
Research Article

Li Jin, Fan Xiao-lin, Zhu Yin-ling, Rao Gang-shun, Chen Ri-sheng, Duan Ting-ting*

Effects of irrigation and nitrogen fertilization
on mitigating salt-induced Na+ toxicity and
sustaining sea rice growth

https://doi.org/10.1515/biol-2022-0492
received June 02, 2022; accepted August 09, 2022

Abstract: This study investigated the effects of irrigation
and nitrogen (N) fertilization on mitigating salt-induced
Na+ toxicity and sustaining sea rice growth for perfecting
irrigation and fertilization of sea rice. Three irrigation
methods (submerged irrigation, intermittent irrigation,
and controlled irrigation), three kinds of N fertilizers
(urea, controlled release urea, and mixed N fertilizer),
and control treatment without NaCl were set up in a pot
experiment of sea rice with NaCl stress. The electrical
conductivity in root layer soil of treatment with mixed
N fertilizer and intermittent irrigation decreased slowly
with the growth of rice and was significantly smaller than
that of other treatments with NaCl. The Na+ content in sea
rice of intermittent irrigation was the least, and that of
submerged irrigation was significantly smaller than that
of controlled irrigation, but the K+ and Ca2+ contents of
three irrigation treatments were opposite to the Na+ con-
tent. The Na+ content of treatment with mixed N fertilizer
and intermittent irrigation was the lowest, while the K+,
Ca2+, and Mg2+ contents of mixed N fertilizer and inter-
mittent irrigation were the highest in treatments with
NaCl. The cell membrane permeability and malondialde-
hyde contents of rice leaves of mixed N fertilizer and
intermittent irrigation were significantly smaller than
those of other treatments with NaCl. The rice yield of
mixed N fertilizer was significantly greater than that of
urea and controlled release urea, and that of mixed N
fertilizer and intermittent irrigation was increased by
104, 108, 277, 300, and 334% compared with mixed N

fertilizer and submerged irrigation, urea and intermittent
irrigation, urea and submerged irrigation, controlled release
urea and intermittent irrigation, and controlled release urea
and submerged irrigation, respectively. Therefore, the treat-
ment of mixed N fertilizer and intermittent irrigation is
worth recommending for being used for planting sea rice
on coastal saline-sodic soil.

Keywords: sea rice, irrigation, nitrogen fertilization, saline-
sodic soil, sodium ions, yield

1 Introduction

Presently, soil salinity is an enormous problem for world
agriculture, and about 20% of the world’s arable land is
affected by salinity [1]. It has been estimated that more
than 50% of the arable land would be salinized by the
year 2050 [2]. There are 100 million hectare saline land
[3] and 2.34 million hectare beaches [4] in China. Saline
land is a rare land reserve resource with great potential
for comprehensive utilization, but salt stress is one of
the main adverse factors to crop yield [5]. In recent years,
the use of salt-tolerant rice (sea rice) as a pioneer crop
in salty environments has become an effective measure
for the restoration and use of beaches and saline lands
and provide a new way to solve the problem of food
security [3].

Soil salinization is usually caused by the accumula-
tion of sodium chloride (NaCl) [6]. The growth and devel-
opment of plants are slow under NaCl stress, and its
metabolic ability is inhibited, which may cause wilting
and death of plant [7]. The irrational fertilization and
irrigation will lead to the accumulation of salt in root
zoon soil [8], and a large amount of salt ions such as
sodium (Na+) will be accumulated in rice, breaking the
ion balance in plant, resulting in its physiological meta-
bolism disorder and water imbalance. This is averse to
the growth and development of rice and reducing the
yield of rice [9]. Therefore, the reasonable irrigation
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and fertilization are important measures to reduce salt
content in saline soil and increase crop yield [8]. Rice is
one of the crops that demand for most nitrogen fertilizer,
and the application of nitrogen fertilizer plays a decisive
role in the yield of rice [10]. The use of controlled-release
nitrogen fertilizer can mitigate salt accumulation in soil
due to the slow release of nutrient from fertilizer, which is
beneficial for crops to absorb nitrogen, and the nitrogen
is conducive to maintaining normal physiological and
metabolic functions of rice [11]. Na+ entry to rice is inhib-
ited and Na+ efflux from rice is promoted by rice selec-
tively absorbing potassium (K+), calcium (Ca2+), and
magnesium (Mg2+) ions, and high K+/Na+, Ca2+/Na+,
and Mg2+/Na+ are maintained, thereby mitigating, or
avoiding salt-induced Na+ toxicity for rice [12].

Many studies have shown that the reasonable irriga-
tion and fertilization can control soil salinity and increase
rice yield in saline-alkali soil [8,13]. However, the research
about sea rice in coastal saline areas is mostly focused on
the breeding of salt-tolerant rice varieties, and the lack of
irrigation and N fertilization technology of sea rice. There-
fore, the main objective of this study is to determine and
analyze the effects of different N fertilizers (urea and con-
trolled release urea, etc.) and irrigation methods [sub-
merged irrigation, intermittent irrigation, and controlled
irrigation] on the nitrogen uptake, ions (Na+, K+, Ca2+,
and Mg2+) contents, cell membrane permeability (CMP)
and malondialdehyde (MDA) contents, growth, and yield
of sea rice under high salt stress (1% NaCl). The effects of
irrigation and N fertilization on mitigating salt-induced
Na+ toxicity and sustaining sea rice growth were studied
to optimize irrigation and fertilization of sea rice and pro-
vide scientific basis for the correlation study in future.
Moreover, we tried to reveal the mechanism of irrigation
and N fertilization tomitigate Na+ toxicity of sea rice in this
study and provide theoretical basis for planting sea rice in
coastal saline land.

2 Materials and methods

2.1 Experimental materials

Test soil: The root layer soil (0–25 cm)was taken from the
paddy field of Guangdong Ocean University. The soil pH,
bulk density, and organic matter was 6.33, 1.31 g/cm3,
and 16.08 g/kg, respectively. Available nitrogen, phos-
phorus and potassium were 63.43, 25.51, and 41.53mg/kg,
respectively. The soil was passed through a sieve (2.00mm)
after air-drying and crushing, and fully mixed with NaCl

(10 g NaCl/1 kg soil), and then 32 kg mixed soil was packed
into a barrel [inner diameter 28 cm and height 50 cm].

Test crops: The “sea rice 86” (HR86401) provided
by Prof. Risheng Chen’s group from Guangdong Ocean
University was used as the test rice. It was a salt-tolerant
rice that can grow normally on coastal saline soil under
0.6% salinity content, and its root was mainly distributed
within 25 cm of soil surface. The rice grains were culti-
vated in a sterile incubator to three true leaves stage, and
seedlings with uniform size were selected and trans-
planted into the barrel.

Test fertilizer: N fertilizer was provided by Environmentally
Friendly Fertilizer Engineering Technology Research Center
in Guangdong, including controlled release urea (N ≥
43.0%, vegetable oil coated urea, 3–4 months validity
period), urea (N ≥ 46.0%), mixed N fertilizer made by
mixing 30% N urea and 70% N-controlled release urea.
Phosphate fertilizer is single superphosphate (P2O5 ≥
16%). Potash fertilizer is potassium chloride (K2O ≥ 60%).

2.2 Study design

The experiment was conducted in the glass greenhouse of
Guangdong Ocean University from November 2020 to
March 2021. A two-factor split zone design was adopted,
the first factor is different irrigation methods, namely,
submerged irrigation (S), intermittent irrigation (I), and
controlled irrigation (C). The second factor is three kinds
of nitrogen fertilizers, which are urea (U), controlled
release urea (R), and mixed N fertilizer (M). The nitrogen,
phosphorus, and potassium fertilizers of each treatment
are mixed with the soil as a base fertilizer and applied at
one time. The fertilization rates of treatments were all
0.58 g N, 0.39 g P2O5, and 0.52 g K2O, that is, 1.26 g
urea, 1.37 g controlled release urea, 1.32 g mixed N ferti-
lizer, 2.40 g single superphosphate, and 0.86 g potassium
chloride per barrel were applied according to the treat-
ment design. In addition, a submerged irrigation and
applied urea treatment without adding NaCl was used
as a control treatment (CK). A total of ten treatments,
each treatment repeated five barrels, and six seedlings
were planted in each barrel.

2.3 Experiment method

Irrigation method: The S treatment was to keep a 2 cm
water layer in the barrel. The I treatment was to stop the
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irrigation after watering up to the 2 cm water layer, and
the water surface was naturally dried before watering,
cyclically. The C treatment was continuous precision irriga-
tion and kept 80–100% of soil field capacity by weighing.

2.3.1 Collection of soil and plant samples

The sea rice seedlings were transplanted in November
2020, and the first soil samples were collected at the
middle of rice green-returning stage (December 2020). A
soil drill was used to collect the root layer soil (0–25 cm)
in the barrel and repeat the collection for 5 times (5 bar-
rels/treatment). After removing stones and roots from the
soil samples, all soils were passed through a 2mm sieve
and air dried for testing. The second soil and first plant
samples were collected at tillering stage of rice (January
2021). Measuring the fresh weight of plant samples was
done at first and it was dried at 75°C to a constant weight
after curing [105°C, 30min], then it was weighed again to
estimate their dry weight. It was then stored for testing
after crushing. The third soil and second plant samples
were collected at the middle of the rice booting stage
(January 2021). The fourth soil and third plant samples
were collected at the mature stage of rice (March 2021)
and the yield of rice was measured. The height of sea rice
was measured every week.

2.3.2 Determination of plants and soil samples

German STEP soil salinity detector (PNT300 type) was
used to regularly check the electrical conductivity (EC)
of root layer soil (0–25 cm) in the barrel [14]. After the plant
samples were digested with H2SO4–H2O2, the nitrogen con-
tent was determined with full automatic Azotometer
(Shanghai Yihong NKY6120) [14], and atomic absorption
spectrophotometer [Japan Shimadzu AA-7000] was used
to determine the Na+, K+, Ca2+, and Mg2+ contents of single
plant [14]. The CMP and MDA contents of rice leaves were
measured by the methods of Shunyu Xiang and Kuichao Qu
[15,16]. Count the number of effective panicles per pot, the
number of grains per panicle, the grain ripening percen-
tage, and the thousand-grain weight of rice to calculate
the rice yield per pot.

( / )

=
( / ) × ( / ) × ( ) × ( )

×

E G P W
Yield g pot

piece pot piece pot % g
1,000 100

,

where E stands for effective panicle number (piece/pot),
G stands for grain number per panicle (piece/pot),

P stands for grain ripening percentage (%), and W
stands for thousand-grain weight (g).

2.4 Statistical analyses

The mean value, standard deviation, and standard error
of date were calculated using Excel 2007 software and
analyzed in SPSS 22.0 software for data processing.
Analyses of variance (ANOVA) and post-hoc LSD test
were used to compare individual mean values. SPSS (ver-
sion 16) and Sigma Plot (version 11) were used for all sta-
tistical analyses and graph preparation, respectively.

3 Results

3.1 Dynamics of EC in root layer soil under
different irrigation and N fertilization

As shown in Figure 1, the different irrigation and N ferti-
lization treatments have significant effects on root zone
soil EC. The EC of C treatments [RC, UC, and MC] showed
a slowly rising trend with the growth of rice, and they
were significantly higher than those of other treatments,
but the EC of MI slowly decreased, and it was significantly
lower than those of other treatments with NaCl. There
was basically no difference in soil EC of RS, US, MS, RI,
and UI treatments during rice growing. The EC of CK was
the smallest and significantly smaller than those of the
treatments with NaCl in the rice growth period.

Figure 1: Soil EC under different irrigation and N fertilization
treatments.
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3.2 Effects of different irrigation and N
fertilization treatments on the Na+, K+,
Ca2+, and Mg2+ contents of sea rice

It can be seen from Table 1 that different irrigation and N
fertilization treatments have significant effects on Na+,
K+, Ca2+, and Mg2+ contents of sea rice at tillering and
booting stages. The Na+ content in plants of all treat-
ments increased significantly with the growth of sea
rice. The Na+ content of I (RI, UI, and MI) treatment
was less than those of other treatments with NaCl, and
that of S (RS, US, and MS) treatment was less than that of
C treatment. The Na+ content of MI was significantly
smaller than that of other treatments with NaCl, and
that of CK was the smallest and significantly smaller
than that of the treatments with NaCl.

The K+ and Ca2+ contents in plants of all treatments
decreased significantly with the growth of sea rice. The K+

and Ca2+ contents of I were higher than those of S and C,
and those of S were higher than those of C. The K+ content
of MI was significantly higher than that of other treat-
ments with NaCl, and the K+ content of CK was signifi-
cantly higher than that of treatments with NaCl. The K+

content of MS was significantly higher than that of RS,
US, RI, UI, and C, and the Ca2+ content of MI and CK was
significantly higher than that of other treatments in rice
booting stage.

The Mg2+ content of all treatments had no mean-
ingful change during rice growth period. The Mg2+ con-
tent of MI and CK was significantly higher than that of
other treatments in rice tillering stage. The Mg2+ content
of MI was significantly higher than that of other treat-
ments in rice booting stage.

3.3 Effects of different irrigation and N
fertilization treatments on the CMP and
MDA contents of sea rice

As shown in Table 2, the CMP and MDA contents of MI
were significantly lower than those of other treatments
with NaCl, and those of CK were significantly lower than
those of the treatments with NaCl in the tillering stage of
sea rice. In rice booting stage, the CMP of MI and UI was
significantly less than that of RI and S, and that of RI and
S was significantly lower than that of C, and that of CK
was the smallest. The MDA content of I, S, and CK was
significantly lower than that of C.

3.4 Effects of different irrigation and N
fertilization treatments on the plant
height of sea rice

As shown in Figure 2, the rice height of each treatment
gradually increased with the growth of sea rice; however,
the sea rice of C grew slowly after 32 days, and the sea rice
of RC died at 51 days, and that of UC and MC also died at
58 days. The plant height of CK was significantly higher
than that of other treatments during the whole growth
period of rice. After 58 days, the plant height of MI was
significantly higher than that of other treatments with
NaCl, and that of MS was significantly higher than that
of US, RS, RI, and UI, and that of US was significantly
higher than that of RS, RI, and UI, and that of RI was
significantly higher than that of RS and UI, and that of RS
was significantly higher than that of UI.

Table 1: The Na+, K+, Ca2+, and Mg2+ contents of single plant under different irrigation and N fertilization treatments [mg/kg]

Treatments Tillering stage Booting stage

Na+ K+ Ca2+ Mg2+ Na+ K+ Ca2+ Mg2+

RS 3.58 ± 0.37 3.18 ± 0.38 1.41 ± 0.09 1.39 ± 0.06 7.08 ± 0.58 1.79 ± 0.08 0.67 ± 0.04 1.44 ± 0.12
US 4.40 ± 0.41 3.36 ± 0.52 1.47 ± 0.06 1.31 ± 0.12 6.61 ± 0.57 2.13 ± 0.15 0.60 ± 0.01 1.45 ± 0.19
MS 2.34 ± 0.33 4.14 ± 0.62 1.38 ± 0.11 1.31 ± 0.10 5.29 ± 0.42 4.05 ± 0.17 0.84 ± 0.07 1.38 ± 0.08
RI 3.52 ± 0.36 4.17 ± 0.29 1.57 ± 0.05 1.38 ± 0.11 5.41 ± 0.27 2.35 ± 0.26 0.67 ± 0.05 1.26 ± 0.13
UI 3.19 ± 0.22 3.46 ± 0.40 1.58 ± 0.11 1.24 ± 0.11 6.11 ± 0.31 2.83 ± 0.13 0.85 ± 0.02 1.54 ± 0.08
MI 1.59 ± 0.11 5.47 ± 0.18 1.61 ± 0.09 1.66 ± 0.15 4.90 ± 0.25 4.73 ± 0.29 1.00 ± 0.06 1.71 ± 0.15
RC 8.41 ± 0.64 2.28 ± 0.28 1.33 ± 0.07 1.26 ± 0.11 10.63 ± 0.84 1.56 ± 0.19 0.29 ± 0.03 1.22 ± 0.15
UC 5.52 ± 0.57 3.11 ± 0.16 1.00 ± 0.21 1.18 ± 0.16 9.38 ± 0.92 1.39 ± 0.09 0.38 ± 0.02 1.34 ± 0.12
MC 4.43 ± 0.14 2.95 ± 0.48 1.25 ± 0.05 1.25 ± 0.12 9.22 ± 0.40 1.38 ± 0.08 0.17 ± 0.02 1.22 ± 0.07
CK 0.82 ± 0.05 11.26 ± 1.66 1.46 ± 0.10 1.56 ± 0.13 2.89 ± 0.29 9.31 ± 0.06 0.95 ± 0.11 1.55 ± 0.15

Note: Numbers in the table are mean values ± standard deviation. The sea rice all died by salt stress at maturity stage, so the data at
maturity stage is not showed.
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3.5 Effects of different irrigation and N
fertilization on the nitrogen uptake of
single plant

As shown in Table 3, the nitrogen uptake of rice treated
with S, I, and CK increased significantly with the growth
of rice, and the nitrogen uptake of rice of C was smaller
than that of other treatments, and all rice of C died
without nitrogen accumulation at maturity stage. The
nitrogen uptake of MI and CK was significantly higher
than that of other treatments at tillering stage. The order
of rice nitrogen accumulation of treatments was CK, MI >
US, MS > RI, UI > RS, RC > UC, MC at booting stage. The
nitrogen uptake of CKwas significantly greater than that of

treatments with NaCl, and that of MI was significantly
greater than that of other treatments with NaCl at maturity
stage, 19% more than UI, 36% more than MS, 56% more
than US, 75% more than RI, and 86% more than RS,
respectively.

3.6 Effects of different irrigation and N
fertilization treatments on the dry
weight of sea rice

As shown in Figure 3, the dry weight of rice of S, I, and CK
increased significantly with rice growing, while the rice of

Table 2: The CMP and MDA contents of rice leaves under different irrigation and N fertilization treatments

Treatments Tillering stage Booting stage

CMP [%] MDA [μmol/g FW] CMP [%] MDA [μmol/g FW]

RS 31.90 ± 0.16 1.09 ± 0.15 40.12 ± 0.82 1.31 ± 0.12
US 31.53 ± 0.35 1.04 ± 0.12 38.64 ± 0.51 1.11 ± 0.12
MS 31.67 ± 0.58 1.00 ± 0.09 39.08 ± 0.99 1.00 ± 0.10
RI 30.24 ± 2.09 1.17 ± 0.03 40.83 ± 0.89 1.23 ± 0.21
UI 30.29 ± 0.41 0.99 ± 0.06 34.17 ± 0.95 1.00 ± 0.12
MI 26.14 ± 1.77 0.73 ± 0.08 32.82 ± 0.03 1.05 ± 0.11
RC 31.33 ± 0.11 1.32 ± 0.04 72.28 ± 2.17 1.43 ± 0.21
UC 31.52 ± 1.08 1.18 ± 0.13 77.10 ± 0.17 1.66 ± 0.12
MC 31.56 ± 1.34 1.14 ± 0.12 79.71 ± 0.94 1.62 ± 0.20
CK 12.66 ± 3.49 0.88 ± 0.22 13.70 ± 4.13 0.99 ± 0.18

Note: Numbers in the table are mean values ± standard deviation. The sea rice all died by salt stress at maturity stage, so the data at
maturity stage is not showed.
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Figure 2: The plant height of sea rice under different irrigation and N fertilization treatments.
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C grew slower than that of other treatments, and all of
them died at maturity stage. The rice dry weight of US,
MI, and CK was significantly higher than that of other
treatments at tillering stage. The order of rice dry weight
of treatments was CK > US, MI > MS > RI, UI > RS, RC >
UC, MC at booting stage. In maturity stage, the rice dry
weight of CK was significantly higher than that of treat-
ments with NaCl, that of MI was significantly higher than
that of other treatments with NaCl, 16% higher than MS,

28% higher than UI, 38% higher than US, 44% higher
than RI, and 61% higher than RS, respectively.

3.7 Effects of different irrigation and N
fertilization treatments on the yield of
sea rice

It can be seen from Figure 4 that the effects of different
irrigation and N fertilization treatments on the yield of
sea rice are remarkable. The rice yield of MS was signifi-
cantly higher than that of RS and US, and the rice yield
of MI was also significantly higher than that of RI and
UI. The sea rice treated with C had all died at maturity,
so they had almost no yield. There was no difference
in yield between MI and CK, and the yield of MI and CK
were significantly higher than those of other treatments.
The yield of MI was 104% higher than that of MS, 108%
higher than that of UI, 277% higher than that of US, 300%
higher than that of RI, and 334% higher than that of RS,
respectively.

4 Discussion

Soil EC is closely related to soil salinity, and there is a
linear relationship between them [17], so the EC can
better reflect soil salinity. Because the irrigation amount
of S and I was more than that of C, the salt in upper layer
of soil was diluted, and the salt ions (Na+, Cl−, etc.) were
leached below root layer soil [18]. The irrigation amount

Table 3: The nitrogen uptake of single plant under different irriga-
tion and N fertilization treatments

Treatments Tillering stage Booting stage Mature stage

RS 5.02 ± 0.85 28.79 ± 2.17 335.89 ± 20.70
US 16.26 ± 1.20 95.02 ± 6.19 400.17 ± 19.78
MS 10.06 ± 0.83 90.64 ± 2.55 458.86 ± 11.25
RI 7.50 ± 0.69 63.36 ± 2.32 356.20 ± 26.57
UI 8.18 ± 1.56 78.51 ± 8.88 524.68 ± 17.58
MI 21.45 ± 2.44 114.49 ± 15.88 623.45 ± 14.37
RC 9.07 ± 0.36 32.94 ± 3.28 /
UC 11.39 ± 1.05 21.68 ± 2.31 /
MC 11.87 ± 1.44 18.41 ± 3.39 /
CK 21.28 ± 1.31 122.85 ± 15.06 731.20 ± 41.51

Note: Numbers in the table are mean values ± standard deviation.
“/”means that the sea rice all died by salt stress at maturity stage.

Figure 3: Effects of different irrigation and N fertilization treatments
on the dry weight of sea rice.
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of C was less, which was 80–100% of the soil field capa-
city. The salt ions could not be fully leached to the lower
soil, and they converged to the upper soil with water
evaporating rapidly, resulting in the increase in EC and
Na+ content in root layer soil [19]. Therefore, the EC in
root layer soil of S and I was significantly lower than that
of C. The root layer soil EC of MI was significantly lower
than that of other treatments with NaCl, which was
because the soluble salt was leached to the lower layer
soil by the intermittent irrigation method (I) [18], and the
mixed fertilization of controlled release urea and urea (M)
was beneficial to the nitrogen absorption and growth of
sea rice in the whole rice growth period, so the biomass
of sea rice treated with MI was larger, and the nutrients
of rice such as NH4

+, PO4
3−, K+, Ca2+, and Mg2+ were

absorbed more from the soil [20]. At the same time, the
EC of root layer soil was low by controlling nitrogen
release.

Soil salinization is a major environmental salt stress,
which increases the ionic toxicity and osmotic stress of
plants, resulting in the decline of plant growth and func-
tion. The adverse effects of salinity are usually related to
the imbalance of plant nutrition caused by excessive
uptake of Na+ or Cl− [21]. This study showed that the EC
(mainly NaCl) in root layer soil of C, S, and I treatments
was significantly reduced in order, and that of MI was the
smallest. Moreover, the Na+ content of the plant treated
with C, S, and I also decreased significantly in order, and
that of MI was the lowest. So the Na+ content in root layer
soil was positively correlated with the Na+ content of rice,
because the high content of Na+ in the rhizosphere soil
led to the absorption of Na+ by rice root cells through K+

transporters, while the absorption of K+ decreased [21].
The results of this study also verified that the K+ and Ca2+

contents in sea rice of I were higher than those of S and C,
and the K+, Ca2+, and Mg2+ contents in rice of MI were
significantly higher than those of other treatments with
salt stress. Therefore, Na+ stress has a negative impact on
plant nutrient uptake, resulting in plant exposure to
osmotic stress and affecting the content of other specific
nutrients in plant. Due to nutrient imbalance, crop yield
and quality under salinity stress will decline [22]. This
study showed that the sea rice treated with C had the
highest Na+ content and damaged most seriously by
Na+ toxicity, resulting in slow growth and death of the
rice. The plant height and dry weight of MI were signifi-
cantly higher than other treatments with NaCl, this is
because the content of K+, Ca2+, and Mg2+ in the sea
rice treated with MI are higher, and higher K+/Na+,
Ca2+/Na+, and Mg2+/Na+ in rice play an important role
in mitigating salt-induced Na+ toxicity [23]. Plants can

avoid the decrease in K+/Na+ and Ca2+/Na+ by reducing
Na+ into cells, removing Na+ from cells and separating
Na+ into vacuoles, so as to maintain ionic stability and
avoid damaging any cell function [24].

CMP can reflect the integrity and damage degree of
cell membrane in rice leaves [25]. MDA is the final decom-
position product of cell membrane lipid peroxidation,
and its content can indirectly reflect the damage degree
of cell membrane [26]. Generally, the greater the damage
for rice under salt stress, the higher the CMP and MDA
contents in rice leaves [27]. This study showed that the
MDA content of I and S were significantly lower than that
of C, and the CMP and MDA contents of MI and CK were
significantly lower than those of other treatments. This is
closely related to the Na+ content of sea rice. The Na+

content in rice of MI and CK is lower, the intracellular
ions are more balanced, and the Na+ toxicity for rice is
lighter, so, CMP and MDA contents in rice leaves are
smaller. Similarly, the Na+ content of sea rice treated
with I and S was lower than that of C, while the Ca2+

content was higher, and the Na+ toxicity for the sea rice
of I and S is lighter, so the MDA content of I and S was
lower than that of C. According to the growth status and
nutrients content change in sea rice treated with I, S, and
C, the Na+ content in plants increased significantly, while
the K+ and Ca2+ contents decreased significantly with
sea rice growing. Therefore, the sea rice was gradually
damaged by Na+ toxicity, and the Na+ content of sea rice
treated with C was the highest, finally they all died at
maturity.

The stunted growth and biomass decrease in plant
is one of the main consequences of salt stress, which
usually reduces the yield of most plant [6]. In this study,
the sea rice yield of I and S was significantly higher than
that of C, and that of M was significantly higher than that
of R and U. This is because different irrigation methods
may significantly impact rice photosynthesis and respira-
tion by altering the movement of water, ions (Na+, K+,
Ca2+, and Mg2+) and organic solutes across the cell [28],
and the Na+ toxicity to sea rice of I and S is lighter than
that of C. Moreover, the nitrogen supply law of mixed
fertilization treatment (M) was consistent with the
nitrogen demand law of sea rice, and the nitrogen for
rice could be supplied by urea on the early rice growth
stage, and the nitrogen could be supplied by controlled-
release urea on the middle and late rice growth stage [29].
Nitrogen is the most yield-restraining nutrient in crop
production globally. Efficient nitrogen fertilization is one
of the most important factors for improving nitrogen use
efficiency, field crops productivity, and profitability [30].
Good nitrogen nutrition played an important role in

Irrigation and nitrogen fertilization on toxicity and rice growth  1171



promoting the growth and yield of rice [31], so the yield of
rice treated with M was significantly higher than that
treated with C and U. Because the treatment with MI
was beneficial to the nitrogen uptake of sea rice, mitigate
salt-induced Na+ toxicity, and sustain sea rice growth,
the yield of sea rice of MI was the largest. we suggested
that the treatment of MI should be adopted for planting
sea rice on the local study areas, which is beneficial to
mitigate Na+ toxicity and increase yield of sea rice. This
study is based on the greenhouse simulation experiment,
which has the experimental condition like local field pro-
duction [salinity of saline-sodic soil, local sea rice, ferti-
lization, irrigation, climate, etc.], so this experiment has
important reference for local sea rice planting. However,
actual rice field production conditions are often not fully
controlled, it is necessary to study the effects of irrigation
and fertilization on mitigating Na+ toxicity and main-
taining sea rice growth under salinity stress by field
experiments in further research.

5 Conclusion

The irrigation and N fertilization have a significant impact
on the root layer soil EC and Na+, K+, Ca2+, and Mg2+ con-
tents of sea rice. The EC of MI was significantly smaller
than that of other treatments with NaCl, and the Na+ con-
tent of MI was the lowest, while the K+, Ca2+, and Mg2+

contents of MI were the highest in salt treatments. The
MDA and CMP of MI were significantly smaller than those
of other treatments with NaCl. On the maturity stage of
rice, the nitrogen uptake and dry weight of MI were the
highest in treatments with NaCl, and the rice yield of MI
was significantly larger than that of other treatments with
NaCl, and was increased by 104, 108, 277, 300, and 334%
compared with MS, UI, US, RI, and RS, respectively.
Therefore, we believe that the treatment of mixed fertiliza-
tion integrating intermittent irrigation (MI) can be used to
plant sea rice on local saline-sodic soil. The MI treatment
can effectively reduce Na+ content, while increase K+/Na+

and Ca2+/Na+ of rice, and mitigate salt-induced Na+ toxi-
city to sea rice, promote the N absorption and biomass
accumulation of rice, and raise the yield of sea rice.
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