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Table 1- Some of the physical and chemical characteristics of the studied soil
S el pH EC(dSm?) CEC(Cmol*kgl) OM (%) CCE (%) N (%) Fe
Soil Texture ' (mg.kg™)
o 9 777 1.82 9 0.48 20.5 012 127 30 232
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Figure 1- SEM and EDX images (a) and (b) Iron oxide nanoparticles (F3) and M onodisper seiron oxide nanoparticles (F4)
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Table 2- Analysis of variance interaction between iron and level of spraying on some growth parameters, concentration and
absor ption of iron in the shoot and root and leaf enzyme activity

Mean Squre Slag po (uSSbo
S ol &3 <o i, adidg 5 b Jadg 45 Mg 55 bl
SOV Dry weight of Dry weight of Chl.a Chl.b Carotenoid - f
< Iron Con. in Shoot
oot root

ca 1 0.0707ns 0.0866ns 0.0487ns 0.2653ns 0.0960ns 65.9611**

F° 9 4.6195* 1.7682* 1.2724* 3.2515* 0.2790* 1139.9126**
C*F 9 3.2281* 0.8102* 0.0464* 1.5689* 0.0486ns 608.3000**
Error 40 0.0502 0.0489 0.0362 0.1016 0.0221 0.2864

C.V. (%) - 8.1430 12.7817 7.0469 16.5579 16.9214 1.2433
Mean Squre Slag po (uSbo
2 C}'N C L 3 ‘}‘ﬂ s ) o _ ;
stlop ol on adyy p ool da JSLE - olyssul CAT YU
S dnio <
Iron absor btion in 2 absorption in root GPOX APX
P Iron con. in root
shoot

ca 1 264.5580ns 172904.3538** 1394310.75* 0.0000ns 0.0005ns 0.0000*

F° 9 17155.5808* 93076.7315** 1453765.54* 0.0000* 0.0004* 0.0000*
C*F 9 14275.6744* 67921.1812** 620250.62* 0.0000* 0.0001* 0.0000*
Error 40 82.1200 0.313 20698.67 0.0000 0.0000 0.0000

C.V. (%) - 7.3600 0.0786 11.6454 17.5531 13.0092 6.9734
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Table 3- Comparison of the mean effects of intractionsiron resources and level of spraying on some growth parametersin
shoots and roots of the plant

Treatment ks lop PNl S (5e ady) SUiS oy a Jdg I5 b Jadg S
(9.L 1) ool z gk ool ale Dry weight of shoot Dry weight of root Chlo. a Chlo. b
Iron levels I on sour ces (9.Pot™) (9.Pot™®) (mg.g! fresh weight) (mg.g! fresh weight)
(C) wali 0.71 0.569 2310 0.94%"
F1 2.18fd 1.04f 3.14® 2.83°
F2 3.77% 2.11P¢ 3.002¢ 1.57¢
F3 3.70% 2.46% 3.072¢ 2.23d
F4 2.08% 1.48% 2.79bcd 3.992
0.25 F5 2.53¢ 2.51%® 2.770cd 1.649f
F6 3.46° 1.68% 3.02ac 2.87°
F7 2.93de 1.62de 2.654% 1.96%e
F8 2.019" 1.55% 1.55 0.69"
F9 2.36f9 2.662 2.42fh 1.18f9n
F1 5.442 2.35% 2.86%¢ 1.28fdn
F2 2.9g4 1.45d% 3.073¢ 1.96%e
F3 2.76d% 1.51d 3.09% 3.03°
F4 3.97° 2.34% 2.71%de 2.47%
0.5 F5 2.84de 2.722 3.04c 2.520¢
F6 2.25 1.73cde 3.202 1.74%
F7 2.84de 1.34¢ 2.83%c 1.39¢9
F8 1.72" 1.04f 1.76 0.919"
F9 3.80% 1.79% 2.57¢9 2.47%

(P<0.01) s Jl3 ixo (ygiw y2 5D diliiie Bgy by gl 1 Slio
Means with the same letters in each column are not significantly different (p<0.01)
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Figure 2- The simple effects of iron resour ces on the amount of the leaf car otenoid
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Table 4- Comparison of the mean effects of intractionsiron resourcesand level of spraying on concentration and absor ption
of iron in shoots and roots of Sorghum

Treatment Lo

eIl )3 ool s

- — wlod plail ,5 ol clalé Ay y 48 ol clale EW TR JURTS
o2l goba ol qubie Iron Con. in Shoot el o Iron con. in root Iron absorption in
(gL Iron (mgkgh) Iron absorption in (mg.kg?) root
Iron levels sour ces shoot
(C) wls 28.79 20.36™ 677.15™ 380.609"
F1 28.89' 63.244 798.21" 833.80
F2 31.58¢ 119.06f 753.31 1591.30°
F3 31.42% 116.41f 662.00" 1625.50°
F4 31.00% 64.524 460.421 683.00°9
0.25 F5 33.00 83.65 844.31¢ 2122.60°
F6 77.52° 268.432 735.21 1238.10¢
F7 84.422 247.32° 871.73¢ 1414.40%
F8 35.52 71.44K 841.42¢ 1301704
F9 44.79° 105.84fdh 1007.942 2687.70%
F1 39.36¢ 214.24¢ 384.84° 904.20%
F2 58.944 175.70¢ 448.00° 652.8019
F3 35.73 98.79" 793.10 1198.30¢
F4 37.15" 147.39¢ 517.79° 1210.40¢
05 F5 60.94¢ 173.19¢ 812.94° 2210.00°
F6 44.58¢ 100.18¢%" 700.05' 1210.704
F7 58.314 165.61¢ 909.89° 1218.30¢
F8 40.89f 70.55k 810.479 848.20
F9 36.63" 1390.32¢ 524.63° 941.50°

(P<O.0L) s s sime g 2 53 o B9 b (glaysSSlie
Means with the same letters in each column are not significantly different (p<0.01)
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Table 5- Comparison of the mean effects of intractionsiron resources and level of spraying on Enzyme activities; Catalase
(CAT), Ascor bate per oxidase (APX) and Guaicol peroxidase (GPOX) in leaves of Sorghum

Treatment ,log

OLD) 0¥ 2% |0 sour ces ool gt (Unit.Fresh W) GPOX  (Unit.Fresh W) APX  (Unit.Fresh W) CAT
Iron levels

(C) sali 0.0063" 0.060° 0.0110°¢

F1 0.0080fd" 0.076?2 0.0120°

F2 0.0093def 0.032" 0.0103¢

F3 0.0035! 0.0540cd 0.0106°

F4 0.010Qpcde 0.040¢fgh 0.0126°

0.25 F5 0.0096%e 0.044defgh 0.0110°¢
F6 0.0066%" 0.0470def 0.0063%"

F7 0.0116% 0.0464f 0.0063%"

F8 0.00904%f 0.0520cde 0.0063%"

F9 0.0110%¢ 0.04QPcdef 0.0090¢

F1 0.0040' 0.060° 0.0076¢

F2 0.0090% 0.061° 0.0063

F3 0.0103°cd 0.054bcd 0.0056"

F4 0.0123? 0.0530d 0.0060"

0.5 F5 0.0110%¢ 0.0454¢fg 0.0160?
F6 0.00904¢f 0.037fen 0.0070f¢

F7 0.0080fd" 0.033¢" 0.0080¢°

F8 0.010QPcde 0.04gPodef 0.0060"

F9 0.0083¢9 0.044defan 0.0056"

(P<0.01) Canss Jl3 gixo (ygiw y2 5D diliiie Bgy by gl Slio
Means with the same letters in each column are not significantly different (p<0.01)
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Introduction: First and the most important requirement of human being is food and food supply, which is
directly, or indirectly associated with agriculture. Iron is a critical element for the growth, expansion and survival
of the plant, since multiple metabolic and a physiological process is essential for the proper functioning.
Agricultural areas in the world have a high pH in soil, which in turn decreases iron absorption by plants. Iron
deficiency depending on many soil and environmental factors as well as plant genetic that in turns can decrease
the yield and product quality. One method of overcome iron deficiency in plants is foliar application. A foliar
application of iron fertilizer in agriculture is the common practice, especially in soils that accompanied with iron
deficiency. The proper use of various types of fertilizers is the main solution to improve and maintaining soil
fertility and increase crop production. The objective of this study is to evaluate the effect of foliar application of
iron sources on growth parameters, concentration and absorption of iron in shoot and root and enzymes activity
of catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPOX) on forage sorghum plant to
determine the best combination of iron fertilizer.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition on forage sorghum (Sorghum Bicolor (L.) Moench)
varieties of speed feed. The treatments included two levels of iron (0.25 and 0.5 g Fe.L™* with Control (C)) from
nine iron sources (Iron chelate (F1), Iron sulfate (F2), Iron oxide nanoparticles (F3), Monodisperse iron oxide
nanoparticles (F4), Green nano iron (F5), Polymeric iron chelate (F6), Polymeric iron sulfate (F7), Polymeric
iron oxide nanoparticles (F8) and Polymeric monodisperse iron oxide nanoparticles (F9)). The soil was obtained
from educational and research greenhouses of Zabol university and after air drying and sieving passing 2 mm,
some physical and chemical characteristics of soil such as texture, pH, electrical conductivity, cations exchange
capacity, calcium carbonate equivalent, organic matter, total nitrogen contents, available P contents, available K
contents and available Fe contents was measurement. Spraying of iron resources performed in two stages (4 leaf
and the two weeks after first spraying). After two months of planting, the shoot cut from the surface of the soil
and roots of the plants collected. Some parameters such as shoot and root dry weight, chlorophyll a b and
carotenoids, iron concentration in shoot and root, iron absorption in shoot and root, and activity of the enzyme
(catalase, ascorbate peroxidase, guaiacol peroxidase) was measured. The experimental data examined using
Excel and SAS 9.4 statistical software and the averages were compared using Duncan’s Multiple Range Tests at
0.01 and 0.05 significance level.

Results. Results analysis of variance indicated that the interaction effects between iron resources and iron
level on the dry weight of shoots and roots, chlorophyll a and b, iron absorption in shoots and roots, enzymes
guaiacol peroxidase. Ascorbate peroxidase and catalase were significant at the level of 5 percent and iron
concentrations in shoots and roots were significant at the level of 1 percent. The carotenoid content in leaves in
the simple effects of iron resources was significant at the level of 5 percent. According to the results, foliar
application of treatments on dry weight of shoots and roots, Fe concentration and Fe absorption by shoots and
roots, chlorophyll a, b and the enzyme activity of APX, GPOX in addition CAT were significantly increased
compared to Control. Foliar application at 0.25 g Fe.L?, chlorophyll b in the treatment of monodisperse iron
oxide nanoparticles, Fe concentration and Fe absorption in the shoots in treatments of polymeric iron sulfate and
polymeric iron chelate, respectively. Fe concentration and Fe absorption in the roots in treatment of polymeric
monodisperse iron oxide nanoparticles and APX activity in iron chelate treatment increased significantly
compared to control. At level of 0.5 g Fe.L™?, dry weight of shoots in the treatment of iron chelate, dry weight of
roots and CAT enzyme in the treatment of green nano iron, chlorophyll a in the treatment of polymeric iron
chelate and GPOX enzyme in the treatment of monodisperse iron oxide nanoparticles were compared with the

1, 2 and 4- Former M.Sc. Student, Associate Professor and Instructor in Soil Science, Soil and Water Engineering Faculty,
University of Zabol, Respectively

(*- Corresponding Author Email: ahangar@uoz.ac.ir)

3- Assistant Professor in Chemistry, Department of Chemistry, University of Zabol, Zabol, Iran
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control increased significantly. The simple effects of iron sources indicated that the highest level of carotenoids
observed in the foliar application of polymeric iron chelate.

Keywords: Ascorbate peroxidase, Dry weight of shoot and root, Monodisperse iron oxide nanoparticles,
Polymeric iron sulfate
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Table 2- Analysis of variance interaction between iron and level of spraying on some growth parameters, concentration and
absor ption of iron in the shoot and root and leaf enzyme activity

Mean Squre Slag po (uSSbo
S ol &3 <o i, adidg 5 b Jadg 45 Mg 55 bl
SOV Dry weight of Dry weight of Chl.a Chl.b Carotenoid - f
< Iron Con. in Shoot
oot root

ca 1 0.0707ns 0.0866ns 0.0487ns 0.2653ns 0.0960ns 65.9611**

F° 9 4.6195* 1.7682* 1.2724* 3.2515* 0.2790* 1139.9126**
C*F 9 3.2281* 0.8102* 0.0464* 1.5689* 0.0486ns 608.3000**
Error 40 0.0502 0.0489 0.0362 0.1016 0.0221 0.2864

C.V. (%) - 8.1430 12.7817 7.0469 16.5579 16.9214 1.2433
Mean Squre Slag po (uSbo
2 C}'N C L 3 ‘}‘ﬂ s ) o _ ;
stlop ol on adyy p ool da JSLE - olyssul CAT YU
S dnio <
Iron absor btion in 2 absorption in root GPOX APX
P Iron con. in root
shoot

ca 1 264.5580ns 172904.3538** 1394310.75* 0.0000ns 0.0005ns 0.0000*

F° 9 17155.5808* 93076.7315** 1453765.54* 0.0000* 0.0004* 0.0000*
C*F 9 14275.6744* 67921.1812** 620250.62* 0.0000* 0.0001* 0.0000*
Error 40 82.1200 0.313 20698.67 0.0000 0.0000 0.0000

C.V. (%) - 7.3600 0.0786 11.6454 17.5531 13.0092 6.9734
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Table 3- Comparison of the mean effects of intractionsiron resources and level of spraying on some growth parametersin
shoots and roots of the plant

Treatment ks lop PNl S (5e ady) SUiS oy a Jdg I5 b Jadg S
(9.L 1) ool z gk ool ale Dry weight of shoot Dry weight of root Chlo. a Chlo. b
Iron levels I on sour ces (9.Pot™) (9.Pot™®) (mg.g! fresh weight) (mg.g! fresh weight)
(C) wali 0.71 0.569 2310 0.94%"
F1 2.18fd 1.04f 3.14® 2.83°
F2 3.77% 2.11P¢ 3.002¢ 1.57¢
F3 3.70% 2.46% 3.072¢ 2.23d
F4 2.08% 1.48% 2.79bcd 3.992
0.25 F5 2.53¢ 2.51%® 2.770cd 1.649f
F6 3.46° 1.68% 3.02ac 2.87°
F7 2.93de 1.62de 2.654% 1.96%e
F8 2.019" 1.55% 1.55 0.69"
F9 2.36f9 2.662 2.42fh 1.18f9n
F1 5.442 2.35% 2.86%¢ 1.28fdn
F2 2.9g4 1.45d% 3.073¢ 1.96%e
F3 2.76d% 1.51d 3.09% 3.03°
F4 3.97° 2.34% 2.71%de 2.47%
0.5 F5 2.84de 2.722 3.04c 2.520¢
F6 2.25 1.73cde 3.202 1.74%
F7 2.84de 1.34¢ 2.83%c 1.39¢9
F8 1.72" 1.04f 1.76 0.919"
F9 3.80% 1.79% 2.57¢9 2.47%

(P<0.01) s Jl3 ixo (ygiw y2 5D diliiie Bgy by gl 1 Slio
Means with the same letters in each column are not significantly different (p<0.01)
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Figure 2- The simple effects of iron resour ces on the amount of the leaf car otenoid
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Table 4- Comparison of the mean effects of intractionsiron resourcesand level of spraying on concentration and absor ption
of iron in shoots and roots of Sorghum

Treatment Lo
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o2l goba ol qubie Iron Con. in Shoot el o Iron con. in root Iron absorption in
(gL Iron (mgkgh) Iron absorption in (mg.kg?) root
Iron levels sour ces shoot
(C) wls 28.79 20.36™ 677.15™ 380.609"
F1 28.89' 63.244 798.21" 833.80
F2 31.58¢ 119.06f 753.31 1591.30°
F3 31.42% 116.41f 662.00" 1625.50°
F4 31.00% 64.524 460.421 683.00°9
0.25 F5 33.00 83.65 844.31¢ 2122.60°
F6 77.52° 268.432 735.21 1238.10¢
F7 84.422 247.32° 871.73¢ 1414.40%
F8 35.52 71.44K 841.42¢ 1301704
F9 44.79° 105.84fdh 1007.942 2687.70%
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Means with the same letters in each column are not significantly different (p<0.01)
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Table 5- Comparison of the mean effects of intractionsiron resources and level of spraying on Enzyme activities; Catalase
(CAT), Ascor bate per oxidase (APX) and Guaicol peroxidase (GPOX) in leaves of Sorghum

Treatment ,log

OLD) 0¥ 2% |0 sour ces ool gt (Unit.Fresh W) GPOX  (Unit.Fresh W) APX  (Unit.Fresh W) CAT
Iron levels

(C) sali 0.0063" 0.060° 0.0110°¢

F1 0.0080fd" 0.076?2 0.0120°

F2 0.0093def 0.032" 0.0103¢

F3 0.0035! 0.0540cd 0.0106°

F4 0.010Qpcde 0.040¢fgh 0.0126°
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F9 0.0083¢9 0.044defan 0.0056"
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Means with the same letters in each column are not significantly different (p<0.01)
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Introduction: First and the most important requirement of human being is food and food supply, which is
directly, or indirectly associated with agriculture. Iron is a critical element for the growth, expansion and survival
of the plant, since multiple metabolic and a physiological process is essential for the proper functioning.
Agricultural areas in the world have a high pH in soil, which in turn decreases iron absorption by plants. Iron
deficiency depending on many soil and environmental factors as well as plant genetic that in turns can decrease
the yield and product quality. One method of overcome iron deficiency in plants is foliar application. A foliar
application of iron fertilizer in agriculture is the common practice, especially in soils that accompanied with iron
deficiency. The proper use of various types of fertilizers is the main solution to improve and maintaining soil
fertility and increase crop production. The objective of this study is to evaluate the effect of foliar application of
iron sources on growth parameters, concentration and absorption of iron in shoot and root and enzymes activity
of catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPOX) on forage sorghum plant to
determine the best combination of iron fertilizer.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in greenhouse condition on forage sorghum (Sorghum Bicolor (L.) Moench)
varieties of speed feed. The treatments included two levels of iron (0.25 and 0.5 g Fe.L"* with Control (C)) from
nine iron sources (Iron chelate (F1), Iron sulfate (F2), Iron oxide nanoparticles (F3), Monodisperse iron oxide
nanoparticles (F4), Green nano iron (F5), Polymeric iron chelate (F6), Polymeric iron sulfate (F7), Polymeric
iron oxide nanoparticles (F8) and Polymeric monodisperse iron oxide nanoparticles (F9)). The soil was obtained
from educational and research greenhouses of Zabol university and after air drying and sieving passing 2 mm,
some physical and chemical characteristics of soil such as texture, pH, electrical conductivity, cations exchange
capacity, calcium carbonate equivalent, organic matter, total nitrogen contents, available P contents, available K
contents and available Fe contents was measurement. Spraying of iron resources performed in two stages (4 leaf
and the two weeks after first spraying). After two months of planting, the shoot cut from the surface of the soil
and roots of the plants collected. Some parameters such as shoot and root dry weight, chlorophyll a, b and
carotenoids, iron concentration in shoot and root, iron absorption in shoot and root, and activity of the enzyme
(catalase, ascorbate peroxidase, guaiacol peroxidase) was measured. The experimental data examined using
Excel and SAS 9.4 statistical software and the averages were compared using Duncan’s Multiple Range Tests at
0.01 and 0.05 significance level.

Results: Results analysis of variance indicated that the interaction effects between iron resources and iron
level on the dry weight of shoots and roots, chlorophyll a and b, iron absorption in shoots and roots, enzymes
guaiacol peroxidase. Ascorbate peroxidase and catalase were significant at the level of 5 percent and iron
concentrations in shoots and roots were significant at the level of 1 percent. The carotenoid content in leaves in
the simple effects of iron resources was significant at the level of 5 percent. According to the results, foliar
application of treatments on dry weight of shoots and roots, Fe concentration and Fe absorption by shoots and
roots, chlorophyll & b and the enzyme activity of APX, GPOX in addition CAT were significantly increased
compared to Control. Foliar application at 0.25 g Fe.L%, chlorophyll b in the treatment of monodisperse iron
oxide nanoparticles, Fe concentration and Fe absorption in the shoots in treatments of polymeric iron sulfate and
polymeric iron chelate, respectively. Fe concentration and Fe absorption in the roots in treatment of polymeric
monodisperse iron oxide nanoparticles and APX activity in iron chelate treatment increased significantly
compared to control. At level of 0.5 g Fe.L™?, dry weight of shoots in the treatment of iron chelate, dry weight of
roots and CAT enzyme in the treatment of green nano iron, chlorophyll a in the treatment of polymeric iron
chelate and GPOX enzyme in the treatment of monodisperse iron oxide nanoparticles were compared with the
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control increased significantly. The simple effects of iron sources indicated that the highest level of carotenoids
observed in the foliar application of polymeric iron chelate.

Keywords: Ascorbate peroxidase, Dry weight of shoot and root, Monodisperse iron oxide nanoparticles,
Polymeric iron sulfate



