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ABSTRACT

Selenium (Se) is a significant trace element for human and livestock animals because of its physiological functions.
Se in plants, especially in the crop plants, is treated as a critical dietary source. The effects of foliar spray together
with soil application of Se on Se uptake, distribution in common buckwheat (Fagopyrum esculentum M.) plants
were discussed in this study. The results showed that both foliar spray and soil application of Se increased Se uptake
in common buckwheat significantly (P < 0.05). The highest Se content was observed in leaves (113.37-690.75 pg/
kg), followed by roots (28.98-283.78 ug/kg), grains (26.49-135.89 pg/kg) and stems (23.19-86.80 pg/kg). Se content
in grains had the highest correlation coefficient (0.827 and 0.845) with soil Se application treatments. Grain yield of
F1 (5 g Se/ha for foliar spray) was 3.65% and 10.25% higher than that of FO (0 g Se/ha for foliar spray) in two study
years, respectively. Under soil Se application conditions, mean grain yields fluctuated from 2890.5-3058.6 kg/ha,
2966.4—3352.8 kg/ha in 2012/2013, respectively. These results indicated a significant interaction effect of foliar
spray Se and soil Se application on Se accumulation in common buckwheat. Appropriate Se application might im-

prove common buckwheat grain yield.
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As a component of several major metabolic path-
ways, selenium (Se) plays an important role in hu-
man health (Rayman 2006, Winkel et al. 2012). It
is also considered as an essential trace element for
human, animals and some species of microorgan-
isms (Stroud et al. 2010). Approximately two-thirds
of the cultivated soil in China is Se-deficient, which
results in a lack of Se in the human population
in this region (Zhang et al. 2014). Since direct Se
supplementation suffers from low bioavailability
of inorganic Se and possible accidental excess of
Se intake by humans, one of the effective measures
to solve this situation seems to be the supplement
of Se into the food chain, and agronomic biofor-
tification is considered to be more advantageous
(Hartikainen 2005).

Although no evidence has demonstrated that Se
is an essential element for plants, low concentra-
tions of Se could promote the growth of plants
(Djanaguiraman et al. 2010). In order to increase
Se uptake in food crops, attempts have been made
in wheat (Ducsay et al. 2006, Curtin et al. 2008),
maize (Chilimba et al. 2012), potato (Hlusek et al.
2005) and soybean (Yang et al. 2003). Based on our
understanding, the previous studies primarily dem-
onstrated that the application of Se increased the
Se content of grains, but little focus was paid to the
application methods in Se uptake among the parts
of crop plants, and the interaction effect and rela-
tionship between different Se application methods.

Buckwheat (Fagopyrum esculentum) is grown
in many countries in Asia, Europe and in certain
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other places around the world (Hsu et al. 2008).
Vogrincic et al. (2009) reported that the mass
fractions of Se in all plant parts increased and
were approximately 50- to 500-fold higher ac-
cording to the plant part after foliar fertilization
with sodium selenate, suggesting that common
buckwheat is a proper food crop for Se-rich food,
especially in the Se-deficiency area. However,
the interaction effect and relationship of foliar
and soil application of Se on crop Se uptake are
still not fully understood especially in common
buckwheat under field conditions. The aim of
this contribution was to evaluate and discuss the
role of Se foliar together with soil application in
influencing Se distribution in common buckwheat
plant, the interaction effect and relationship of
both them on common buckwheat Se uptake and
further understand the effects of Se application
on the grain yield of common buckwheat.

MATERIAL AND METHODS

A two-year field experiment was performed
during 2012/2013 at the Chifeng Academy of
Agricultural and Animal Husbandry Sciences re-
search farm, Chifeng, China (42°17'N, 118°52'E).
The weather data during the experiment period
in each year are given in Figure 1. This area is
classified as a semi-arid continental monsoon
climate with an annual precipitation 250-400 mm.
The soil of experimental field was a sandy loam
texture. The physical and chemical parameters of
the experimental soil were as followed: pH 7.8,
organic matter 13.4 g/kg, total N 0.55 g/kg, available

2012
50 . [ Rainfall (mm) 30
——Mean temperature (°C)

40 L 25

L 20
30

L 15
20

L 10
10 4 | 5
o J ||||I .]. |.|| L . II.‘ 0
1-May 31-May 30-Jun  30-Jul  29-Aug 28-Sep

N 47.3 mg/kg, available P 18.4 mg/kg, available K
101.8 mg/kg, and total Se 0.34 mg/kg. The analyti-
cal method used is described in detail elsewhere
(Ray et al. 2015), except total soil Se described as
Wang et al. (2012).

The experiment adopted a split plot design with
three replications. Main plots were foliar spray Se
application treatments, including 0 (F0), 5 (F1),
and 10 (F2) g Se/ha. While four concentration
levels of Se for soil application: (0, 6, 12 and 18 g
Se/ha, hereafter referred to as C, L, M and H) were
assigned to the subplots with each plot 30 m? (4.95 x
6.06 m). The solution of commercial fertilizer
including selenite were used for foliar spray ferti-
lizing at the period of 45 days after sowing for F1,
and F2 was at the period of 45 and 65 days after
sowing (each 5 g Se g/ha). The soil Se (Na,SeO,)
application was supplied together with compound
fertilizer when common buckwheat was planted.

Grain yield and components were measured by
common methods. Ten plant samples for each
subplot were collected randomly and separated
into roots, stems, leaves and grains at the mature
stage. Roots were washed three times with deion-
ized water to remove dust and soil. Plant samples
were oven dried to constant weights and ground
into powder for Se analysis.

For the determination of total Se, the plant sam-
ples were digested using the method described by
Wang et al. (2012) with modification. Digestion
of samples in the 50 mL conical flask was carried
out on a temperature control furnace, 0.5-1.0 g of
sample and 10 mL of acid mixture (8 mL of HNO, +
2 mL of HCIO,) were added and kept overnight
at room temperature. Then, flasks were heated at
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Figure 1. Daily mean air temperature and rainfall during the study period
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170°C until white smoke appeared, sample solu-
tions were cooled to the room temperature, 5 mL
of 6 mol/L HCl was added and kept heating for the
reduction of Se®* to Se** until the white smoke ap-
peared again. About 2 mL residual sample solution
was diluted by 10% HCI (v/v) in 25 mL volumet-
ric flask after digestion. According to the GB/T
21729 (2008), the total Se was determined using
8220 atomic fluorescence spectrophotometer with
hydride generation (Jitian, Beijing, China). The Se
usability of common buckwheat grain (SeU) was
calculated as follows:

SeU = (cg, x Yg, — € xY

/mg,

control control)

S
Where: cg, and Y, — Se concentration and yield of grain in

and Y
control

tration and yield of grain in the plots without Se applied;

the plots with Se applied; c — Se concen-

control

mg, — mass of Se applied in the plots.

S

The data were subjected to ANOVA using GLM
of SAS 9.2 (SAS Institute, 2002). The least signifi-
cant difference (LSD) was used to compare means
of traits at P = 0.05.

RESULTS AND DISCUSSION

The effects of Se application on Se uptake in root,
stem, leaf, and grain of common buckwheat were
showed in Table 1. Both the experimental treatments
significantly affected Se concentration in the root,
stem, leaf, and grain of common buckwheat.

Many studies have reported that Se uptake of
crop could be increased by Se application in wheat

doi: 10.17221/284/2015-PSE

(Germ et al. 2013), maize (Chilimba et al. 2012),
rice (Li et al. 2010) and other crops (Altansuvd et
al. 2014). Single effects of foliar spray or applica-
tion via root of Se on grain Se concentration and
yield have been recognized in buckwheat under
controlled conditions (Vogrinc¢i¢ et al. 2009). The
present study, in a field condition, firstly reported
significant effects of foliar spray, soil application
Se and their interaction in common buckwheat. It
indicated that the different pathway of Se uptake
would affect total Se accumulation in common
buckwheat, because Se was absorbed by leaf and
root under our experimental treatments, respec-
tively. Consequently, the mechanism of Se uptake
and translocation in plants need further studies.

Both foliar spray and soil application of Se had a
significant effect on Se accumulation in the parts
of common buckwheat (P < 0.05). The highest Se
content among different parts of common buck-
wheat was observed in F2 and H treatments, F1
and F2 had higher Se accumulations in the parts
of common buckwheat plant in comparison to FO
treatment, respectively (Table 2). Chilimba et al.
(2012) found that maize grain Se concentration
increased by 11-33 pg Se/kg for each g Se/ha
soil applied (0, 1.5, 3.0, 4.5 and 6.0 g Se/ha) under
field condition, Vogrin¢ic et al. (2009) also suggested
that common buckwheat have a high Se-rich poten-
tial. In our study, Se content of the common buck-
wheat plant increased with the rising Se rates of soil
application. The Se content was the highest in the
leaves (113.37-690.75 pg/kg), followed by the roots
(28.98-283.78 pug/kg), grains (26.49-135.89 ug/kg)

Table 1. Variation of significance in foliar spray and soil application of selenium (Se) for Se concentration in

parts of common buckwheat

Year Variation source Root Stem Leaf Grain

foliar spray (V,) o o ik ok

soil application (V,) ok HE

2012 V,xV, ok ok o
CV (%) 27.153 11.704 20.153 17.877
P>F < 0.0001 < 0.0001 < 0.0001 < 0.0001

foliar spray o ok o o

soil application o o o ok

2013 VvV, xV, ek o i H*
CV (%) 37.659 20.322 18.999 16.752
P>F < 0.0001 < 0.0001 < 0.0001 < 0.0001

*0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; ns — not significantly different; CV — coefficient of variation; F — F-value

373



Vol. 61, 2015, No. 8: 371-377 Plant Soil Environ.

doi: 10.17221/284/2015-PSE

Table 2. Effects of foliar spray and soil application of selenium (Se) on Se concentration in parts of common
buckwheat (ug/kg)

Year Factor Treatment Root Stem Leaf Grain
FO 118.7¢ 32.8¢ 128.2¢ 43.3b

foliar spray F1 161.7° 42.9> 334.4b 81.72

F2 183.72 67.6% 690.82 88.32

2012 C 28.9P 23.24 215.64 26.54
, o L 54.8P 41.1¢ 321.8¢ 55.1¢

soil application M 251.32 52.3b 441.2b 94.1b

H 283.82 74.72 559.32 108.62

FO 104.2¢ 36.9¢ 113.4¢ 64.8P
foliar spray F1 150.9P 50.8P 317.2b 102.320

F2 209.82 82.32 597.52 111.52

2013 C 26.3P 23.6° 204.8¢ 55.1¢
L 74.7° 52.8P 314.2P 67.7¢

soil application M 247.28 63.5 329.6 112.75

H 271.6 86.82 522.12 135.92

Means followed by different letters indicate significant differences between treatments at P < 0.05. Foliar spray Se ap-
plication: FO — 0, F1 — 5, F2 — 10 g Se/ha; soil application: C — 0, L — 6, M — 12, H — 18 g Se/ha

and the stems (23.19-86.80 pg/kg). In addition, probably in the Se usability decrease. The rate

the soil factors of our experimental area and the
interaction effect between soil and foliar Se applica-
tion resulted in a higher Se-rich in grain probably.

The Se usability of common buckwheat grain
dry matter was shown in Figure 2. Application
methods of Se influenced the Se usability of grain
significantly (P < 0.05). The Se usability of grain
under F1 condition was much higher in comparison
to that under soil Se application condition, but it
was not under F2 condition. As mentioned above,
the buckwheat grain had not enough time for Se
offtake under F2 treatment in our study resulting
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of Se uptake depends on the concentration and
chemical form of Se in the soil solution, as well
as rhizosphere conditions such as pH and the
presence of sulfate and phosphate, which compete
with Se uptake (Sors et al. 2005). Thus, it led to
the Se usability of grain decrease under soil Se
application condition in our study.

As shown in Table 3, Se concentrations in dif-
ferent parts of common buckwheat were signifi-
cantly correlated with Se application methods,
with the exception of root concentration under
foliar spray Se condition (P < 0.05). Our results

35 - 4 2013

11
25 4
b

2 4
bc

15 | c

1

05 |

0 S
2 L M

T T

F1 F

bc
H

Figure 2. Selenium (Se) usability of common buckwheat grain. Means followed by different letters indicate signifi-

cant differences between treatments at P < 0.05. Foliar spray Se application: F1 — 5, F2 — 10 g Se/ha; soil application:

L-6,M-12,H - 18 g Se/ha
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Table 3. Correlations between selenium (Se) concentrations in various parts of common buckwheat and two Se

fertilizer application methods

Year Treatment Root Stem Leaf Grain
2012 foliar spray -0.045 0.569** 0.809** 0.388%*
soil application 0.689** 0.742%* 0.385* 0.827%*
2013 foliar spray -0.072 0.557** 0.642** 0.471*%
soil application 0.672%* 0.674** 0.322* 0.845**

*P < 0.05; **P < 0.01

show that Se concentration in grains was the high-
est correlation coefficient (0.827, 0.845) in soil Se
treatments, but it was 0.809 and 0.642 in leaves
under foliar spray conditions. These observations
indicated that a better Se accumulation in grain
may be via soil Se application. Se content of leaves
increased greater than that in grains by foliar spray
Se, probably due to the Se application period (part
of F2) which was 30 days before harvest in our
study, giving limited time for common buckwheat
leaves to transfer Se into grains. In addition, the
Se of foliar spray probably affected crop Se uptake
form its roots resulting in the negative correlation
(—0.045, —0.072) between foliar spray Se and the
Se content of roots.

The effects of Se application on seeds per plant,
1000-kernel weight (TKW), and grain yield of
common buckwheat were showed in Table 4. The
seeds per plant were significantly affected by soil
Se application in 2012/2013 (P < 0.05). In 2013, the
grain yield was influenced by either foliar spray or
soil application of Se (P < 0.05). Compared to FO, the
grain yield of F1 was increased by 3.65% and 10.25%
in 2012/2013, respectively (Table 5). Under soil Se
application conditions, mean yields of buckwheat
grain fluctuated between 2890.5-3058.6 kg/ha

in 2012, and 2966.4-3352.8 kg/ha in 2013. The
highest yield was harvested in M and L treatment
in both years, respectively. Due to no significant
effect of Se application on TKW, the increased
seeds per plant resulted in the grain yields in-
creasing properly, but an excessive Se application
could decreased the grain yield (F2 and H). Mean
grain yield in 2012 was lower than that in 2013,
the difference of weather conditions (Figure 1)
influenced the two-year grain yields significantly.

Selenium is an essential element for humans and
livestock, although no essential function has yet
been proven in vascular system of plants (Broadley
et al. 2010). However, studies concerned with Se
effects on crop yield gave controversial results.
Some studies reported little effect of Se on crop
grain yield, such as wheat (Ducsay and Lozek 2006),
maize (Chilimba et al. 2012), and soybean (Yang et
al. 2003), while others reported that Se improved
grain yield of maize (Wang et al. 2012), wheat
(Nawaz et al. 2015), and rice (Zhang et al. 2014).
In this study, observations in the field condition
showed an increase in yield of buckwheat under
appropriate Se application levels (F1, L and M),
but the grain yield of buckwheat did not increase
with the amount of Se application (F2, H) (Table 5).

Table 4. Variation of significance in foliar spray and soil application of selenium (Se) fertilizer for seeds per

plant, 1000-kernel weight (TKW) and grain yield

Variation 2012 2013

source seeds/plant TKW (g) grain yield (kg/ha) seeds/plant TKW (g)  grain yield (kg/ha)
Foliar spray (V,) ns ns ns ns ns e

Soil application (V,) * ns ns ns

V,xV, ns ns ns ns ns ns

CV (%) 17.52 3.28 12.96 8.15 3.72 17.58

P>F 0.283 0.015 0.730 0.081 0.901 0.042

*0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; ns — not significantly different; CV — coefficient of variation; F — F-value
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Table 5. Effects of foliar spray and soil application of selenium (Se) fertilizer on seeds per plant, 1000-kernel

weight (TKW) and grain yield

2012 2013
Factor Treatment
seeds/plant TKW (g) grain yield (kg/ha) seeds/plant TKW (g) grain yield (kg/ha)

FO 217.43 26.12 2907.32 248.22 28.93 3071.9b
Foliar F1 224,32 27.5 3013.5% 251.8% 28.42 3386.82
spray

F2 220.42 27.12 2860.82 246.92 28.13 2900.5P

C 221.82P 26.12 2890.5? 239.1P 28.32 3292.6%P
Soil L 214.73b 27.12 2891.92 269.12 28.23 3352.82
application M 242.12 27.42 3058.62 255.73b 28.23 3220.42b

H 204.2P 25.92 2933.72 237.4P 28.07 2966.4P

Means followed by different letters indicate significant differences between treatments at P < 0.05. Foliar spray Se ap-
plication: FO — 0, F1 — 5, F2 — 10 g Se/ha; soil application: C—-0,L - 6, M — 12, H — 18 g Se/ha

Our results correspond with the previous study
(Zhang et al. 2014) on rice plants, in which they
will wee the influence of Se application on rice
yield. Moreover, soil texture, its physicochemical
characteristics, method and time of Se application
also influence its relative effectiveness (Lyons et
al. 2005) in improving the yield of crops (Nawaz
et al. 2015).

The present study indicated that Se accumula-
tion in common buckwheat was closely associated
with the application rate of Se. The appropriate Se
application in the common buckwheat cultivation
might prompt grain yield improvement. We also
observed a significant interaction effect between
foliar spray Se and soil basal application Se ferti-
lizer in Se accumulation of common buckwheat.
The mechanism of the interaction effect needs
to give a further research for understanding the
plant Se uptake well.

REFERENCES

Altansuvd J., Nakamaru Y.M., Kasajima S., Ito H., Yoshida H. (2014):
Effect of long-term phosphorus fertilization on soil Se and transfer
of soil Se to crops in northern Japan. Chemosphere, 107: 7-12.

Broadley M.R., Alcock J., Alford J., Cartwright P., Foot I., Fair-
weather-Tait S.J., Hart D.]J., Hurst R., Knott P., McGrath S.P.,
Meacham M.C., Norman K., Mowat H., Scott P., Stroud J.L.,
Tovey M., Tucker M., White P.J., Young S.D., Zhao E.J. (2010):
Selenium biofortification of high-yielding winter wheat (7Triti-
cum aestivum L.) by liquid or granular Se fertilisation. Plant

and Soil, 332: 5-18.

376

Chilimba A.D.C., Young S.D., Black C.R., Meacham M.C., Lam-
mel J., Broadley M.R. (2012): Agronomic biofortification of
maize with selenium (Se) in Malawi. Field Crops Research,
125:118-128.

Curtin D., Hanson R., Van Der Weerden T.J. (2008): Effect of sele-
nium fertiliser formulation and rate of application on selenium
concentrations in irrigated and dryland wheat (Triticum aestivum).
New Zealand Journal of Crop and Horticultural Science, 36: 1-7.

Ducsay L., Lozek O., Varga L., Losak T. (2006): Effects of winter wheat
supplementation with selenium. Chemické listy, 100: 519-521.

Ducsay L., Lozek O. (2006): Effect of selenium foliar application
on its content in winter wheat grain. Plant, Soil and Environ-
ment, 52: 78-82.

Djanaguiraman M., Prasad P.V., Seppanen M. (2010): Selenium
protects sorghum leaves from oxidative damage under high
temperature stress by enhancing antioxidant defense system.
Plant Physiology and Biochemistry, 48: 999-1007.

Germ M., Pongrac P., Regvar M., Vogel-Mikus K., Stibilj V.,
Ja¢imovi¢ R., Kreft I. (2013): Impact of double Zn and Se bio-
fortification of wheat plants on the element concentrations in
the grain. Plant, Soil and Environment, 59: 316-321.

Hlusek J., Jazl M., Cepl J., Losak T. (2005): The effect of selenium
supplementation on its concentration in potato tubers. Chem-
ické listy, 99: 515-517.

Hartikainen H. (2005): Biogeochemistry of selenium and its im-
pact on food chain quality and human health. Journal of Trace
Elements in Medicine and Biology, 18: 309-318.

Hsu C.K., Chiang B.H., Chen Y.S., Yang J.H., Liu C.H. (2008):
Improving the antioxidant activity of buckwheat (Fagopyrum
tataricm Gaertn) sprout with trace element water. Food Chem-
istry, 108: 633-641.

Lyons G.H., Genc Y., Stangoulis J.C., Palmer L.T., Graham R.D.
(2005): Selenium distribution in wheat grain, and the effect of



Plant Soil Environ.

Vol. 61, 2015, No. 8: 371-377

postharvest processing on wheat selenium content. Biological
Trace Element Research, 103: 155-168.

Li H.F,, Lombi E., Stroud J.L., McGrath S.P., Zhao F.J. (2010):
Selenium speciation in soil and rice: Influence of water man-
agement and Se fertilization. Journal of Agricultural and Food
Chemistry, 58: 11837-11843.

Nawaz F., Ahmad R., Ashraf M.Y., Waraich E.A., Khan S.Z. (2015):
Effect of selenium foliar spray on physiological and biochemical
processes and chemical constituents of wheat under drought
stress. Ecotoxicology and Environmental Safety, 113: 191-200.

Rayman M.P. (2006): The importance of selenium to human health.
Lancet, 356: 233-241.

Ray K., Sengupta K., Pal A.K., Banerjee H. (2015): Effects of
sulphur fertilization on yield, S uptake and quality of Indian
mustard under varied irrigation regimes. Plant, Soil and En-
vironment, 61: 6-10.

Sors T.G., Ellis D.R., Salt D.E. (2005): Selenium uptake, transloca-
tion, assimilation and metabolic fate in plants. Photosynthesis
Research, 86: 373-389.

Stroud J.L., Broadley M.R,, Foot I, Fairweather-Tait S.J., Hart D.J.,
Hurst R., Knott P., Mowat H., Norman K., Scott P., Tucker M.,
White P.J., McGrath S.P., Zhao E.J. (2010): Soil factors affecting
selenium concentration in wheat grain and the fate and specia-

tion of Se fertilisers applied to soil. Plant and Soil, 332: 19-30.

doi: 10.17221/284/2015-PSE

Vogrinc¢i¢ M., Cuderman P., Kreft I., Stibilj V. (2009): Selenium
and its species distribution in above-ground plant parts of se-
lenium enriched buckwheat (Fagopyrum esculentum Moench).
Analytical Sciences, 25: 1357-1363.

Wang S., Liang D.L., Wang D., Wei W., Fu D.D,, Lin Z.Q. (2012):
Selenium fractionation and speciation in agriculture soils and
accumulation in corn (Zea mays L.) under field conditions in
Shaanxi province, China. Science of The Total Environment,
427-428: 159-164.

Winkel L.H.E., Johnson C.A., Lenz M., Grundl T., Leupin O.X.,
Amini M., Charlet L. (2012): Environmental selenium research:
From microscopic processes to global understanding. Environ-
mental Science and Technology, 46: 571-579.

Yang F.M., Chen L.C., Hu Q.H., Pan G.C. (2003): Effect of the
application of selenium on selenium content of soybean and
its products. Biological Trace Element Research, 93: 249-256.

Zhang M., Tang S.H., Huang X., Zhang F.B., Pang Y.W., Huang Q.Y.,
Yi Q. (2014): Selenium uptake, dynamic changes in selenium
content and its influence on photosynthesis and chlorophyll
fluorescence in rice (Oryza sativa L.). Environmental and

Experimental Botany, 107: 39-45.

Received on April 30, 2015
Accepted on June 29, 2015

Corresponding author:

Prof. Dr. Yuegao Hu, China Agricultural University, College of Agriculture and Biotechnology,

Beijing 100 193, P.R. China; e-mail: huyuegao@cau.edu.cn

377



