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ABSTRACT

A greenhouse trial was carried out with the aim of assessing the Se concentration and Se
uptake in different plant parts especially in rice grains and also the effect. of Selenium on rice plant
yield and some yield components. The experiment was carried out in a randomized complete block
design with three replications. Three rice varieties (MR232, MR219 and MR253) and five rates of
sodium selenite (Na,SeQ,) including 0, 100, 300, 500 and 700 g ha™' were selected. It was observed
that leaf, culm and the grain of rice varieties as well as total Se uptake and grain uptake were
affected by used Se rates. All the Se levels used in this study have been able to increase Se level
in rice grains to be acceptable for human consumption but among the different Se levels supplied,
the level of 500 g ha™' of Se is recommended rate in order to increase Se concentration in grain.
Plant dry matter yield, grain yield and yield components were not affected by the different supplied
Se concentrations.
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INTRODUCTION

Selenium (Se) 1s one of the vital trace elements for human and animals because of some
antioxidant effects (Fairweather-Tait ef af., 2011). Unlike for plant Se is not considered essential,
but its deficiency affects human health in different ways, such as immune function, viral infection,
reproduction (especially male fertility), thyroid funection, asthma and inflammatory conditions
{Rayman, 2000). Epidemiological trials have shown that Se alse plays a role in the prohibtion of
cardiovascular disease (Rayman, 2000; Stranges ef af., 2006). A number of medical researches
focusing on human have shown Se 1s very useful on decline of cancer (Whanger, 2004;
Combs, 2005). The trial of US Nutritional Prevention of Cancer (NPC), one of the best recognized
researches, showed the effects of a regular oral dose of 200 mg Se per day as enriched yeast on
incidence of cancer 1312 American who were in high risk and found that, Se supplementation had
no significant effect on the primary endpoint of non-melanoma skin cancer, but decreased the
whole cancer morbidity significantly, whole cancer fatality and the morbidity of the prostate, lung
and colon cancer (Clark ef al., 1996; Whanger, 2004). Selenium concentrations in forage erops and
foods can be improved with the addition of Se to scil crop systems, a practice termed as “agronomic
biofortification” which 1s one of the safest strategies. The best example 1s adding sedium selenite in
fertilizers in Finland since 1984 (Ylaranta, 1983; Eurola et al., 1991; Hartikainen, 2005). Initially,
different levels of 16 and 6 mg Se/kg fertilizer were used for cereals and for hay crops and grass,
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respectively which resulted approximately 3 and 8 g Se ha! for cereals and grass, respectively
(Kurola et al., 1990). The amount. of selenium in water, scils, animal products, humans and plants
have been monitored repeatedly and the outcomes have been used for adjusting the amount of Se
addition. The lower level (6 mg Se/kg fertilizer) was used for all crops between 1991 and 1997,
From 1998, the Se concentration has been enhanced to 10 mg Se/kg fertilizer (Hartikainen, 20058).
This method has considerably improved the concentration of Se in vegetables, crops, fruits and
animal products (KEurcla et al., 1990). Consequently, in Finland the average Se consumption
increased from 256 mg day ™' before Se fertilization to around 110 pg day™ (Eurocla et al., 1991).
Cereals contributions to the total Se intakes increased as well, from 9-26% (Kurola et al., 1991).
Agronomic biofortification has the advantage to direct Se supplementation as plants assimilated the
inorganic Se into organic forms, such as selenomethionine, that is more bicavailable to humans.
Furthermore, plants by acting as an effective buffer can prevent accidental excessive Se intake
by humans that may occur with direct supplementation (Hartikainen, 2005). The minimum
nutriticnal Se needs for the debarment of Keshan disease was found to be around 17 pug day™
{(Yang and Xia, 1995). Canadian and 1S Recommended Dietary Allowance (RDA) 1s resulting from
this value by adding twice the coefficient of variation of 10% to give 55 ug Se/day (Thomson, 2004),
The Population Reference Intake (PRI) for European is set at 55 pg day™ as well. In Australia
and New Zeland, the Recommended Dietary Intakes (RDI) for female and male adults are 60 and
70 pg day ™!, respectively (NHIMRC, 2008). The reference nutrient intake in the UK, is set at 75 and
60 ug day™ for male and female adults, respectively (Department of Health, 1991). Selenium
poisoning {Selenosis), refers to excessive intake of Se, causes symptoms like, skin problems, loss of
nails and hair, hepatomegaly, polyneuritis and gastrointestinal disturbances (Combs et al., 2001).

In Enshi County in central China, chronic selenosis has been reported among the residents,
where locally produced foods grown on their soils and water leached through seleniferous coal
seams contain unusually high levels of Se (Yang and Xia, 1995; Combs ef al., 2001). Studies in
Enshi, China revealed that the toxic dietary Se intake that cause selenosis symptoms was
approximately 1600 pg day ™! (Yang and Xia, 1995).

Rice is one of the important Se source for humans, also it is a staple food in Asia, especially in
poor countries (Abilgos-Ramos ef al., 2007). However, rice products are generally low in Se in
comparison with other crops, to combat with the Se deficiency, improving Se levels in rice can have
great influences on human Se status (Hu ef al., 2002). Thus, enriching rice products with Se should
be a safe and effective way of providing Se and avoiding Se deficiency among those habitually

consuming a rice-based diet but also reducing the risk of cancer in these and other populations
(Wang et al., 2013).

MATERIALS AND METHODS

The experiment was conducted at the glasshouse complex at University Putra Malaysia. The
experimental site was at latitude of N 3°0" 32", longitude E 101°42" 19" and altitude of 64 m above
the sea level.

The three Malaysian rice varieties namely MR219, MR232 and MR253 and five different range
of Se including (0, 100, 300, 500 and 700 g ha™) were selected as treatment variables for this
experiment. A total of 3 germinated seedlings were transplanted and inserted to a depth of 1-2 em
in each pot with 16 em diameter and 30 em height containing approximately 10 kg of top soil
{(Table 1) on 7th February 2013. The experiment was laid out in a Randomized Complete
Block Design (RCBD) in 3 replications. Plants were fed with nitrogen, phosphorus and potassium
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Table 1: Characteristics of top soil (serdang series) used in the experiment

Soil variables Values Soil variables Values
Clay (%) 44.98 Caleium (mg kg™%) 150.24
Silt (%) 41.50 Magnesium (mg kg™) 106.77
Sand (%) 13.38 Potassium (mg kg™) 40.00
pH 5.30 phosphorons (mg kg™ 279.00
Carbon (%) 1.45 Sodium (mg g% 0.25
Nitrogen (%) 0.15 EC{@Sm™ 0.29
C/N ratio 9.60 CEC (cmol(+) kg™ £.58

Table 2: Analysis of variance for the effects of selenium applications and varieties on grain, culm, leaf, total uptake, grain uptake, grain
yield, total shoot dry weight and 1000 grain weight

Total Se Crain Grain Tatal shoot 1000 grain
Parameters Grain Se Culm Se Leaf Se uptake uptake yield dry weight weight
Block 0.0042% 0.0009ns 0.0005ns  0.00000444* 0.00000110ns 10.028ns 33.569ns 0.605ns
Variety (V) 0.0001ns 0.0911* 0.011* 0.00003714* 0.00000051ns 22.399* 30.277ns 3.534ns
Selenium (Se) level  0.1290* 0.1171* 0.124* 0.00016103* 0.00001701* 2.38Tns 4.133ns 0.932ns
SexV 0.0008ns 0.0110* 0.002* 0.0000053 2* 0.00000019ns £.0184ns 15.283ns 0.214ns
Error 0.0006 0.00080 0.0007 0.00000079 0.00000035 4.331 9.841 1.227

ns: Non-significance, *Significantat at 0.01 probability levels

fertilizers as urea (46% N), single superphosphate (18% P,0,) and muriate of potash (60% K.,O)
during the plant vegetative stage with fertilizer rate of B0 kg Nha™* and 50 kg K ha™! and
100 kg P ha™'. Hence, a total of 0.705 g urea and 0.54 g MOP were given for each pot by using
pocket application. Different rates of selenium were applied to all plants on the day of 90 in a
heading time in order to prevent more Se fixation by the clay minerals of the scil. Watering of the
plants were contrelled every day in order to ensure sufficient amount of water on top of the sl and
all the rice plants were kept at saturation situation. Each rice plant was harvested by cutting the
plants in the pot at the soil level manually when every plant in the pot reached 120 days of growth
in order to have uniform seedling establishment. All three plants from each variety were taken and
used as samples for measurements of other agronomic traits. The dry weight of roots, shoots and
grains were recorded by drving in the oven for 48 h at 70°C. About 1000 grain counted and the
weights of 1000 grain were determined. The wet-acid digestion methed with H;50, and HNQ, acid
was used to determine the Se in tissue. All data was statistically analyzed using ANOVA procedure
in SAS 9.2 (5AS, 2007). Mean separation test between treatments was performed using Duncan
Multiple Range Test (DMRT) and p-value of <0.05 was regarded as significant.

RESULTS AND DISCUSSION
Treatment effect on Se concentration in rice grain: From the analysis of variance (ANOVA)
for the treatment effects of Se accumulation in rice grain of three rice varieties (MR232, MR219 and
MR2563), variety and interaction between varieties and rates were found to be not significant, but
different Se rates were significantly different at p<0.01 (Table 2).

The 8e rates of 500 and 700 g ha™! showed significantly higher grain Se than the other three
Se rates. Figure 1 showed a clear trend of increasing Se in grain from contrel to 500 g ha™ and
remains almost constant when increased to 700 g ha™.

A possible explanation for this might be the adsorption of SeO,* onto scil colloids and minerals
and decrease the availability to plants.
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Fig. 1. Effect. of different Se supply on grain Se concentration

Table 3: Effect of different Se supply on leaf Se concentration (mg kg™

Se in leaf of different varieties (mg kg™%)

Se supply (g ha™) MR232 MR219 MR253
0 0.1024 0.076° 0.0816¢
100 0.087¢ 0.096° 0.091¢
300 0.166° 0.190°" 0.126°
500 0.4132 0.3502 0.2832
700 0.301° 0.3202 0.231°

Mean followed by the same superscript letters in the same column are not significant at p = 0.05

Lyons ef al. (2003) measured different sodium selenate rates of 0, 10, 30, 100 and 300 g ha™*
on wheat and found that Se biofertification on grain Se concentration increased progressively with
apphed Se. Hu ef al. (2002) reported that compared to the control, the Se coneentration in rice was
significantly increased by Se treatment.

These findings suggest that amoeng this varicus Se rates, 500 g ha™! could be an acceptable rate
in order to increase grain Se concentration. This experiment also did not detect any evidence of
differences between varieties and Se concentration in grain, but similar responses were seemed.
However, a further study with more focus on different rice varieties is therefore suggested.

Treatment effect on Se concentration in leaf and culm: There are significant differences
between rice varieties and Se rates in both leaf and culm and the interaction between these factors
{Table 2).

Fach variety showed different values of Se concentration in leaf, which means there were
significant differences between them (Table 3 and 4). It can be seen from Table 3 that for Se
concentration in leaf, all three varieties at 500 g ha™ Se supply recorded the highest value of 0.413,
0.35 and 0.283 mg kg™, respectively for MR232, MR219 and MR253, which was followed by 0.301,
0.320 and 0.231 mg kg™! at Se supply of 700 g ha™!, respectively in MR232, MR219 and MR253.
Whereas in MR232, the lowest Se concentration in leaf of 0.087 and 0.102 mg kg™ were attained
in Se supply of 100 and O g ha™?, respectively. In MR219 and MR253, the lowest leal Se
concentration of 0.076 and 0.081 mg kg™ was observed in control.
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Table 4: Effect of different Se rates on culm Se concentration

Sein culm of different varieties (mg kg™%)

Se supply (g ha™) MR 232 MR219 MR 253
0 0.0657° 0.0917° 0.027°
100 0.0917 0.0827° 0.035°
300 0.188° 0.1013° 0.061°
500 0.4233 0.29332 0.1417
700 0.3933 0.342 0.13232

Mean followed by the same superscript letters in the same column are not significant at p = 0.05

For Se concentration in culm, the highest value of 0.425 and 0.1417 mg kg™ was recorded at
500 g ha™! 8e supply in MR232 and MR253, respectively while in MR219 rice variety the highest
value of 0.34 mg kg™! was belonged to 700 g ha™! Se supply. The lowest value of 0.027 mg kg™' Se
concentration in culm was recorded at O g ha™ Se supply in MRE253 and the value of 0.065 and
0.08 mg kg™ Se in culm belonged to 0 and 100 g ha™! Se supply in MR232 and MR219, respectively
(Table 4).

The results of culm and leaf showed significant increase in Se concentration with different
varieties. The finding showed that although the Se concentration in grain was not different in
ME232, MR219 and MRZ253 varieties, the effect of Se in each variety was different in both leaf and
culm. Alifar et al. (2013) reported that MR232, MR219 and MR253 varieties were different in the
concentration of Se in culm and also in root in solution culture, at maturity they alsc showed the
same response in terms of Se coneentration in leaf and culm.

It was cbserved by Chen ef al. (2013) that when Se solution was sprayved in rice plant, the Se
concentration in rice increased significantly with increasing Se treatment level. However, more
research on the Se concentration in leaf and culm of different variety needs to be undertaken to
clearly understand the association between Se rate and variety.

Grain yield: Rice grain yield were affected by the different variety while application of different
Se levels and their interaction were not significant at p<0.01 (Table 1).

From the data in Fig. 2, it is apparent that different rice varieties showed various grain yields.
A comparison of the results revealed that MR232 and MR219 varieties with the value of 11.75 and
11.72 g plant™!, respectively reported significantly more grain yield than MR253 with the value of
9.57 g plant™.

In contrast to yield result, Chen et al (2013) reported that when Se was supplied via
foliar-spray, the rice yield was generally improved.

In an Australia study comparing two wheat varieties, the yield respond to applied selenium had
shown no significant difference at 5% level and also no correlation between grain Se conecentration
and yield have been reported in most studies (Tveitnes et al., 1995; Lyons ef al., 2004).
Hu et al. (2002) reported that foliar application of selenite or selenite mixed fertilizers induced no
apparent changes on rice yield. Whereas Wang et al. (2013) presented that the optimised foliar
fertilization increased rice yield by up to 1.29 times, from 2.1 in control to 2.7 g plant™ under
treatment of 21 g Se ha™ applied as sodium selenite.

Total se uptake: There 1s significant interaction between Se rates and rice variety on the total Se
uptake in plants. Significant differences were also found between variety and Se rates (Table 2).
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Fig. 2: Effects of different Se rates on grain yield of different rice varieties

Tahble 5: Effect of different levels of Se on Se total uptake
Total Se uptake in different varieties (mg kg™

Se supply (g ha™) MR232 MR219 MR253
0 0.0029 0.002% 0.0024°
100 0.0031° 0.0034 0.00Z1°
300 0.0059° 0.0051¢ 0.0039°
500 0.0141* 0.0121* 0.0079*
700 0.0126° 0.0121° 0.00767

Mean followed by the same superscript letters in the same column are not significant at p = 0.05

From the datain Table 5, it is apparent that for the total Se uptake in different rice varieties,
no significant differences were found between 500 and 700 g ha™" Se rates. The highest value of
0.0141, 0.0123 and 0.0079 mg plant™ were recorded in MR232, MR219 and MR2E3, respectively.
There was not a significant difference between the two Se levels of 0 and 100 g ha™.

From this data, we can see that 0 and 100 g ha™' Se levels resulted in the lowest value
of 0.0024 mg plant™ in MR253 and the value of 0.0029 mg plant™ in both MR219 and MR253
after Se rates of 300 g ha™!. This resulted in the value of 0.0059, 0.0051 and 0.0034 mg plant™ in
MR232, MR219 and MR253, respectively.

The finding showed that total Se uptake in all three varieties was varied, whereas grain Se
uptake was not related with these rice varieties because as mentioned above, only Se coneentration
in culm and shoot was affected by varieties.

The result of Johnsson (1991) on Se uptake in a pot experiment with spring wheat. and winter
rape revealed no significant differences in grain Se uptake between the two crops, was obtained.
Nothstein et al. (2013) reported that when rice plants are treated with Se after a period of Se-free
growth, uptake of the element 1s strongly dependent on the plant’s vitality, which can be deduced
from plant dry mass, leaf colour and plant heights.

Grain se uptake: The effect of Se rates on Se uptake in rice grain of three different rice varieties
and interaction between varieties and rates were found to be not significant but different Se rates
were significantly different at p<0.01 (Table 2). Different Se supply showed different effects on Se
concentration on rice grain (Fig. 3).
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Fig. 3: Effect of different Se rates on grain Se uptake

The Se rates of 500 and 700 g ha™" reported significantly more Se grains than the other three
Se rates. In Fig. 3, there is a clear trend of inereasing Se in grain from control to 500 g ha™ while
it almost remains constant when the rates were increased to 700 g ha™*.

The result of Johnsson (1991) on Se uptake in a pot experiment with spring wheat. and winter
rape revealed no significant difference in grain Se uptake between the two crops. The mean Se

content for wheat grain and rape seeds was 560 and 602 ng Se g™, respectively.

1000 grain weight and total shoot dry weight (grain, culm, leaf): The main effect of Se and
varieties and their interaction on 1000 grain weight and total shoot dry weight were not significant,
{Table 2).

Yao et al. (2013) attained the result that Se application significantly increased flower dry
weight at vigorous growth, flower bud differentiation and bud stages. However, Se supplies at
seedling and flower stages did not affect flower biomass accumulation, indicating that the effects

of Se on flower biomass depends on application stage.

CONCLUSION

In this study, it was observed that leaf, culm and the grain of rice varieties as well as total Se
uptake and grain uptake were affected by different selenium rates. All the Se levels use in this
study have been able to increase Se level in rice grain to be acceptable for human consumption but
among the different Se levels supplied, the level of 500 g ha™ of Se is recommended rate in order
to increase Se concentration in grains. Rice yield, grain yield and yield components were not
affected by different Se supply. Different rates were not toxic and did not have any toxic effect for
plant growth.

ACKNOWLEDGMENTS

The Author extends grateful thanks to the UPM Fundamental Research Grant Scheme 2012
(FRGE). Grateful thanks are also extended to Ms. Zabedah Tumirin, Department of Land
Management, Faculty of Agriculture for her support in laboratory analyses.

3561



Astan JJ. Crop Seti., 6 (4): 345-353, 2014

REFERENCES

Abilgos-Ramos, K., K. Corpuz-Arocena, (.D.G. Garcia, R. Manaois and M. Julaton et al., 2007, Rice
biofortification. Comp. Biochem. Physiol. Part A: Mol. Integr. Physiol., 146: 5247-5247.

Alifar, N., Z. Rahman, C. Ishak, G. Sharifianpour and Y. Awang, 2013, Selenium Accumulation
in Roots and Shoots of Different Malaysian Rice Varieties. In: Selenium in the
Environment and Human Health, Banuelos, G.8., Z2.Q. Lin and X. Yin (Eds.). CRC Press,
USA., ISBN: 978-1-138-00017-9, pp: 73-74.

Chen, X, C. Wei, Z. Bao, H. Tian and Y. Guo, 2013. Effects of Selenium on Crop Yield and
Accumulation of Selenium, Nutrients and other Elements in Paddy Rice. In: Selenium in the
Environment and Human Health, Banuelos, G.8., Z2.Q. Lin and X. Yin (Eds.). CRC Press,
USA., ISBN: 978-1-138-00017-9, pp: 83-85,

Clark, L.C., G.F. Combs Jr., BW. Turnbull, E.H. Slate and D.KK. Chalker et @l., 1996, Effects of
selenium supplementation for cancer prevention in patients with carcinoma of the skin: A
randomized controlled trial. J. Am. Med. Assoc., 276: 1957-1963.

Combs, Jr. G.F., 2005. Current. evidence and research needs to support a health claim for selenium
and cancer prevention. J. Nutr., 135: 343-347,

Combs, Jr. G.F.,, L.C. Clark and B'W. Turnbull, 2001. An analysis of cancer prevention by
selenium. BioFactors, 14: 153-159.

Department of Health, 1991. Dietary Reference Values for Food Energy and Nutrients for the
United Kingdom: Report of the Panel on Dietary Reference Values of the Committee on Medical
Aspects of Food Policy. 8th Edn., HM. Stationery Office, USA., ISBN: 9780113213979,
Pages: 210.

Eurola, M., P. Ekheolm, M. Ylinen, P. Koivistoinen and P. Varo, 1990. Effects of selenium
fertilization on the selenium content of cereal grains, flour and bread produced in finland.
Cereal Chem., 67: 334-337.

Eurcla, M.H., P.I. Ekholm, M.E. Ylinen, P.T. Varo and P K. Koivistoinen, 1991. Selenium in finnish
foods after beginning the use of selenate-supplemented fertihsers. J. Sci. Food Agric., 56: 57-70.

Fairweather-Tait, S.J., Y. Bao, M.R. Broadley, K. Collings, D. Ford, J.E. Hesketh and R. Hurst,
2011. Selenium in human health and disease. Antioxid. Redox Signal., 14: 1337-1383.

Hartikainen, H., 2005. Biogeochemistry of selenium and its impact on food chain quality and
human health. J. Trace Elem. Med. Biol., 18: 309-318.

Hu, @., L. Chen, J. Xu, Y. Zhang and G. Pan, 2002, Determination of selenium concentration in
rice and the effect of foliar application of se-enriched fertiliser or sodium selenite on the
selenium content of rice. J. Sei. Food Agric., 82: 869-872,

Johnsson, L., 1991, Selenium uptake by plants as a function of soil type, organic matter content
and ph. Plant Scil, 133: 57-64.

Lyons, (., J. Stangoulis and K. Graham, 2003. High-selenium wheat: Biofortification for better
health. Nutr. Res. Rev., 16: 45-60.

Lyons, G.H., J. Lewis, M.F. Lorimer, R.E. Holloway, D.M. Brace, R.D. Graham and
J.C.R. Stangoulis, 2004, High selenium wheat: Agronomic biofortification strategies to improve
human nutrition. J. Food Agric. Environ., 2: 171-178,

NHMRC, 2006, Nutrient Reference Values for Australia and New Zealand Including Recommended
Dietary Intakes. National Health and Medical Research Council, Canberra, Australia,
ISBIN: 1864962372, Pages: 332,

352



Astan JJ. Crop Seti., 6 (4): 345-353, 2014

Nothstein, A., K. EKiche, M. Stelling, G. Konrad and M. von Brasch et al, 2013
Speciation-Dependent Uptake of Selenium by Rice (Orvza sativa) from Varying Substrates. In:
Selenium in the Environment and Human Health, Banuelos, (3.S., Z.Q. Lin and X. Yin (kds.).
CRC Press, USA., ISBN: 978-1-138-00017-9, pp: 75-76.

Rayman, M.P., 2000. The importance of selenium to human health. Lancet, 356: 255-241.

SAS., 2007, SASISTAT statistical software, version 9.2, SAS Institute Inc., Cary, NC., USA.

Stranges, 8., J.R. Marshall, M. Trevisan, R. Natarajan and R.P. Donahue et al., 2008, Effects of
selenium supplementation on cardiovascular disease incidence and mortality: Secondary
analyses in a randomized clinical trial. Am. J. Epidemiol., 163: 694-699,

Thomson, C.D., 2004, Assessment of requirements for selenium and adequacy of selenium status:
A review. Eur. J. Clin. Nutr., 58: 391-402.

Tveitnes, 3., B. Singh and L. Ruud, 1995, Selenium concentration in spring wheat as influenced
by basal application and top dressing of selenium-enriched fertilizers. Fert. Res., 45: 163-167.

Wang, Y.D., X. Wang and Y.5. Wong, 2013, Generation of selenium-enriched rice with enhanced
grain yield, selenium content and bicavailability through fertilisation with selenite. Food
Chem., 141: 2385-2393.

Whanger, P.D., 2004. Selenium and its relationship to cancer: An update dagger. Br. J. Nutr,,
91: 11-28.

Yang, G.Q. and Y.M. Xia, 1995, Studies on human dietary requirements and safe range of dietary
intakes of selenium in china and their appheation in the prevention of related endemic diseases.
Biomed. Environ. Scai., 8: 187-201.

Yao, X., C. 81 and J. Chu, 2013. The Effects of Selenium on Yield and Active Ingredients of
Medicinal Chrysanthemum Flower at Different Growth Stages. In: Selenium in the
Environment and Human Health, Banuelos, G.8., Z2.Q. Lin and X. Yin (Eds.). CRC Press,
USA., ISBN: 978-1-138-00017-9, pp: 101-103.

Ylaranta, T., 1983, Effect of added selenite and selenate on the selenium content of Italian Rye
grass (Lolium multiflorum) in different soils. Annales Agriculturae Fenniae, 22: 139-151.

353



	AJCS.pdf
	Page 1


