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Article Info ABSTRACT
Article type: Background and objectives: Salinity is one of the most important
Research Full Paper environmental stresses that reduce the growth and yield of crop plants.

Application of biofertilizers increases yield and the resistance of plants
against various environmental stresses, such as salinity. Also, zinc
plays an important role in protein metabolism, photosynthetic activity

Article history: and some physiological traits crop plants. Zinc deficiency is recognized
Received: 2022/10/31 as a critical problem in plants, especially grown on saline conditions
Revised: 2023/09/29 with high pH values. But, recent researches have shown that a small
Accepted: 2023/09/29 amount of nutrients, particularly Zn applied by foliar spraying can

affect ability of plants to salinity stress. Silicon is also a
complementary micronutrient for biological systems and has an
important physiological role in increasing resistance of plants against

Keywords: various environmental stresses. The aim of this research was to
Azospirlium investigate Azosperlium and nanoparticles (zinc and silicon) effects on
Chlorophyll index yield and some physiological traits of triticale under salinity stress.
Maximum fluorescence

Quantum yield

Materials and methods: This experiment was conducted as factorial
based on randomized complete design with three replications in
greenhouse research of the Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili during 2022. Factors
experimental were included salinity stress at three levels (no
application of salinity as control, application of 60, 120 mM salinity)
by NaCl, application of plant growth promoting rhizobacteria at two
levels (no seed inoculation as control and seed inoculation with
Azospirillium) and foliar application of nanoparticles at four levels
(foliar application with water as control, foliar application of 0.8 g.L!
nano Zn oxide, foliar application of 50 mg.L! nano silicon, combined
foliar application of 0.4 g.L'! of nano Zn oxide and 25 mg.L"! of nano
silicon).

Results: The results showed that application of Azospirlium and foliar
application of nano Zn-silicon oxide under no salinity condition
increased chlorophyll index (49.24%), relative water content (59.82%),
stomata conductivity (57.6%), maximum fluorescence (52.77%),
variable fluorescence (136.09%), quantum yield (54.24%) and grain
yield (47.23%) in comparison with of no application of PGPR and
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nanoparticles under salinity 120 mM. But electrical conductivity and
minimum fluorescence (54.6 and 49.15% respectively) decreased in
comparison with no application of PGPR and nanoparticles under the
same of salinity level.

Conclusion: The results of this study showed that application of
Azospirlium and foliar application of nano Zn-silicon oxide can
increase the grain yield of triticale at 120 mM salinity due to improving
fluorescence indices and some physiological traits such as stomata
conductivity, chlorophyll index and relative water content. Therefore,
application of plant growth promoting rhizobacteria and nanoparticles
(Zn and Si) can be suggested as an effective method for moderate the
effects of salinity stress.
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salinity, Azosperlium and nanoparticles (zinc and silicon) on yield and some physiological
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Table 2- Analysis of variance the effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf chlorophyll index
of triticale under salinity stress

Mean Square &le o Kl

e
j;Oc: sl Chlorophyll Index (Day after planting) (i85 . 35)) kés S jatls
d.f 71 75 79 83 87 91 95
Replication 1,5 2 705" 866.1™  702.3™ 8162  682.8™ 6369 927
Salinity (S) 5,5 2 3135 5947 571.9™  658/8"  411.5™ 398" 237.8"
Azospirlium (A) ¢ b, e 551 1 2212 3938 271™  390.1™  367.6™ 503" 588"
Nanoparticles (N) i3 5L 3 240.8™  331.9™ 2755 272" 3874™ 1289  99.9™
SxA 2 1540 231" 13.9" 5.1m 26.6" 15.9 17.7°
SxN 6 19° 9.4ns 4 .4ps 5.8n 6.3 1097 11.30
AxXN 3 24.8" 6.20 14 19™ 5.0m 14.3m 3.3n
SxAXN 6 518 151" 1217 10.3* 44 4™ 32 29.8"
Error Ua> 46 8.1 4.5 3.7 43 7.2 6.8 5.2
D) Sl a2 ; 5.12 425 4 4.6 6.1 6.4 6

CV (%)

o3 K s gy il gl 5o la s g la s e S s
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 3- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf chlorophyll index of
triticale under salinity stress

basles Chlorophyll Index (Day after planting) (.5 31 . 55,) kés S jatls
Treatments 71 75 79 83 87 91 95
Si1xA1xNj 50.33M 43.66° 44 53km 41 .43im 38.2kn 36.6" 32.9im
S1xA1xN2 53.76h-m 49 9hi 49 9f 44 .56¢7 43.36¢7 43f 40.43b-
SixA1xN3 61.03>¢ 55.26%f 54.86%4 52.16*¢ 49.36%¢ 45.36%4 41.53%¢
S1xA1xN4 63.28b¢ 59.26% 57.23% 54.66* 51%¢ 48.13% 42.8®
S1xAxxNj 58.164h 54.434¢ 5242 49 8b-¢ 44 7% 44 530 39.66"¢
S1xA2xN2 62.06*¢ 58.4%¢ 54.36%4 53.1% 51.83® 46.5%° 42.16*°
S1xA2xN3 64.23% 61.22 55.93%¢ 53.96* 52.5° 47.2%¢ 43.33%
S1xA2xN4 65.03% 59.8® 56.56% 55.26* 53.4° 49° 43.732
Sax A1xNj 55.43%k 41.9m 40°p 37.06° 33.93r 40.5% 37.43%h
Sax A1xN2 47.9m 47.76+ 41.83m 37.56° 35.73m 41.96%¢ 35.16>¢
Sax A1xN3 51.96™ 49,13 43.36" 45.03¢" 42.36Mk 35.86™ 36.76%1
Sox A1xN4 59.3¢¢ 53.73¢¢ 51.13f 46f 47.03°¢ 39.13% 39.93b¢
Sax AaxNj 51.065" 46.96"1 42.86m° 40.80%n 40.461™ 34.36km 30.9m
Sax AaxNa 55.23¢k 51.73¢ 49,57 47.13%¢ 45.43¢1 41.23dh 37.7¢h
Sax AaxN3 57.06%1 56.5b¢ 52.73¢f 49.13¢f 47.96>f 41.86%¢ 39.03f
Sax AaxN4 59.96F 57.5 53.80¢ 50.46% 50.23>¢ 43.93b 40.96%4
S3x A1xNj 44 9r° 40.66° 38.53p 36.4r4 32.76° 32m 29.3m
S3x A1xN2 47.36™ 43.13m= 40.7" 35.534 43.76% 41.66%¢ 35.73%
S3x A1xN3 57.94h 44 43k 42 3m-o 39.1mP 37.4kn 34.96-m 31.73km
S3x A1xN4 54.56h 4783+ 46.86' 42.63H 41.13H 38.4ek 35.83f
S3xAaxNj 56.56%1 42.36™ 41.06"? 38.46m1 34.93r 33.76™ 37.13¢
S3x AaxN2 49.5mo 45 4kn 43.76%" 40+ 36.4m° 37.16 33.6'
S3x AaxN3 52.6™m 45.9im 46.5311 43.43hk 464h 37.8¢! 34.43M
S3xA2xN4 58.234h 52.63f" 487" 46.4¢h 46.439h 40.3¢ 38.6%¢

LSD 4.68 3.521 3.52 3.414 4.53 4.31 3.75
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S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L! nano Si and combined foliar application of 0.4 g.L! nano
Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly

different based on LSD test.
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Table 4- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf relative water
content of triticale under salinity stress

Mean Square &lx o Kl

sl
2 gl ; - - , —
SOV &l Relative water content (Day after planting) (.slS 3l u 55,) ol o (gl 52
- df 71 75 79 83 87 91 95
Replication 1,55 2 585™ 369.57"  707.34™ 49381  404.73"  332.66™  702.83"
Salinity (S) 5 2 778.45"  675.84™  808.94™  978.26™  979.71™  947.79"  931.61"
A 5
B poeress 1 412.94™  99.66™ 34453  508.43™ 40247 333.16" 680"
Azospirlium
(N) ;’.)J}’L’ sese sese sese sese *k *k *k
) 3 288 331.15 307.61 254.12 456.81 380.21 260.95
Nanoparticles
SxA 2 45.2208 39.2m 48" 1.98m 64.76" 48.38™ 4.2m
SxN 6 71.96" 61.25™ 48" 39.68" 39.79* 29.19™ 15.44n0s
AxXN 3 35.34n 2.720s 10.18" 0.15" 15.11" 72.43" 14.14"
SxAXN 6 88.66™ 80.41™ 106™ 48.88" 44.35™ 46" 21.78™
Error > 46 27 17.33 12.05 9.62 13.12 15.56 6.865
Ol s o b
(02) S e - 7.07 5.79 5.2 4.754 5.89 6.618 4.635

CV (%)

o3 K s gy il gl 5o la fxs g la prs e S s

ns

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf relative water content
of triticale under salinity stress

Relative water content (Day after planting) (c.s(8 51 w55, ol Lo (8 s2ee

baslesd -

Treatments B {ae2)
71 75 79 83 87 91 95

S1xA1XN| 63.96" 67.46 59.68km 58.35km 5751 57.77¢1 51.03m
S1xA1XN2 71.23¢4 74.54b-¢ 65.428i 69.79¢f 63.16°%" 61.814f 57.48F
S1xA1XN3 82.16%¢ 78%¢ 74.98d 73.16%4 67.83%f 67.3324d 62.29b¢
S1xA1XNg 83.13% 81.4% 77.9% 74.2%¢ 72.34% 69.66%¢ 65.27%¢
S1xA2xNj 80.532d 78.942d 72.420F 71.18b 68.9%¢ 66.444 63.66%4
S1xA2XN2 81.432¢ 79.92%¢ 75.76%¢ 75% 71.15%¢ 68.712¢ 66.27%
S1xA2xN3 84.972 80.65% 77.17% 75.95% 74.53¢2 70.592° 66.792
S1xA2xNy 84.42 82.232 78.92 77.26% 73.65% 71.86% 67.7%
SoxA1XNj 74.6>" 72.63% 67.3 63.1hk 49.98m 45.45Kk 52.38im
SoxA1XN2 73.9¢h 61.9km 55.9mn 63.73¢i 52.22%° 61.14¢ 53.18m
SoxA1XN3 64.9" 64.36 61.2im 57.3m 58 52.22i 50.08™m"
SoxA1xXNg 77.76%F 76%F 69.75%¢ 65.26% 66.17¢¢ 63.3¢¢ 60.159¢
SoxAxxXNj 70.2f% 63.36km 62.137 61.91h1 56.12im 56.46% 55.46h%
SoxAoxN2 74.13¢h 68.68¢K 68.42¢h 66.27¢h 60.97¢1 59.86%¢ 58.33¢h
SoxAxxN3 76.74%¢ 73.83b¢ 71.4¢f 68.84¢ 64.864" 64¢¢ 61.08f
SoxAoxNy 79.132¢ 77.12f 73.68%¢ 7224 69.52#4d 65.16b° 64.5%¢
S3xA1XN| 58.32! 56.73™ 53.2n 52.45m 46.36° 44.26K 42.36°
S3xA1XN2 73.63¢h 71.22f 68.3¢h 51.20 60.94¢i 59.88¢¢ 43.37°
S3xA1XN3 61.84 73.51¢h 57.61™ 62.82hk 62 58.82¢h 51.27kn
S3x A1xXN4 67.9hk 70.37% 63.34hk 59.86I™ 53.39!n 50.94i 52.54im
S3xA2xNj 61.984 61.11m 56.78m 55.77™m° 50.6m° 50tk 48.1"
S3xAxxN2 69gk 66.137 58.95km 60.4im 54.46k" 53.31hi 52.02kn
S3xA2xN3 72.534 71.6% 64 .45k 63.71¢i 59.57hk 55.72F 54.7h1
S3x AoXNy 74.73¢h 72.934 67 66.73¢h 61.95% 58.91¢h 56.56%1

LSD 8.542 6.842 5.707 5 5.954 6.485 4.306

il 5 Aald Ol p ok 3T UL b s e 50 A2 5 AL JUse he VY0 5TV (650 5 555 lasl pde 5540 S5 552 S
0 il phoes (555 AeSTHL A 53 0 SHA L3l ploe cdals Ol e ST 3L shoes 5 54 Na 5 N3 N2 NI el 5T 6,51 L
a3 alie Gy b sl Sle 0 Sk 56 3 3 0,8 o YO 5 (555 SISl 1) 5 08 28 ol 3l ke 5 05k 56 2 55 0 S e

AL ol LSD 0 gl ol sl ine Sl & o

S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L! nano Si and combined foliar application of 0.4 g.L! nano
Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly

different based on LSD test.
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Table 6- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf stomata
conductivity of triticale under salinity stress

' s Mean Square &lx e Kl
fs""oc: sl Stomatal conductivity (Day after planting) (c.s8 5l . 55,) @l culta
df 71 75 79 83 87 91 95
Replication 1,5 199.23"  206.52™ 28226 136.84™ 131.33" 188.73" 224.97"
Salinity (S) 5% 2 124 14958 96.75™  162.73™ 7197 5221  36.12"
Azospirlium (A) ¢ sl oo 551 1 53217 190.45™  77.08"™  68.83™ 3226  23.69"  16.82"
Nanoparticles (N) <135t 3 49.85™  71.92™  36.56™ 60.3"" 35217 11.91™ 9.71™
SxA 2 5.88m 0.35" 20™ 0.28" 3.69" 0.44ns 1.24
SXN 6 6.69"" 2.87" 6.87"" 0.68" 3.19™ 3.59* 1.84™
AXN 3 1.02m 8.03™ 5.78" 3.56™ 1.49m 0.14"s 0.340s
SxAXN 6 11.28™ 4.54* 6.25™ 2.1 2.93* 3.88™ 1.69™
Error U 46 2.068 1.677 1.54 0.78 0.92 0.71 0.42
(o) Sl w2 - 5.13 5 5.07 4.32 5.18 5.31 4.9

CV (%)

Ao 3 K s gy Jlaiml gl 5o la e g la pre b S e

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 Azospirlium and nanoparticles (Zn and Si) on flag leaf stomatal conductivity

of triticale under salinity stress

Stomatal conductivity (Day after planting) (c.s8 5l . 55,) @l culia

sles
(mmol.m2.s1)
Treatments
71 75 79 83 87 91 95

S1xA1XNj 25.6"P 22.73kn 22.2m4 19.86M" 17.53im 14 3km 12.53hm
S1xA1xXN2 27.7¢! 26" 2478k 22,5t 19.16°%1 16.9¢¢ 13.46°%1
S1xA1xXN3 30.93b 29.63*4 26.5%¢ 23.66°f 20.2>F 17.66%4 14.76%4
S1xA1XN4 32.6%® 29.93%¢ 27.83d 25.36% 21.36*¢ 17.9%d 15.23%¢
S1xA2xNj 29.86¢¢ 28.96"¢ 26.830F 24b-e 20.5%¢ 17.16>F 14.46b
S1xA2xN2 31.46%4 29.36*¢ 28.2%¢ 24.43%¢ 21.1%¢ 18.1#¢ 15%¢
S1xA2xN3 32.06*¢ 31.42 28.63% 24.93%¢ 22.16* 18.33% 15.5%
S1xA2xNy 33.46° 30.59% 29.132 26.132 21.73% 18.6* 15.76°
S2x A1xXNj 27.33hn 21.33% 20.46" 17.19 15.23m° 16.16%1 12.43im
S2x A1xN2 24.13M 21.7m° 20.93P 18.13°4 15.96™" 16.06%1 11.17°
S2x A1xXN3 25.93kp 23.63km 21.8°4 19.23m© 17.83H 13.96!™ 12kn
S2x A1XN4 28.76°%1 28.13¢¢ 25.73¢ 22.76°" 19.8¢¢ 15.662k 13.6%h
S2x AaXNj 26.331° 25.66"* 23.76'" 18.6"P 17.23im 15.2i 12.86¢1
S2x AaxN2 28.3f 26.76f1 25.33¢ 20.3km 18.43¢i 16f 13.26f
S2x AaxN3 29.4dh 27.79h 26.034h 22.03¢d 19.43dh 16.69h 13.99¢
S2x AoXNy 30.3%fF 28.56F 27.16%¢ 23.13%¢ 20.834 17.43%¢ 14.2¢f
S3x A1xXNj 22.34 20.5° 24330 16.33" 14° 12.56™ 10°
S3x A1xN2 18.63¢%1 21m° 19.2¢ 16.739" 18.362k 12.26° 12.76M
S3x A1xN3 25" 22.1m° 25.06f 17.43p 18.73f 15.83f 13.3f
S3xA1xN4 26.76+° 24.36" 22.96%p 20.661™ 16.44n 14.53im 11.8kn
S3x AaxNj 24.53°4 22.43k0 21.43°4 17.56P 15.6™ 13.66™" 11.6™
S3x AaxN2 25.26™P 24.96+ 22.56+» 19.56m° 16.8kn 14.86+™ 12.261™
S3x AaxN3 27.36Mm 26.43¢d 23.261° 21+ 18.1h 15.50% 12.73M
S3xA2xN4 27.96%k 27.3¢h 24.2hm 21.43hk 18.76f 16.13¢1 13.1e%

LSD 2.363 2.128 2.045 1.458 1.58 1.387 1.066

il 5 Aald Ol e p ok 3T SU L b s e 50 A2 5 AL JUse he VY0 5TV (650 5 555 dlasl pde 5540 S5 552 S)
0 il ghoes (555 AeSTEL A 53 0 SUA L3l ploe cdals Ol e ST 3L shoes 54 Na 5 N3 N2 NI el 5T 6,51 b
a3 alie Gy b sl Sle 0 Sk 56 3 3 0,5 oo YO 5 (555 SISl 1) 5 08 /8 ol 3l e 5 05k 56 2 55 0 S e

AL ol LSD 0 gl ol sl ine Sl & o

S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L'! nano Zn oxide, foliar application of 50 mg.L! nano Si and combined foliar application of 0.4 g.L! nano
Zn oxide and 25 mg.L"! of nano Si 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 Azospirlium and nanoparticles (Zn and Si) on flag leaf electrical
conductivity of triticale under salinity stress

5 a3 Mean Square &lx o Kl
S% v sl Electrical conductivity (Day after planting) (c.sl8 5l . 55,) S0 S0 colis
- df 71 75 79 83 87 91 95
<
A 2 10049.14™ 6222.84™ 20898.29™ 10232.44™ 12771.36™ 12270.75™ 24904.4™
Replication
(S) LS))"':' *k ok *k *k sk *ok .
- 2 1266 2922.54 4685.83 7411.97 467040 8558.85 10464.67
Salinity
(A) 51 sk * s
fmemss 1 836.4™  32512°  1078.8™ 49928  2866.5 1036.64 3475
Azospirlium
(N) ;’.)J}’L’ *k sk T3 % sk sk
) 3 513.85 1154.32* 1509 2401.42 2576.94 3412.52 1537.26
Nanoparticles
SxA 2 154.54™ 185.94ns 185.92ns 475.13" 134.52ms 461 358.68m
SN 6 81.23™ 159.57 413.77" 697.58™ 546.5™ 469.75" 364.21"
AXN 3 8.86" 121.38m 29.94ns 34.25m 1288.22" 522.81" 78.79m
SxAXN 6 167.85™ 188" 465.22™ 917.76™ 424.94™ 1002 534.86™
Error U= 46 25 77.62 77.77 143.83 106.19 171.57 131.83
S )
(4s,5) - 5.98 8.52 7.51 8.95 6.67 7.49 6.125
CV (%)

# NS

Ao 3 K s gy il gl 5o la sxe g la s b T e
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 9- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf electrical
conductivity of triticale under salinity stress

Electrical conductivity (Day after planting) (c.s\8 5l . 55,) S0 S0 colas

bl
(USM-T) Cio 2 (rms 35,52
Treatments
71 75 79 83 87 91 95
S1xA1XNj 9432 113.73bf 130.83¢f 145.334¢ 167.234¢ 189.43b¢ 198.234¢
S1xA1xN2 86.6%1 105.56%1 106/ 123.4bm 135.56FP 162.27m 179.43¢!
S1xA1XN3 76.33k° 87.33kn 104.36i° 111.8™ 129.434 159.63im 173.56™
S1xA1XN4 70.23"P 84.8mn 95.73m-° 110.1M 132.76™4 140.67™ 159m-
S1xA2xNj 74.73" 90.9in 99+ 113.86%" 141.1i° 153.53k° 164.165°
S1xA2xN2 71.26™m° 89in 97.53m-° 107.1 126.23°4 146.77 126.23°1
S1xA2xN3 69.2°p 85.96!™ 91.4° 104.8mn 121.634 143.63™° 156.56™
S1xAoxNy 67.43° 82.86" 93.26™ 102.83" 124,13 137.23° 152.86°
S2x A1xXNj 82.66¢1 1074 146.6% 124.56M 199.52 170ek 186.23%
S2x A1xN2 98 101.46% 113.16M 169.22 178.16°°¢ 1970 210.76°*
S2x A1xXN3 88.13d-" 111b¢ 123.634" 135.9 157.13% 181.8341 193.96°"
S2x A1XN4 83¢ek 95.4hm 108.23im 120.76™™ 147.3bm 172.47¢% 182.968%
S2x AaxNj 89.33¢h 109.43¢h 128.16% 161.7324d 163.76°" 210.57% 185.96%
S2x AaxN2 79im 107.534h 120.56%" 142.734h 160.36% 193.83bf 177.4bm
S2x AaxN3 78.1im 100fm 115.4¢% 125.53¢k 150.3¢1 156.47i° 170.73i
S2x AoXNy 73.16m° 92.43m 102.7%° 116.96™ 139k 151.27%° 167.765°
S3x A1xXNj 101.2a 130.33a 116.2g-k 177.1a 196.26ab 219.23a 236.33a
S3x A1xN2 82.43h-1 101.13f-k 153.9a 123.5h-m 149.56h-m 166.93h-1 187.43f-i
S3x A1xXN3 97.1a-c 124.9ab 137.13b-d 157b-¢ 181.6b-d 206.9a-c 217.13bc
S3x A1xXN4 84.731j 103.4f-k 118.53g-k 139.53e-1 153.63g-k 177e-j 207.73b-¢
S3x AaxNj 95.73a-d 122.46a-c 140.43a-c 165.43a-c 147.76h-m 203.83a-c 222.96ab
S3x AaxN2 92.43b-f 119.4a-d 133.86b-e 153.23b-f 184.83a-c 200.17a-d 213.6b-d
S3x AaxN3 90.66b-g 116.93a-¢ 126.26¢-h 149c¢-g 173.23¢c-f 186.87¢c-h 203.56¢-f
S3x AoXNy 81.7h-1 98.13g-m 112.76h-1 131.8g-k 144.36i-n 168.27g-1 188.6f-1
LSD 8.222 14.48 14.494 19.711 16.936 21.523 18.871

il 5 Aald Ol e ook 3T UL s e 50 A2 5 AL Ve he VY0 5TV (650 5 555 dlasl pde 5540 S5 552 S
0 il ghoes (555 AeSTEL A 53 0 SHA Ll ploe cdals Ol ey O 3L shoes 54 Na 5 N3 N2 NI el 5T 6,51 b
a3 alie Gy b sl pSle 0 Sk 56 3 3 0,5 oo YO 5 (555 eeSTSl 1) 5 08 28 ol 3l e 5 05k 56 2 55 0 S e

AL ol LSD 0 gl ol sl ine Sl & o

S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L'! nano Zn oxide, foliar application of 50 mg.L!' nano Si and combined foliar application of 0.4 g.L! nano
Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly

different based on LSD test.
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Table 10- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf maximum
fluorescence of triticale under salinity stress

. a3 Mean Square &lx o Kl
J;“OC-V sl Maximum fluorescence (Day after planting) (c.sl8 51 1w 35,) Sl uile, 5
" df 71 75 79 83 87 91 95
).,Jgj . 2 47353.79"  34574.88"  14360.84™ 32932 30584.66™  30403.43™  43809.76™
Replication
) 6))"“ 2 107160.79"  92862.51"  122880.43™  72037.34™ 61105.16™ 88769™ 91476.26™
Salinity
A 51
@ U'J.J"j:':w” 1 17578.12™ 13972.34™ 27300 14620.5™  40517.55™ 6142" 37446.72™
Azospirlium
N) =l,5 56 “ “ “ “ “ “ “
) 3 31720.27 36487.38 48076.4 53920.11 29610.98 27136.49 13679.64
Nanoparticles
SxA 2 6379.12" 3080 2819 7846.12™ 3850 2806.84"  3084.84"
SXN 6 5507.1" 5918.1"™  4196.22"  2584.62"  4564.87" 5377.43*%  698.46"
AXN 3 1137.27°  149.23™  1433.35"™  3790.46" 645" 1675.71"  327.87™
SxAxXN 6 6830.99  6448.87""  3710.25°  3293.36™ 6914.27"  4152.82"" 2411.93"
Error - 46 1619.67 1742.39 1214.76 995.22 1540.72 1087.57 644.28
(Ao 3) ) i 2
- 6.072 6.378 5.48 5.279 6.739 5.869 4.693
CV (%)

o3 K s gy il s 5o s e gl sme e Sa 5 % @IS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Sosd 5 2o AR o S S il sl (05 5 535) 35U 5 sk el U (ke i 1) Ui
Table 11- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf maximum
fluorescence of triticale under salinity stress

Lalog Maximum fluorescence (Day after planting) (<28 5l . 55, Sl il
Treatments 71 75 79 83 87 91 95
S1xA;xN; 587.67™ 621k 575.67%" 554.67%° 438km 512.67%» 506.67m
S1xA;xN, 714.33b¢ 689.67%¢ 639.67 634¢¢ 577.33% 6292¢ 565¢h
S1xA;xN3 725.67+F 730%d 728.338¢ 646.330F 636.67f 636.33d 587f
SixAxNy 763¢ 739a¢ 750 7012 670% 649.674¢ 627.674¢
SixAxxN; 74424 723.33%¢ 714.33d 665.674 645.33a¢ 603.33¢¢ 610%d
S1xA;xN, 755%d 748.338¢ 719.67%4 683a¢ 664.674¢ 656%¢ 619.33%d
S xA;xN3 786.332 757%® 739.674¢ 692 6752 671.67° 634.33
S xAxxNy 776.33%® 767° 7612 708.332 683.332 662 642.67°
SpxAjxN; 640.33M 643.67¢1 623.33Mk 469.33ra 582¢i 558ek 517+
Sox A XN, 654.67¢k 535nm 633.33¢ 520.67 474.33m 491.67mP 481.334
SpxAxN3 629im 6561 588.67im 580! 565ek 539.670m 518.67"
Spx A XNy 701¢h 701.33%¢ 694>F 607.67% 599.67¢" 580.67¢ 578.33f
SoxAxxN;y 597.33kn 569km 607.674 495.3304 551.33M 520.33i° 538.33¢i
SpxApxN, 641.67™ 635k 623.67"k 543.67%° 604¢h 531.33in 5784
S>x AxxN3 671.33% 680°h 6704h 658¢ 629%¢ 564.67%% 594.33b-¢
Spx ApxNy 734.67%¢ 715+ 705.674¢ 674.67+¢ 654.674 616.67°F 603¢
S3x A XNy 628im 487.67" 478.67° 458.674 438" 431.674 420.67°
S3xA;xN, 497.33¢ 654F 509¢p 599fi 574Fk 567.67% 497.67i"
S3xA;xN3 564.67™ 583im 521.33™ 6214h 488! 4814 457.67"P
S3x A XNy 660.33Fk 645.33¢ 655.67% 594.33¢k 589¢i 553.33¢! 489k-0
S3xAxxN; 554.67™ 547.67™ 533.67™ 513.33™ 497.33Mn 461 44900
S3xA;xN, 576.67™ 600" ™ 545.67m° 520.67m 523.67im 469.67°9 469m-°
S3xAxxN3 614 600k 561.33%° 566.67™m 535im 503.33% 498in
S3xAxxNy 6894 6674 682.67¢¢ 620.33¢h 610.33%" 593¢h 528

LSD 66.144 68.604 57.282 51.849 64.512 54.201 41.717

il 5 el Ol paek 3T UL b s e 50 A2 5 AL JUse he VY0 5TV (650 5 555 dlasl pde 554 S5 552 S
0 il sle (a5 AnSTHL 2 55 0 S A AL e als Olgeas DT L 3 she 5 5 Na 5 N3 N2 NI el 5T 6,51 b
a3 ke Gy b sl Sle 0 Sk 56 3 3 0,8 o YO 5 (555 SISl 1) 5 08 /8 ol 3l e 5 05k 56 2 55 0 S e

AL o LLSD 0sa3T bl 2 (5l e (605 Sl & o
S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L!' nano Si and combined foliar application of 0.4 g.L! nano

Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly
different based on LSD test.

a1
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Table 12- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf minimum
fluorescence of #riticale under salinity stress

L a3 Mean Square &le o Kl
j;doc\l; sl Minimum fluorescence (Day after planting) (.sls 31 o 55,) Blas ilu, 5l
df 71 75 79 83 87 91 95
Replication 1,55 2 205572 3090.18" 3.18 327.79"  4368.43" 2887.54™ 4820.37"

Salinity (S) ;55 2 627288 573426 407476 359829 4368.43" 2887.54™ 482037

A ”‘Jf’“ﬁ”ﬂ 1 1521.68"  528.12" 924.5™ 917.34™ 2738™ 485.68"  2461.68™
Azospirlium
N Q.){yb 3 1727.79" 458437 21354™ 2699.16™ 1667 1852.42"  961.82™
Nanoparticles
SxA 2 42738  589.54™ 178.79™  259.43™ 280.6 236™ 308"
SN 6 135.94" 349.93™ 155.26" 110m 29438  425.79™ 192.24"
AXN 3 35.6" 13.38™ 373.79" 125.16™ 26.1m 136.97™ 37.71m
SxAXN 6 193.81"™  400.35™ 151.81" 123.3" 442™ 283.96™ 314.6™
Error L 46 56.33 95.71 65.86 51.6 62.21 88.36 76
Ot g o2
(o)l o 2 - 6 7.37 5.71 4.88 5 5.68 5.15
CV (%)

# NS

..,Lp):&ﬁ@lechw)a)bguj)bgujf&qu-
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Sopd 5 Lo A5 e S Bl b5 (0585w 5 650) S350 5 packs sl 6T Sibe avslie Y S
Table 13- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf minimum
fluorescence of triticale under salinity stress

s sles Minimum fluorescence (Day after planting) (c.2l8 5 L 555) Jolam uile ;5
Treatments 71 75 79 83 87 91 95
SixAxNj 139.33¢¢ 144.33>F 153.66°¢ 153.66°¢ 171.66>¢ 178.33%¢ 179¢h
SixA1XN2 116" 127¢% 144.33¢ 1428 159¢ 150%° 166™!
S1xA1xN;3 112im 114.33k° 122m 140.33Mk 146.66%° 147" 159"
SixAxNy 100™° 110" 116.33% 121.66™ 131.66°9 143.66™° 145.33™
SixAxNj 106" 118.33im 127.66%° 134.661™ 141.33% 157.334m 150.66™
S1xAxN; 102.33m 106.33™° 125.33% 128.33%° 134.66™4 140.66™ 1470
Si1xAxNj3 93° 103 119.66™? 125m° 128.66" 134.66° 1420
S1xAxxNy 97m 100.66° 113.33P 119.33° 125.334 137.33° 139°
Sax AxNj 126.66% 129.33fk 169.33% 176.66* 15201 165.33%% 167.33M
SaxAxN, 123.66&1 156.66% 141.33¢ 158¢¢ 181% 182.66" 186>
SaxA1xN;3 130%h 137.334 150¢h 150%h 160.33¢ 170.66>1 176.33%
SaxArxNy 118.66M* 124.33M 134im 146" 154.33¢k 163.33¢k 168.668¢
Sox AxxNj 137¢F 1534 148.66%h 170% 163%h 176 171.66%
SaxAxx N, 128¢ 1420 146.33¢ 156¢f 149.33+m 174¢h 162.33+m
Sax AxNj3 123.66% 129.66%* 140k 137.33H 146.661™ 166" 156.33k"
Sax AxxNy 108.66%" 121.33+m 130.66/™ 131.33%n 138m= 153.66/™ 153.33%°
S3xAxNj 155.66% 163.33° 173.332 180.66* 193.332 2032 207.33°
S3xAxN, 158.66° 126.66%* 139k 149¢ 156k 160! 171%
S3xA1xN;3 142.66° 150.66*¢ 162.33%¢ 143.66¢" 177.33b 185 190.66
S3xAxNy 1258 139.66°" 142F 147.66% 156.33%% 167.66%% 184°F
S3x AxNj 145.33b 154.66%¢ 160.334 164.66% 1754 190.66% 1942
S3xAxx N, 141.33¢ 148.66%° 157.66¢ 161.66>4 169>F 187% 188.664
S3x AxN;3 133.66°¢ 147> 155.33¢f 151.33¢h 165.33¢¢ 180.33f 182b¢
S3x AxxNy 122 134¢* 136.66" 144¢i 152.33M 156.66™ 173.33¢

LSD 12.335 16 13.33 11.81 12.96 15.45 14.33

il 5 Aald Ol paek 3T UL L s e 50 A2 5 AL JUse he VY0 5TV (650 5 555 dlasl pde 5540 S5 552 S
0 il e (a5 ASTHL 2 55 0 S A AL e als Olgeas DT L 3 she 5 5 Na 5 N3 N2 NI el 5T 6,51 b
a3 ke Gy b sl Sle 0 Sl 56 3 3 0,8 o YO 5 (555 SISl 1) 5 08 /8 ol 3l e 5 05k 56 2 55 0 S e

A e LLSD ga3T bl 2 (5l pme (605 Sl & o
S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. Ai and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L!' nano Si and combined foliar application of 0.4 g.L! nano

Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly
different based on LSD test.

v



VLY Y b)w Ak 8,9 c‘;ﬂ)} ‘_,Lél; .\g)g}'

Sos 5 2o IS5 e S iie il g (05w 5 530 D3 5U 5 ok sl 36 iliols w18 S
Table 14- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf variable
fluorescence of triticale under salinity stress

PR Mean Square cila o (Sls
,gwoc\‘; ol Variable fluorescence (Day after planting) (coslS 51w 55,) wize il 5l
df 71 75 79 83 87 91 95
)1_“&’ . 2 57696™ 50097.3" 14757.3™ 36101.7" 23119.2™ 28507.5" 25772.9™
Replication
S Sos *k ok ok o ok *k ok
o 2 165231.6 1446733 169854.3 107833.9 96775.3 139335.1 146848.1
Salinity
@) H?L“’“‘“jj 1 29443.5™ 19933.3™ 38272.2™ 22862.3" 64320.8™ 10082" 59110.6™
Azospirlium
<N> ;)1)5)3\3 Hok Hok *k Hok *x Hok ok
; 3 48042.6 52922.7 69336.7 80716.9 45327.2 43130.2 21882.4
Nanoparticles " »
SxA 2 9908.7 6363.5"™ 3655.3"™ 10920.1 6167.72™ 4642.6™ 5156.9™
SXN 6 7051.7" 8724.1™ 4968™ 3654.3" 7040.1™" 8781.7" 1600.6™
AXN 3 1267.4:: 1 12,6":* 2879.8: 5277,9: 914 .4 2766.3:: 545,7":*
SxAXN 6 8825.6 9986.4 4539.9 45959 10788.4™ 6565.2 4376.2
Error > 46 2069.9 25653 1583.35 1454.1 2162.1 1759.45 115.5
G S -
CV(%) (49 - 8.45 9.7 8 8.46 10.8 10.5 8.98
.M)J\_{_{jc;j:JL&.&M)J)'JWﬁ).JwR%JSQ # NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Sopd 55 Lo IS5 o S eite il (05w 5 530) D3 5L 5 e T 6 0 S0ls alie V0 s
Table 15- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf variable
fluorescence of triticale under salinity stress

s sles Variable fluorescence (Day after planting) (coslS 51 o 55,) wize il 5l
Treatments 71 75 79 83 87 91 95
SIXAIXN] 4483370 476.67™ 422F° 4015 338.67° 334.33% 327.67m
SixA1xN2 598.33%¢ 562.67¢ 495.33¢k 494N 418.33¢°h 479%¢ 399¢h
Si1xA1xN3 613.67"f 615.67% 606.33%¢ 506°# 493a-¢ 489.33%d 428%¢
S1xA1xNg 663%° 629%4 633.67% 579.33% 538.33a 506*¢ 482.33%¢
S1xA2xNj 638%¢ 605*f 586.67*¢ 531%¢ 504a-d 446 459.33d
S1xA2xN2 652.67%4 642%¢ 594.33%¢ 554.67%4 530ab 515.33% 472.33%¢
S1xA2xN3 693.33% 654 620*¢ 567%¢ 546.33a 537 492.33%
S1xA2xNg 679.33% 666.33% 647.67% 5892 558a 524.67% 503.67%
S2x A1xNj 513.67"™ 514.33¢1 454 292.67M 430%h 392.67¢F 349.67™
Sax A1xN2 531¢! 378.33? 492k 375.67"° 293.33¢ 309™mP 295.33%°
S2x A1xN3 4990 518.67¢% 438.67%" 430™! 404.67 369 342,33
Sox A1xNa 582.33%h 577%¢ 5608 461.67% 445.33¢%¢ 417.33¢% 379.67%
S2x A2xNj 460.33%° 416™° 459i-m 325.33%4 388.33" 344,331 366.67¢1
Sax A2x N2 513.67"™ 493+m 477.33H 387.67%° 454.67°F 357.33n 415.67%¢
Sax A2x N3 547.67% 550.33% 530° 520.67"F 482.33%¢ 398.67% 438
Sax A2xNg 626 593.67*¢ 575>F 543.33%4 516.67*¢ 463>f 449.67%¢
S3x A1xNj 460.33%° 324.33° 305.33? 2784 244.67' 228.671 213.33?
S3x A1xN2 338.67° 527.33f% 370% 4508k 418°h 407.67% 326.67™
S3xA1xN3 422° 43233k 3599 477.33¢% 310.67¢ 296™1 267"P
S3xA1xNa 535.33¢k 505.67™! 513.67% 446.67¢¢ 432.67%¢ 358.67¢! 305k
S3x A2xNj 409.33% 393™P 373.33" 348.67"P 322.33k 270.33M 255%
S3x A2xN2 435.33™ 451.33k° 388™ 359m-° 354.67"F 282.67°1 280.33™m°
S3x A2xN3 480.331° 463.67%" 406™° 415.33m 369.67¢F 323t 316
S3xA2xNg 567% 533¢k 546%h 476.33%1 458>f 436.334" 349.67"*

LSD 74.77 83.24 65.39 62.67 76.422 68.93 54.9

il 5 Aald Ol e p ok 3T UL mdls e 50 A2 5 AL Ve he VY0 5TV (600 5 (555 lasl pde 5540 S5 552 S
0 il sle (a5 AnSTHL 2 55 0 S A AL e als Olgeas DT L 3 she 5 5 Na 5 N3 N2 NI el 3T 6,51 b
a3 ke Gy b sl e 0 Sk 56 3 5 0,8 o YO 5 (555 SISl 1) 5 08 48 ol 3l e 5 05k sU 2 55 0 S e

A oa LLSD 0ga3T bl 2 (5l pme (605 Sl & o
S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L! nano Si and combined foliar application of 0.4 g.L! nano

Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly
different based on LSD test.
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Table 16- Analysis of variance of the effect of Azospirlium and nanoparticles (Zn and Si) on flag leaf quantum yield
and grain yield of triticale under salinity stress conditions

. 4?);— Mean Square &lx o Kl alss <
éOC'V sl Quantum yield (Day after planting) (<28 5l . 55,) o508 5,Sas Grain
o df 71 75 79 83 87 91 95 Yield
. 5 * ek ek ok ek ek ok
R ;’i 2 0.0048"  0.0094 0.0027™  0.0086 0.01 0.013 0.006 1.84
eplication
S b ek ok ek ek ek ek ek ek
(S )1,6),?” 2 0.017 0.03 0.025 0.031 0.053 0.078 0.112 1.099
alinity
A I * * ek * ok * * *
(A )”‘Jf’;w” 1 0.011 0.0064 0.019 0.015 0.04 0.007 0.04 0.072
zospirlium
N Q. : LJ ek ek ek ek ek ek ek ok
N( ) )tj'yl 3 0.0065 0.013 0.017 0.016 0.026 0.031 0.017 0.56
anoparticles
SxA 2 0.0024™  0.0015™  0.0007"  0.0006™ 0.0013™ 0.0018™  0.002" 0.051"s
SXN 6 0.003*  0.0017" 0.00059™ 0.0014™ 0.0048™  0.006™ 0.0025" 0.03"s
AXN 3 0.0023"  0.0021™  0.0069""  0.0056™ 0.0011™ 0.0022" 0.00069"  0.015"
SxAXN 6 0.005™  0.0074™  0.0029"  0.0039"™ 0.0062™ 0.0045™  0.004™ 0.06™
Error U 46 0.0011 0.001 0.0009 0.0009 0.001 0.0012 0.00096 0.017
Ot g o2
N 4 4 4.01 4.16 4.52 5.06 4.57 5.34

CV(%) (10 ,3)

# NS

..,Lp):&ﬁ@lechw)a)bguj)bgujf&qu-
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
Sopd A5 o A 5 s 3 Shas 5 05y S o935l sS 3 Shas 1 (0 5 50) ;,n)s}u”,_&ﬂjjj;‘u oSl aglis -V J s

Table 17- Means comparison of effects of Azospirlium and nanoparticles (Zn and Si) on flag leaf quantum yield and
grain yield of triticale under salinity stress

s Quantum yield (Day after planting) (c.ils 51 s 55, (o538 5 Shas (6353 p5) alls s Shae
Treatments 71 75 79 83 87 91 95 ?g”;gr‘g;zlﬁ)
Si1xA1xNj 0.761™ 0.7662% 0.732™" 0.721%" 0.663™ 0.651™ 0.646"™ 2.34¢
Si1xA1xN2 0.835¢%¢ 0.814°>f 0.774 0.774%1 0.724¢ 0.76*4 0.7054" 2.671¢¢
S1xA1xN3 0.844>f 0.741%4 0.732%¢ 0.781¢h 0.773%¢ 0.768*° 0.728>f 2.803*¢
S1xA1xNg 0.867*° 0.849*¢ 0.844%® 0.825% 0.802%® 0.777%® 0.767*%° 2.512¢¢
S1xA2xNj 0.856*¢ 0.835%¢ 0.82%¢ 0.796*" 0.78d 0.738>f 0.752%d 2.693%¢
S1xA2xN2 0.863%d 0.856® 0.825%d 0.811%d 0.796® 0.784%® 0.761*¢ 2.856%
S1xA2xN3 0.88* 0.862? 0.837*¢ 0.818*° 0.808* 0.798?2 0.775% 2.766%4
S1xA2xNy 0.873% 0.867% 0.85% 0.83* 0.815% 0.791% 0.782? 2.937°
S2x A1xNj 0.797" 0791¢" 0.722% 0.6227 0.726" 0.69™ 0.6718% 2.031™
S2x A1xN2 0.80687 0.705™" 0.767% 0.102m° 0.618™ 0.627im 0.613% 2.373%
S2x A1xN3 0.791" 0.789% 0.744m 0.74+m 0.715% 0.682fm 0.659™ 2.072"
S2x A1xNg 0.8284" 0.821*F 0.806>f 0.758 0.724h 0.717¢# 0.691¢ 2.421"%
S2x A2xNj 0.769%" 0.729%m 0.754M 0.655M1 0.704¢1 0.66% 0.68f 2.012M
S2x A2x N2 0.798" 0.774% 0.7658% 0.712% 0.752b¢ 0.6718% 0.718¢¢ 2.5824f
S2x A2xN3 0.813f 0.807¢¢ 0.79%h 0.79%¢ 0.766" 0.7044" 0.736*¢ 2.482f
S2x A2x Ny 0.85%¢ 0.828*¢ 0.814*¢ 0.804*¢ 0.788a 0.75%¢ 0.744%4 2.717°4
S3x A1XNj 0.75™™ 0.664" 0.637° 0.605" 0.558" 0.529" 0.507? 1.864
S3xA1xN2 0.68° 0.7994" 0.727%° 0.744M 0.714f 0.706%" 0.652 2.054M
S3x A1xN3 0.746"™ 0.739im 0.688° 0.762f 0.636™ 0.614%m 0.583" 2.072M
S3x A1xNg 0.808f7 0.782f 0.783¢ 0.75¢" 0.734h 0.695% 0.623k" 1.924i
S3x AoxXNj 0.737" 0.715™m 0.699™ 0.678°P 0.648%m 0.585™™ 0.567° 1.992M
S3x A2xN2 0.754"™ 0.75m 0.71m™° 0.688"P 0.677" 0.601™ 0.597™° 2.033M
S3x A2xN3 0.78im 0.757m 0.722%° 0.732im 0.69"k 0.64m 0.634im 2.012M
S3x A2x Ny 0.821¢% 0.797¢" 0.799¢¢ 0.605¢ 0.749"¢ 0.735>f 0.67¢k 2.047™

LSD 0.035 0.0464 0.039 0.04 0.053 0.057 0.051 0.1842

il 5 Aald Ol paek 3T SU L mdls e 50 A2 5 AL Ve he VY0 5TV (650 5 555 dlasl pde 5540 S5 552 S
0 il sle (a5 AnSTHL 2 55 0 S A AL e als Olgeas DT L 3 she 5 5 Na 5 N3 N2 NI el 5T 6,51 b
a3 alie Gy b sl Sle 0 Sl 56 3 5 0,8 o YO 5 (555 SISl 1) 5 08 /8 ol 3l e 5 05k 56 2 55 0 S e

AL o LLSD 0ga3T bl 2 (5l pme (605 Sl & o
S1, S2 and S; are no salinity, salinity of 60 and 120 mM respectively. A1 and Az are no seed inoculation as control and
seed inoculation with Azospirillium. N1, N2, N3 and N are foliar application with water as control, foliar application
of 0.8 g.L"! nano Zn oxide, foliar application of 50 mg.L! nano Si and combined foliar application of 0.4 g.L! nano

Zn oxide and 25 mg.L"! of nano Si respectively. Means with similar letters in each column are not significantly
different based on LSD test.
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