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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 ZnSO,4 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 ZnSO,4 and solubilizing bacteria. The
results showed that applying the combination of ZnSO,4- solubilizing bacteria
increased the grain yield by 37% in 2018 and 25% in 2019. The seed priming with
ZnS0O4 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 ZnSO.-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
Absorbable phosphorus (ppm) 7.7 8.1
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

SOV df _Nitrogen Zinc Phosphorus Potassium Iron (Fe) ISOIbeIe Seed Grain vield
ea . rain yie
Leaf Seed Leaf Seed Leaf Seed Leaf Seed Leaf Seed protein protein y
Year 1 148.5™  16.47™ 490.6™ 18541.4™ 0.17™ 0.05m 0.56" 1.675™  1990.1" 3471.2" 52.30™  5.84m™ 33853002.8™
Replicate (Year) 4 27.8 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" 56952™ 4853.4" 46.98™ 26.31" 0.35™  0.39"™ 15033.5™ 11923.4™ 34.16™ 137.0™ 28872711.1"
Drought stressxYear 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" 9.75" 4533.0"™ 1052.0 1.28™ 0.82™ 20.75" 12.60" 1740.2"  1513.2™  10.12"  3.58™ 17748150.5™
Year x Zinc sulfate- solver bacteria 11 3777  49.41™  2550.9™ 650.9™ 0.02"  0.06™  17.00" 11.32" 1675.9"™  867.7™ 14.84™ 18.94™ 6901866.4™

Drought stressx Zinc sulfate- solver bacteria 11 24.7° 2212  1151.6™ 580.8™ 0207 0.7  1450™ 1050 7207 5369 991" 870  35463620.2"
Year x Drought stressx Zinc sulfate-solver 1, 59 o+ o550 g754*  27323™ 001  010° 275" 1252 5120  517.0% 900"  1003°  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 4.91 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
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Nitrogen Nitrogen

content of content of Zinc content ?f Zinc content (l)f
Treatment leaves (mgg)  seeds (mgg-L) leaves (mgkg™) seeds (mgkg™)
2018 2019 2018 2019 2018 2019 2018 2019
Control 20.9bc  232bc  139¢ 20.4%  5955¢ 65.57¢ 60.67° 90.00°
Zinc priming 15.4¢ 21.1b 175k 192b 48.624 56.809 65.33° 97.33°
Zinc foliar 15.3¢ 214k 20.9% 20.6% 120.23fc 91.83°¢ 85.33° 92.00°
Soil application of zinc 18.4b¢  22.7%¢ 19.7% 22.8% 12350° 108.73" 66.67° 105.33%
Pseudomonas fluorescence 17.1¢ 18.8° 20.2% 21.8% 7653 7270  96.00®  142.00%

Zinc with Pseudomonas fluorescence  », cay 57 g0 1990 1gg®  7870¢ 63379 93000 118.67%

priming
Zinc with Pseudomonas fluorescens ;7. 1 g 947 230  15023® 8910  74.33°  154.337
Normal foliar
irrigation Soil application of zinc with

21.20¢ 2752 20.1% 2592 88.83* 8033 111.67% 97.33°
Pseudomonas fluorescence
Pseudomonas aeruginosa 15.2¢ 229 215% 195" 66.67°¢  109.3* 130.67®  90.33°
Zine with Pse‘;?i"rmggasaer“g'”osa 201% 211% 236 227 9840k  90.17% 10533% 124,00
Zinc with Pseudomonas aeruginosa
foliar
Soil application of zinc with
Pseudomonas aeruginosa

17.0¢  22.4b  233% 233% 142.12% 7927« 94.00°  129.00%

21.2% 228 21.1% 228% 80.10 8473  81.00° 139.33%

Control 15.6° 16.4¢ 13.1¢ 153 £1.73¢¢  105.50  60.33° 75.000

Zinc priming 19.4kc 18.3¢ 17.5% 17.1bc  69.40%d  108.77b° 94.00° 72.330

Zinc foliar 14,74 13.9¢d  18.4bc 16.9bc 141532 13557 75.330 101.33°
Soil application of zinc 15.9¢ 22.3bc  17.4bc  182bc 76534  129.00* 104.33% 110.67%
Pseudomonas fluorescence 9.8¢ 20.7b¢ 182 18.7°¢ 89.00bc 127.90%® 112.67%» 90.33%

Zinc with Pseudomonas fluorescence 16.6° 156° 220® 183 88.00% 102.77%  71.33b 73,675

priming
Zinc with Pseudomonas fluorescens " b b b b b b
Deficit foliar 18.7¢ 13,5 19.6% 20.4% 140.63* 136.63* 105.67%* 100.67
irrigation Soil application of zinc with

221 237 203® 198 12353 77.07% 9667  92.33°
Pseudomonas fluorescence
Pseudomonas aeruginosa 20.2 16.9¢ 19.6% 185" 60.10¢ 104.93  71.33®  96.67°
Zinc with Pse‘;‘gmﬁgasaer“g'”osa 18.2¢ 205 195 21.6® 97.83  91.80°  73.33°  134.00%
Zinc with Pseudomonas aeruginosa
foliar
Soil application of zinc with
Pseudomonas aeruginosa

24.0° 16.2¢ 22.0% 21.1% 109.17* 154.17*%  65.33®  126.00%

20.0%c 21.8 18.6% 21.8% 7540« 115.33* 76.67°  124.00®
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Leaf Seed Leaf

Application methods of zinc sulfate and - Leaf iron
bacteria phosphorus  phosphorus  potassium (mgkg™)
(mgkg™) (mgkg™) (mgg™)
Control 1.83¢ 2.94¢ 20.05¢ 137.7%
Zinc priming 2.090¢ 3.36% 20.8%¢ 132.8°
Zinc foliar 2.23P 3.32¢ 21.9%¢ 138.6%
Soil application of zinc 2.18° 3.26% 22. 15%¢ 131.0°
Pseudomonas fluorescence 2.33° 3.29¢ 22.3%¢ 154.4%
Zinc with Pseudomonas fluorescence priming 2.642 3.48%¢ 23.6% 166.1°
Zinc with Pseudomonas fluorescens foliar 2.782 3.742 20.9%¢ 163.22
Soil appllcatlor}lof zinc with Pseudomonas 2 8 3742 24 453 142 22
uorescence
Pseudomonas aeruginosa 2.742 3.73 23.20b¢ 146.4%
Zinc with Pseudomonas aeruginosa priming 2.792 3.818 22.35%¢ 139.5%
Zinc with Pseudomonas aeruginosa foliar 2.76° 3.70% 23.5% 163.72
Soil application of zinc with Pseudomonas 2 778 3742 24, 05 150.8%

aeruginosa
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Soluble leaf protein Seed protein
I (mgg™?) (mgg™)
Application methods of
zinc sulfate and bacteria 2018 — 2019 — 2018 — 2019 —
Normal Deficit Normal Deficit Normal Deficit Normal Deficit
irrigation _irrigation irrigation irrigation irrigation irrigation irrigation irrigation
Control 9.39° 9.19¢ 14.47% 10.26° 8.66™ 8.08° 11.61% 8.27°¢
Zinc priming 9.63° 12.10% 13.21%° 11.47% 10.94% 11.37% 11.81° 10.69%
Zinc foliar 9.58° 9.77° 13.40% 9.71°¢ 14.58%® 11.47% 12.87% 9.58%
Soil application of zinc 11.520¢ 9.97° 14.18%» 13.942 12.29% 10.89 14.27% 10.12%
Pseudomonas fluorescence 11.58% 10.70% 11.76" 12.92% 9.19% 11.37" 13.64% 10.45"
Zinc with Pseudomonas 14.03® 10.40° 13.26% 9.78° 12.00° 13.79% 12.24% 9.53
fluorescence priming
Zinc with Pseudomonas 10.98 11.66 13.12% 14.81% 15.15% 9.77" 15.78° 12.73%
fluorescens foliar
Soil application of zinc with 13.26% 13.84° 17.18° 9.42¢ 12.58% 12.68% 12.49% 9.24%
Pseudomonas fluorescence
Pseudomonas aeruginosa 13.26 12.63% 14.28% 10.55% 9.39% 8.66™ 12.20%® 9.77%
Zinc with Pseudomonas be be b be be . ab be
aeruginosa priming 12.58 11.37 13.21 12.82 10.41 8.13 12.87 10.93
Zinc with Pseudomonas 15.00® 10.60% 14.01% 10.11° 13.39% 12.56% 13.31% 9.34%
aeruginosa foliar
Soil application of zinc with 12.48 9.53° 14.27% 13.60% 13.16® 9.88° 14.22% 13.60%

Pseudomonas aeruginosa

25,5 LSD (9051 b dao ) gmiy o 53 ()5 size B oy (gl g 1> S yitio gy (gl sloySilie

o ahsShes 59y e M 6L 5 g5y Slilgw 318 Glaby, 13 ileleS 5 Jlo LESen (1Sl duglis Y Jga
Grain yield (kgha?)

Application methods of zinc sulfate

and bacteria 2018 2019 - Nprm_al _ Deficit
irrigation irrigation

Control 13008¢ 14433 13400¢ 12342¢

Zinc priming 15408  15458° 184082 12458¢

Zinc foliar 14692 13367° 14267 13792¢

Soil application of zinc 15708 16533 13942¢ 183002

Pseudomonas fluorescence 12830° 14592 14480 12942¢

Zinc with Pseu‘;jr?m?nngas fluorescence 15092% 17983 17108% 15967

Zinc with Pseu?glr?aornas fluorescens 14158  16275% 18092 153420

Soil application of zinc with 155670 14942t 169422 13567°
Pseudomonas fluorescence

Pseudomonas aeruginosa 17808  17467% 183422 16933

Zinc with Pse:(:i(::;rcigas aeruginosa 16958 17442 18708° 15692

Zinc with Pseu?glrina?nas aeruginosa 14850% 16867 13567° 18150°

Soil application of zinc with 14308 16667 14325b 153500

Pseudomonas aeruginosa
L5, LSD (905l b duoyd g aws 3 (555 gixe M) a5 baslyd g Jlo (sl gt p> S jiide Bgpo sy (sl nSibie

@18 8 Shos Y'Y
9y SlWgu 5,8 clay g, Elgil 3,8 L )b ails 5,See oS 390 )] L Slo caily 5 Shas o (glp odls 1Sko dulio
by 5,Slae Culys wbgagage 678k —(s5) SAdlgas pls 2,18 (slasloss o g pgbots 1l Gl Gubigegdges (55T
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Slalgw 3,5 sl o 5 aily 5, Sas o ying S 0 (i Glw M (658b g9y Cldguw 35,8 § Siis blaie 1 1, Sle
$3SL g 9y Ol byl Sinelyy loss 5l &l 0,SMos o iy dosliy il Cumdey (15 pae balyd ) 5 68k,
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