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Improvement for Better Nutrition on Rice through Iron Fertilizer Applications in Acid and
Alkaline Soil under Greenhouse Conditions
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ABSTRACT

Increasing iron (Fe) content in rice is an important global challenge due to high incidence of Fe deficiency in
human populations. A pot experiment was conducted to evaluate the effect of Fe fertilizer application on concentration
of Fe and Zn in brown rice, as well as grain yield of two rice cultivars (poor and rich Fe content) grown in acid and
alkaline soil. The result revealed that Fe fertilizer application increased brown rice grain Fe concentration by 11.7%
and 13.5% over control. Foliar Fe application was superior to soil Fe application. The rice cultivar Tabtim Chumpae
produced significantly higher the Fe content than those of the cultivar Chainat 1. The response of Fe content has shown
greater when the rice crop grown under alkaline soil. The Fe fertilizer application had no significant effect on grain
yield. The result suggested that Fe fertilizer application represent a promising agricultural approach to reduce Fe

deficiency in countries where rice is a main food crop consumed.
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Introduction

Rice (Oryza sativa L.) is a principal source of food for more than half of the world population, it is the
important source of energy (Juliano, 1995; Gregorio et al., 1999), vitamins and rare amino acids for people feeding on
the rice as stable (Yong et al., 2008). However, there are low micronutrients content especially iron in grain. Inadequate
intake with poor bioavailability of Fe in foods is in general the main cause of global Fe deficiency in humans (Fitzgerald
et al., 2009). WHO reported that 3.7 billion people were iron-deficient and the problem was severe enough to cause
anemia in 2 billion people. In this data, 40% were non-pregnant women and 50% were pregnant women. It has also
been estimated that 31% of children fewer than 5 years olds were anemic, with mostly iron deficiency anemia (Gregorio
et al., 1999; Gregorio, 2002; Welch and Graham, 2004).

Iron is one of the most abundant metals in the earth's crust, its availability to plant roots is very low. Fe
availability depends on the soil redox potential and pH. In soil with low pH, Fe’' is freed from the oxide, and becomes
high solubility, more available for uptake by roots and absorbed available (Mengel and Kirkby, 1987; Marschner, 1995;
Takahashi et al., 2001), if the iron concentration exceeds the optimum, resulting in toxic effects on plants. Whereas,
the solubility of the Fe’" and Fe'" will be reduced when soil pH increases. In high pH, in soil has high Ca’'concentration
can evictions Fe'' result in a high calcium chelate, Fe is readily oxidized and is predominately in the form of insoluble
ferric oxides that resulting Fe’' is unavailable to plants appeared a yellow card symptoms (Lindsay et al., 1967; Julian
et al., 1983), and some staple crops, like rice, are especially susceptible to Fe deficiency due to 30% of the world's
cropland is too alkaline for optimal plant growth (Marschner, 1995; Takahashi et al., 2001).

Such conditions as mentioned above, soil iron application maybe less efficient to plant, thus foliar iron
application is the one method that could be much efficient and increase iron absorption by plant (Horesh and Levy,

1981).

Objective of this study
The objective of this research was to investigate the effect of different iron fertilizer application on iron

content in grain and yield of two rice cultivars grown in acid and alkaline soil under open greenhouse conditions.

Materials and methods
Location and soil

The pot experiments were conducted in the Agronomy Experimental Farm, Department of Plant Science and
Agricultural Resources, Faculty of Agriculture, Khon Kaen University (latitude 16° 28'N, longitude 102°48'E, 200 m
above sea level) during wet season (June — December) 2017. A composite representative soil sample of acid and alkaline

soil was collected from famous field at 0-30 cm depth and analyzed for physico-chemical properties as shown in Table 1.
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Table 1 Soil physico-chemical properties contained in a plastic pot prior to rice seeding

Parameters Acid soil Alkaline soil

Physical characteristics

Sand (%) 77.00 43.93
Silt (%) 15.00 24.07
Clay (%) 8.00 32.00
Textural class Sandy loam Clay loam

Chemical Characteristics

pH (1:1 soil:water) 4.78 7.57
Total N (%) 0.043 0.114
Available P (mg/kg) 7.94 37.11
Exchangeable K (mg/kg) 40.28 90.63
Exchangeable Ca (mg/kg) 365 6390
Available Fe (mg/kg) 68.19 19.85
Organic matter (%) 0.634 2.611
CEC (¢ mol (+)/kg) 4.85 31.52

Soil preparation and seeding
The acid and alkaline soil used in the experiment was sun dried for 1 week, grinding to smaller size and
contain in plastic pots 11 kg pot'l. The plastic pots size was 24 cm in diameter and 20 cm in height. One seed of each

rice cultivar was seeded into the soil at 3 cm depth.

Weather
The total amount of rainfall was 781.92 mm during the growing period. The highest maximum temperature
(32.97 °C) was observed in August. While, the lowest minimum temperature (16.85 ° C) exhibited in December 2017

as Table 2.
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Table 2 Climatic data of the open greenhouse experimental site during the entire growing period in wet season 2017

Month Rainfall Temperature ("C) Relative Sunlight
(mm) Minimum Maximum Average humidity (h day'l)
(%)
July 207.80 23.92 31.40 27.66 95 3.43
August 211.62 24.10 32.80 28.45 95 5.51
September 143.90 24.10 32.97 28.54 96 7.42
October 218.20 22.63 31.81 27.22 95 6.08
November 0.40 20.47 31.91 26.19 88 7.51
December 0.00 16.85 29.99 23.42 89 7.96
Total 781.92 132.07 190.88 161.48 558 37.91
Mean 130.32 22.01 31.81 26.91 93 6.32

Experimental design and Fe application

A pot experiment was arranged as a split—split plot design with four replications under open greenhouse
conditions. The main-plot consists of acid soil and alkaline soil. The sub-plot consists of iron fertilizer application
methods, viz. 1) control (no iron), 2) foliar solution of Fe (1.5 g Fe L using iron sulfate powder [FeSO,.7H,0 (1%
Fe)] dissolved in distilled water was sprayed with a hand-held pump sprayer at the rate of 1,000 L ha on plant leaves
at two weeks after flowering, 3) soil application with Fe (5 kg Fe ha™) using iron sulfate powder [FeSO,.7H,0 (1%
Fe)] sown into the soil at panicle initiation, and 4) soil applied iron sulphate powder at rate of 2.5 kg ha” at panicle
initiation combined with foliar iron sulphate solution at rate of 500 L ha™ at2 weeks after flowering. Two rice cultivars

namely, chainat 1 (grain low Fe content) and Tabtim Chumpae (grain high Fe content) were assigned as sub-sub plot.

Plant management

Water was applied by hand irrigation for seeds germination and during seedling growth at field capacity.
Then, standing water was maintained at 5 cm depth above soil surface at 20 days after seeding until 10 days prior to
harvest. For weed control, hand weeding was taken at 20 days after seeding. Fertilizer grade 46-0-0 (N) and 0-0-60
(K,0) were applied at rate of 112.5 kg ha and 37.5 kg ha™' in acid soil, and 112.5 kg ha” and 18.75 kg ha™' in alkaline
soil two times at 30 days after seeding and at panicle initiation growth stage for all pots. Hand weeding was undertaken

at 14, 30, 60 and 90 day after seeding.

Determination of yield and yield components
From each pot was measured to classify their panicle number, grain number per panicle, 1,000 grain weight,

filled grain percentage and grain yield per pot at harvest time.



% th . = = e g e 2 . = L
<:-,«-1- @ %Qh ISNZO(%RC AsUs=EUSBIAISIdUDKWAVIUIdES:AUUUAOAALILHEVEIA ASuA 20 SDO1-5

3uf 15 GuiAU 2562 U UKI3NENdUUDULRIU

Iron and zinc content measurement in grain
Brown rice grain of 1 gram was analyzed for iron and zinc content by extracting brown rice flour with
hydrocolic acid. Then the samples were read by Atomic Absorption Spectrophotometer (AAS), comparing the

concentration of standard solution of iron and zinc (Zarcinas et al., 1987).

Statistical analysis
All the data, the analysis of variance (ANOVA) was used to distinguish the differences among treatments and
compared the different means of each treatment by using STATISTIC8 program and comparison of mean square by

LSD method at P < 0.05 levels.

Result
Fe content in brown rice grain

The Fe content in brown rice grain was significantly different among Fe fertilizer application methods at
harvest. Soil application or foliar application produced significantly higher Fe content than that of non-Fe fertilizer
control (Table 3). The cultivar Tabtim Chumpae gave significantly greater Fe content than those of the cultivar Chainat
1 (Table 3). For soil types, Fe content was significant higher when rice grown in an acid soil than those of alkaline soil
in the present study (Table 3).

In the present experiment, an interaction effect between soil types and Fe fertilizer application methods was
observed on Fe content in brown rice grain (Figure 1a). All of Fe fertilizer application methods under alkaline soil gave
significant highest Fe content when compared with the control. While, the minimum Fe content was shown in foliar Fe
fertilizer application method in acid soil.

Moreover, an interaction effect among soil types, Fe fertilizer application methods and cultivars also were
noticed on Fe content in brown rice grain (Figure 1b). All of Fe fertilizer application methods under alkaline soil in the
cultivar Chainat 1 gave significant highest Fe content when compared with the control, but in the cultivar Tabtim

Chumpae, the foliar combined soil Fe application method gave lowest Fe content when compared with the control.
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Table 3 Iron and zinc content in brown rice grain as affected by different iron fertilizer application methods of two

rice cultivars grown under acid and alkaline soils in open greenhouse conditions

Treatment Iron content Zinc content
(mg/kg) (mg/kg)

Soil type (S)

Acid soil 32.10a 26.41

Alkaline soil 28.32b 24.16

F-test * ns

Iron fertilizer application method (F)

Non-iron (control) 28.63b 26.14
Foliar application 3249 a 24.34
Soil application 3197 a 25.62
Foliar combined soil application 27.74 b 25.04
F-test wox ns

Rice cultivars (C)

CNT1 27.85b 26.14 a
Tubtim Chumpae 32.57a 2443 b
F-test wox *
Interaction

SxF *x ns
SxC ns ns
FxC ns ns
SxFxC * ns

* ** and ns = significant at 0.05 level, 0.01 level and not significant, respectively. Mean in the same column with

different letters are significantly different at p < 0.05, as determined by LSD.

Zn content in brown rice grain

The application of Fe into the soil may be affected on Zn availability to the plant. Zn micronutrient also plays
on important role for better health. Zn deficiency in humans is particularly problematic for women and children in
developing countries, especially in children, such as impairments in physical growth, immune system, and learning
ability, and causing DNA damage and cancer development (Boonchuay et al., 2013). In the present study, Fe fertilizer
application method and soil type data not show significant difference on Zn content in brown rice grain, but significant
difference was detected in the rice cultivars. The cultivars Chainat 1 produced significantly higher Zn content than

those of the cultivar Tabtim Chumpae (Table 2).
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Figure 1 The interaction effect between soil types and iron fertilizer application methods (a) and interaction effect
between soil types, rice cultivars and iron fertilizer application methods (b) for iron concentration in brown

rice grain.

Yield and yield components

The panicle number and grain number per panicle were significantly affected by the soil types (Table 4). The
maximum panicle number was obtained in the acid soil. While, the highest grain number per panicle was observed in
the alkaline soil.

In the present experiment found that, the rice cultivars had a significant effect on grain yield, 1,000 grain
weight and grain number per panicle (Table 4). The maximum grain yield and grain number per panicle were observed
in the cultivar Tabtim Chumpae, while the maximum 1,000 grain weight was observed in the Chainat 1 cultivar.

In the present experiment, an interaction effect between soil types and Fe fertilizer application methods was
observed on the panicle number (Table 4). The maximum panicle number was observed in soil Fe application and foliar
combined soil Fe application methods in acid soil when compared with the control, but alkaline soil did not show the
difference (Figure 2b).

An interaction between soil types and rice cultivars was observed on the panicle number and grain yield
(Table 4). The maximum panicle number was observed in the acid soil in the cultivar Tabtim Chumpae (Figure 2c).
While, the maximum grain yield was observed in alkaline soil in the cultivar Chainat 1 (Figure 3a).

An interaction between Fe fertilizer application methods and rice cultivars was observed on the panicle
number and grain yield (Table 4). The maximum panicle number was observed in foliar Fe fertilizer application method
in the cultivar Chainat 1 when compared with the control, while the cultivar Tabtim Chumpae, the maximum panicle
number was observed in soil Fe application and foliar combined soil Fe application methods (Figure 2a). While, the
maximum grain yield was observed in all Fe fertilizer application methods in the cultivar Tabtim Chumpae when

compared with the control, but the cultivar Chainat 1 did not show difference (Figure 3b).
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Moreover, an interaction effect among soil types, Fe fertilizer application methods and rice cultivars also
were noticed on 1,000 grain weight (Table 4). The cultivar Chainat 1, the soil Fe fertilizer application gave lowest 1,000
grain weight in the acid soil when compared with the control. While, foliar Fe fertilizer application gave lowest 1,000

grain weight in acid soil in the cultivar Tabtim Chumpae (did not show the data).

Table 4 Yield and yield component as affected by different iron fertilizer application methods of two rice cultivars

grown under acid and alkaline soils in open greenhouse conditions

Treatment Panicle Grain 1,000 grains Filled Grain yield
(no. plant’)  (no. panicle”) weight grain (g pot)
(® (%)
Soil type (S)
Acid soil 11.38a 86.42 b 24.72 75.55 22.53
Alkaline soil 833b 11139a 25.53 79.00 23.86
F-test * * ns ns ns

Iron fertilizer application (F)

Non-iron (control) 8.58 93.69 25.70 78.23 22.01
Foliar application 9.83 96.32 24.57 74.74 24.64
Soil application 10.42 106.81 24.60 76.71 22.34
Foliar combined soil application 10.58 98.81 25.64 79.38 23.79
F-test ns ns ns ns ns

Rice cultivar (C)

CNTI1 10.21 90.18 b 27.16 a 77.06 22.25b

Tubtim Chumpae 9.50 107.64 a 23.09b 77.48 2414 a
F-test ns wox wox ns *
Interaction
SxF * ns ns ns ns
SxC wox ns ns ns ok
FxC wox ns ns ns ok
SxFxC ns ns * ns ns

* ** and ns = significant at 0.05 level, 0.01 level and not significant, respectively. Mean in the same column with

different letters are significantly different at p < 0.05, as determined by LSD.
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Figure 2 The interaction means between Fe fertilizer applications and rice cultivars (a), between Fe fertilizer

application and soil types (b), and between soil types and rice cultivars (c) for number of panicle per hill.

The same letter was not significant different at p <0.05, as determined by LSD.
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Figure 3 The interaction between soil types and rice cultivars (a), and between Fe fertilizer application and rice

cultivars (b) for grain yield.
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Discussion
Fe and Zn content in brown rice

The Fe fertilizer application was demonstrated as a short-term efficient approach to increase the Fe in brown
rice. In the present experiment, single soil Fe application or single foliar application increased Fe content in brown rice
grain by 11.7% and 13.5%, over control (non-Fe fertilizer), respectively. He et al. (2013) reported that foliar
FeSO4.EDTA-FeNa, HEDTA-Fe, and DTPA-Fe sprays could remarkably improved the Fe concentration of polished
rice, and the foliar application of DTPA-Fe significantly increased Fe concentration by 20.4%. The other research by
Wei et al. (2012) stated that the foliar application of FeSO, plus nicotinamine (NA), and FeSO, plus ZnSO, increased
the polished rice Fe concentration by 17.0%, 30.0% and 27.1%, respectively.

In general, foliar application of Fe was considered more effective than soil application, because soil
application the soluble Fe was rapidly conversion into unavailable solid Fe (III) forms (Fageria et al., 2011). The Fe
foliar applied increased Fe content in brown rice greater than soil application was reported by the previous research
(Aciksoz et al., 2011). Due to leaf-applied substances can enter the leaf either by penetration of the cuticle or via the
stomatal pathway, thus foliar fertilizer application is the one most effective application is increasingly used to moderate
micronutrient deficiencies (Yong et al., 2008).

In the present experiment, the cultivar Tabtim Chumpae (Fe-rich cultivar) produced significantly higher the
Fe content in brown rice grain than those of the Chainat 1 cultivar (Fe-poor cultivar). However, it revealed that the
Chainat 1 cultivar gave higher Fe content in brown rice in Fe fertilizer application methods than those of non-Fe
fertilizer application methods (control). Previous research has suggested that the foliar Fe application could improve
the Fe content in brown rice grain of both common cultivars and Fe-rich cultivars (Yuan et al., 2012). The variations
in term of increase Fe content in grain might come from the genetic control of ability absorption and seed deposition
of Fe application (Wei et al., 2012)

In recent studies, it has been shown that Fe content was greatly response when rice received Fe fertilizer under
alkaline soil rather than acid soil. This was probably attributed to acid soil consist of more available Fe than that of
alkaline soil. In addition, when foliar Fe applied to calcareous soils the process of conversion of Fe into unavailable
forms was not appeared.

For Zn content in brown rice grain, iron sulfate powder application [FeSO,.7H,0 (1% Fe)] did not show
significantly increased Zn content in brown rice as compared to control in the present study. Similarly, with previous
research by Wei et al. (2012) who reported that additional of FeSO, to foliar Fe application had no significant difference
on Zn concentration in both of brown rice and polish rice grain, an addition of FeSO,+NA+Zn to foliar Fe application
increased both Fe and Zn content in brown rice and polish rice grain. However, previously study indicated that
application of optimum Fe level could increase to the highest Zn level in rice and wheat grains (Yong et al. 2008; Pol
et al., 2005). In this study, the cultivar Chainat 1 produced significantly higher Zn content than those of Tabtim
Chumpae cultivar. Wei et al. (2012) reported that the cultivar different in Fe and Zn concentration was observed and

may be due to the genetic control of leaf absorption and seed absorption of foliar application.

10
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Grain yield

In the present experiment, the Fe fertilizer application methods did not show a significant difference on grain
yield. This indicates that Fe fertilizer application in the form of [FeSO,.7H,0 (1% Fe)] can improved nutritional value
of rice grain (Fe content), but not in term of grain yield per unit of land areas, similarly to has been reported by Yong
etal. (2008) and Zhang et al. (2009). This might be due to Fe concentration in the soil prior application is sufficient for

plant growth, similarly have been reported by Wei et al. (2012).

Conclusion

Nowadays, an anemia is the important problem is concern, thus increasing iron concentration in rice grains
is the better satisfy human demands. In this study found that foliar and soil iron applications method could increase Fe
content in brown rice grain. All Fe fertilizer applications; soil Fe application, Foliar Fe application and soil combined
foliar Fe application could increase iron content in rice grain of the cultivar Chainat 1 and Tabtim Chumpae when
grown in alkaline soil. Whereas, Fe fertilizer applications had not effected on grain yield. However, this present study
found that all Fe fertilizer application methods could increase grain yield in the cultivar Tabtim Chumpae as compared
to control. Thus, Fe fertilizer applications especially foliar Fe application might be a rapid method for improving the

iron content in rice grain.

Acknowledgements
This research work was financially supported by the Thailand Research Fund (TRF) for their joint support
through the Royal Golden Jubilee Ph.D. (RGJ-PHD) Program (Grant No. PHD/0082/2557), and Ph.D. research

scholarship from Khon Kaen University.

References

Aciksoz SB, Yazici A, Ozturk L, Cakmak I. Biofortification of wheat with iron through soil and foliar application of
nitrogen and iron fertilizers. Plant Soil 2011; 349: 215-225.

Boonchuay P, Cakmak I, Reekasem B, Prom-u-thai C. Effect of different foliar zinc application at different growth
stages on seed zinc concentration and its impact on seedling vigor in rice. Soil Science and Plant Nutrition
2013; 59: 180-188.

Fageria NK, Santos AB dos, Coelho AM. Growth, yield and yield components of low land rice as influenced by
ammonium sulfate and urea fertilizer. Journal of Plant Nutrition 2011; 34:371-386.

Fitzgerald MA, McCouch SR, Hall RD. Not just a grain of rice: the quest for quality. Trends Plant Sci 2009; 14:
133-139

Gregorio GB. Progress in breeding for trace minerals in staple crops. Journal of Nutrition 2002; 132: 500-502.

Gregorio GB, Senadhira D, Htut T, Graham RD. Improving iron and zinc value of rice for human nutrients. Agricult

Develop 1999; 23(9): 68-87.

11



% th . = = e g e 2 . = L
<:..,«.1_ @ %Qh ISNZO(%RC Msus:yu3¥Inistauawaviudves=avirunadnuiudoid asvn 20 SPO1-12

3uf 15 GuiAU 2562 U UKI3NENdUUDULRIU

He W, Shohag MJI, Wei Y, Feng Y, Yang X. Iron concentration, bioavailability, and nutritional quality of polished
rice affected by different forms of foliar iron fertilizer. Food Chem 2013; 141: 4122-4126.

Horesh I, Levy Y. Response of Fe-deficient citrus trees to foliar Fe sprays with a low-surface-tension surfactant. Sci
Hortic 1981; 15: 227-233.

Julian C, Spech NA, Pierce SK. Primary amines inhibit the triggering of lymphocytes to antibody synthesis. J Immunol
1983; 130:91-96.

Juliano BO, editor. Gu Cheng et al. (translation) Rice and human nutrition. Vol. 9. Beijing: China Agriculture Science
and Technology Publisher 1995; 15.

Lindsay WL, Hodgson JF, Norvell WA. The physio-chemical equilibrium of metal chelates in soils and their influence
on the availability of metal cations. In: The International Union of the Soil Science Congress, Transaction
Communication 111967; 4:305-316.

Marschner H. Mineral Nutrition of Higher Plants. 2" ed. Boston: Academic Press; 1995.

Mengel K, Kikby EB. Principles of plant nutrition. 4" ed. International Potash Institute, IPI, Bern, Switzerland 1987,
685.

Pol Shekane Pahlavan MR, Keykha G, Narouirad MR, Koohkan S. Effect of zinc, iron and manganese application on
yield and nutritional elements concentration in wheat grain. Plant nutrition for food security, human health
and environmental protection 2005: 406-407.

Takahashi MT, Nakanishi H, Kawasaki S, Nishizawa NK, Mori S. Enhanced tolerance of rice to low iron availability
in alkaline soils using barley nicotianamine aminotransferase genes. Nat. Biotechnol 2001; 19: 466.

Wei Y, Shohag MJI, Xiaoe Y, Zhang Y. Effects of foliar iron application on iron concentration in polished rice grain
and its bioavailability. J Agric Food Chem 2012; 60(45): 11433-11439.

Welch RM, Graham RD. Breeding for micronutrients in staple food crops from a human nutrition perspective. Journal
of Experimental Botany 2004; 55: 353-364.

Yong F, Lin W, Zhihong X, Liyan Z, Xinxin A, Qiuhui H. Effect of foliar application of zinc, selenium, and iron
fertilizers on nutrients concentration and yield of rice grain in China. J Agric Food Chem 2008; 56(6):
2079-2084.

Yuan L, Wu L, Yang C, Lv Q. Effects of iron and zinc foliar applications on rice plants and their grain accumulation
and grain nutritional quality. J. Sci. Food Agric 2012; 93(2): 254-261.

Zarcinas BA, Cartwright B, Spouncer LR. Nitric acid digestion and multi-element analysis of plant material by
inductively coupled plasma spectrometry. Commun. Soil Sci Plant Anal 1987; 18: 131-146.

Zhang J, Wang M, Wu L. Can foliar iron-containing solutions be a potential strategy to enrich iron concentration of

rice grains (Oryza sativa L.)?. Acta Agric Scand 2009; 59: 389-394.

12


http://pubs.acs.org/author/Shohag%2C+M+J+I
http://pubs.acs.org/author/Fang%2C+Yong
http://pubs.acs.org/author/Xin%2C+Zhihong
http://pubs.acs.org/author/Xin%2C+Zhihong
http://pubs.acs.org/author/An%2C+Xinxin
http://pubs.acs.org/author/Hu%2C+Qiuhui



