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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.

Keywords: Bio-Fertilizers, Chlorophyll Fluorescence, PGPR, Relative Water Content

Table 1. Result for Gilda vermicompost analysis in water and soil laboratory under Agticulture Ministry's observation

Cd Pb Zn Cu Mn Fe Mg Ca K P N C/N EC pH

mg.kg! % dS m!
1 19 110 20 275 5000 095 2.73 0.4 0.4 1.55 21.25 1.12 7.64
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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)

M.S (DAP)
S.0.V o 57 61 65 69 73 77 81
Replicatin 2 2432.1° 246117 2022.5"  1749.6™  1590.5  1504.8" 1285
Salinity (S) 2 958" 579 644" 224" 6197 228" 92+
Biofertilizers (B) 3 118.1"  1342™ 8329 549"  87.86™ 547" 1255
Humic acid (H) 1 10.5 72" 1568  23.8" 7.8* 28.8" 132"
SxB 6 3.59" 1.89" 1.84™ 087" 432" 087" 749"
SxH 2 0.24m 0.19 118" 0.52° 0.15™  0.02% 135"
BxH 3 135" 1.50" 125" 0.46" 023" 0.97" 1.25"
SxBxH 6 1.64" 1.19" 131" 1.7 0.68" 1.55" 1.24"
Error 46 034 0.35 0.24 0.14 0.24 0.14 0.36
C.V% - 7.6 9.2 7.8 6.52 8.06 9.8 7.9

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

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)

Env. Stresses Crop Sci. 15(4), 2023

M.S (DAP)
daf
S.0.V 57 61 65 69 73 77 81
Replicatin 2 0.009"  0.009™  0.008"  0.0072”  0.006™  0.006™  0.005"
Salinity (S) 2 0.0002™  0.0001™  0.0001™ 0.00005™ 0.0001"  0.00006  0.0002"*

Biofertilizers (B) 3 0.0003*"  0.0003""  0.0002"*  0.0001"  0.0002"*  0.0001""  0.0003"
Humic acid (H) 0.00002™*  0.0001™  0.00004™  0.00006"* 0.00002"* 0.000007"" 0.00003"

1
SxB 6 0.000009”  0.000005™  0.000004™* 0.000002"*  0.00001"  0.000002" 0.00001""
SxH 2 0.0000006™ 0.0000005" 0.000003™ 0.000001" 0.0000004" 0.0000000% 0.000003"
BxH 3 0.000003"  0.000004™ 0.000003**  0.000001" 0.0000006™ 0.000002™  0.000003"
SxBxH 6 0.000004™ 0.000003" 0.000003** 0.000004™ 0.000001" 0.000004™* 0.000003""
Error 46  0.0000009 0.0000009 0.0000006 0.0000003 0.0000006 0.0000004 0.0000009
C.V% - 8.5 7.4 8.2 6.7 9.7 8.3 8.7

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

il
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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
Treatments Day after planting
57 61 65 69 73 77 81
Si1xBi1xHi 48.4¢ 48.5" 43.81 40.9" 38.5ik 38.3ih 34.1¢hi
S1xB2xHi 50.9¢ 49.7¢ 46.3% 41.7¢ 41.8¢0 38.61" 36.6f
S1xB3xHi 53.7° 52.84¢ 48.8b¢ 444 431 40d® 39.8¢
S1xBaxHi 55.6° 54.8:® 49.92 45.6* 45° 43.12 41.9%
S1xBi1xHz 50 51.2f 45.8¢h 42.9¢ 39.8" 3912 34.9¢
S1xB2xH2 53¢d 52.94 48.1¢ 44.6d° 43¢d 40.7° 39¢d
S1xB3xHz 53.7° 54b* 49> 45b* 43.8b¢ 420 41°
S1xBsxH2 55.7° 54.9° 502 45.6* 44.7* 43.52 42.8%
S2xB1xHi 41.1b 4591 43k 40.3h 384 37.9ik 34.2¢h
S2xB2xH1 47.2h 477 43,1k 40.6™ 38.2ik 38 33.9hii
S>xB3xHi 50.2¢f 50¢ 46he 42.5% 41¢ 38 39f
S2xB4xHi 53.8¢d 53% 47.1¢f 44,14 42.6% 41.1¢ 41de
S2xBixH2 46.3¢ 47.8¢ 43.7ik 40.7" 38.4iik 38.11 42 8ehii
S2xB2xH2 46.4" 49¢ 4491 40.9 39hii 38.6'" 34.2¢h
S2xB3xH2 50.2¢f 52.9% 460 444 41.2% 40.5% 33.9"
S2xB4xHz 53.8° 54.8® 49.92 45,5 44.3% 43¢ 36°
S3xB1xHi 46.3" 45.7 4241 40.5H 37.4! 37k 38.31
S3xB2xHi 46.4" 458t 42,94 40 37.94 37.34 34,1
S3xB3xHi 49.5f 49.8¢ 44.91 4211 39hil 38.8f¢ 36.1¢0
S3xBaxHi 524 51.9¢ 47¢t 43.1¢ 42¢f 39.4¢f 41.2¢
S3xB1xH2 47.2h 47.7h 43,13 40.6™ 38.2K 37.9ik 33.21
S3xB2xH2 48.4¢ 48.6" 43 .41k 41.6¢ 38.3iik 38.5¢hi 33.8¢hii
S3xB3xHz 49.6f 51.2f 452N 42.9¢ 39.1hi 39.1f¢ 34.2¢h
S3xBsxH2 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
Nitrogen Index
Day after planting
57 61 65 69 73 77 81
S1xB1xHi 0.096¢ 0.096" 0.0881 0.08" 0.081k 0.079" 0.072¢hi
S1xB2xH1 0.1¢ 0.098¢ 0.092f 0.085¢ 0.085¢f 0.08ehi 0.077"
S1xB3xHi 0.104° 0.1034 0.096% 0.089¢ 0.087¢ 0.0824¢ 0.082¢
S1xB4xHi 0.108* 0.106% 0.0982 0.0912 0.09° 0.0872 0.085%
Si1xBi1xH2 0.098¢ 0.1k 0.092¢" 0.087¢ 0.082h 0.08' 0.074¢
S1xB2xH2 0.103% 0.103¢ 0.095¢¢ 0.09¢d 0.087¢¢ 0.083¢ 0.08<d
S1xB3xH2 0.104° 0.105% 0.097° 0.092b¢ 0.088b° 0.085" 0.084°
S1xB4xHz 0.108* 0.106* 0.098* 0.0912 0.09° 0.088* 0.087*
S2xB1xHi 0.094h 0.092! 0.0874 0.083Mi 0.079% 0.079% 0.073¢hi
S2xB2xHi 0.094" 0.095h 0.0871K! 0.083Mh 0.079 0.0797 0.072hi
S2xB3xHi 0.099¢f 0.098¢g 0.092¢" 0.086°f 0.084¢ 0.079 0.076f
S2xBaxH1 0.102¢¢ 0.103¢¢ 0.094¢f 0.0894 0.0864% 0.084¢ 0.0794
S2xB1xH2 0.096¢ 0.095" 0.0881k 0.083" 0.081k 0.079% 0.072¢hi
S2xB2xH2 0.093h 0.098¢ 0.091 0.084¢ 0.08Mi 0.08ehi 0.073¢"
S>xB3xH2 0.099¢f 0.103¢ 0.092¢" 0.089¢ 0.084f2 0.083<d 0.076f
S2xB4xHz 0.105° 0.106% 0.098* 0.091% 0.089%° 0.087% 0.084°
S3xB1xHi 0.092" 0.091! 0.086! 0.083M 0.078! 0.077" 0.07Y
S3xB2xHi 0.093" 0.092! 0.0874 0.082! 0.079% 0.078% 0.072"
S3xB3xHi 0.098" 0.098¢ 0.09! 0.086f% 0.08Mi 0.08'eh 0.073¢h
S3xB4xHi 0.102¢ 0.102°f 0.094¢f 0.087¢ 0.085°f 0.081¢f 0.079¢
S3xB1xH2 0.094" 0.095h 0.087iK! 0.083Mh 0.0791! 0.079 0.0721
S3xB2xH2 0.096¢ 0.096h 0.088% 0.085¢ 0.0791k 0.080¢hi 0.072¢hi
S3xB3xH2 0.098f 0.1 0.091M 0.087¢ 0.081h 0.081% 0.073¢"
S3xB4xH2 0.102¢¢ 0.105 0.094% 0.09b¢ 0.086d° 0.085" 0.08%
LSD 0.0016 0.0016 0.0013 0.001 0.0013 0.001 0.0016

Si1, Sz and S5 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.

iv
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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)

M.S (DAP)
S.0.V df 57 61 65 69 73 77 81
Replicatin 2 36132697 253093.8" 18984.8" 139537.5" 88768 42076 257415
Salinity (S) 2 122313 453053 114782 166953 31853.3" 15482 11803.3"
Biofertilizers (B) 3 16883.6™ 63687.1™" 19923.2" 20046.8"° 56320.8" 26624 15181.5"
Humic acid (H) 1 4802  19701.1" 48511 5618 117045 790  4802"
SxB 6 333" 12503 173.0% 4642 6537 843" 150"
SxH 2 462m 12.87 140" 43.6™ 34.1 5340 60.5™
BxH 3 783%  5584°  1423° 151" 227.5% 3617 1497
SxBxH 6 164" 783" 6872 30457 33617 73217 421"
Error 46 48 182.4 52.84 60.57 146.9 7.39 44.09
CV% - 6.8 8.02 8.9 6.03 711 10.2 8.55

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

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)

a M.S (DAP)
S.0.V 57 61 65 69 73 77 81
Replicatin 2 29744 34367.8" 44266.8" 416333 438085 50600.1% 51894
Salinity (S) 2 1805.8™ 113517 12.1™  2438.5" 476" 58147  371.6™
Biofertilizers (B) 3 27313 1781.7" 31242 22509 70158 13147  909.6™
Humic acid (H) 1 877" 1596.1" 533" 103517 12.2% 338" 288"
SxB 6 1363™ 12777 1055 1103 8354™ 483"  107.2"
SxH 2 32607 59627 5575 12247 9813™  7.05™ 712"
BxH 3082.6™ 220377 3166 39137 33757 482" 543"
SxBxH 6 1286 18914 1379  3373" 12697 446"  494%
Error 46 839 20.8 7.54 9.72 17.2 3.57 2.82
CV% - 82 5.6 8.9 65 9.11 83 7.18

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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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
o Variable Fluorescence

Day after planting

Treatments 57 61 65 69 73 77 81
SixBi1xHi 593Kim 471 Km 422 5K 3601 2644 199.5iK 146M
S1xB2xH1 614h 513hi 444.5h 381fe 302h 206.5¢ 164¢f
S1xB3xHi 638°f 561¢f 4631 4174 346¢f 216.5¢ 1854
S1xB4xHi 670% 625% 5122 4412 406 234.5% 2162
S1xB1xH2 614ni 513h 444 5hi 376 302M 206.5¢" 161¢e
S1xB2xH:2 631% 537¢ 457.5¢8 4154 333% 211.5° 1844
S1xB3xH2 655%4 611% 4794 425¢d 3614 231° 204b¢
S1xBsxH> 677* 639 504.5% 4462 4192 238 22072
S2xB1xH1 570°p 441nop 406.5mne 339m 24(mne 197Kimn 128k
S2xB2xHi 589im 4631mn 4] 8Km 3551k 2574 199Km 145hi
S2xB3xHj 6041k 493k 433,51 368Mh 284 203.5h 155feh
S2xBaxHi 655¢ 577% 488.5¢4 430b¢ 378 2214 205b¢
S2xBi1xH:2 585mn 457mn 414.5™ 352ik 245]mno 198.5KIm 1411
S2xB2xH:2 6091 503l 4391 372¢hi 293i 205h 158¢fe
S2xB3xHz 6268 547% 470.5¢¢ 402Mi 324¢ 213¢f 1814
S2xB4xH2 663 595de 497 432b¢ 393be 226.5¢ 2112
S3xBi1xHi 569p 427°p 394p 328m 229° 195mn 113!
S3xB2xHi 571°p 424p 397°p 330m 235m0 193n 1184
S3xBsxHi 570P 441mop 406.5mne 335im 24(ymno 197K!mn 125k
S3xB4xH1 621" 527¢h 452¢h 385f 315¢ 2101 167¢
S3xB1xH2 574n0p 4330p 402n0p 333m 231ne 196! 1184
S3xB2xH2 582mno 449mno 4] ]!mn 343K 25Q!mn 198.5kIm 1371
S3xB3xH2 598ikl 481K 427k 364Mi 273k 2011k 152¢
S3xBs4xH> 646% 595¢d 488.5¢4 421 378¢d 226.5¢ 196°¢

LSD 11.387 22.199 11.947 12.792 19.921 4.4686 10.914

Minimum Fluorescence
Treatments Day after planting
57 61 65 69 73 77 81

S1xBi1xHi 175 193fe 212.5 210¢f 208 236.]bede 236¢°de
S1xB2xHi 163 190¢h 213.51 2154 213l 232feh 2412
S1xB3xHi 1621 2074 22]efed 204¢ 208.5) 228.8i 234¢f
S1xB4xHi 148.5! 200edf 186m 190 198k 212mn 215
Si1xB1xHz 172¢h 1751 218.5¢ 210¢f 213l 23]¢hi 240¢de
S1xB2xHz 1932 216 239.052 201.5¢ 243 42 233.2¢fe 233f
S1xB3xHz 173feh 157% 2249f 196" 227¢def 214 .4m 2201
S1XB4xH:z 155K 174 203.54 189 201k 209" 215
S2xB1xHi 188cd 197¢'e 210.5 219¢d 224¢f 237.2bed 238be
S2xB2xHi 1864 184hi 223defe 205" 220.5%h 235.6%4 236¢de
S2xB3xHi 177.5¢f 202¢d 229.5b 223be 223 234 5df 236¢de
S2xB4xHi 158k 143! 202.54 173.5% 188.5! 218.2% 221
S2xB1xHz 1864 203¢% 212.50 215¢% 223.5¢f¢ 236.8bd 236¢de
S2xB2xH:z 181¢ 176.51 229b¢ 204¢ 23(cde 231.5Mehi 235def
S2xB3xH2 171¢ 148! 205.5% 189 217¢hi 225j 2308
S2xBaxHz 155.5% 2064 199.6! 195h 183.5m 219.5% 219
S3xB1xHi 18% 197deef 218N 226° 233b¢ 2382be 242¢
S3xB2xHi 191be 205.5¢e 22 5bede 226P 231bed 240.8? 2380
S3xB3xHi 1952 223.54 224 5¢def 2382 23(¢de 238.920 237¢d
S3xBa4xHi 169" 185" 200.5" 215¢% 181m 228.9hi 24020
S3xB1xHz 191b¢ 214b¢ 225bede 227° 237.5% 238.6%¢ 24132
S3xB2xH:2 191be 202 227bed 2204 224 59%f 236.5bd 237¢d
S3xB3xH:z 1962 200.59%f 220feh 2174 214bi 23 (bede 233f
S3xBaxHz 1611 142! 183.5™ 1901 154" 217.5¢ 227"

LSD 4.7623 7.5109 4.5147 5.1245 6.8333 3.1063 2.7638

Si1, S2 and S3 ara no salinity, salinity 50 and 100 mM respectively. Bi, B2, B; 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.
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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)

a M.S (DAP)
S.0.V 57 61 65 69 73 77 81
Replicatin 2 598409.4™ 473990.8" 417471.4 3333609 257296.9" 184959.4 150733.5"
Salinity (S) 2 46828  39933.9" 11101.8"*  7779.4™  32600.2" 2451  8055.3"
Biofertilizers (B) 3 6704.6™  44539™ 100427 92909  26032.6™ 2463  8703.1"
Humic acid (H) 1 61882  10082"  5921.4™  1830.1""  12474.1™  94.5™ 2738"
SxB 6 140.6™ 11752 3582 28377  16852" 128" 306.5"
SxH 2 3244 5250° 159.9" 25.5m 727.6" 0.12 42.8"
BxH 3 197.6™ 7563 192.08" 1232 3782 122" 54°
SxBxH 6  1403™ 1073 83.1° 87.7" 500.1** 9.20" 90.3*
Error 46 223 139.3 35.8 277 99.4 0.86 275
CV% - 9.12 9.8 10.1 8.42 9.02 7.65 8.55

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

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)

M.S (DAP)
S.0.V if —%; 61 65 69 73 77 81
Replicatin 2 0577 057 043 0397 032" 0217 016"
Salinity (S) 20005 001" 0003" 001" 001" 0005 003"
Biofertilizers (B) 300077 001" 001" 001" 007" 0017 004"
Humic acid (H) 1 00001° 00097 00007 00067 00077 00027  0.01%*
SxB 6 00002 0002 00001 00005 0002°  0.0003  0.0002°
SxH 200003 00005 00008 00002 000"  0.00003% 0.0002"
BxH 30000060 0003 00004 00008  0.0004°  0.0001"  0.0006"
SxBxH 6 00001 0002 00003 00008 00009 00002  0.0003"
Error 46 0.000021 0.000074 0.000032 0.000060 0.00016 0.000027 0.00012
CV% T 865 73 7.85 531 9.8 102 635

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

vii
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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

Env. Stresses Crop Sci. 15(4), 2023

Maximum Fluorescence

Treatments Day after planting
57 61 65 69 73 77 81

S1xBi1xHi 768mn° 664 635'™n 570km 472m 435,61k 382ik
S1xB2xHi 7778 703feh 658M 5961 515! 438.5° 405fe
S1xB3xHi 800 768¢ 6844 621%° 554.5¢f 445 3bed 419¢cde
S1xB4xHi 818.5¢ 825° 698%° 6312 604 446.5% 431
S1xBi1xHz 7861 688M 66381 586M 515! 437.5fh 4011
S1xB2xH2 824pb¢ 753¢d 696.55% 616.5% 576.4¢ 444,74 4174
S1xB3xHz 8282 768¢ 703 6210 588be 445 .4bed 424bed
S1xBsxH2 8322 813 708* 6352 620° 447* 435°
S2xB1xHi 7581 638!mn 617r1 5580 464™ 434 2lmn 366m
S2xB2xHi 775Km 647KIm 6414 560mr 477.5m 434.6Km 381k
S2xB3xHi 781.54 695 663" 591¢h 507 438efhe 391
S2xBaxH1 813¢d 720°f 691¢d 603.5¢" 566.5% 439.2¢ 426
S2xBixH2 771!mn 660% 627" 567mn 468.5™ 435 3ikim 377
S2xB2xH2 790M 679.51 668 576 523hi 436.5M 393hi
S2xB3xHz 797¢n 695¢hi 676°f 591¢h 5411 438efeh 411¢f
S2xB4xHz 818.5¢ 801° 696.6" 627% 576.5%¢ 446 430%
S3xBi1xHi 7554 624" 6124 554p 462™ 433n 3550
S3xB2xHi 762004 629.5m" 622°P 556°p 466™ 433.8mn 356"
S3xB3xHi 765"°p 664.5% 631 mne 573 470™ 435,91k 362mn
S3xBaxHi 790h 7121 652.51 600" 4967 438.9¢f 407%
S3xBi1xHz 765m°p 647KIm 627" 560mp 468.5™ 434,64m 359mn
S3xB2xH2 773m 6514 638KIm 563mne 474.5m 435ikim 3744
S3xB3xHz 794 681.51 6475k 5811 4874 437¢hi 3851
S3xBsxH2 807¢f 737% 6721 6114 5328 4444 423bed

LSD 7.7741 19.401 9.8371 8.6617 16.386 1.5291 8.6323

Quantum Yield
Treatments Day after planting
57 61 65 69 73 77 81

S1xB1xHi 0.772 0.709¢ 0.665'¢ 0.631hiik 0.559¢ 0.486defg 0.457ik
S1xB2xHi 0.79 0.729°f 0.675% 0.639¢h 0.586° 0.513d 0.47fh
S1xB3xHi 0.797¢f 0.73¢ 0.676% 0.671° 0.623¢ 0.556¢ 0.486°
S1xB4xHi 0.818* 0.757¢ 0.733* 0.698% 0.672° 0.63a 0.525%
S1xB1xH2 0.781" 0.745¢¢ 0.670°" 0.641¢" 0.586° 0.51de 0.472fh
S1xB2xH2 0.7651 0.713¢ 0.6562 0.673°f 0.577°f 0.556¢ 0.475%
S1xB3xH2 0.791f 0.795% 0.681¢ 0.6844 0.613¢ 0.61ab 0.518%
S1xB4xH» 0.813% 0.785" 0.712° 0.702% 0.675° 0.64a 0.5322
S2xBixHi 0.75711mn 0.691! 0.658%" 0.607™ 0.517hik 0.44hi 0.453i%
S2xB2xHi 0.76%% 0.715¢f 0.652M 0.633¢hii 0.538¢" 0.48efg 0.4571k
S2xB3xHi 0.7721 0.709¢ 0.653" 0.622) 0.56f 0.5def 0.464™"
S2xBaxHi 0.805¢ 0.8012 0.706° 0.7122 0.667° 0.61ab 0.5034
S2xB1xH2 0758 0.692M 0.6612 0.621 0.522hik 0.476fg 0.4561k
S2xB2xH:2 0.771 0.744¢ 0.657& 0.645¢ 0.56f 0.51de 0.469¢h
S2xB3xH:z 0.785¢" 0.787° 0.696¢ 0.684f 0.598¢% 0.556¢ 0.486°
S2xBaxH2 0.81% 0.7424¢ 0.713% 0.6884% 0.681° 0.62a 0.507¢
S3xBi1xHi 0.753km 0.6841 0.6431 0.592" 0.495 0.403j 0.454
S3xB2xHi 0.749mn 0.6735 0.638 0.593" 0.504% 0.42ji 0.444!
S3xB3xHi 0.745" 0.663% 0.6441 0.584" 0.511k 0.436hi 0.4513K
S3xB4xHi 0.786&" 0.74¢ 0.692¢ 0.6412 0.635°¢ 0.516d 0.478°f
S3xB1xH:2 0.75mn 0.669% 0.641] 0.594» 0.493 0.41ji 0.454
S3xB2xH2 0.752Km 0.689! 0.6441 0.609'™ 0.526M 0.463gh 0.4561k
S3xB3xH:2 0.7531m 0.705¢" 0.659¢" 0.626Mi 0.56f 0.496def 0.4591
S3xBaxH2 0.8% 0.807* 0.726* 0.689 0.712 0.583bc 0.51

LSD 0.0076 0.0142 0.0093 0.0128 0.0214 0.301 0.0086

Si1, S2 and S3 ara no salinity, salinity 50 and 100 mM respectively. Bi, B2, B; 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
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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)

df M.S (DAP)
S.0.V 57 61 65 69 73 77 81
Replicatin 2 26473 433177 5102.77  8137.7" 11563.8" 15079.6 21910.7"
Salinity (S) 2 276.8™ 62.6™ 89™ 2322.4™  2856.3"  2443.6"™ 10201.2"
Biofertilizers (B) 3 522.2" 95.3™ 228" 3070.3" 37154  1682.4™ 11472.5™
Humic acid (H) 1 442.9™ 18.6™ 91.8" 515.6™  3024.4™  1489.2" 47482
SxB 6 22.4™ 6.43™ 9.96™ 124.7% 131.1™ 41.9" 545
SxH 2 1.37m 1.76™ 0.33m 12.1m 94.9™ 131.5™ 231.4™
BxH 3 21.3" 3.38" 8.31™ 27" 196.4™ 33.7" 475.2™
SxBxH 6 18.9™ 1.32™ 1.50" 40.8" 77.5™ 35.5™ 206.2™
Error 46 1.66 0.28 0.60 8.96 12.70 7.10 38.24
C.V% - 10.2 5.64 6.9 9.2 8.75 9.8 7.03
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

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)

df M.S (DAP)
S.0.V 57 61 65 69 73 77 81
Replicatin 2 5905.4™ 51853™ 4136.6 3436.3" 31799 2906.6™  2469.9"
Salinity (S) 2 106.8"  450.4™ 503.4™ 793.1*" 803.7"" 704.8™ 507.3"
Biofertilizers (B) 3 269.4" 377.4™ 666.1""  410.3" 378" 6332 3267
Humic acid (H) 1 109.7* 285.6™ 668.3" 170.8™ 2343 21557 279.7"
SxB 6 2.15™ 10.6™ 18.1" 311 8.75™ 22.5™ 6.22™
SxH 2 3.09" 6.81" 39.3" 4.27m 423" 2.43m 19.7
BxH 3 1.12m 10.4™ 35.8™ 8.42™ 6.33" 13.6™ 3.78"
SxBxH 6 3.49™ 8.75™ 17.6™ 11.2" 6.76™ 9.51™ 371"
Error 46 0.68 1.43 2.36 1.89 1.84 2.18 1.38
CV% - 7.42 8.03 10.1 9.56 6.23 7.64 7.29

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

Env. Stresses Crop Sci. 15(4), 2023

Electrical Conductivity (uS m!)

Treatments Day after planting
57 61 65 69 73 77 81

S1xBi1xHi 58.26% 68.484 76.1¢ 104.75b 125.35¢f 132.5% 166.45%
S1xB2xHi 53.81¢h 65.93¢" 73¢h 86.25h 112.610 121.5% 134.51
S1xB3xHi 47.35mn0 64.51 70.32Km 75.14 92.41™ 112» 119.4Km
S1XB4xHj 45.84°p 64.26/ 68.57"° 71.35! 90.3° 109" 113.75™
S1xBi1xH2 51.574 66.78°f 71.29ik 91.23% 101.16™ 122iik 152.75f%
S1xB2xH:2 45.350 64.711 69.57!mno 76.61 90.91° 110" 117.5™
S1xB3xH2 45.1° 64.511 69.07mne 73.6 90.3° 109.2" 115m
S1XB4xH> 44.85°P 64.250 68.45° 70.6! 90.22° 108.7" 112.5™
S2xB1xHi 66.99% 71.332 78.87b 111° 136.8 144b¢ 194.12
S2xBa2xHi 54.56 70.63% 77.44 110.5% 115.81h 135¢°f 180.5b
S2xB3xHj 52.56h 66.28¢" 71.79hi 88.25¢h 109.413 128.5¢" 159.95¢f
S2xBaxHi 46.35"°p 64.93i 69.32nme 811 93.66™ 120K 122Kim
S2xB1xH2 57.06%f 69.38¢ 76.8% 107.99% 122.15% 130¢" 191#
S2xB2xH2 50.07K 66.6812 74¢ 98.5% 106.41% 116.5™ 141.5M
S2xB3xH2 48.35Mmn 66.28¢" 69.82!mn 88.25¢ 98.16™" 113mn 129.5/k
S2xBaxH2 45.85°° 64.26/ 68.82" 72.14 90.8° 110" 117m
S3xB1xHi 62.45° 71.42% 80.332 112.6* 147.82 150.552 195.952
S3xB2xHi 61.71% 71.4 79.6220 111.42 139° 141.5% 195*
S3xB3xHi 59.46¢ 67.58° 72.29M 100.75¢d 128.25% 140 186
S3xB4xHi 50.58ik 65.43h 70.82! 84h 103.41'm 124i 142,758
S3xB1xH2 60.21¢d 71.23* 77.77¢¢ 110.52 131.55¢ 148 1932
S3xB2xH:2 55.81% 70.28° 75.5¢ 108.1% 119.03¢" 137.54 173.45¢
S3xB3xH2 49,32kIm 67.28°f 71.17 94.25°f 103.41m 126M 147.75¢"
S3xB4xH> 46.85"p 64.331 69.07mne 81l 95.16™ 118.5¢ 124,51

LSD 2.123 0.876 1.281 4.922 5.858 4.38 10.163

Relative Water Content (%)
Treatments Day after planting
57 61 65 69 73 77 81

S1xB1xHi 80.81hi 75.35! 68.2Mi 58.651 56.58 56.25M 49 99hi
S1xB2xHj 84.35fg 76.85N 71.7¢8 61.15M 61.25% 58.751% 56.144¢
S1xB3xHi 85.37ef 79.6° 79.3¢ 68.12% 68.3% 64.5¢ 65.22%
S1xB4xHj 91.1ab 84.95° 82.82 75.74 69.33% 67.85% 66.3?
S1xB1xH2 85.1f 79.35¢f 74.2¢ 65f8 634 60.5¢ 54.42¢f
S1xB2xH2 87.14de 81.254 81.29b 77.24% 68.33%® 65.9% 63.47°
S1xB3xH:2 89.49bc 83.45% 83.3 79.25% 69.83% 67.35% 65.55%
S1xBsxH2 91.64a 85.45* 83.8° 78.25% 70.33* 68.35% 67.3
S2xB1xHi 78.4kj 73.1m 66.413 55.91k 51.86M 49.25m 45.854
S2xB2xHi 79.2jki 73.85K 69.7" 60.41 52.6M 50.5!m 47.1%
S2xB3xHj 84.03fg 78.35% 72.45'% 63.25¢" 61¢f 551 55.414f
S2xBaxHi 88.42dc 82.45¢d 77.12¢ 72.73¢ 65.8¢ 60f 57.17¢¢
S2xB1xH2 80jhi 74.61% 68.95M 59.91 53.45h 52.54 49.6M
S2xB2xH2 81.34h 75.851 73.2°f 66.11°f 58.75% 58.75% 51.98¢
S2xB3xH2 85.63ef 79.85¢ 74.45¢ 67.63° 62.5% 62.5% 55.424ef
S2xB4xH2 90.57ab 84.45% 81.3% 75.74° 67.8% 65.9% 65.228
S3xB1xHi 77.8k 72.56™ 64.12! 55.7% 51.46 48.4™ 44.84
S3xBa2xHi 77.59%k 72.35™ 65.1¢ 56.02¢ 51.52i 49m 44.63!
S3xB3xHi 83.22¢g 77.6¢" 67.431 57.39ik 52.1hi 521 50.23M
S3xB4xHi 85.1f 79.35¢f 73.7¢ 66.1¢ 57.75¢ 57.5¢ 56.674¢
S3xBi1xH2 79.19kji 73.84% 67.421 57.39ik 52hi 48.8™ 47.1%
S3xB2xH:2 81.08h 75.61 69.45h 60.11 53.05M 49.25m 48.32ii
S3xB3xH2 84.56fg 78.85¢¢ 73.7¢ 67.14¢f 53.9" 53ik 53.22
S3xBaxH2 89.49bc 83.45b 74.77¢ 70.53¢ 63.5¢ 59.5% 59.47¢

LSD 1.796 1.356 1.97 2.525 2.265 2.229 2427

S1, S2 and S; ara no salinity, salinity 50 and 100 mM respectively. B1, 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
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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)

Treatments Biofertilizers Levels
B1 B2 B3 B4
Sy Hi 2.2M 2.35f% 2.51% 3.1
H: 2.42¢fe 2.6% 2.9° 3.12°
S Hi 1.9J"‘f 2i 2.39¢°fe 2.7¢
H: 217 231 2.47° 2.97°
Ss Hi 1.84! 1.9_9jk 2.3eh 2.45¢f
H: 1.87¢ 2 2.42¢fe 2.5d
LSD 0.1224

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 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
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