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Abstract

Received:

A pot experiment was conducted to evaluate the effect of zinc (Zn) fertilizer rates: 0,
5, 10,and 15 mg Zn / kg soil on Zn and selenium (Se) concentrations in brown rice and
polished rice of Z3055B and Z5097B, two Se rich genotypes and R725, Se low genotype
to remote Zn and Se malnutrition for human health including the impact of Zn supply on
Se concentration, enzymes activity, grain yield and nutrient loss. Enzymes activity and
grain yield significantly increased at 5 mg Zn as compared to control. At 10 and 15 mg Zn,
Zn concentration in brown rice significantly improved as compared to control but not
significantly improved in polished rice. Zn supply enhanced Se concentration increase
in brown rice and polished rice at 10 and 15 mg Zn as compared to control. Regarding
nutrient content, Z5097B could maintain the highest Zn concentration in polished rice
among three genotypes. Z3055B and Z5097B could accumulate higher Se concentration
in brown rice and polished rice. Owing to polishing, Zn loss was higher than Se, and
Z5097B showed the lowest Zn loss. The results showed that Zn supply provided Se
increase in grain and Z5097B can be recommended to solve Zn and Se malnutrition.
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Introduction
Micronutrients, zinc (Zn) and selenium (Se) play an important
role in human growth, development, and maintenance of the
immune system. The Recommended Dietary Allowance (RDA) for
Zn and Se nutrients are respectively 15 mg and 0.07 mg/day for
both adults and children [1]. However, Zn dietary deﬁciency is
considered as substantial global health and the nutritional problem
which affects one – third of the world population [2,3]. Se deficiency
adversely affects 15 % of the worldwide population, and Keshan
and Kashin-Beck diseases in China are well -known diseases due
to consumption of Se deﬁcient food generally cultivated on Se
deﬁcient soils [4]. According to the nutritional observation, 2428 mg/kg Zn concentration in polished rice is essential for 30%
of human estimated average requirement as rice is one of the
most important global staple food crops with a very long history
of cultivation and 62-190 kg/year, the per “capita” consumption
of rice [2,5]. However, grain yield and Zn concentration are low
because about 30% of the cultivable soils are low in Zn, especially
in arid and semiarid regions due to be low organic matter, high pH
and CaCO3 content in soils [6,7].
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Moreover, brown rice is composed of bran (6-7 %), endosperm
(90 %) and embryo (2–3 %) by weight. Although brown rice shows
20-25 Zn mg/kg, polished rice contains only 16-17 mg/kg of Zn as
Zn in the outer layer of the grains was removed during dehusking
and milling [8,9]. Further, consumers prefer polished rice which
loses on an average 24 % of Zn during milling as compared 50.3
Zn mg/kg in aleurone and embryo to 8.6 Zn mg/kg in polished rice
[10]. These may result in Zn malnutrition of people who depend on
a rice-based diet. The differential depositions of mineral in bran,
embryo, and endosperm of developing grains were important in
generating genetic variation in grain Zn concentration of the cereals [11]. Therefore, it would be more appropriate to study the genotypic variation of Zn concentration in polished rice as rice is consumed primarily in the polished state. In addition, Zn plays a vital
role in several physiological processes of plant growth and metabolism including enzyme activation, CO2 fixation and maintenance of
biological membranes, protein synthesis, metabolism of carbohydrates, lipids, auxins, nucleic acids, gene expression, regulation and
pollen formation [12-14]. Zn deficiency of nearly half of the cereal
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growing areas of the world can also adversely affect the quality of
harvested products, the susceptibility of plants against high light,
high temperature and fungal infection [15].

Therefore, SOD enzyme, a cupro-zinc protein becomes highly
important to maintain Zn homeostasis in plant cells to protect them
from various kinds of stress because SOD scavenges superoxide
radicals and catalases (CAT) transform H2O2 to H2O to counteract
ROS in the plant [16]. Although Zn application can increase seed
yield and improve the resistance of plants to environmental stresses (Zn deficient soil, water stress, etc.) in previous reports, we need
to observe the response of SOD and CAT enzymes activity under
sufficient Zn application of different genotypes. Regarding Zn fortification, Zn concentration in grain may be increased by applying
Zn fertilizer to the soil or directly to the plants for the short term
[17]. It was found that Zn foliar application increased the number of
wheat grains per spike and increased the seed yield and oil percentage in corn and Zn concentration in whole grain was signiﬁcantly
pronounced by spraying Zn at the milk and dough stage [18,19].
Zn soil application increased 29 and 95% of grain yield and wholegrain Zn concentration with 74% of whole-grain Zn bioavailability
[20]. On the other hand, Zn application has a relationship with another nutrient uptake and concentration in grain [19].

Se had an antagonistic effect on Zn absorption by Zn-depleted
rats, and Zn had an antagonistic effect on Se absorption by Znadequate rats [21]. SeO4−2 caused a slight increase of Zn in half
of the wheat lines and suppressed by SeO3 −2 in the majority of
the lines [22] [23] reported that Se metabolism competes with
sulfate assimilation and Se compounds are formed as a result of
the sulfate assimilatory pathway and sulfur amino acid-derived
metabolism. The current study was, therefore investigated to
evaluate the impact of Zn soil application on zinc and selenium
concentrations in brown rice and especially polished rice of two Se
rich rice genotypes(selenium concentration ≥0.04 mg/kg according
to the national standard of China) and one low Se rice genotype
released from the rice breeding program to overcome Se deficiency
for human health, including the effect of sufficient Zn fertilization
on the enzymes activity and grain yield in order to provide the
information for the selection of rice genotypes with substantial
capacity to acquire minerals for crop biofortiﬁcation with these
micronutrients in polished rice. Furthermore, among three selected
genotypes, the different percent loss of nutrients due to polishing
processes was assessed for sustainable enriched zinc and selenium
in polished rice.

Materials and Methods

Plant Material and Field Experimentation
The current study was conducted at the experimental field
of Hybrid Rice Department, Rice Research Institute, Sichuan
Agricultural University in China with pot culture method during
summer season (2018). The experimental soil had sandy loam
texture, 5.8 pH, 38.4 g organic carbon, 141 mg extractable nitrogen,
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28.1 mg phosphorus, 113 mg potassium, 2.75 mg zinc, 0.24 mg
selenium, 2.75 mg Sulphur and 0.13 mg cadmium / kg of soil. Three
rice genotypes used for the current experiment were Z5097B
(Se rich rice genotype) and Z3055 B (Se rich rice genotype), and
R725 (Se low rice genotype). In the field, 10 kg of soil was filled
into plastic pots (diameter 30cm, height 27.3cm) after leaving 8cm
from the top for standing water. At one week before transplanting,
zinc sulphate (ZnSO47H2O) by making a solution with 500 mL of
water was added into each pot. The experiment contained four Zn
treatments viz 0,5,10,15mg Zn/kg of soil arranged in randomized
completely block design with three replications. The nitrogen,
phosphorus and potassium fertilizers were given to each pot as the
recommended fertilizers dose on a soil weight basis. Four hills of
24-day seedlings of each genotype were transplanted into each pot
from seedbed. Watering was done once in two days.

Determination of Total Chlorophyll and Carotenoids

Total chlorophyll and carotenoids in four flag leaves per pot
were determined at the flowering time using the protocol reported

by Krishnan [24]. At first, fresh leaf sample (0.1g) was chopped into
small pieces and then was added into each test tube with 25 mL of
80% acetone and thereafter placed in the dark for 12 h for allowing
chlorophyll extraction from the samples. The clear supernatant was
taken, and the absorbance was recorded at the wavelength 663, 646
and 470 nm using 80% acetone as a blank with a spectrophotometer
(DU-730; America Beck Man Coulter).

Superoxide Dismutase (SOD) Activity (EC 1.15.1.1)

The samples (0.1g) from four flag leaves at the flowering time
were ground and homogenized with 1mL extraction buffer solution
on the ice according to the SOD kit instruction (100/96) purchased
from COMIN, Suzhou Comin Biotechnology Co. Ltd, of China (www.
cominbio.com). The homogenate was centrifuged at 8000 g at 4°C
for 10 minutes to produce the supernatant. The reaction mixture
in each tube contained 45 μl of reagent 1, 100μl of reagent 2, 2μl of
reagent 3, 18 mL of enzyme extract and 35mL of reagent 4 in order.
One blank tube was carried out with water without a sample in the
same way. After 30 min, SOD activity was assayed at 560 nm with
UV visible spectrophotometer (Thermo Scientific, BIOMATE 3S).

Catalase Activity (EC 1.11.1.6)

The samples (0.1 g) from four flag leaves at the flowering time
were ground and homogenized with 1mL extraction of buffer
solution on the ice according to CAT kit instruction (100/96)
purchased from COMIN, Suzhou Comin Biotechnology Co. Ltd, of
China (www.cominbio.com). The homogenate was centrifuged at
8000 g at 4°C for 10 min to produce the supernatant. And then,
10 μl sample and 190 μl working solution were added and mixed
into the microcuvette. After 30 min, CAT activity was assayed
by recording the initial absorbance value (A1) at 240 nm and
the second absorbance value (A2) after 1 min with UV visible
spectrophotometer (Thermo Scientific, BIOMATE 3S).
16206

Volume 21- Issue 5

DOI: 10.26717/BJSTR.2019.21.003666

Grain Yield and Total Dry Matter

Statistical Analysis

To determine the grain yield and total dry matter (total weight
of dry plant above the soil in the pot), rice plants from each pot were
harvested at maturity. After drying, threshing and winnowing, the
weight of grain and total dry matter including culms, tiller, leaves,
and panicles (g/pot) were recorded from each pot.

All the data were subjected to statistical analysis in two-way
ANOVA using IBM SPSS 25 software. Differences between the
treatments and genotypes were performed by Duncan’s Multiple
Range Test (DMRT) at a 5% confidence interval (P<0.05).

Preparation of Rice Powder

After drying and winnowing grains, husks were removed
using a laboratory-scale dehulling machine (JLG-II, Da Ji Co., Ltd,
Hangzhou, P. R. China). Some of the brown rice samples were
subjected to preliminary processing with a miller (JNM-III, CHINA
GRAIN RESERVES CORPORATION) to obtain polished rice for 200
s. The resulted polished rice and brown rice were ground using a
machine (F160, Zhong Xing Co., Ltd, Beijing, PR. China) to make
powder and then these powders were passed through a 100-grade
sieve to obtain the flour.

Determination of Zinc Concentration

According to the China Government’s National food safety
standard of Zn determination in foods (GB5009.14-2017), 0.1 g of
subsamples with 10 ml of nitric acid and perchloric acid mixture
(10:1) were added into 25 mL Kjeldahl ﬂasks with funnels and then
placed in a water bath at 30°C for 40 min. After predigesting at
room temperature for one night, flasks were heated on an electric
hot plate at 160°C for 4 h. When the digestive solution changed
to colorless, the temperature was raised to 180 °C for 4 h. When
the solution became colorless and clear, the remainders 1-2 ml
were diluted to 10 ml with ultrapure water after cooling. Blank
digestion was also carried out in the same way. Zinc concentrations
of samples were determined after preparing a Zn standard solution
curve with atomic absorption spectrometer (AAS).

Determination of Selenium Concentration

Selenium concentration was determined by the China
Government’s National food safety standard determination of Se in
foods (GB 5009.932010) with a little modification. At first, 0.1 g of
subsamples with 10 ml of nitric acid and perchloric acid mixture
(10:1) was added into 25 ml Kjeldahl ﬂasks with funnels and then
placed in a water bath at 30 °C for 40 min. After predigesting at
room temperature for one night, the flasks were heated on an
electric hot plate at 120°C. When the color of flasks changed from
red brown to yellow, the temperature was raised to 140°C. And then
when the color changed to white, the temperature was raised to
160°C. When the samples were completely mineralized, 5 ml of HCl
and H2O mixture (10:1) was added after cooling and then the flasks
were heated again at 180°C. When the solution became colorless
and clear, the remainders were diluted with ultrapure water to 10
ml. Blank digestion was also carried outinthe same way. And then,
Se concentration was determined with a Se standard solution curve
using atomic ﬂuorescent spectrometry AFS-2100, Beijing Kechuang
Hegang Instrument, China with a Se standard solution curve.
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Result

Total Chlorophyll and Carotenoids
The effect of different levels of Zn soil application on total
chlorophyll and carotenoids in leaves of three rice genotypes is
shown in Table 1. According to the current results, the main effect
of Zn treatments on total chlorophyll content and carotenoids
was observed to be statistically significant (P < 0.05). The total
chlorophyll content significantly increased at three concentrations
of Zn supply: Zn5, Zn10, and Zn15 as compared to no Zn application
but no signiﬁcant diﬀerences between Zn treatments while
carotenoids significantly increased at Zn15. The main effect of
genotypes was found to be statistically significant (P < 0.05),
and the two genotypes, Z3055B and Z5097B showed the higher
total chlorophyll content as compared to R725 while the highest
carotenoid was found in Z5097B. Influence of interaction effect
of genotypes and Zn treatments on total chlorophyll content and
carotenoids was found statistically no significant (P < 0.05).
Table 1: Total chlorophyll and carotenoids in flag leaves of rice
genotypes at flowering time as affected by Zinc (Zn).
Treatment

Total Chlorophyll Content
(mg/g of fresh weight)

Carotenoids (mg/g of
fresh weight)

Zn (mg/kg of soil)
Zn 0

3.00 b

Zn 10

3.64 a

Zn 5

Zn 15

SEm±

2.46 b

3.50 a

2.61 ab

3.80 a

2.85 a

0.12

Genotype (G)

2.61 ab
0.1

Z3055B

3.70 a

2.50 b

R725

3.03 b

2.18 c

Z5097B
SEm±
ZnxG

3.72 a
0.1

Interaction

ns

3.22 a
0.09
ns

Note: Data in column with same letter are not significantly
different at the 0.05 level by least significant difference test; SEm±
and ns stand for means of standard error and no significant
difference respectively

Superoxide Dismutase (SOD) and Catalase (CAT)Activity
The effect of different rates of Zn soil application on SOD and CAT
enzymes activity in leaves of three rice genotypes is shown in Table
2. Main effect of Zn treatments on SOD was found to be statistically
significant (P < 0.05). At two concentrations of Zn supply: Zn5 and
16207
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Zn10, SOD activity signiﬁcantly increased comparing with Zn0
but no signiﬁcant diﬀerences between Zn5 and Zn10 treatments.
Main effect of genotypes was found to be statistically significant
(P < 0.05) and R725 showed the higher SOD activity as compared
to Se rich rice genotypes, Z3055B and Z5097B. CAT activity in flag
leaves at the flowering time significantly increased under Zn supply
(P <0.05). CAT activity in flag leaves at the treatment of Zn5 was
higher than that in the treatment of Zn10 and Zn15. The highest
level of CAT was found in Z3055B among three genotypes and the
influence of theinteraction effect of genotypes and treatments on
CAT was found statistically no significant.
Table 2: Total chlorophyll and carotenoids in flag leaves of rice
genotypes at flowering time as affected by Zinc (Zn).
Treatment

Superoxide dismutase
(SOD) activity (U/g of fresh
weight)

Catalase (CAT) activity
(nmol/g /min/g of fresh
weight)

Zn (mg/kg of soil)
Zn 0

394.45 b

Zn 10

497.22 a

516.12 ab

27.16

21.73

Zn 5

429.42 c

493.20 a

529.89 a

Zn 15

454.09 ab

Z3055B

368.29 b

701.51 a

R725

650.78 a

532.82 b

SEm±
Z5097B
SEm±
ZnxG

462.86 bc

Genotype (G)

360.16 b

219.39 c

23.52

18.82

Interaction

ns

ns

Note: Data in column with same letter are not significantly
different at the 0.05 level by least significant difference test; SEm±
and ns stand for means of standard error and no significant
difference respectively.

Grain Yield and Total Dry Matter Per Pot
Table 3: Grain yield and total dry matter of rice genotypes as
affected by Zinc (Zn).
Treatment

Grain yield(g/pot)

Total dry matter(g/pot)

Zn (mg/kg of soil)
Zn 0

98.43 b

190.49 b

114.60 a

219.02 a

Zn 5

112.34 a

Zn 15

114.79 a

Zn 10
SEm±

2.01

Genotype (G)

218.70 a

Interaction

Treatment

Zn concentration in Brown
rice (mg/kg)

Zn 0

33.14 b

185.31 c
2.42
**
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Zn concentration in
Polished rice(mg/kg)
17.11 a

Zn 10

36.90 a

18.93 a

Zn (mg/kg of soil)
Zn 5

Zn 15
Sem±

32.46 b
37.26 a
1.24

Genotype (G)

1.07

250.80 a

ns

Table 4: Zinc concentration in brown rice and polished rice of
rice genotypes as affected by Zinc (Zn).

Sem±

2.78

123.07 a

ZnxG

genotypes (Table 4). The main effect of Zn treatmentson Zn
concentration in brown rice was found to be statistically significant.
At two concentrations of Zn supply: Zn10 and Zn15, Zn concentration
in brown rice signiﬁcantly increased comparing to Zn0 and Zn5 but
no signiﬁcant diﬀerences between the treatments of Zn10, and
Zn15 (P < 0.05). The main effect of genotypes was observed to be
statistically significant, and the two genotypes, Z3055B and R725
(35.29 and 37.88 mg/kg) showed the higher Zn concentration in
brown rice as compared to Z5097B (31.65 mg/kg). Influence of
interaction effect of genotypes and treatments on Zn concentration
in brown rice was found statistically no significant (P < 0.05).

31.65 b

R725

1.07

According to the current results, Zn soil application revealed
signiﬁcant eﬀect on Zn concentration in brown rice of three rice

Z5097B

200.35 b

SEm±

Zinc Concentration in Brown Rice

Z3055B

106.58 b
100.48 b

According to the current results, Zn application exerted
signiﬁcant eﬀect on the grain yield and total dry matter of three
rice genotypes (Table 3). At three concentrations of Zn supply: Zn5,
Zn10 and Zn15, the grain yield and total dry matter signiﬁcantly
increased comparing Zn0 but no signiﬁcant diﬀerences between the
Zn treatments (P < 0.05). The main effect of genotypes was found to
be statistically significant and R725 showed the higher grain yield
and total dry matter as compared to Z3055B and Z5097B (P < 0.05).
Influence of interaction effect of genotypes and treatments on the
grain yield was found statistically no significant but significant
influence effect of genotypes and treatments interaction on the
grain yield and total dry matter.

220.39 a

Z3055B
Z5097B

Note: Data in column with same letter are not significantly
different at the 0.05 level by least significant difference test;
SEm±, ns and ** stand for means of standard error, no significant
difference and significant at the 0.01 respectively.

R725
ZnxG

18.71 a
19.26 a
1.16

35.29 a

16.78 b

37.88 a

17.37 b

Interaction

ns

21.36 a
1

ns

Note: Data in column with same letter are not significantly
different at the 0.05 level by least significant difference test;
Sem± and ns stand for means of standard error and no significant
difference respectively.
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Zinc Concentration in Polished Rice
The effect of different levels of Zn soil application on Zn
concentration in polished rice of three rice genotypes is shown in
Table 4. Zn concentration in polished rice no significantly increased
under three concentrations of Zn supply: Zn5, Zn10 and Zn15as
compared to no Zn application according to the results (P < 0.05).
Main effect of genotypes was found to be statistically significant (P
< 0.05) and Z5097B (21.36 mg/kg) could accumulate the higher
Zn concentration in polished rice as compared to Z3055B and
R725 (16.78 and 17.37 mg/kg). Influence of interaction effect of
genotypes and treatments on Zn concentration in polished rice was
found statistically no significant (P < 0.05).

Selenium Concentration in Brown Rice

The effect of different levels of Zn soil application on Se concentration in brown rice of three rice genotypes is shown in Table
5. The result exerted the signiﬁcant eﬀect of increasing Zn addition
on Se concentration in brown rice. Se concentration in brown rice
significantly could accumulate at Zn10 supply as compared to Zn0,
Zn5 and Zn15 (P < 0.05). The main effect of genotypes was found to
be statistically significant (P < 0.05), and two Se rich rice genotypes,
Z3055B and Z5097B (0.052 and 0.056 mg/kg) showed the higher
Se concentration in brown rice as compared to R725 (0.038 mg/
kg). Influence of interaction effect of genotypes and Zn treatments
on Se concentration in brown rice was found statistically no significant (P < 0.05).

Selenium Concentration in Polished Rice

The effect of different rates of Zn soil application on Se
concentration in polished rice of three rice genotypes is shown
in Table 5. Increasing Zn supply significantly could increase Se
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concentration in polished rice. At the rates of Zn supply: Zn10 and
Zn15, Se concentration in polished rice improved as compared to
Zn0 and Zn5 (P < 0.05) but no signiﬁcant diﬀerences between the
treatments of Zn10 and Zn15. Main effect of genotypes was found to
be statistically significant and two Se rich rice genotypes (P< 0.05),
Z3055B and Z5097B (0.049 and 0.050 mg/kg) showed the higher
Se concentration in polished rice as compared to R725 (0.033 mg/
kg). Influence of interaction effect of genotypes and treatments
on Se concentration in polished rice was observed statistically no
significant (P < 0.05).
Table 5: Selenium (Se) concentration in brown rice and polished
rice of rice genotypes as affected by Zinc (Zn).
Treatment

Zn concentration in Brown
rice (mg/kg)

Zn concentration in
Polished rice(mg/kg)

Zn (mg/kg of soil)
Zn 0

0.048 ab

Zn 10

0.052 a

Zn 5

0.04 b

0.045 b

0.042 b

Zn 15

0.050 ab

0.047 a

Z3055B

0.052 a

0.049 a

R725

0.038 b

0.033 b

ZnxG

ns

SEm±
Z5097B
SEm±

0.002

Genotype (G)

0.056 a
0.002

Interaction

0.046 a
0.002

0.050 a
0.001
ns

Note: Data in column with same letter are not significantly
different at the 0.05 level by least significant difference test; SEm±
and ns stand for means of standard error and non - significant
difference respectively

Zinc and Selenium Losses Owing to Milling and Polishing Operation

Figure 1: Means of Zinc concentration in brown rice and polished rice of rice genotypes (A), means of 507 Selenium concentration
in brown and polished rice under zinc application with three replications (B) and 508 percent loss of Zinc and Selenium owing
to milling and polishing (C).
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When Zn and Se concentrations in brown rice and polished rice
of all genotypes were assessed in the current study, Zn and Se losses
due to the polishing were 32.7 and 8.3 % in Z5097B, 50.7 and 7.1 %
in Z3055B, 13.44 and 55.08 % in R725 respectively shown in Figure
1. It was found that percent loss of Zn nutrient was higher than Se
nutrient due to milling and polishing operation. Moreover, it was
observed that the percent loss of Zn in Z5097B was the lowest and
the highest percent loss of Zn in R725.

Discussion

Zn is an essential plant nutrient that plays an important
role in plant growth. It has been reported that Zn promotes
chlorophyll synthesis as a structural and catalytic component of
proteins, enzymes, and as co-factor for normal development of
pigment biosynthesis [25]. In previous reports, 5 mg/kg of soil Zn
application increased total chlorophyll content in rice leaves and
14 Zn mg/kg of soil could increase SPAD values improving plant
photosynthetic characteristics under water stress in wheat [26,27].
In the current study, it was observed that total chlorophyll content
increased under Zn application but increasing Zn supply could not
increase total chlorophyll content.

It was reported that a Zn efficient rice variety contains higher
chlorophyll content than a Zn inefficient rice variety under Zn
application [26]. According to the current results, two Se rich
rice genotypes, Z3055B and Z5097B contained the higher total
chlorophyll content. Carotenoids scavenge free radicals, which are
generated owing to excess excitation energy from chlorophyll during
photosynthesis. It was reported that a decrease in carotenoids of
the black gram was more marked under Zn deficiency than excess
[28]. In the current study, an increase in carotenoids was marked
at Zn15 supply. It was reported that a relative decrease was more
marked in the Zn deficient plants of pea genotype [29]. In the
current study, the highest carotenoids were also found in Z5097B,
Se rich genotype. According to the current results, the different
response of total chlorophyll and carotenoids under Zn application
might be due to Se rich genotype or the environmental condition at
the different flowering time of three rice genotypes.
Zinc is an essential plant nutrient that acts as a metal
component and a functional, structural and regulator cofactor of
many enzymes. There was a positive relationship between zinc
applications, yield and the activity of two enzymes; SOD and acid
phosphatase (AcPh) activity with the proper functioning of the
enzymes under zinc sufficient conditions [30]. On the other side,
SOD and CAT are well-known enzymes that constitute the ﬁrst
line of defense against reactive oxygen species (ROS) within a cell
[12,31]. The previous research reported that soil application (5 Zn
mg /kg of soil) increased SOD activity of two rice cultivars and 14
mg Zn/kg of soil application signiﬁcantly increased SOD gene and
CAT expression under water stress in wheat [26,27]. In the present
experiment, Zn soil application increased SOD and CAT activity as
compared to no Zn application although there was no significant
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increase under the increased Zn supply. The lowest SOD activity in
Se rich genotypes might be possible due to the genotype difference
of maintainer and restorer line.
Moreover, the lowest SOD in Se rich rice might be as glutathione
peroxidase (GSH-Px) and SOD activities were to some extent
underestimated due to denaturation processes during the enzyme
assays due to the potential presence of phenolic compounds and
protease activity [32], and Se might encounter with ROS resulted
in oxidation in proteins, nucleic acid, lipid peroxidation which
causes inactive enzymes, disruption membranes, mutations, cell
dealt. Moreover, it was observed that CAT activity was higher at
Zn5 supply as compared with Zn10 and Zn15 in the current study.
Zn efficient pea genotype demonstrated a significantly higher SOD
and CAT activity in leaves at Zn deficient condition [29]. According
to the current results, the highest CAT activity was observed in
Z3055B, and no significant increase in SOD and CAT enzymes
activity under increased Zn addition might be affected by the
increase Zn application level as Zn is one of the heavy metals which
cause plant stress, and the lowest SOD and CAT enzymes activity
of Z5097B might be due to the plant height in the pot trail at the
flowering time as the plant height of Z5097B was the highest among
all genotypes. Earlier reports indicated that plant growth, yield, and
grain Zn concentration of many crops could be achieved through Zn
fertilization [32-35].

In field experiment, Ghoneim [36] mentioned that soil application of 15 kg/ha as ZnSO4 increased total N %, K % and available Zn
content in both grain and straw of rice. Ma et al. [27] reported that
14 mg/kg of soil Zn application increased the grain yield of wheat
in pot study. No significant effect beyond 5 mg Zn /kg of soil for
grain yield and total dry matter in the current study supported that
soil Zn concentrations beyond the critical limits may not be necessarily [37]. The variation in the potential grain yield among rice
genotypes demonstrated that genotype is an important contributor to overall variability and must be considered in Zn fertilization
management [20]. In the present results, the highest grain yield and
total dry matter of R725 is also possible due to biomass production
of restorer line with the longest growth maturity day among three
genotypes. Zn fertilizer application has been recommended as an
eﬀective way to increase grain yield and Zn concentration. A low
or high grain-Zn genotype is characterized by several mechanisms
such as soil moisture, exudation of low molecular-weight of organic
acid, anions activity of Zn-dependent enzymes, overexpression of
specific Zn transporters. It was reported that following 14mg/kg
of soil Zn application, grain Zn concentration of wheat enhanced
regardless of water treatment [27].
In our experiment, Zn10 and Zn15 application had the higher

Zn concentration in brown rice. Similar results were reported by
[20,38,39]. Therefore, the increased Zn concentration in brown rice
was the outcome of increased availability, absorption, translocation
and deposition of Zn in grain. Regarding Zn nutrient in polished
16210
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rice, Zn nutrient is almost exclusively stored in the husk, aleurone,
and embryo. In our experiment, Zn soil application could not
significantly improve Zn concentration in polished rice. Z5097B,
Se rich rice genotype could maintain the highest Zn concentration
(21.36 mg/kg) in polished rice among three genotypes although
Z3055B and R725 showed the higher Zn concentration in brown
rice. Jiang et al.[38] explained that the important role in Zn
transport from the nucellar epidermis and aleurone cells to the
endosperm (polished rice) is the apoplastic pathway within the
rice grain. Wang et al. [40] reported that Zn transport is inhibited
later during the grain filling stage due to large amounts of phytic
acid accumulated in the outer aleurone layer although there is no
particular restriction for Zn transport from aleurone to the inner
part of the endosperm during the early grain growth stage , and
Wirth et al. [41] found that over-expression of phytase degrades
phytic acid and enhances the availability of Zn fortification in rice.
Yang et al. [42] found that genotypic variation in Zn concentration
between the endosperm and the aleurone layers was due to partly
diﬀerences of Zn loading into the inner endosperm. In the current
study, the highest Zn concentration in polished rice of Z5097B
might be due to genotypic variation in Zn concentration between
endosperm and the aleurone layers among three rice genotypes.
From the current study, sufficient soil Zn fertilization could
promote Se concentration increase in brown rice and polished
rice. The possible reason might be an indirect relationship with
the ZnSO4 fertilizer in Sulphur (S) and phosphorus-deficient soil.
Because Se and S biochemistry and antagonistic effects on each
other during Se absorption and then Se compounds are formed as
a result of the sulfate assimilatory pathway and sulfur amino acidderived metabolism [23]. However, Fang et al. [43] reported that Zn
and Fe foliar spray did not affect the uptake and transport of Se from
the leaf to grain in rice due to the different uptake metabolism of Se
with Zn and Fe. Qian et al. [44] found that the application of single
Se and Zn or combined Se-Zn significantly affected Se distribution in
tea subcellular cells with the finding that Se was mainly distributed
in membranes and organelles by Se and Se-Zn interaction and
accumulated in cell wall by single Zn treatment. One more reason
might be that Zn is a micro-battalion and Zn containing enzymes
regulate and promote many plants process; CO2 fixation, maintain
membrane, protein synthesis, auxin formation, hormones such as
indole 3acetic acid (IAA) and gibberellin related to uptake most of
the nutrients. In the current study, genotypes differed significantly
in respect of Se concentration in the brown and polished rice. It
might be the reason that different root and leaf morphology which
can induce more Se uptake by phosphate transporters [45].
Concerning milling and polishing operation, the processing of
rice grain has only little effect on Se concentration of polished rice
products while there was a great reduction in Zn concentration.
The reason might be that Zn deposited in the protein storage
vacuole of aleurone and embryo stored with phytate as mineral salt
so-called globoids [46] and Se forms as selenomethionine in the
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protein storage evenly distributed in the different tissues of wheat
grain [43,47]. From the current study, the grain type of Z5097B is
short bold among three genotype and the lowest percent loss of
nutrient in Z5097B among three genotypes might be due to varietal
differences for the extent of loss which depends on other traits like
grain size, shape, and density under the same polishing time [34].

Conclusion

According to the current results, Zn had a cumulative effect on
Se in rice and Zn soil application (10 mg Zn/kg of soil) improved
grain yield, Zn and Se nutrients in brown rice. Z5097B, Se rich
rice genotype could highly maintain both Zn and Se nutrients in
polished rice even after polishing. Finding the difference of Zn
distribution in brown and polished rice among three rice genotypes,
for the cost- effective and sustainable strategy to remote Zn and
Se deficiency relied on rice as the staple diet, motivate breeders
to focus and develop new genotypes or select lines from already
existed genotypes in the market with elevated concentration of
micronutrients in polished rice in the future breeding program.
The current study was pot experiment and futher investigation is
required under field research trials.
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