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INTRODUCTION

Saline intrusion is an increasing problem for 
the water irrigation systems in Vietnam. Water 
scarcity in the dry season due to the effects of cli-
mate change leads to increased salinity levels in 
the main irrigation system in some areas (Mekong 
Delta, Bac Hung Hai), contributing to worsening 
paddy cultivation conditions and potentially affect-
ing millions of hectares of rice fields with a loss 
of productivity. Since 2010, salinisation has been 
recorded as increasing annually by about 1–2% of 
the area of agricultural soil in the Mekong Delta, 
with the highest level of salt recorded at 4‰ [Viet-
nam’s Directorate of Water Resources, 2020]. 

Salinity can have a negative impact on agri-
cultural production, seriously affecting rice pro-
duction and food security, and also damaging the 
economy. For instance, the Bac Hung Hai irriga-
tion system in the Red River Delta in North Viet-
nam, one of the primary sources of irrigation water 

for the region, has been impacted by salinity in-
trusion. In addition, the Ke Go reservoir in cen-
tral Vietnam contained only 70 million m3 out of 
a potential 345 million m3 water in 2019, which 
is equivalent to one-fifth of the total volume the 
system was designed to hold [Vietnam’s Director-
ate of Water Resources, 2020]. Other provinces in 
the Mekong Delta exhibited saline intrusion up to 
80–90 m into agricultural soils in 2019 and 2020 
[Vietnam’s Directorate of Water Resources, 2020]. 
However, many rice cultivation areas have no 
choice but to use saline water sources for irrigation 
when there is no alternative water source. Although 
solutions using different cultivation techniques to 
increase salinity tolerance in rice have been pro-
posed, including saline-tolerant rice varieties and 
repletion of irrigation sources, the results have yet 
to be proven effective in terms of yield and quality.

Drought has similarly exacerbated abiotic 
stresses, leading to considerable harvest reduc-
tions in major cereal species, including wheat, 
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ABSTRACT
This research evaluated rice growth and yield as well as Zn accumulation in both soil and grain under saline wa-
ter irrigation conditions. The experiment consisted of a series of pots containing rice plants and paddy soil, with 
the application of irrigation treatments of five different salinity levels (1.5, 2, 3, 4, and 5‰ with a drip irrigation 
system). The results show that the salinity accumulation levels in soil can increase by up to 2.8‰ following the 
application of 5‰ salinity irrigation water during the development stages. Besides, this study also aimed to evalu-
ate the influences of saline water irrigation on the observed rice yields, plant height, leaf length, and leaf width. 
In the results, irrigation with 3‰ saline water reduced potential rice yield by 58.6% and the length of rice leaves 
by one-third. Higher salinity of 4‰ in the irrigation water produced only 24% of average potential productivity, 
and 5‰ water salinity resulted in no yield. Furthermore, salt stress limited the mobile Zn content in paddy soil, 
reducing the Zn accumulation in grains by between 36.27% and 83.21%. Thus, the study shows that controlling 
salinity in irrigation water management is essential for controlling the yield and nutrient Zn content in rice grains.
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maize, rice, and barley [Carmen & Roberto, 2011]. 
Favourable conditions for optimal rice cultivation 
include a soil pH value from 4.5–7.5, electrical 
conductivity (EC) < 4 mS/cm, exchangeable so-
dium percentage < 15, and sodium absorption co-
efficient (SAR) < 15 [Bohn et al., 1985]. 

Rice plants are very sensitive to changes in salin-
ity. Moreover, rice during the seedling stage is more 
sensitive to salinity stress than during the tillering 
stage [Hussain et al., 2017]. Most rice varieties are 
only salt-tolerant at EC < 3.0 mS/cm in soil and EC 
< 2.0 mS/cm in water [Kibria et al., 2017]. A thor-
ough review of the available literature shows that 
saline stress in soil or water can increase leaf age-
ing and reduce the nutrient uptake [Munns & Tester, 
2008], subsequently inhibiting rice growth and grain 
productivity [Carmen B. & Roberto, 2011; Chawla 
S. et al., 2013]. Specifically, the NaCl accumulation 
at high levels, which increases the concentration of 
Na+ and Cl- ions in the plant epithelium, is one of the 
more detrimental effects of saline stress [Maathuis, 
2014]. These ions cause the rate of leaf ageing to be 
faster than the growth cycle of the plant, resulting 
in poor absorption of essential minerals, including 
Zn, and increased uptake competition with K+, Ca2+, 
Mg2+, and NO3

--N nutrient ions [Flowers & Colmer, 
2008]. This, in turn, negatively affects plant leaf 
length, stem height, and crop yield, as well as the Zn 
nutrition content in soil which can then reduce the 
Zn content in the rice grains.

In this study, the growth of rice plants, the Zn 
content in the grain, and mobile Zn concentra-
tion were examined in soils under saline irriga-
tion conditions, to further explain the disbenefits 
of salt accumulation. The results of saline accu-
mulation during the spring and summer seasons 
of 2019, and the consequent effects in the spring 
2020 season on growth and productivity of rice, 
mobile Zn content in the soil, and grain Zn content 

were also examined. The experiments were all 
conducted under greenhouse conditions. The re-
sults of this study will improve the understanding 
of the influences of salinity on rice growth, mo-
bile Zn reduction in paddy soil, and also reduced 
Zn accumulation in grains.

MATERIALS AND METHODS

Reagents

In order to extract mobile Zn from the soils, 
diethylenetriamine pentaacetate (0.025 mol/L 
of DTPA), triethanolamine (0.5 mol/L of TEA), 
and calcium chloride (0.05 mol/L of CaCl2) were 
used, purchased from Merck (Germany). Sodi-
um chloride 99.99% NaCl (Duc Giang, Vietnam) 
was used for mixing salt irrigation water; and 
30% H2O2, 98% HNO3, and 37% HCl (Xichlong, 
China) were used in Zn extraction. 

Experimental areas, variety, and sampling

Date and location of study

The experiments were conducted under 
greenhouse conditions at the Vietnam National 
University of Agriculture, Gia Lam, Ha Noi, 
Vietnam (21°0’21.918’’ N, 105°49’28.928’’ E), 
between February 2019 and May 2020. The 
study areas were 0.02 hectares in size, and in-
cluded three rice crops during each of the two 
spring and one summer seasons (Figure 1).

Variety

A popular rice variety in Vietnam, HT8, was 
chosen for the experiments. This rice is widely 
grown in the northern provinces of Vietnam. 

Figure 1. Location of the experimental area
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HT8 requires a growth time of between 105 and 
110 days, is typically high-yielding (6.0–6.5 t/
ha) and disease-resistant, and produces good 
rice quality. The average weight of 1,000 seeds 
is around 23.8–24.3 grams.

Field soil samples

The soil samples were taken from the topsoil 
at depths of 0–20 cm in Hung Yen province, lo-
cated in the centre of the Red River Delta; then, 
they were air-dried and sieved to < 2 mm. The 
obtained soil samples had the EC values ranging 
from 0.128–0.155 mS/cm, salinity of 0.1‰, pH 
of 6.5–6.7, and cation-exchange capacity (CEC) 
of 14.5–14.8 mmol+/kg. 

The samples were analysed for physical and 
chemical characteristics, such as CEC, organic 
carbon content, and phosphorus and nitrogen 
content, using methods including ammonium ac-
etate, Walkley-Black, and Kjeldahl. 

Soil properties

The characterisation of the experiment soils un-
der greenhouse conditions, containing 20.2% sand, 
55.3% silt, and 24.5%, is presented in Table 1.

Experiment soil samples. For experiments 
conducted using a post system

The soil samples for analysis were collected 
after 20, 40, and 60–day periods and taken at 
depths of 0–20 cm. The soil sample properties 
were determined, including the EC of the satu-
rated soil extract (ECe), pH value, saline content, 
and mobile zinc (MZ) content. 

Grain zinc

Grains were collected after the harvest and the 
zinc content was determined by digesting 0.01 g 
of rice grains from each salinity treatment with 5.0 
mL of HNO3/H2O2 (4:1, v/v) using a block heater. 
After cooling at a temperature of 25 °C, the digest-
ed grains were transferred to a 20 mL volumetric 
flask and filtered using a Whatman filter paper. 

Experimental treatments under 
greenhouse conditions

The pots used in the experiments were poly-
ethylene (PE) planting bags, with a surface area 
of 0.05 m2, bottom area of 0.03 m2, and pot height 
of 20 cm. The average soil amount per pot was 25 

kg. Five saline treatments (1.5, 2, 3, 4, and 5‰) 
were repeated three times for each cultivation 
crop (A, B, C symbols in Figure 2).

A typical fertiliser was prepared with a nitro-
gen/phosphorus/potassium (NPK) ratio of 125 g 
of compost + 1.25 g N + 0.75 g P2O5 + 0.75 g K2O 
per pot, as recommended by Vietnam’s Ministry 
of Agriculture and Rural Development for fertil-
iser for rice. A pesticide, namely Topsin M 70WP, 
was used for the prevention of disease.

For the experimental control formula (CF), ir-
rigation water with no added salt was used. The 
salt concentrations of 1.5, 2, 3, 4, and 5‰ were 
mixed with water of 0‰ salinity with technical 
NaCl. The amount of water was 800 mL per ex-
periment with an irrigation period of 2–3 days 
(per experiment), using a drip irrigation system. 

Analysis

The EC and pH values were measured using 
a SevenGo Duo SG23 meter (Toledo, Japan) at a 
depth of 0–20 cm. The MZ content in the experi-
ment paddy soil was analysed using a wet DTPA 
method, as previously described [Johnson‐Bee-
bout et al., 2009]. A 5 L volume of DTPA extract-
ing solution was prepared by mixing 1 L of 0.05 
mol/L DTPA, 1 L of 0.1 mol/L TEA, 1 L of 0.01 
mol/L CaCl2, and 2 L of distilled water. After set-
tling at room temperature for 12 hours, the initial 

Table 1. Characterisation of the initial experimental soils
Property Unit Values

OC % 0.22 – 0.24

CEC mmol+/kg 14.5 – 14.8

pH 6.5 – 6.7

Density g/cm3 1.8 – 1.9

EC1:5 mS/cm 0.128 – 0.155

Saline ‰ 0.1

Total N % 0.15 – 0.16

Total P (P2O5) % 0.14 – 0.15

Total zinc mg/kg 30.1 – 31.2

Mobile zinc mg/kg 6.8 – 7.5

Ca2+ 
exchangeable mg/kg 6.2 – 6.8

Mg2+ 
exchangeable mg/kg 6.1 – 6.3

Na+ 
exchangeable mg/kg 0.6 – 0.7

K+ exchangeable mg/kg 0.2 – 0.3

EC: electrical conductivity of the saturated-soil extract; 
CEC: cation exchange capacity; OM: organic matter



Journal of Ecological Engineering 2021, 22(9), 59–70

62

RESULTS AND DISCUSSION

Irrigation water properties 

The tap water used to dissolve NaCl for irriga-
tion was determined according to standard meth-
ods, with parameters including pH, total nitrogen 
(T-N), total phosphorus (T-P), calcium (Ca2+), 
magnesium (Mg2+), sodium (Na+), potassium (K+), 
chloride (Cl-), sulphate (SO4

2--S), nitrate (NO3
--N), 

and Zn ion content (Zn2+), as shown in Table 2.
Table 2 shows that the average pH value 

ranged from 8.03 to 8.38, Cl- ion content from 
8.79 to 9.21 mg/L, and Zn2+ ion content be-
tween 0.068 and 0.077 mg/L in the irrigation 
water used for the experiment. The remain-
ing parameters were: Ca2+ 24–25 mg/L, Mg2+ 
6.73–6.88 mg/L, Na+ 2.73–2.86 mg/L, K+ 
0.58–0.62 mg/L, S-SO4

2- 4.65–4.78 mg/L, and 
N-NO3

- 1.59–1.63 mg/L. 

Salinity accumulation in soil

The EC and saline accumulation data obtained 
from the pot soil system at the end of the experiment, 
following five salinity treatments during the spring 
and summer seasons, are presented in Figure 3.

pH was 4.4. The solution was adjusted to pH 7.3 
using concentrated HCl. A dry soil 10 g sample 
was mixed with 20 mL of DTPA extracting solu-
tion in a 125 mL Erlenmeyer flask and agitated 
with a shaker (KS 3000i, IKA, Germany) at 250 
rpm at a constant temperature of 25 °C for two 
hours. The suspended solution was then filtered 
through a filter paper (Whatman No.42, UK). The 
Zn concentrations were measured by inductively 
coupled plasma mass spectrometry (ICP-MS; Ag-
ilent Model 7500a, Agilent Technologies, USA).

Growth indicators, including plant height, leaf 
length, and leaf width were determined after 20, 40, 
and 60 days. Plant height was measured as the dis-
tance from the ground to the highest leaf tip, and 
leaf length was measured from the petiole to the tip. 
Grain productivity was determined after the harvest.

Statistical analysis

All statistical analyses of the data were per-
formed using Microsoft Excel version 5.5 (Mi-
crosoft, USA). Each value represented the aver-
age of three replications. The data was subjected 
to analysis of variance (ANOVA), and significant 
differences in mean values were determined using 
Duncan’s multiple range test (P < 0.05).

Figure 2. Scheme and photographs of the experimental design
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Figure 3 shows that the conductivity of the soil 
changed slightly from 0.13 mS/cm to 0.17 mS/cm of 
the CF in spring and summer, respectively. Howev-
er, the salt accumulation in the soil clearly increased 
with experimental treatments. The EC value of the 
soil increased to 1.97–2.20 mS/cm following the 
1.5‰ treatment. The salt levels in soils increased 
with higher salinity levels in the irrigation water. 
For example, EC increased from 4–5.7 times in the 
2‰ and 3‰ irrigation treatments. Following this 
trend, the EC of soils with 4‰ and 5‰ treatments 
increased sharply to above 4 mS/cm. Remarkably, 
the 5‰ treatment resulted in EC as high as 4.54 – 
4.96 mS/cm with a salinity increase to 3.6‰, which 
is 36 times greater than that of the CF (at 0%). From 
the results, it can be seen that salinity in the irriga-
tion water increased by 2 and 3 times, and EC in 
the root zone increased by around 1.7 and 3.3 times. 
On the basis of the average salt accumulation in the 
experiment soils, the EC of the summer crops was 
0.21–0.38 mS/cm greater compared to the spring 
crops. Thus, the salinity of the irrigation water in-
creased by 1‰, and EC of the soil increased by an 
average 1.2 mS/cm in this experiment. 

The irrigation water salinity had a significant 
effect on the EC of the soil [Feng et al., 2017]. 
Greater salt accumulation in the paddy soil was 
observed after a long application of saline water 

irrigation, and this led to increasing the salt lev-
els in the soil. Thus, salt accumulates due to the 
salt content in water. Where the salt content of 
the irrigation water is high, the salt accumulation 
in the soil is greater, which explains the EC value 
increase in the irrigation treatments with a higher 
salt content. Furthermore, salt accumulation is 
also dependent on length of irrigation time. A 
previous study demonstrated that salt accumu-
lation can occur even at low salt concentrations 
(EC of 0.3 mS/cm) under continuous irrigation 
treatment [Kim et al., 2016]. In another study, 
floodwater irrigation experiments in paddy fields 
with EC levels above 2 mS/cm caused a yield 
loss of up to 1 t/hm2 [Asch & Wopereis, 2001]. 
The experiment results are consistent with that 
study and indicated that EC in spring 2019 was 
lower than in summer 2019, and EC in summer 
2019 was lower than in spring 2020. 

Effect of salinity on rice growth

In order to clarify the effect of saline irri-
gation on the plant growth rates, for each sa-
linity treatment, growth parameter measure-
ments were performed after 20, 40, and 60 days 
of treatment in the spring and summer crops 
(2019), and spring crop (2020). Measurements 

Table 2. Properties and contents of irrigation water used in the experiment (mg / L)
Season crop Salinity (‰) pH Ca2+ Mg2+ Na+ K+ Cl- SO4

2--S NO3
--N Zn2+

Spring 2019 0 8.03 24 6.72 2.86 0.58 9.21 4.78 1.57 0.077

Summer 2019 0 8.21 25 6.88 2.73 0.76 8.94 4.65 1.63 0.068

Spring 2020 0 8.38 24 6.73 2.84 0.62 8.79 4.71 1.49 0.074

Figure 3. EC and saline accumulation in soil
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were based on leaf area indices, such as length 
and width, and plant height. The number of rice 
plants observed per season was 36, of which 
18 plants were of normal growth, six were of 
slow-growth, and 12 plants were under-grown 
at the end of the observed period.

Leaf length 

Plant leaf length and width were measured 
to determine the leaf growth under saline condi-
tions. The experiment results showed that 1.5, 2, 
3, 4, and 5‰ saline irrigation treatments reduced 
leaf length by 12.6%, 25.4%, 34.9%, 49.2%, and 
60.3%, respectively, compared to the CF (leaf 
length in the CF was 62 cm with width of 2.2 
cm); for example, leaf length of the 1.5, 2, 3, 
4, and 5‰ treatments was 4, 7, 13, 21, and 35 
cm shorter, respectively, in spring 2019. This re-
sult indicates that there is a greater reduction in 
leaf length in the 4‰ and 5‰ treatments. Under 
salinity irrigation conditions, large salt amounts 
from the water can enter plant tissues and cause 
nutrient imbalances which lead to a reduction in 
the uptake of other nutritional elements [Kim et 
al., 2016]. The salt accumulation leading to the 
soil EC results of the 4‰ and 5‰ treatments was 
above 3 mS/cm (Figure 3). The salinity thresh-
old level of the rice plant is less than 3.0 mS/
cm [FAO, 2006]; thus, a salt stress environment 
above 3.0 mS/cm can have a negative influence 
on the rice plant growth. The results also indi-
cate that leaf development is most affected by 
the 4–5% salt content, whereby leaf width was 
observed to be 1.2–1.6 times shorter (measured 
in cm) compared to the other three treatments 
(1.5, 2, and 3‰) (see Figure 4).

Plant height 

The study results show that different salin-
ity concentrations cause disparate plant height 
development. The difference in height increase 
over the study period due to various irrigation 
treatments was statistically significant at 5%. The 
height growth reduction by salinity can be clearly 
observed as the difference in plant height after 
several weeks between treatments. Salt accumu-
lation in the leaves affects stomatal closure, which 
can cause temperature increases in the leaves and 
lead to inhibition of shoot elongation, which af-
fects plant height [Rajendran et al., 2009]. For 
instance, using irrigation water with no salinity 
(0‰), rice plants reached an optimal height of 
88 cm with an average increase of 12.8% during 
40 days under greenhouse conditions (Table 3). 
Lesser plant height reduction was observed fol-
lowing the 1.5‰, 2‰, and 3‰ treatments, while 
the 5‰ treatment resulted in the most significant 
decrease (30.1 to 46.5%) with a plant height of 61 
cm in spring and 47 cm in summer. 

The results of the present study demonstrate 
that rice is highly sensitive to salt, with severe ef-
fects even at 1.5‰ salinity, which is comparable 
to a previous study [Razzaq et al., 2020] which 
reported decreased rice density and grain produc-
tion under greenhouse conditions and in field trials. 
Table 3 shows that increasing salinity is inversely 
proportional to plant height. No significant differ-
ences in plant height were observed between the 
CF and 1.5‰ treatments (P = 0.08, 0.16, and 0.09 
respectively) at day 20. However, at the end of the 
treatment (day 60), plant height was shorter after 
the 1.5‰ treatment by about 10 cm. At higher 
salinity concentrations, such as treatments of 2‰ 

Figure 4. Effect of salinity on leaf growth
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and 32‰, height was significantly impacted, and 
these treatments resulted in shorter plant height 
(62–65 cm, 59–64 cm, respectively) during the 
summer 2019 and spring 2020 crops compared to 
those observed in the spring 2019 crop (71–72 cm) 
after 40 days. When the salinity level increased to 
4‰, the high Na+ content in the irrigation water 
further hindered the plant growth, with an average 
plant height of only 55–67 cm for all three seasonal 
crops after 60 days. Furthermore, the observations 
at 5‰ treatment showed that the plant height de-
creased dramatically by one-third compared to the 
CF during the entire period of study. Comparison of 
the experiment results in the three crops indicates 
that the influence of long-term saline accumulation 
leads to a decrease in growth of the rice plant. This 
is illustrated by the plant height and leaf length de-
creasing in the order spring 2020 > summer 2019 
> spring 2019. The average growth parameters of 
the previous crop in the sequence compared to the 
next crop were reduced by 10.12–11.98%.

For the plant growth index, the studies of salini-
ty have shown reduced growth rates, height, weight, 
and grain number of rice plants, thus decreasing 
biomass production and causing low grain yield 

[Razzaq et al., 2020]. The most harmful impact of 
salinity stress is the Na+ and Cl– accumulation in rice 
plant tissues and paddy soil [Cominelli et al., 2013]. 
The ability to tolerate increased Na+ concentrations 
limits the nutrition metabolism in the leaves [Yang 
Y et al., 2018]. Salt concentrates in the leaves can 
be damaging to leaf cells [Munns & Tester, 2008]; 
specifically, an imbalance between plant and soil is 
caused by greater accumulation of Na+ and Cl– ions, 
which can lead to physiological disorders in plants 
[Kronzucker et al., 2013]. High salinity concentra-
tions may also reduce the water and nutrition up-
take due to salt accumulation in the root system, as 
witnessed predominantly during periods of drought. 
Salt toxicity reduces the osmotic role and nutrient 
exchange function in plant cells [Kronzucker et al., 
2013]. In addition, an overabundance of Na+ ions 
damages plant cell membranes and can dry the 
leaves. Furthermore, decreasing the nutrient up-
take causes leaf development to become slower and 
leaf ageing/drying to become faster; thus, reduced 
leaf density decreases the speed of photosynthesis, 
resulting in lower grain quality and productivity 
[Cominelli et al., 2013]. 

Thus, the growth of rice crops is limited by 
higher salinity concentrations and increased com-
petition with Na+ ions, resulting in decreased nu-
trition uptake [Islam et al., 2007]. These study re-
sults are consistent with previous publications on 
the effect of salt stress on root and shoot lengths. 
In the cation-exchange process, increasing the 
Na+ ion content in paddy soil reduces the absorp-
tion capacity for other cations, including K+, Ca2+, 

and Mg2+ macronutrients [Nishimura et al., 2011]. 
Competition with Na+ ions causes Mg2+, Ca2+, and 
K+ deficiency to inhibit rice growth and develop-
ment, limiting nutrient uptake and impeding leaf 
growth [Roy et al., 2014]. As a result, higher sa-
line conditions contribute to shorter plant height.

No significant difference was observed between 
salinity levels at 0‰ and 1.5‰ (P = 0.08); thus, it 
can be concluded that salinity ≤ 1.5‰ has little in-
fluence on plant height. However, when the salin-
ity levels exceed 1.5‰, plant height is significantly 
impacted (P < 0.05), confirming that decreased plant 
height is due to the effects of salinity.

Effect of salinity on grain yield 

The effect of salinity on yield was determined 
by the number of flowers per plant, number of seeds 
per flower, thousand-grain weight, and grain yield. 

Table 3. Rice growth parameters after 20, 40, and 60 days

Treatments
Average plant height (cm)

*P
20 days 40 days 60 days

Spring 2019

CF 78 86 88 -

1.5‰ 71 76 78 0.080

2‰ 66 72 76 0.040

3‰ 66 71 73 0.024

4‰ 58 63 67 0.006

5‰ 56 58 61 0.006

Summer 2019

CF 75 79 83 -

1.5‰ 68 74 77 0.164

2‰ 62 65 69 0.087

3‰ 57 62 67 0.404

4‰ 51 54 58 0.103

5‰ 43 45 47 0.025

Spring 2020

CF 76 82 87 -

1.5‰ 69 73 76 0.087

2‰ 61 64 68 0.044

3‰ 55 59 65 0.266

4‰ 49 53 55 0.112

5‰ 41 44 46 0.021

*P = probability
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The influence of salinity on grain number is 
different between salinity levels. Higher salinity 
concentrations cause weaker growth. Grain yield 
was found to vary with each salinity treatment (P 
< 0.05). Specifically, a yield of 4.43 t/ha was ob-
tained with CF (0‰) in the spring 2019 crop, and 
4.21 and 4.38 t/ha in the summer 2019 and spring 
2020 crops, respectively. These observations indi-
cate that grain yield decreased as treatments with 
increasing levels of salinity were applied. When 
salinity concentrations are higher than 1.5‰, de-
creasing rice grains number occurs. The results 
in Table 4 show that the salinity concentrations 
of 1.5‰ decreased yields by 11.9% and 11.6% in 
spring and summer 2019, respectively, and sharp-
ly decreased yield, by 16.9%, in spring 2020.

Furthermore, yields with 2‰ salinity treat-
ment decreased by 23.5%, 26.4% and 31.5% in 
the spring and summer 2019 and spring 2020 ex-
perimental crop seasons, respectively, demonstrat-
ing the significant influence of salinity above 2‰ 
[Ezeaku et al., 2015]. The 3‰ salinity treatment 
reduced yield significantly, by around 43.8% in the 
spring 2019 crop and 44.7% in the summer 2019 
crop. Although the effects of salinity on seasonal 
yields differed, such as 64.38% in spring 2020 
(3‰ treatment), it was noted that the application of 
saline water irrigation for long periods adversely 
affected rice productivity. With 4‰ salinity treat-
ment, yield was only 27.3% and 25.9% in spring 
and summer seasons 2019, respectively; it was 
18.9% in spring 2020. Notably, 5‰ treatment in all 
seasons stopped growth completely, with no grain 
produced. Thus, it is important to maintain salinity 
under 4‰ to yield any grain at all.

As observed, increasing salinity in irrigation 
water affects rice growth, which in turn limits the 
rice grain yield. Specifically, when the salinity 
levels reach 2‰ and 3‰, rice yield reduces to 
only between one-quarter and one-half of that ob-
tained with 1.5‰ salinity.

Salt accumulation in soil leads to low rice 
grain yields and weak resistance [Hussain et al., 
2017]. When subject to saline stress, rice roots are 
significantly affected by the uptake of salt, which 
subsequently leads to ion and nutrient imbalanc-
es. The study results show that different salinity 
concentrations affected the plant height of the 
HT08 rice variety. This finding accords with other 
rice studies, indicating that salinity adversely af-
fects the growth parameters of most plant culti-
vars. Higher salinity concentrations increase the 
competition with Na+ ions, resulting in decreased 
nutrition uptake. These results are consistent with 
previous publications on the effects of salt stress 
on root and shoot lengths. 

For cultivation yield, previous study find-
ings demonstrate incomplete seed development 
resulting from nutrient deficiency caused by salt 
stress [Wei et al., 2019]. Water plays a vital role 
in dissolving nutrients in the soil, and capillary 
action transports absorbed nutrition in the plant. 
Salt stress hinders osmosis in the root system and 
causes the phenomenon of water deficiency in the 
plant. Thus, water deficiency impedes the uptake 
of nutrients, including nitrogen, phosphorus, po-
tassium, calcium, and zinc [Chawla et al., 2013]. 
Under salinity stress conditions, the changes in 
the physiological properties of paddy soil, such 
as density and compression, can disrupt the phys-
iological parameters in the root system, causing 
root damage leading to insufficient nutrition up-
take and, as a result, a low yield [Zhu et al., 2018]. 

Other experiments have concluded that the 
pollen-keeping ability is also decreased by the 
salinity effect. Salt stress has a dramatic impact 
on crop growth and grain productivity, and is 
the primary factor responsible for yield losses in 
many countries [Wessells & Brown 2012]. Thus, 
in irrigation water significantly affects the rice 
crop production. Although each different rice 
variety has its own salinity tolerance, Na+ ions 
mainly cause plant toxicity which prevents the 

Table 4. Grain yield

Treatments
Average number 

of flowers per 
tree

Average 
seeds number 

per flower

Imperfect 
grain ratio 

(%)

Average 
mass of 1000 

sheed (g)

Grain yield of 
2019 Spring 
season (t/ha)

Grain yield of 
2019 Summer 
season (t/ha)

Grain yield of 
2020 Spring 
season (t/ha)

CF 4.6 169 14.8 22.6 4.43 4.21 4.38

1.5‰ 4.3 142 16.7 22.0 3.81 3.72 3.68

2.0‰ 3.9 123 20.4 18.3 3.39 3.10 3.02

3‰ 2.5 97 33.6 15.1 1.94 1.88 1.56

4‰ 1.4 38 54.9 13.4 1.21 1.09 0.83

5‰ 0 0 - - 0 0 0
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nutrient uptake. Lack of plant nutrition reduces 
photosynthesis and the pollination process, and 
helps explain the impact of salt on grain crop 
production. Moreover, high salinity levels can 
completely prevent plant growth and pollination 
[Zhu et al., 2018]. Various studies have also re-
ported that crop yield declines due to increas-
ing salinity in irrigation water [Wei et al., 2019]. 
Salinity also directly impacts cell expansion and 
division in correlation with reduced leaf area 
[Shrivastava & Kumar, 2015]. In the present 
study, under greenhouse conditions, grain yield 
was 4.21 t/ha in summer and 4.43 t/ha in spring. 
These results agree with the previous reports 
that salt stress can cause panicle sterility in the 
fertilisation process, leading to reduced grain 
production [Islam et al., 2007].

The MZ nutrient uptake by plants is pres-
ent in soil solution. The results show that MZ 
content in the soil decreased with the salt irriga-
tion treatments. In explaining this phenomenon, 
the published studies indicate that using saline 
irrigation water has a negative influence on P, 
K+, Fe, Ca2+ and Zn2+ nutrients in paddy soils, 
and Zn deficiency occurs with increased salt 
stress [Alloway, 2008]. One adverse effect of 
salt stress on plant growth includes increased 
soil compactness and hardness, which prevent 
roots from developing into a sufficient root sys-
tem [Machado & Serralheiro, 2017]. As com-
pression is increased by salt stress, the level 
of oxygen is reduced in paddy soil, causing 
decreased redox potential and the formation of 
precipitates such as ZnS.

Effect of salinity on the MZ 
content in paddy soil

In this study, the results show that salinity af-
fects the MZ micronutrients (Zn2+, Zn(OH)+) in 
paddy soil, which are important for plant growth. 
As treatment with increasing salinity was applied, 
competition between Na+ ions and MZ also in-
creased. Compared to MZ = 6.8–7.5 ppm follow-
ing the CF treatment, MZ decreased by around 
8.86–9.23% after the 2‰ treatments and 51.3 to 
81.53% after applying the 3 to 5‰ treatments in 
the 2019–2020 crop seasons, respectively.

Overall, increasing salinity level causes re-
duced MZ concentration. In this study, the MZ 
content in experimental soils under 1.5–5‰ salt 
treatments decreased by 3.12–81.53% compared 
to CF. These results can be attributed to irriga-
tion with high salinity water changing soil os-
motic potential, making it difficult for plants to 
absorb water and to take up nutrition. Increasing 
the Na+ ion content in soil leads to an increase 
in soil pH [Wei et al., 2019]. The MZ content 
increases under the conditions of decreasing soil 
pH values [Alloway, 2008]. The micronutrient 
deficiency in soils, because they were absorbed 
on the surface of soil colloidal particulars, oc-
curs commonly in saline soils with high pH val-
ues [Zhu et al., 2004]. When the soil pH values 
increase, soluble Zn forms complexes with hy-
droxyl ion to form Zn(OH)2 minerals, and this 
can decrease MZ in the soil. The soil conditions 
that cause zinc deficiency in crops can be attrib-
uted to the reasons including high salt concen-
tration (saline soils) [Alloway, 2008].

Figure 5. Effect of salinity on mobile zinc in paddy soil
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Zn is an essential micronutrient for healthy 
plant growth and optimum yield in rice produc-
tion [Alloway, 2008]. Salt stress in the root region 
causes detrimental biochemical and morphological 
changes that result in decreased nutrient uptake, in-
cluding Zn, by the rice plant, and can reduce rice 
yield by over 20% [Machado & Serralheiro, 2017]. 
Because salinity alters the physical properties of 
soil, the root systems of rice plants become com-
pressed, reducing both oxygen levels and redox 
potential. Furthermore, micronutrient deficiency 
caused by salinity stress is a common phenomenon 
in flood soils due to the existence of mobile micro-
nutrients, such as Zn, which depend on the solubil-
ity level, pH, and redox potential of the soil envi-
ronment [Farouk et al., 2019]. Zn deficiency causes 
the physiological stress phenomenon [Vojodi et al., 
2018] because the physiological and metabolic pro-
cesses in plants cell require Zn [Fang et al., 2008].

Effect of salinity on the Zn content in grain

The effect of salinity concentration on the up-
take of Zn in rice grains was found to be significant 
(P < 0.05) in all three seasons. The treatment with 
0‰ salinity (CF) resulted in significantly higher 
uptake of Zn in the rice grain (P < 0.05) compared 
to the other salt treatments. Subsequently, the Zn 
concentration in the rice grain decreased to 0.87 
ppm with the 1.5‰ treatment and reduced dra-
matically by 36.06 to 38.02% and 62.79 to 69.28% 
with the 2 and 3‰ treatments, respectively. The 
4‰ treatment decreased the Zn content further, by 
around 82.31–85.71%, while rice grains after the 
5‰ treatment contained no zinc at all (Figure 6).

Zn deficiency was demonstrated to reduce aux-
in which results in shortleaf and leaf size limitation 
[Broadley et al., 2007]. Besides, reducing the auxin 
content can be one of factors to growth retardation 
of root and shoot and limits Zn uptake [Mroue et 
al., 2018]. Reducing the Zn uptake can lead to lack 
of Zn nutrition in rice. Consistent with the obtained 
results, previous studies have also reported that the 
absorption of Zn in rice and other crops decreased 
with elevated soil salinity [Amanullah & Inamul-
lah, 2016], whereby excessive soluble salts even 
decrease Zn in leaf tissue. This phenomenon can 
be caused by Na+ and Cl– ions in plant tissue being 
in competition with Zn2+, whereby an imbalance 
of the Zn uptake occurs [Faisal et al., 2020]. Fur-
thermore, decreased MZ in soil is also a reason for 
decreased Zn content in grain [Bala et al., 2019]. 
Grain Zn deficiency can affect the human diet. Such 
effects pose considerable risks to the cognitive de-
velopment of children in countries such as Viet-
nam, as they depend mainly on rice as their primary 
source of nutrition [Wessells & Brown, 2012].

CONCLUSIONS

In conclusion, under experimental green-
house conditions, the results show that saline ir-
rigation water significantly affects soil properties, 
and in turn, growth, yield, and the available Zn 
content in paddy rice. The saline accumulation 
trend sharply increased in paddy soil with 4 – 5‰ 
irrigation treatments (4.15 – 4.96 mS/cm). Salin-
ity impacts various parameters of rice plants, in-
cluding leaf length and plant height; in particular, 

Figure 6. The Zn content in grain
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the 5‰ irrigation treatment caused shorter plant 
height by one-third compared to the CF treatment 
(0‰ salinity), subsequently inhibiting grain pro-
duction. Increased salinity levels also reduced 
MZ in the paddy soil by 51.3–85.31% following 
the 3‰, 4‰ and 5‰ salt irrigation treatments, 
respectively, and the 2, 3, and 4‰ salinity treat-
ments reduced the Zn content in rice grains by 
36.27%, 69.28%, and 85.71%, respectively. This 
study evaluated rice quality in the context of salt-
ed irrigation water, and the results may provide 
reference for the regions considering the effects 
of using saline irrigation water.
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