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Abstract
Introduction
In terms of harvested land area, potato ranks fourth in the world after wheat, corn and rice. In
addition to providing energy and good quality protein, it is also considered as a source of vitamin
C and minerals. Despite the fact that iron is the fourth most abundant element in the earth's crust,
only a small amount of iron can be used by plants in well-ventilated soils. Therefore, iron
deficiency is one of the factors limiting the growth and development of plants.

Materials and Methods

This experiment was carried out in a factorial trial in the base of a completely randomized design
in three replications in a greenhouse conditions of Agricultural Research Institute of Hamedan
(Jorgan) during the crop years of 2017-2018 and 2018-2029. The experimental factors include the
weight levels of microtuber at three levels of 3-1, 3-5 and 5-10 grams and different iron fertilizers
at seven levels, control, iron chelate in the form of soil consumption at the rate of 20 micromolar,
nano iron oxide in the form of soil consumption to The amount of 20 micromolar was 1 and 2%
foliar spraying of iron chelate and 1 and 2% nano iron oxide foliar spraying. The internal
temperature of the greenhouse was provided by adjusting the air conditioning system and central
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heating in the range of 18 to 20 °C at night and 26 to 28 degrees during the day. The humidity of
the greenhouse was also 60-65%. At the end of the experiment, after processing the crop, the
plants were harvested and the yield and yield components were determined. Leaf greenness index
in this experiment using SPAD device (Minolta 502 model) using three fully developed terminal
leaves from ten plants in the budding stage in the middle part of the leaf on one side of the main
vein, at 9:30 to 10:00 in the morning. It was measured in order to minimize daily changes. To
measure the percentage of dry matter, 200 grams of tubers were randomly selected from each
treatment, then the tubers were chopped and placed in an oven at a temperature of 75 degrees
Celsius, and after their weight was fixed, they were weighed again. Then, based on the ratio of
fresh and dry weight of the tubers, the percentage of dry matter of the tubers was determined
(Hagman and Martenssen, 2009).

Results and Discussion

The results showed that the height of the plant, the number of stems per plant, the number of
tubers per plant, the weight of tubers, the weight of tubers per plant, the percentage of dry matter
and the greenness index increased with the increase in the weight of microtubers, and the most
improvement in the morphological and qualitative characteristics of potato in microtubers. 5-10
grams were observed. With the application of iron chelate and nano iron oxide fertilizers, potato
yield and yield components increased. The maximum tuber weight in the plant was shown in the
treatments of 20 micromolar nano iron oxide and 2% nano iron oxide. The highest tuber weight
in the plant in the 1-3 gram microtuber is 405.23 grams related to the consumption of 20
micromolar nano iron oxide, in the 3-5 gram microtuber is 444.61 grams related to the
application of 2% iron chelate solution and in the microtuber 5-10 grams in the amount of
556.92, 544.52, 482.6 and 465.82 grams corresponding to the treatments of 20 micromolar nano
iron oxide, foliar spraying of 2% nano iron oxide, foliar spraying of 1% nano iron oxide and
solution The application was 2% iron chelate

Conclusion

Microtuber 5-10 grams was able to acquire the best size of microtuber due to having suitable
nutrients and accelerating the greening of plants and increasing photosynthesis and providing
nutrients. The application of nano iron oxide fertilizer was more effective in improving the
guantitative and qualitative yield of potatoes compared to iron chelate.
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Table 1. Analysis of variance for sizes of microtubers and iron fertilizers on potato yield and yield
components in microtubers obtained from healthy seedlings from tissue culture

Mean of Squares

Degree Tuber SPAD
SOV of Plant Number of ~ Number of ~ Tuber Tuber weight Dry matter
= freedo Height stem per tuber per diameter weight Per plant percentage
m plant plant
Year (a) 1 0.2™ 0.00005™ 0.1™ 0.06" 11.45™ 25.17™ 0.02™ 0.04™
Year x 4 6.02 0.04 0.21 1.56 2.34 1322.6 1.82 15.02
Replication
Sizes of 27.79” 368.63"
microtubers 2 496.7" 3.17" 11.22" 676.35" 1092.89”  183473.99”
(o))
Iron fertilizers " n " n " " 15.93" 200.317
© 6 228.34 0.59 1.6 232.76 529.42 44755.49
axb 2 1.93" 0.04" 0.003" 3.89"™ 0.08™ 48.57™ 0.07"™ 0.14™
axc 6 5.56" 0.02" 0.02" 3.01™ 17.31™ 777.48"™ 1.63™ 3.51"™
bxc 12 13.52" 0.28™ 0.75" 54.82" 58.93" 4751.35" 2.95™ 75.28"
axbxc 12 3.26" 0.03" 0.08" 2.14" 13.95™ 698.38" 1.41™ 3.18"™
Error 80 6.12 0.09 0.2 7.18 18.37 1850.94 2 10.89
C.V (%) - 6.07 11.01 7.82 6.27 6.1 10.77 6.91 9.98

* 7 Significant difference at 5% and 1%, ™ Non Significant

Table 1 Continued

Degree Mean of Squares
of
S0V freedo Nitrate Carbohydr Iron Protein
m ate
Year (a) 1 10.9™ 0.06™ 0.0003™ 0.002"
Year x 4 145,56 1.24 0.01 0.23
Replication
Sizes of . ns - -
{ymicrotubers 2 947.88 1.75 0.88 8.81
©) lron fertilizers 6 3276.21" 0.18™ 0.81" 221"
axb 2 106.76™ 0.97™ 0.0003™ 0.01™
axc 6 50.76"™ 0.43"™ 0.005™ 0.06™
bxc 12 433.56"™ 0.9" 0.22" 0.76™
axbxc 12 61.43™ 0.57™ 0.004™ 0.06™
Error 80 242.96 1.91 0.01 0.19
C.V (%) - 11.69 11.17 9.77 10.05

493 30 ous Sl
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Table 2. Mean comparisons of yield and yield components of potato under the effect of different sizes
of micro-globules and iron fertilizer

Size of Tub SPAD Iron Protein
microtu Plant Number of ~ Number of Tuber Tuber W:i ehrt (%) (%)
bers Iron fertilizer Height stem per tuber per diameter weight Per p%ant
cm lant lant mm
© (cm) p p (mm) @ ©
Control 3232¢g 215e 4.78 f 34.15i 56.16 h 270.01 h 23.85¢ 0.57i 3.56e
Soil consumption of 20 27.64 efg
micromolar chelate 38d-g 2.73a-e 5.37 c-f 39.72 e-i 64.8 d-h 346.36 d-h 0.77hi 3.86de
iron
Soil consumption of 20 30.63 c-g
micromolar nano iron 40.97 c-f 2.25de 5.72 a-f 46.82 a-e 70.91 b-g 405.23 ¢c-g 1.13c-g 3.98cde
1-3 oxide
i i 0, -
FO";: Sraying 1% gsezely 2280 5.25 c-f 35.2 hi 60.83gh  320237gh 221890 gosfgh  3.95cde
i i 0, -
Follar soraying 2% 3g35d.g  258ae  508def  3025fi  6754ch  34395eh  COT*® 1zzanc  303de
Foliar spraying 1% ] ] . i . 26.92 fg .
nano iron oxide 38.72d-g 2.7 a-e 5.03 ef 37.83 ghi 65.75 d-h 331.48 e-h 0.74hi 3.64de
i i 0, -
Foliar spraying 2% 4qg70¢  228ce 483ef  4202ch  754lad  36517ch P i3mane s62ae
nano iron oxide
Control 34.42 fg 2.3c-e 5.1c-f 36.82 ghi 61.69 fgh 31526 gh  28.26d-g  0.77hi 3.87de
Soil consumption of 20 32b-g
micromolar chelate 41.13 c-f 2.48 b-e 5.47 b-f 48.48 abc 73.35a-f 400.97 c-g 1.21b-f 4.24b-e
iron
Soil consumption of 20 40.81 ab
micromolar nano iron 44.7 ad 295 a-e 59 a-f 42.37 c-h 74.47 a-e 438.63 b-f 1.47ab 4.86a-d
3.5 oxide
i i 0, -
Foliar spraying 1% 37.9d-g 26a-e 533cf  4122cii 6599d-h  35182d-h 207D goinf  asdae
chelate iron
i i 0, -
Foliar spraying 2% 416 cde 27ae 6.3 ad 3898fi  7056b-g 44a6lae L7°P0 ogogh  3.93de
chelate iron
Foliar spraying 1% . 37.9abc
nano iron oxide 35.83 efg 2.45 b-e 5.77 a-f 40.47 d-i 63.05 e-h 364.24 c-h 1.01d-h 4.36b-e
Foliar spraying 2% 3 57 g 3ad 563b-f  4415b-g  7196b-g 40568c-g Soood  13ad  4dlbe
nano iron oxide
Control 38.5d-g 2.55a-e 5.42 b-f 39.38 f-i 64.66d-h  348.88d-h 30.12c-g 0.93fgh 4.31b-e
Soil consumption of 20 38.61 abc
micromolar chelate 42.85 bed 2.87a-e 5.87 a-f 46.05 a-f 71.67 b-g 419.84 c-g 1.53a 5.67a
iron
Soil consumption of 20 38.09 abc
micromolar nano iron 50.7 a 3.18ab 6.63 ab 50.9 ab 83.98 a 556.92 a 1.19b-f 5.4ab
5-10 oxide
Follarsraying 1% 4oescf  282a¢  627ae  4228ch  7422ae  46582ad O0'°%0 ij6ae  48lad
i i 0, -
Foliar spraying 2% 45 754pc  308abc  5.88af 5208a  8L22ap 0% 37Iad gz se7ae
chelate iron abc
Foliar spraying 1% ) ] ) ; 30.36 c-g !
nano iron oxide 448 ad 297 a-e 6.33 abc 47.23 a-d 76.03 a-d 482.6 abc 0.98e-h 3.9de
Foliar spraying 2% g 5 o1y 333a 6.9a 52.03a 789abc  54452ab ‘1723 148 5.16abc

nano iron oxide

Means with similar letters are not significantly different based on Duncan's test at the 5% level.

Table 3. Mean comparisons of dry matter percentage and nitrate under the effect of different
sizes of micro-globules

; ; Dry matter percentage Nitrate
Sizes of micro-globules (g) %) malkg)
1-3 19.53b 138.6a
3-5 20.72a 130.61 b
5-10 21.09a 130.15b

Means with similar letters are not significantly different based on Duncan's test at the 5% level.

Table 4. Mean comparisons of dry matter percentage and nitrate under the effect of iron fertilizer
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Dry matter Nitrate
Iron fertilizer percentage mg/kg)
(o)

Control 18.79c¢c 158.81a
Soil consumption of 20 micromolar chelate iron 20.33b 132.96 bc
Soil consumption of 20 micromolar nano iron oxide 20.31b 125.24 cd
Foliar spraying 1% chelate iron 20.56 b 139.09 b
Foliar spraying 2% chelate iron 21.89a 128.55 bc
Foliar spraying 1% nano iron oxide 20.19b 131.71 bc

Foliar spraying 2% nano iron oxide 21.06 ab 115.47 d

Means with similar letters are not significantly different based on Duncan's test at the 5% level
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