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Table 1. Characteristics of soil physicochemical.

Soil

K P Zn N Organic Sand Clay Texture salinity Saturation pH dala
(mg/kg) (mg/kg) (mg/kg) % carbon % % % (@s.m™) % Characteristic
o
255 27.3 1.02 0.04 0.72 38.5 19 Silt 1.8 47 7.8 o

Amount
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Table 2. Characteristics of nano zinc oxide.

100 gr 055 Weight
99 % e s> Purity
<30 nm <3 e3lul 1 5Ls Average Particle Size
> 30 m?/gr )3 o3 5 laws Specific Surface Area
Red powder &, Appearance
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Table 3. Analysis of variance the effect of zins application and salinity levels on maximum fluorescence (F,,) of wheat.

Sl e e
Mean Square s e
(S 51 555) Gulo 0 5es Jol 50 &3l S OCV
Sampling stages (day after sowing) df e
62 66 70 74 78 82
ns wk ns H ns ns ‘5}1’
1423.1 857568.6 5 137 26.2 24.1 2
Block
*k *k *k *k *k *k 6))'“‘
405124.7 365443.6 397437.6 230267.8 194013.9 145190.3 3
Salinity
74907.7" 63159.1" 69987.7" 42529.8" 38493.2" 24253.1" 3 20
Zinc
6338.7" 2365.6" 2412.5" 1106.7" 865.4" 1066.9™ 9 it
SalinityxZinc
o
1746.4 1161.8 31.9 18.2 17.6 33 30
Error

.M)JQQ:}@JW\&»JJJ\J&M})‘)&M}%JIQ#&} ¢

# ns

™ * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 4. Means comparison of the effects of zinc and salinity on maximum fluorescence (F,,) of wheat.

(28 5l Axs 555) Solo pai sl Jol e

. . Gl S 5
Sampling stages (day after sowing)
g 0 Treatments
62 66 70 74 7

1422.33% 1276% 1121° 913.33° 818.33° 684° SixZn,
1482.67% 1355% 1191° 956.66° 850° 721.33° S1xZn,
1606* 1388* 1222.66° 988° 907° 740.33° SixZns
1532.67° 1401° 1266.66" 1011.33° 925° 752.33" SixZny
12821 1175% 9741 786! 730" 580.33' SoxZny
1338.33¢ 1204° 1031.33¢ 863¢ 782.33" 6328 SoxZmy
1374.33% 1329% 1085" 888.33" 789" 662.66" SoxZns
1463.67% 1321% 1159.66" 932¢ 842.66" 711.66° SyxZny
1157.67" 9945 866.33' 684 620.66' 482.33™ S3xZny
1213M 10339 822.33™ 707.33" 652.33" 512" S3xZn,
1252.67¢ 1130 936.66 760.33 694.33! 561 S3xZns
1295.67'% 1188¢ 1004.33" 826" 7628 613.33" S3xZny
946.33" 872™ 694P 575° 497° 448° SyxZn,
1006* 908'™ 734° 623" 563.66" 452° SuxZn,
1132.67 955X 786" 625.33™ 591™ 469.33" S4xZns
1235.67¢" 1082" 916 75366 674.33 531.66" SyxZny

69.68 56.83 9.42 7.12 7.01 9.58 LSD

Ve dee A0 e (58 (st pde S0 Se 585 82 S
S35 St 50 5 555 DWW O pme (555 ST 5L (s D g bz (b ez oo o S Iy 5 Zns Zny Iy
AL oa LSD 0ol bl (5l e s3lel B3l Dyt a5 lie g b sla Sl
S1.S,, S3 and Sy no salinity, salinity 30, 60 and 90 mM respectively.

Zny, Zn,, Zn; and Zny no application, application ZnSO,, nano zinc oxide, application ZnSO, and nano zinc oxide respectively.
Means with similar letters in each column are not significantly different according by LSD test.

05 (Fo) Jolao uila; U 5 (5505 b 5 555 5205 1 bl 4528 =0 Jguer
Table 5. Analysis of variance the effect of zins application and salinity levels on minimum fluorescence (Fy) of wheat.

Sl e (1 Sle
Mean Square

. RESIRESS i mbe
(2 5l Axs 555) Solo pai sl Jol e
i “}? df SOV
Sampling stages (day after sowing)
62 66 70 74 78 82
. - - . . _ S5k
7267.3™ 84872.9 89.7 14.4™ 21.1™ 19.9™ 2
Block
59132.2" 32153.17 12458.7" 5055.6" 1633.5" 3493 3 o
Salinity
34349.4™ 5239.3" 2092.56" 521.7" 51.2° 150.17 3 e
Zinc
260725 13453 6752 382.1° 299" 533.7° 9 SIS
SalinityxZinc
Ut
6264.2 119.9 18.5 16.2 14.3 8.5 30
Error

R

.M)JQQ:}@JW\&»JJJ\J&M})‘)@M}%JIQ#{} ¢
™ * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 6. Means comparison of the effects of zinc and salinity on minimum fluorescence (F,) of wheat.

(28 5l Axs 555) Sulo pai sl Jol e

Sampling stages (day after sowing) i)w i

62 66 70 74 78 82 reatments
350,820 341.96 312.35° 269.42¢" 258.06" 245.33° SixZn
289.62° 322.67¢ 291.39% 274.24% 277.37¢ 251.74% SixZn,
301.15%" 279.82" 281.21¢8 264.45" 270.28° 248.25% SixZns
258.57 251.9 271.51" 246.77 269.17° 225.14" SixZny
409.82™%* 406.55™ 365.57° 302.06% 285.17° 245.11° SoxZny
37741 377.25¢ 334.47¢ 292.84° 283.21% 244.15° SoxZmy
733.66" 352.04° 334911 280.71° 266.94° 244.5° SoxZns
314.66% 327.43% 311.18° 263.14" 267.39° 261.17° SyxZny
44598 412.97" 380.01° 304.16™¢ 295.22° 235.53% S3xZny
445.99™ 408.03" 351.14° 308.63" 292.46° 238.58" S3xZn,
422.59™ 427.66" 363.43° 308.7% 296.47° 243.85° S3xZn;
396.03%% 389.18% 349.18° 294.42° 282.69 235.31% S3xZny
406.31™% 414.37" 360.4° 309.92° 293.38° 274.22° SyxZn
410.46™* 404.12% 332¢ 298.61% 283.72° 237.89" S4xZny
447.01° 404.02% 344.54° 305.72% 283.87° 232.3¢ S4xZns
4329 409.06 376.18" 320.57° 306.57" 254.83° SyxZny

131.98 18.26 7.18 6.72 6.32 487 LSD

Ve dee Q0 e X (58 (st pde S0 Se 585 82 S
S35 St 50 5 555 DWW b rme (555 ST 5L (s D g b pme (b ez oo S S Iy 5 Zns Zny Iy
A oa LSD 0ol il (5l e (bl B3l Dyt a5 lie g b sla Sl
S1.S,, S3 and Sy no salinity, salinity 30, 60 and 90 mM respectively.

Zny, Zn,, Zn; and Zny no application, application ZnSO,, nano zinc oxide, application ZnSO, and nano zinc oxide respectively.
Means with similar letters in each column are not significantly different according by LSD test.

0S5 (F)) pica il g 1 (5555 sk 5 5395 2208 51 uilisly 428 -V dgur
Table 7. Analysis of variance the effect of zinc application and salinity levels on variable fluorescence (F,) of wheat.

Slag o :Sks
Mean Square PRSP
i ol
- Beadio
(S35l amy 535) Gols p s Jl 0 &3l SOCV
Sampling stages (day after sowing) df o
62 66 70 74 78 82
i - - - - - Sl
3208™ 402890.5 129.6 108.01 89.3 86.2 2
Block
. . . . . . 6))3'
659357.4 596337.6 533697.9 301918.1 229342.4 148354.6 3
Salinity
112545 104698.4™ 87939.2" 52271.6" 399742 26737.9” 3 e
Zinc
366205 993.9ns 166.53™ 795.8" 813.7" 46127 9 SIS
SalinityxZinc
Ut
7821.5 1839.1 25.96 13.8 18.9 28.8 30
Error

.M)Jug“}@JW‘CE‘A)J)‘J@M})‘J@M}%J;Q "w‘
™ * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 8. Means comparison of the effects of zinc and salinity on variable fluorescence (F,) of wheat.

(28 5l Axs 555) Solo pai sl Jol e

Sampling stages (day after sowing) i)u: vstf
reatments
62 66 70 74 78 82
1071.51¢ 934.03% 808.64° 643.9° 560.27° 438.66° S1xZn,
1193.05* 1032.33° 899.61° 682.42° 572.62° 469.59° S1xZn,
1304.85° 1108.18* 941.45° 723.54° 636.71° 492.08" SixZns
1274.16™ 1149.1° 955.15° 764.56" 655.82° 527.18° S1xZn,
872.18°% 768.45% 608.42' 483.93! 444.82" 335.21" SoxZny
960.92% 826.75 696.85¢ 570.16% 499.12f 387.84¢ SoxZm,
640.677 88696% 750.64" 607.61° 522.05° 418.15" SoxZns
1149.01% 993.87" 848.47¢ 668.85¢ 575.26° 450.49° SyxZny
729.68"* 581.03"* 486.32' 379.83™ 325.44' 246.8" S3xZny
767.01¢" 624.97" 471.19™ 398.7' 359.96 27341 S3xZn,
730.07°" 702.33¢" 573.23! 451.62 397.96' 317.14 S3xZns
899.64° 798.81° 655.14" 532.58" 479.38 386.68¢ S3xZn,
540.03" 457.63™ 333.59° 265.07° 203.61° 174.1" SyxZny
595.54 503.88™ 401.99° 324.38° 279.94" 214.1™ SyxZny
685.66"* 550.97 441.45" 346.61" 307.12™ 237.02' SyxZns
802.76" 672.93" 539.81" 433.09" 367.76 276.83! S4xZn,
147.47 71.51 8.49 6.2 7.24 8.96 LSD

.)‘y)»ul,:aﬁ' A 6)%&6)%(&%_;54{54553 Sy Sy

(S50 AenS| 5L 5 sy Dl s G remn (555 LS| S (5, QL&!WQW‘QWC.\; s paZng 5 Zny Zny Zn

A oa LSD Oge3l il (5l e (bl B3l Dyt a5 lie g b sla Sl
S1.S,, S3 and S4 no salinity, salinity 30, 60 and 90 mM respectively.
Zn,, Zn,, Zn; and Zny no application, application ZnSQO,, nano zinc oxide, application ZnSO, and nano zinc oxide respectively.
Means with similar letters in each column are not significantly different according by LSD test.

ol (V440) ule 5 15,5 (Y0) 558 o0 s g
s a bososd il s Jds Sl
Wil SLS 5 csle bodaly 5o 05550 eed e
3900 S84 el ool 55 oS Lol Sl s
DS (V) UhSas 5 eple ke (08
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Table 9. Analysis of variance the effect of zinc application and salinity levels on chlorophyll content, protein
content and yield of wheat.

Slag o :Sls
Mean Square
e
) b L i Ols s 35 es " i e
a sl
e 2 FES s O i dlsds s e 5.0.v
Chlorophyll ~ Chlorophyll Total Carotenoid  Protei i ] df
a b Chlorophyll ~ -2roteno! ol Dry  100grain  Grain
Weight Weight yield
0.000034™ 0.001™ 0.0011™ 0.21 L11™ 1118 6.096 03 2
Block
577" 0.65" 10.15” 0.063" 43347 127" 041" 0.093" 3 o
Salinity
sox sox sox sox sox sk sk sk S
1.08 0.14 1.88 0.015 21.85 025 0.079 0.02 3
Zinc
0.15" 0.056" 0.12" 0.00057" 631" 0006 0001  00008° 9 SIF B
SalinityxZinc
Ut
0.00043 0.00053 0.00074 0.00021 0.77  0.0041 00015  0.00031 30
Error

#% % ns

.M)JQQ:}@JW‘&»JJJ\J&M})‘JW}%;Q 9«
™ * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 10. Means comparison of the effects of zinc and salinity on chlorophyll content, protein amount and
yield of wheat.

a J,,i8 b Jbs ks JS o8 BEE D) sy (WS w5 Sas s S 5
Chlorophyll a Chlorophyll b Total Chlorophyll  Carotenoid Protein Grain yield Trez;tm;:;lts
mg/g FW (%) (g per plant)

497 1.23¢ 6.2 0.63° 11.15° 0.938% SixZn,
5.16° 1.34¢ 6.51¢ 0.678™ 7.03" 0.979"™ S1xZn,
521° 1.64° 6.85° 0.683 13.65° 0.998 S1xZn;
527 1.68 6.95° 0.698* 13.97* 1.016* S1xZn,
438" 1.03¢ 541 0.56 9.56°* 1.062° SoxZny
4.89" 1.01¢ 5918 0.58° 10.87™ 0.912°" SoxZmy
5.08¢ 1.31¢ 6.39° 0.607% 11.43° 0.954 SoxZns
5.11¢ 1.5° 6.62° 0.667" 13.12° 0.981" SyxZny
351" 0.92° 4.43° 0.522¢ 7.927 0.794% S3xZn,
407 1.01¢ 5.08" 0.524¢ 8.64%1 0.817" S3xZn,
425 1.02¢ 528 0.565° 9.1%f 0.884% S3xZny
4,618 1.02¢ 5.64" 0.604* 10.02°¢ 0.888" S3xZn,
3.19° 1.1° 4207 0.464" 7.01" 0.755' S4xZn,
3.64™ 0.93" 457" 0.488" 7.18 0.76' S4xZn,
3.71" 0.95" 467" 0.518¢ 7.558 0.777 S4xZny
3.83% 0.95" 4.79' 0.538" 8.27°n 0.893" S4xZn,
0.034 0.038 0.045 0.024 1.46 0.029 LSD

Vg dee A0 e X (58 (s pde S0 Se 585 Sy S
S35 St 50 5 555 DWW b pme (555 oSt 5L (s D g B pme (b ez oo S S Iy 5 Zns Zny Iy
A oa LSD 0ol il (5l e (s3lel B3l Dyt a5 lie g b sla Sl
S1.S,, S3 and S, no salinity, salinity 30, 60 and 90 mM respectively.

Zny, Zn,, Zn; and Zny no application, application ZnSO,, nano zinc oxide, application ZnSO, and nano zinc oxide respectively.
Means with similar letters in each column are not significantly different according by LSD test.
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Table 11. Means comparison of the effects of zinc and salinity on weight of 100 seed and dry weight of wheat.

(65 2 p,8) K2 0 (6,5 €lsde 035 Sosd s
Dry Weight (g per plant) 100 grain Weight (g) Salinity Levels
4.562° 3.116° S
4.308" 3.002° S
4.042¢ 2.817° S;
3.808¢ 2.699¢ S
0.0537 0.0327 LSD
(5 52 p8) St 055 (¢5) wlsas 035 S5 g
Dry Weight (g per plant) Weight of 100 seed (g) Zinc Levels
3.7 2.807¢ Zn,
4.149¢ 2.885° Zn,
4.242° 2.948° Zny
4.336" 2.995° Zny
0.0537 0.0327 LSD

Ve dee Q0 e X (58 (s pde S0 Se 585 82 S

.L;j),\,,,Sl);ljjtgj);;wyu_éfm‘d”,\rﬁj;u‘L;j)owy;_éfm“_éfmr\;,,,;J:@ZmJZm Zny, Zng

A oa LSD 0ol il (5l e s3lol B3l Dyt a5 lie g b sla Sl
S1.S,, S3 and S, no salinity, salinity 30, 60 and 90 mM respectively.
Zn,, Zn,, Zn; and Zny no application, application ZnSQO,, nano zinc oxide, application ZnSO, and nano zinc oxide respectively.
Means with similar letters in each column are not significantly different according by LSD test.
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Abstract

Background and Objectives: Soil salinity is one of the most serious limiting factors for crop
growth and production in the arid and semi-arid regions. Zinc is an essential micronutrient for
humans, animals and plants, which act either as the metal component of enzymes or as a
regulatory co-factor of a large number of enzymes. Zinc is required for chlorophyll synthesis
and plays an important role in biomass production. Zinc is required for pollen function,
fertilization and germination plays an important role. Zinc deficiency is recognized as a critical
problem in plants, especially grown on saline conditions with high pH values. But, recent
researches have shown that a small amount of nutrients, particularly Zn applied by foliar
spraying can affect ability of plants to salinity stress. So, the aim of this study was to investigate
the effects of foliar and soil application of zinc on photosynthetic pigments, chlorophyll
fluorescence and grain yield of wheat under soil salinity.

Materials and Methods: A factorial experiment was conducted based on randomized complete
block design with three replications in research greenhouse of faculty of agricultural and natural
resources, University of Mohaghegh Ardabili in 2018. Factors experiment were included soil
salinity in four levels (non-salinity, salinity 30, 60 and 90 mM by NaCl), foliar and soil
application of zinc in four levels (without zinc as control, soil application of ZnSo,, foliar
application of nano Zn oxide, both application of ZnSo, and nano Zn oxide).

Results: The results showed that both application ZnSo, and nano Zn oxide under non-salinity
condition, increased chlorophyll a, b, total chlorophyll, carotenoeid and grain yield (65.2, 52.72,
62, 50.43 and 34.56% respectively) in comparison with no application of zinc under salinity of
90 mM. Also, both application of ZnSo, and nano Zn oxide under without salinity, increased
maximum fluorescence (F,) and variable fluorescence (F,). Grain yield decreased 34.56%
under salinity of 90 mM and without application of zinc in comparison with both application
ZnSo4 and nano Zn oxide under non-salinity condition due to increasing minimum fluorescence
(Fo) and decreasing chlorophyll content.

Conclusion: It seems that both application of ZnSo4 and nano zn oxide can increase grain yield
of wheat under salinity stress due to improving Potosynthetic pigments and chlorophyll

fluorescence components.
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