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Using Zn-containing fertilizers such as zinc sulfate and Zn-solubilizing micro-
organisms is one of the ways to solve the lack of Zn elements; therefore, a field
experiment was carried out during the growing season 2018 and 2019. The
experimental factors included two levels of optimal and deficit irrigation (60% of
the plant's needs) in the main plots and the application method of ZnSO4 along with
Zn-solubilizing bacteria included without fertilizer, foliar application, soil, and seed
priming with three levels without application of bacteria, and two strains of
Pseudomonas bacteria in subplots. The content of N, K, P, Zn and Fe in the leaves,
Zn in seeds and the grain yield of corn were significantly affected by the interaction
of deficit irrigation in the combination of ZnSO4 and solubilizing bacteria. The
results showed that applying the combination of ZnSOs- solubilizing bacteria
increased the grain yield by 37% in 2018 and 25% in 2019. The seed priming with
ZnSO4 and P. aeruginosa bacteria was superior to other treatments with a mean
grain yield of 18708 kg/ha. The deficit irrigation decreased the concentration of P
in corn leaf and seed by 39% and 20%, respectively, compared with the condition
without stress. Finally, the soil application of ZnSO4-P. fluorescens bacteria showed
superiority in increasing the absorption and concentration of elements in the leaf
and seed of corn compared with other treatments, and the inoculation of
Pseudomonas bacteria led to reduce the adverse effects of deficit irrigation and
improve the corn's function and yield.
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Soil properties Index value

2018 2019

pH 7.6 7.4

Electrical conductivity (dS.m") 1.27 1.32
Total nitrogen (%) 0.14 0.11
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Absorbable potassium (ppm) 268 288

Fe (mg.kg™) 6.9 7.1

Zn (mg.kg") 0.52 0.57

Soil texture Clay loam Clay loam
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Mean squares

S.O.V af _Nitrogen Zinc Phosphorus Potassium Iron (Fe) Soluble Seed o
leaf . Grain yield
Leaf Seed Leaf Seed Leaf Seed Leaf Seed Leaf Seed protein protein
Year 1 148.5™  16.47™  490.6™  18541.4™ 0.17"  0.05™  0.56™  1.675" 1990.1™  3471.2" 5230 5.84m 33853002.8™
Replicate (Year) 4 278 34.61 651.8 247.8 0.06 0.24 8.25 7.72 3370.2 275.2 11.22 13.41 4549856.9
Drought stress 1 983" 6258  5695.2" 4853.4" 46.98"™ 26317 0.35™  0.39™ 15033.5" 11923.4" 34.16" 137.0"" 28872711.1™"
Drought stressxY ear 1 176.9" 121.55 9050.3"" 1308.0  0.003" 0.08"™ 1.00™  0.140"  12100.0™ 12167.3" 73.54™  48.52"*  33002.8™
Replicate (Yearx Drought stress) 4  3.65 6.06 342.4 436.2 0.10 0.13 1225  3.30 9965.8 786.7 2.02 242 1258231.9
Zinc sulfate- solver bacteria 11 259 9.75n 4533.0™ 1052.0 1.28"  0.82"  20.75" 12.60™ 1740.2"*  1513.2m 10.12*  3.58™ 17748150.5™*
Year x Zinc sulfate- solver bacteria 11 37.7" 49417 25599 650.9™ 0.02  0.06™ 17.00™ 11.32™  16759™  867.7™ 14.84™  18.94™  6901866.4™

Drought stressx Zinc sulfate- solver bacteria 11 24.7" 22.12"  1151.6™ 580.8™ 0.20"  0.17"  14.50™ 10.50™  720.7™ 536.9™ 9.91" 8.70™  35463620.2""
Year < Drought stressx Zinc sulfate-solver ) 4= o500 g754% 27323 001 010 275  12.52%  S12.0%  S17.9%  9.00° 10.03*  4474608.8™

bacteria
Error 88 10.8 12.46 381.0 1060.2 12.29 0.16 9.75 9.50 1393.4 824.8 360.25 4091 2731976
Coefficient of variation (%) 17.07 18.87 20.54 23.49 15.02 11.53 13.97 14.72 14.94 17.65 16.92 18.93 10.65

#% % NS
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cl\ol:lt:gngte:f clz:::;;gte:f Zinc content of Zinc content of
-1 -1

Treatment leaves (mgg!)  seeds (mgg!) leaves (mgkg™) seeds (mgkg™)
2018 2019 2018 2019 2018 2019 2018 2019

Control 20.9b¢ 2320 13.9¢  2(.4% 59.554 65.57¢ 60.67° 90.00P

Zinc priming 15.4¢  21.1b¢ 17.5b 19.2°b 48.624 56.804 65.33P 97.33b

Zinc foliar 15.3¢  21.4% 209 20.6% 120.23% 91.83¢ 85.33b 92.00°

Soil application of zinc 18.4b¢  22.7% 1978 22 .8d  123.50b 108.73b 66.67° 105.3320

Pseudomonas fluorescence 17.1°  18.8¢ 202 218" 76534 72704  96.00°  142.00%

Zine with P Se”pi‘;’:’lflfgsﬂ”‘”escem 22.5%  212% 1920 19.6%  78.70¢  63.37¢¢  93.000  118.67%

Normal Zinc with P "e”‘ggl’i”a‘;”“sﬂ”"re“e”s 17.6°  21.0% 247% 23.0% 150.23% 89.10¢d  7433b  154.33¢

irrigation Soil application of zinc with

21.2%  27.5%  20.1® 259* 88.83 8033« 111.67® 97.33"
Pseudomonas fluorescence

Pseudomonas aeruginosa 152 229 215% 195>  66.67°¢  109.3>™ 130.67*  90.33"
Zinc with Pseudomonas aeruginosa o oy jhe p36m 227 98.40%  90.17¢ 10533  124.00%
priming
Zinc with Pseudomonas aeruginosa
foliar
Soil application of zinc with
Pseudomonas aeruginosa

17.0°  22.4bc 233® 233 142 128 7927 94.00°  129.00%

21.2%  22.8% 21.1% 228%®  80.10%¢  84.73% 81.00°  139.33%

Control 15.6° 164° 13.1° 153% 61.73%  105.50® 60.33°  75.00°
Zinc priming 19.4%  183¢  17.5% 17.1%  69.40%  108.77  94.00°  72.33b
Zinc foliar 147¢¢ 1399 18.4bc 169 14153 13557  7533b  {(01.33
Soil application of zinc 15.9¢  223bc  [7.4b 182b 7653« [29.00® 104.33® 110.67%
Pseudomonas fluorescence 9.84  20.7% 182% 18.7%  89.00 127.90®® 112.67®>  90.33%
Zinc with Pseudomonas fluorescence ¢ cc j5ce pp b 133w 88.00¢ 10277  71.33>  73.67
priming
Defici Zine with Pseudomonas fluorescens g 7c 135ca g6 204  140.63%  136.63® 105670  100.67
eficit foliar
irrigation Soil application of zinc with

22.1%¢  23.7% 203%® 19.8 123.53> 77.07¢ 96.67° 92.33b
Pseudomonas fluorescence
Pseudomonas aeruginosa 20.2%  16.9° 19.6® 185%™  60.109  104.93>  71.33b 96.67°
Zinc with Pseudomonas aeruginosa g 5. po sk 19sh 260 9783  91.80° 73330 134.00%
priming
Zinc with Pseudomonas aeruginosa
foliar
Soil application of zinc with
Pseudomonas aeruginosa

240 162¢ 22.0% 21.1** 109.17% 154.17* 6533  126.00%

20.0b¢  21.8> 18.6* 21.8% 7540 11533%*  76.67°  124.00%
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Leaf Seed Leaf

Application methods of zinc sulfate and R Leaf iron
bacteria phosphorus  phosphorus potassium (mgkg™)
(mgkg™) (mgkg™) (mgg™)
Control 1.83¢ 2.94¢ 20.05¢ 137.7%
Zinc priming 2.09% 3.36% 20.8% 132.8°
Zinc foliar 2.23b 3.32¢ 21.93b¢ 138.6%
Soil application of zinc 2.18° 3.26% 22. 15%¢ 131.0°
Pseudomonas fluorescence 2.33b 3.29¢ 22 ,3abe 154.4%
Zinc with Pseudomonas fluorescence priming 2.64% 3.488be 23.6% 166.12
Zinc with Pseudomonas fluorescens foliar 2.78* 3.74% 20.9% 163.2%
Soil application of zinc with Pseudomonas 7808 3 740 24 458 142,23
fluorescence
Pseudomonas aeruginosa 2.74* 3.732 23.28be 146.4%
Zinc with Pseudomonas aeruginosa priming 2.792 3.812 22.358be 139.5%
Zinc with Pseudomonas aeruginosa foliar 2.76* 3.70% 23.5% 163.72
Soil application of zinc with Pseudomonas 2 778 3 748 24 05 150.8%

aeruginosa
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