154" 217.54 2270
LSD 4.7623 7.5109 4.5147 5.1245 6.8333 3.1063 2.7638

)5 i sy soogS 5, pas oS5 4 Ba g By B2 Bi . Yee Lo V-

900 Gy58 5 5ysd pas i 483 32 S

sl 5 o3l sl pos i 4 Ha g Hi oy iSUgdi 5 ConsenS (s pls5 9,005 5 psa mSlsdls 0 )15 eansgeS” a5

el Seogen 5l 9 5 Y

3,105 02 LSD (5031 Goll 2 (5,10 sime (5 ,Le] OB gt 12 50 aslie g, b sla,Siles
S1, S2 and S3 ara no salinity, salinity 50 and 100 mM respectively. Bi, B2, B3 and B4 are no application of bio
fertilizers, application of vermicompost, Flabacterium and both application vermicompost, Flabacterium. Hi
and H: are no foliar application and foliar application 2 g.L"! humic acid respectively.
Means with similar letters in each column are not significantly different based on LSD test.

Oftadeh ) |,Kea 5 ;8lad ool i 5 Fv/Fm
- s0y9 0,5 a5 waals bl (Fadafen et al., 2018
SeS 5 S (09,500 lacudlad o5 Goyb | CavgeeS
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lsssls Gal3il 5 Jilas sl ialS o byl
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ST AP Sgp w20 (VW J9u2) 020 S (oSl 3 Shee Gl Czge sy, Culaa g yingid Co
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Table 8. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
maximum fluorescence of triticale in different days after planting (DAP)

it M.S (DAP) (S 31 g 535y 50) Ol yo (pSileo

55‘>|}T
S.0.V s @l gf 57 61 65 69 73 77 81
Replicatin S 2 598409.4™ 473990.8™ 417471.4™ 3333609™ 257296.9™ 184959.4™ 150733.5™
Salinity (S) Sog 2 4682.8™ 399339 11101.8" 7779.4™ 32600.2" 245.1™ 8055.3™"

Biofertilizers (B) Sy sogs 3 6704.6™ 44539 10042.77 92909 26032.6™ 246.3™  8703.1™

Humic acid (H) Seoge sl ] 6188.2""  10082""  5921.4™ 1830.1"" 12474.1™  94.5" 2738
SxB ) GBOgT X gyl 6 140.6™  11752™ 3582 283.7" 16852 2.8 306.5™
SxH Sogud Sl X (5390 2 324.4™ 525.2" 159.9*" 25.5" 727.6" 0.12" 42.8"
BxH — Soogd dowlX gwsj sloogs 3 197.6™ 7563 192.08"  123.2" 378.2" 122" 54"
SxBxH o o . " - - -
Srngnt X s § (s 95X 53 6 140.3 1073 83.1 87.7 500.1 9.20 90.3
Error ks 46 223 139.3 35.8 27.7 99.4 0.86 27.5
C.V% Ol gkl o o - 9.12 9.8 10.1 8.42 9.02 7.65 8.55

Beoye SO g Jleil maw o lo pae g e Jxe uE ol 5 4 sk g % S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

G395 39 Ay 37 (o09ileS 8 ,Shod 1 (5 ygib (M g ol Seoogad (o Jodono ¢ s 5 (535S 3 )5 1T (il ylg 43285 A Jgu
ClS gy Ao

Table 9. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
quantum yield of triticale in different days after planting (DAP)

“x M.S (DAP) (bS5 W39y 39) ©latpo (Sl
séle
S.0.V i 2lo gf 57 61 65 69 73 77 81

0.57" 0.5™ 0.43" 0.39" 0.32" 0.21" 0.16™
0.005™ 0.01™ 0.003™ 0.01" 0.01™ 0.005™ 0.03"
Biofertilizers (B) -y sBogS 0.007* 0.01™ 0.01™ 0.01™ 0.07" 0.01™ 0,04™

Replicatin SIS 2
2
3
Humic acid (H) Soogad duml 1 0.0001" 0.009™  0.0007""  0.006™ 0.007™ 0.002" 0.01**
6
2
3

Salinity (S) yye

SxB ) sBOgS X (g ygu 0.0002**  0.002"*  0.0001"  0.0005"  0.002™  0.0003""  0.0002"
SxH Seogud dumml X (55900 0.0003"*  0.0005™  0.0008™  0.0002"*  0.001""  0.00003" 0.0002"
BXH — Sooged awwlX w3 glasgS 0.00006"  0.003"  0.0004 0.0008"  0.0004"  0.0001""  0.0006™
SXBXH *k sk ok ok ok sk *
Seragad sl i § (SB35 (5 95 6  0.0001 0.002 0.0003 0.0008 0.0009 0.0002 0.0003
Error Ls 46 0.000021 0.000074 0.000032 0.000060 0.00016 0.000027 0.00012
CV% Ol s o o - 8.65 7.3 7.85 8.31 9.8 10.2 6.35

Aoy SO g Jleisl mhaw 1o ls e g jlo pxe i A 5 % NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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Table 10. Means comparison of interaction of bio fertilizers, foliar application of humic acid and
salinity stress on maximum fluorescence and quantum yield of triticale

s Maximum Fluorescence FSlas il ,gld
Tre;tr;lents Day after planting Cudls 31 w39,
57 61 65 69 73 77 81

S1xB1xHi 768m 664 635!mn 570kim 472™ 435,618 382k
Si1xB2xHi 7778 7031h 658hi 596 5151 438.5°% 4051
Si1xBaxHi 800 768° 6844 621% 554.5¢F  4453bd  4]9cde
Si1xBaxHi 818.5¢ 825% 698°¢ 631° 6042 446.5% 431%
Si1xB1xHz 7861 6838hi 663" 586h 515 437.5%h 401%
SixB2xH2 824b¢ 753¢d 696.55>  616.5% 576.4% 4447 417%
Si1xB3xHz 828 768° 7032 621% 5880 445.45d  424b«d
Si1xB4xH2 832° 813% 708* 635° 620° 447° 435°
S2xB1xHi 7584 638!mn 61774 558 464" 434 2mn 366
S>xB2xHi 775kim 647kim 6414 560" 477.5m 434 6Km 381k
S>2xB3xHi 781.58 6958 6638 591¢n 5079 438¢the 3911
S2xBaxHi 813%d 720¢f 691¢d 603.5¢f 566.5% 439.2° 426
S2xB1xH: 771 1mn 660* 627" 567'mn 468.5m  4353km 377k
S2xB2xH: 790hi 679.51 668 576 523hi 436.5hi 393Mi
S2xB3xH2 797¢h 695¢hi 676 591¢h 541% 438¢feh 411
S2xB4xHz 818.5% 801° 696.6" 627 576.5% 446 430%
S3xBixHi 7554 624" 6124 554p 462™ 433" 355"
S3xB2xHi 762°4 629.5™ 622 556 466™ 433.8™ 356"
S3xBaxHi 765"°P 664.5% 631mn 573 470" 435.91k 362m"
S3xBaxHi 790k 712% 652.51 600" 496 438.9° 407"
SsxB1xH2 765"°P 647kim 627" 560" 468.5™  434.6Km 359mn
S3xB2xH2 773m 6514 638kim 563mne 474.5™ 435)kim 374K
S3xB3xH2 7948 681.51 647 5811 4874 437¢hi 3851
S3xB4xH2 807¢F 7374 672" 611% 532¢h 4444 423bed

LSD 7.7741 19.401 9.8371 8.6617 16.386 1.5291 8.6323
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Table 10. Continued

aolsl Ve Jous

Quantum Yield ogalgS o Slos
",
Tre;tr;lents Day after planting S 5l g 39y
57 61 65 69 73 77 81

SixBixHi 0.772! 0.709# 0.665%  0.6310k 05598  (0.486defg  0.457ik
Si1xB2xHi 0.791 0.729¢t 0.675% 0.639¢h 0.586° 0.513d 0.47%h
S1xB3xHi1 0.797¢ 0.73¢ 0.676% 0.671% 0.623¢ 0.556¢ 0.486°
Si1xBaxHi 0.818* 0.757¢ 0.733% 0.698% 0.672° 0.63a 0.525%
Si1xB1xH2 0.781" 0.745¢¢ 0.670¢f 0.6418" 0.586° 0.51de 0.472
Si1xB2xH2 0.765" 0.713# 0.6568" 0.673¢f 0.577¢f 0.556¢ 0.475'%
S1xB3xHa 0.791%  0.795% 0.681¢ 0.684%  0.613% 0.61ab 0.518%
S1xB4xH2 0.813% 0.785° 0.712° 0.702% 0.675° 0.64a 0.532*
S>2xB1xHi 0.751'mn  0.691 0.658¢" 0.607™  0.517"k 0.44hi 0.453k
S2xB2xHi 0.76 0.7158 0.652M 0.6338  (.538¢eh 0.48efg 0.457%
S>2xBaxHi 0.772! 0.709s 0.653" 0.6225% 0.56¢ 0.5def 0.4641
S>2xBaxHi 0.805% 0.801% 0.706° 0.712# 0.667° 0.61ab 0.503¢
S2xB1xHa 0.758  0.692"  0.661¢" 0.624 0.522hik 0.476fg 0.4561k
S2xB2xH2 0.77 0.74% 0.657¢ 0.645¢ 0.56¢ 0.51de 0.469¢
S2xB3xH2 0.785¢h 0.787° 0.696°¢ 0.684f 0.598% 0.556¢ 0.486°
S>2xBaxH2 0.81% 0.742¢% 0.713° 0.688% 0.681° 0.62a 0.507¢
SsxBixHi 0.7534m  (.6841 0.6431 0.592" 0.495 0.403j 0.454
S3xB2xHi 0.749™  0.673 0.638 0.593" 0.504% 0.42ji 0.444!
S3xBaxHi 0.745" 0.663% 0.644% 0.584" 0.518k 0.436hi 0.45134
S3xBaxHi 0.786¢" 0.74¢ 0.692°¢ 0.6418" 0.635° 0.516d 0.478°f
SsxB1xH2 0.75mn 0.669% 0.6411 0.594" 0.493) 0.41ji 0.45M
SsxBaxHy ~ 0.7528m  0.689! 0.6441 0.609™  0.526" 0.463gh 0.4561k
S3xB3xH2 0.753%m  0.705%"  0.659¢" 0.626" 0.56¢ 0.496def 0.459"
S3xB4xH2 0.8 0.807¢ 0.726° 0.689° 0.71* 0.583bc 0.51%

LSD 0.0076 0.0142 0.0093 0.0128 0.0214 0.301 0.0086

S5 e sy sloagS 5,5 pas oS5 4 Ba s B B2 Bi . Yee dw Ve

90 &y55 9 )5 pas b S 453 352 S)

b Jobre 5 (3l sle pas oo 4 Ha g Hi o 2SUgds 5 CovseaS” (a9 pl5 3,015 5 3 iSLgdls 015 cegeaS’ (a9

5l 02 LSD (5051 (bl 1 (515 st (5Ll BB (i 52 50 aulive By o b Lol ] S i 55 05
S1, S2 and S3 ara no salinity, salinity 50 and 100 mM respectively. Bi, B2, B3 and B4 are no application of bio
fertilizers, application of vermicompost, Flabacterium and both application vermicompost, Flabacterium. Hi

and Hz are no foliar application and foliar application 2 g.L"! humic acid respectively.
Means with similar letters in each column are not significantly different based on LSD test

Ll Suledys g 0y (sl Jobw (950 Jliad g oud allSy 5
B iz ge dlins fod g wboe B S5k o)l
5 n G et el 5 sl lid 4 e
ohes 5 ooy Ll (Poormosavi et al., 2007)
3,8 a5 &o,S Lo 5o (Khalilzadeh et al., 2017)
Cge 1Sysd 5 bl Cod wl) S e slags S
5 AlSols wd puiF az g Sy WSSl cglan tals
u9,)55 (Shadkam and Mohajeri, 2019) (s ,>l-
5 b 5 Ly o oS a5 38 oS oS
el 4 e (aadllsaplle) o gemlanSTy

gyl OF Jgaz) ad Voadeo Voo (590 Lalyd
@ alex b oy g0 s Iylyd 10 oaliady sl G0,
2 Sy ol SlSs 5 bl y olid gbag]
Sn i GlPl coge g oesls alS ) lacnss
i zo> 9 slid g)lul 2elS «(Jouyban, 2012)
<olys,o ¢ (Zahedi et al., 2019) :Lig ;| lacodg mSUI
ey 5 39l 00l3is e 098 (S Sl colan a3l
as asly bl (Kherizadeh Arough et al., 2018)
Crge o5 il e ad; Sime e SL o)l
07 S ol i Glyime 5 slaigs, calae (il
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Table 11. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
electrical conductivity of triticale in different days after planting (DAP)

g M.S (DAP) (il 51 g 5395 58) Ol po uSlio

&9yl
S.0.V i o gf 57 61 65 69 73 77 81
Replicatin OS5 20 2647.3™  4331.77 51027 8137.77°  11563.8" 15079.6™ 21910.7**
Salinity (S) Sed 2 2768 62.6™ 89" 2322.4™  2856.3"  2443.6" 10201.2"
Biofertilizers (B)  iwsj oS 3 5222 953" 228™ 30703 37154 16824 11472.5"
Humic acid (H) Sogad ol 1 4429 18.6™ 91.8™  515.6™  3024.4™ 1489.2" 47482
SxB s ; SBOS X Gyd 6 22.4* 6.43* 9.96" 1247 13117 41.9" 545"
SxH Srogud o] X (gy9b 2 1.377 1.76* 0.33m 12,17 94.9%* 1315 231.4"
BXH — Soogd dulX dmgj soogS 3 21.3" 3.38" 8.31" 27 196.4** 337" 4752%
SxBxH - - . v - . v

Sen X i 50395% 5355 6 18.9 1.32 1.50 40.8 77.5 35.5 206.2

Error s 46 1.66 0.28 0.60 8.96 12.70 7.10 38.24
C.V% CHYOVE FUTSW S 10.2 5.64 6.9 9.2 8.75 9.8 7.03

Aoy SO g g Jleil s 10 )l e g o Sre (o5 4y g % S

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

25 Wty 5 T (o (sl930 31 (590 G 9 chnmil Scpogad (bl Jolxo c g3 B35S 3518 13T il slg 4325 Y Jgur

Sl 51 oy lio (sl 59,

Table 12. Analysis of variance of the effect of bio fertilizers, foliar application of humic acid and salinity stress on
relative water content of triticale in different days after planting (DAP)

2 M.S (DAP) (Cls 51 g 5395 59) Wlas po (e Rilo

&9yl
S.0V i o gf 57 61 65 69 73 77 81
Replicatin IS 2 5905.4™  51853™ 4136.6™ 34363 3179.9™ 2906.6™ 2469.9™
Salinity (S) Sigw 2 106.8"" 450.4™ 503.4™ 793.1" 803.7" 704.8™ 507.3"
Biofertilizers (B) oy oS 3 269.4™ 377.4™ 666.1"" 410.3™ 378" 633.2™ 326.7"
Humic acid (H) Soogad sl 1 109.7* 285.6™ 668.3" 170.8™ 234.3™ 215.5™ 279.7"
SxB o) SBogS X 5yl 6 2.15" 10.6™ 18.1 3117 8.75™ 22.5" 6.22™
SxH Sorogad duwl X 5y9 2 3.09" 6.81" 39.3™ 4.27 423" 2.43m 19.7"
BXH — Swoped oplX ciwgj soes 3 1127 104" 358" 842" 633" 136" 378
SX?::IH X a3 (5B355X 5y 6 3.49" 8.75™ 17.6™ 11.2" 6.76"" 9.51" 3.71°
Error Wb 46 0.68 1.43 2.36 1.89 1.84 2.18 1.38
C.V% Ol pdi ey o - 7.42 8.03 10.1 9.56 6.23 7.64 7.29

Boy0 SO g i Jloil mlaw (o ls pae g jlo Jxe ué ol a4 s g % S

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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.(Shandi et al., 2013
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Table 13. Means comparison of interaction of bio fertilizers, foliar application of humic acid and salinity stress
on electrical conductivity and relative water content triticale.

Electrical Conductivity (uS m™)

S S gl s

o Day after planting cls 51 s 395
Treatments
57 61 65 69 73 77 81

S1xBixHi 58.26% 68.48¢ 76.1¢ 104.75% 125.35¢ 132.5% 166.45%
S1xB2xHi 53.81¢h 65.93¢h 73¢h 86.25" 112.617 121.5k 134.5%
S1xB3xHi 47.35mm° 64.513 70.32kim 75.16 92.41™ 112" 119.4Km
S1xBaxHi 45.84°°p 64.26' 68.57"° 71.35! 90.3° 109" 113.75™
S1xB1xH2 51.571 66.78° 71.29ik 91.23f 101.16'™ 1221k 152.75%
S1xB2xH2 45.35° 64.711 69.57"mno 76.6 90.91° 110" 117.5m
S1xB3xH2 45.1° 64.513 69.07m"° 73.68 90.3° 109.2" 115m
S1xBsxHz 44.85° 64.25 68.45° 70.6! 90.22° 108.7" 112.5™
S2xB1xHi 66.99* 71.33% 78.87%¢ 1112 136.8% 144b¢ 194.12
S2xBaxHi 54.56%" 70.63% 77.44 110.5% 115.81h 135¢f 180.5%
S2xB3xHi 52.56M 66.28¢" 71.79" 88.25¢ 109.41 128.5¢" 159.95¢
S2xBaxHi 46.35mr 64.931 69.32mme 811 93.66™ 120K 122KIm
S2xB1xH2 57.06° 69.38° 76.84% 107.99% 122.15% 130¢h 1912
S2xB2xH2 50.07 66.68% 74¢ 98.5d 106.414 116.5™ 141.50
S2xB3xH2 48.35!mn 66.28%" 69.82!mn 88.25¢h 98.16™" 113mn 129.5k
S2xBsxH2 45.85° 64.26 68.82"° 72.14 90.8° 110" 117m
S3xBi1xHi 62.45° 71.422 80.33? 112.6° 147.8% 150.55% 195.95%
S3xBaxHi 61.71% 71.4* 79.62% 111.4* 139° 141.5¢ 1952
S3xB3xHi 59.46¢ 67.58° 72.29M 100.75¢¢ 128.25% 140¢¢ 186
S3xBaxHi 50.58ik 65.43h 70.824 g4hi 103.41'™ 1248 142.75¢h
S3xB1xHz 60.214 71.232 77.77¢4 110.5° 131.55¢ 1482 1932
S3xB2xH2 55.811% 70.28° 75.5¢ 108.1% 119.03¢" 137.5% 173.45%
S3xB3xH2 49.32kim 67.28°F 71.171k 94.25¢f 103.41m 126M 147.75%
S3xBsxH: 46.85"P 64.331 69.07™° 811 95.16™ 118.5¢ 124,50

LSD 2.123 0.876 1.281 4.922 5.858 4.38 10.163
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Table 13. Continued alol A Jous
Relative Water Content (%) O rnd (5lgsizxo
e Day after planting Cbls 51 e 39
Treatments
57 61 65 69 73 77 81

S1xBixHi 80.81hi 75.35 68.2M 58.651 56.5¢ 56.25"  49.99hi
S1xB2xHi 84.35fg 76.85M 71.7¢ 61.15%  61.25%  58.75%  56.14%
S1xB3xHi 85.37ef 79.6° 79.3¢ 68.12¢% 68.3% 64.5% 65.22%
S1xBaxHi 91.1ab 84.952 82.8% 75.7% 69.33%  67.85% 66.3%
S1xB1xHz 85.1f 79.35¢t 74.2¢f 65f% 63% 60.5° 54.42¢f
S1xB2xH2 87.14de 81.25¢ 81.29° 77.24%  68.33%® 65.9% 63.47°
S1xB3xHa 89.49bc  83.45% 83.3¢ 79.25*  69.83®  67.35%  65.55%
S1xB4xH2 91.64a 85.45% 83.8% 78.25% 70.33% 68.35° 67.3%
S2xBixHi 78.4kj 73.1m 66.41% 55.91% 51.86"  49.25m 45854
S2xBa2xHi 79.2jki 73.854 69.7" 60.41 52.6M 50.5'm 47.1%
S2xB3xHi 84.03fg 78.351% 72.45%  63.25% 61°f 551 55.419f
S2xBaxHi 88.42dc  82.45« 77.124 72.73¢ 65.8° 60° 57.174
S2xB1xHz 80jhi 74.6% 68.95M 59.91 53.45hi 52.54 49.6M
S2xB2xH2 81.34h 75.851 73.2¢f% 66.11¢F  58.75%  58.75%  51.98¢h
S2xB3xH2 85.63ef 79.85¢ 74.45¢ 67.63° 62.5% 62.5% 55.424ct
S2xB4xH2 90.57ab  84.45% 81.3° 75.74° 67.8% 65.9% 65.22%
S3xBixHi 77.8k 72.56m 64.12! 55.7¢ 51.461 48.4™ 44.84
S3xBaxHi 77.59k 72.35™ 65.14 56.02k 51.521 49m 44.63!
S3xB3xHi 83.22¢g 77.6% 67.430 57.395k 52.1M 521 50.23M
S3xBaxHi 85.1f 79.35¢¢ 73.7¢f 66.1°f 57.75¢8 57.5¢ 56.67%
S3xB1xH2 79.19kji  73.844 67.421 57.39i 52ni 48.8™ 47.1%
S3xB2xH2 81.08h 75.61 69.45" 60.11 53.05%  49.25™ 48.321
S3xB3xH2 84.56fg  78.85° 73.7¢ 67.14° 53.9" 53k 53.221
S3xB4xH2 89.49bc 83.45% 74.77° 70.53¢ 63.5¢ 59.5% 59.47°

LSD 1.796 1.356 1.97 2.525 2.265 2.229 2.427

it 8355 S5 pae i 4 Ba 5 By By Bl Vpei L)

9 0% 6)5d 5 &y9h poe cud i 4 83 582 Si

5 Blhslne pae a5 4 Ha 5 Hi o 2Sbgd5 5 gl ayg pls 2,05 5 p3n iSTbgdle 0 )15 cummgea g0y 9,208
Qy.j\ ool syl sxe L5)L£,T B 5w ;0 alie By y> b sl Siles ol Sogan 2 ;0 05 Y 3L Jolore

&)l w2 LSD

S1, S2 and S3 ara no salinity, salinity 50 and 100 mM respectively. Bi, B2, B3 and B4 are no application of

bio fertilizers,

application of vermicompost, Flabacterium and both application vermicompost, Flabacterium. H; and H>
are no foliar application and foliar application 2 g.L! humic acid respectively.
Means with similar letters in each column are not significantly different based on LSD test

Beykkhormizi etal.,) ;| Ko 5 (6 50 555 S (2020
Ssle Jdo 4 CavgeeS seyy aaly LI 2016
ol 0 wilgice YU Ol (5l cdils 5 sl
055 @8ly J3e 5,50 Lalpd co ol Ol e (sl
sgax b ol slasSge b oy Jodo & 5 d] Seagen
(Bronick and Lai, 2005) cols _zals |, o1 pses ol
i BBl Gl 5 S s ) S 4 S Ly
and o Gl Bl G Ll po 1) Sy o (glgime o]

(Aggag et al., 2015)

Sl e Slgome et RS 5 (S w00 0

plash oy oole cpl a8 cawl ] sl Sngu 0 315 0 Sy
alyy 9y 2 ol Fl Iy S e o ) a5 s
s (S 2 ge iy p> GlEIL g 00g i
ayg bl s sl o (Sabzevari et al., 2009) lass,
Sl L 05 o ol B olS by Ol i il ol
2z glp &8 SlS S g acudplie adg b ol S e
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Table 14. Means comparison of effects of bio fertilizers, foliar application of humic acid and

salinity stress on grain yield

Grain Yield (g per plant) &ls o Sloc

Tre; Lt::ents Biofertilizers Levels TS
Bl B3 B4
S Hi 2.2hi 2.35% 2.514 3.1°
H: 2.42¢fe 2.6% 2.9b 3.122
S Hi 1.9jkf j 2.39¢f 2.7¢
H: 217 2.31¢ 2.47¢ 2.97°
Ss Hi 1.84! 1 .99jk 2.3¢h 2.45¢
H: 1.87¢ 2.42°% 2.5%
LSD 0.1224

SYaadeo Voo 500 (558 9 5,90 pas i 453 552 81

03 F155 225 5 p52 5L 2,215 amseaS (gy9 3,25 (gt S1BO5S 228 pae o35 4 Ba 3 B B2 B
il Sraged 5 )3 05V (Bl gl 5 (Bl sl pue i 5 4 Ha g Hipgy iSLgM g CongeaS

5,05 12 LSD (5051 bl 1 (5l cine (5,Lel GO gty 50 alie g, b (slag il

S1,S2 and S3 are no salinity, salinity 50 and 100 mM respectively. Bi, B2, B3 and B4 are no application
of bio fertilizers, application of vermicompost, Flabacterium and both application vermicompost,

Flabacterium.

Hi and Ha are no foliar application and foliar application 2 g.L-! humic acid respectively.
Means with similar letters in each column are not significantly different based on LSD test
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