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ABSTRACT

Salinity is a growing problem worldwide and techniques are needed to mitigate this problem. Field experiments were 
conducted to explore the effects of optimum N management (NM) on growth, antioxidant ability and yield performance 
of rice (Oryza sativa L.) in medium saline soil in the coastal area of Yancheng City, Jiangsu Province, China, during 
2016 and 2017. A salt tolerant rice genotype Nangeng 9108 and N fertilizer including urea (300 kg N ha-1) were used, six 
levels of NM were arranged (base:tillering:panicle initiation fertilizers = 0:8:2 (T1), 0:6:4 (T2), 0:4:6 (T3), 5.6:2.4:2.0 
(T4), 4.2:1.8:4.0 (T5), and 2.8:1.2:6.0 (T6), respectively). NM significantly affected plant growth, antioxidant traits, yield 
and yield components of rice in saline soil. On average, grain yield, panicles and spikelets per panicles were prominently 
higher under treatments of applied basal fertilizer (TABF; T4, T5 and T6) than treatments of non-applied basal fertilizer 
(TNBF; T1, T2 and T3). The TABF produced a yield advantaged of 39.7% and 54.4% over TNBF in 2016 and 2017, 
respectively. Bigger panicles were formed under TABF, mean spikelets per panicle was 15.7% higher than TNBF in 
2016 and 20.0% in 2017. The T5 produced the highest dry weight, grain yield, panicles, spikelets per panicle, activities 
of catalase, peroxidase and superoxide dismutase, soluble protein, soluble sugar and sucrose at each growth period. 
However, the highest grain filling percentage showed under T4 had 82% and 81% advantages in each year. These results 
suggest that applied basal fertilizer can enhance salt tolerance and grain yield of rice, and appropriate N management can 
alleviate salt stress and increase grain yield.
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INTRODUCTION

Soil salinization is worsening than ever before, the area of saline agricultural soil is estimated to be about 800 million 
ha (Khan et al., 2014). It has becoming a major abiotic stress limiting crop growth and reducing grain yield (Islam et al., 
2013). Sodium chloride stress leads to over accumulation of Na+ and Cl-, which prevents acquisition and homeostasis 
of essential nutrient elements, like N, Ca and K, and induces oxidative stress in plants (Khan et al., 2010). Salinity 
affects the metabolisms of C and N in plants, which are the key physiological processes in determining plant growth and 
development (Touchette and Burkholder, 2007).
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	 Rice (Oryza sativa L.) is one of the most important cereals for human diet (Peng et al., 2005). Globally, about one third 
of rice production areas are affected by salinity (Prasad et al., 2000). Rice is highly susceptible to rhizosphere salinity 
than other cereal crops (Joseph et al., 2010). Rice genotypes show variable responses to salinity stress dependent on their 
growth stages (Ismail and Horie, 2017). Several studies confirmed that rice is tolerant to salinity during germination and 
vegetative stage, but sensitive at the early seedling stage and reproductive stage (Ismail et al., 2007). Under salinity stress, 
plant growth, tiller number, biomass, panicle number, spikelets per panicle, grain filling percentage, grain yield of rice 
significantly were declined (Abbas et al., 2015). These decreases are attributed to ion toxicity, nutrient deficiency and 
oxidative stress in salinity conditions (Flowers, 2004).
	 The adverse effects of salt stress on grain yield are attributed to two main causes: (1) Osmotic stress reduces water 
uptake by roots and causes internal dehydration, and (2) direct excessive accumulation of salts leads to ion toxicity that 
disturbs metabolic processes, particularly in photosynthetic cells (Ismail and Horie, 2017). Injury occurs when salts 
loaded in transpiring tissues surpass the ability of crops to extrude them from the cytoplasm, which largely depends on 
the mechanisms of Na+ extrusion from roots, Na+ unloading from the xylem, and Na+ sequestration in vacuoles (Ismail et 
al., 2007). Under this situation, plant growth, leaf photosynthesis (Khan et al., 2015), water and nutrients uptake (Farooq 
et al., 2015), biomass accumulation and translocation (Pitann et al., 2011) and grain filling (Khan et al., 2017) were all 
significant declined.
	 Among nutrients, N is the key nutrient element for plant growth and production. Proper application of N fertilizer is 
a convenient and effective practice to improve plant growth, crop yield and quality. It has confirmed that N fertilization, 
different rates of N can alleviate the negative effects produced by salinity stresses (Ibrahim et al., 2018b), because N plays 
both nutritional and osmotic roles in saline conditions. However, it is difficult to optimize N application in crops because 
excessive or inadequate, untimely application may bring about other abiotic stresses. It has been reported that the growth 
inhibition and adverse effects induced by saline stress could be alleviated by proper use of fertilizer in crops such as maize 
(Akram et al., 2011), wheat (Ibrahim et al., 2018a), cotton (Chen et al., 2010) and oat (Song et al., 2019). However, little 
attention has paid to the effects of same amount of N with different managements on alleviating salt stress on rice plants 
in saline soil. It has confirmed that N fertilization can alleviate salinity tolerance of crops (Ibrahim et al., 2018a; Song 
et al., 2019). The possible reason was that N could play both nutritional and osmotic roles in saline conditions (Song et 
al., 2019). An increasing study confirmed that the growth inhibition and adverse effects induced by saline stress could be 
alleviated by proper use of N fertilizer (Ibrahim et al., 2018a; 2019).
	 It is uncertain whether that soil salinity can reduce the N metabolism in plants and there is a possibility that the 
utilization of N fertilizers can mitigate adverse influences of salinity and help to enhance the final yield of crops. The 
concentration of soluble cations and anions in the saline soil solution is high enough to make water stress, specific ion 
impacts and nutrient irregularity which normally decrease crop growth and yield. Normally, N fertilization improves 
productivity and yield of the crops at moderate soil salinity as compared to the situation where soil salinity is the main 
growth limiting factor (Ibrahim et al., 2018a). However, the N absorption and assimilation is critical for the rice yield 
increase when overdose N was applied in rice production (Wang et al., 2018).
	 Therefore, in this study, a 2-yr field experiment was conducted to study the effects of N management at the same rate 
on growth, antioxidant traits and yield performance of rice in the medium saline soil of coast area of China. The purposes 
of this study were to investigate the adverse effects of salt stress on plant growth, physiological traits and grain yield of 
rice; evaluate the alleviation effects of N managements on the above-mentioned parameters; and screen the optimum N 
management for rice production in the medium saline soil of coastal area of China.

MATERIALS AND METHODS

Plant materials and experimental set-up
A 2-yr field experiment was conducted on Shuntai Farm, Sheyang County (33°69’ N, 120°38’ E), Yancheng City, 
Jiangsu Province, China, during the two rice-growing seasons from May to October in 2016 and 2017. The soil from 
experiment field had a texture of sandy loam with pH 8.0-8.7, organic matter 15.10 g kg-1, total N 66.42 mg kg-1, 
available P 22.19 mg kg-1, exchangeable K 93 mg kg-1, soil conductivity 2.5-3.5 dS m-1 (equivalent to content of sodium 
chloride 1.38-1.93 g kg-1).
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Rice (Oryza sativa L.) genotype Nangeng 9108 (screened in our previous study) was used in the experiment, a salt 
tolerant genotype with high grain quality and widely cultivated in China. Pre-germinated seeds were sown in a seedbed. 
Seedlings (27 d old) were transplanted on 5 June in 2016 and 9 June in 2017. The planting density was 27 hills m-2 at a hill 
spacing of 30.0 cm × 12.0 cm with three seedlings per hill (2430 plant plot-1). Fertilizers included urea for N and single 
superphosphate for P, and they were applied at 300 kg N ha-1 and 40 kg P ha-1. N fertilizer was split-applied at basal (1 d 
before transplanting), tillering (7 d after transplanting), and panicle initiation stage. Six levels of N management (NM) 
were arranged according to N rate at basal, tillering and panicle initiation (base:tillering:panicle initiation fertilizers). 
Treatments were 0:8:2 (T1), 0:6:4 (T2), 0:4:6 (T3), 5.6:2.4:2.0 (T4), 4.2:1.8:4.0 (T5) and 2.8:1.2:6.0 (T6); T1, T2 and 
T3 were classified as treatments of non-applied basal fertilizer (TNBF), and T4, T5 and T6 as treatments of applied basal 
fertilizer (TABF). Phosphorus was applied once as basal. The experiment was arranged in a randomized block design with 
three replicates and the plot size was 30 m2 (5 × 6 m). The experimental field was flooded from transplanting to 7 d before 
maturity. Pests and weeds were done in conformity with local recommendations.

Measurements
Growth, physiological and yield related parameters were assessed at different growth stages. Growth parameters included 
plant height and dry weight. Physiological parameters contained the activities of catalase (CAT), peroxidase (POD), 
superoxide dismutase (SOD) and the contents of soluble protein, soluble sugar and sucrose. Yield related parameters 
included grain yield, panicles, spikelets per panicle, grain filling percentage and grain weight. 

Agronomic parameters. Twelve plants were sampled from each plot and used to measure plant height and dry weight 
at tillering, panicle initiation and heading stages. After measurement of plant height, plants were separated into root and 
shoot and then oven-dried at 80 °C to constant weight for biomass determination. After that, samples of each part were 
ground to powder to assay content of soluble sugar and sucrose.

Physiological parameters. At tillering, panicle initiation, and heading growth stages physiological parameters were 
measured. An additional 10 hills were sampled from each plot and the uppermost fully expanded leaves were used for 
physiological assays.
	 Catalase (CAT): About 0.1 g fresh leaf was homogenized in 5 mL assay mixtures contained 2.9 mL of substrate solution 
(30% hydrogen peroxide in 50 mmol L-1 potassium phosphate buffer) and 0.1 mL enzyme extract. The decomposition of 
H2O2 was stopped by adding 2 mL potassium-dichromate (5%). The optical density was taken at 620 nm. The enzyme 
specific activity is expressed as mmol L-1 H2O2 oxidized per minute (mg protein) (Jini and Joseph, 2017).
	 Peroxidase (POD): 0.1 g fresh leaf was homogenized in 3 mL 0.1 M phosphate buffer (pH 7.0) for the extraction of 
POD. The homogenate was centrifuged at 18 000×g at 5 ºC for 15 min. The supernatant was used as enzyme source. 
o-Dianisidine (1 mg mL-1 methanol) was used as a substrate for the assay. The oxidized o-dianisidine (yellow/orange 
colored compound) was measured at 430 nm. The phosphate buffer (0.1 mol L-1, pH 6.5) was taken in a clean dry cuvette 
containing the enzyme extract and 0.1 mL freshly prepared o-dianisidine solution. Then, 0.2 mL 0.2 M H2O2 was added 
and mixed. The change in absorbance per minute was recorded. The enzyme activity was expressed in terms of rate of 
increased absorbance per minute per milligram protein (Assaha et al., 2017).
	 Superoxide dismutase (SOD): It was measured by the method of Jini and Joseph (2017). Fresh leaves (0.2 g) were 
homogenized in 5 mL 100 mmol L-1 potassium phosphate buffer (pH 7.8) containing 0.1 mmol L-1 EDTA, 0.1% Triton 
X-100 and 2% polyvinyl pyrrolidone. The extract was filtered through muslin cloth and centrifuged at 15 000×g for 
15 min at 4 ºC. The supernatant was used for the assay. The assay mixture in a total volume of 3 mL contained 50 
mmol L-1 sodium carbonate/bicarbonate buffer (pH 9.8), 0.1 mmol L-1 EDTA, 0.6 mmol L-1 epinephrine and enzyme. 
Epinephrine was the last component to be added. The adrenochrome formation in the next 4 min was recorded at 475 
nm in a spectrophotometer (Shimadzu, Kyoto, Japan). One unit of SOD activity is expressed as the amount of enzyme 
required to cause 50% inhibition of epinephrine oxidation.
	 Soluble protein: A pre-weighed 0.5 g fresh leaf sample was frozen and ground to a fine powder with liquid N and 
extracted with 5 mL ice-cold potassium phosphate buffer with 1 mM ascorbic acid (pH 7.8). The extract was clarified by 
centrifugation at 20 000×g and 4 °C for 20 min. The supernatant layer was used for protein assays (Ella et al., 2003).
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	 Soluble sugar and sucrose were assayed in leaf and stem. About 0.1 g powders of leaf and stem were weighed, then 
extracted in 80% aqueous ethanol (v/v) 3 times. The extract was used for soluble carbohydrate analysis using anthrone 
reagent for soluble sugar and EDTA for sucrose (Fales, 1951).

Yield and yield components
At mature stage, the plants of 12 hills from each plot was used to determine yield components. After the panicles number 
was recorded, the plants were separated into straw and panicles. The straw dry weight was determined after the straw was 
oven-dried at 80 °C to a constant weight. The panicles were hand threshed, and the filled spikelets were separated from 
the unfilled spikelets by submerging the spikelets in tap water, then half-filled and empty spikelets were separated by a 
seed wind machine (FJ-I, Hangzhou Huier Instrument Equipment, Hangzhou, China). Subsequently, three subsamples 
of 30 g filled spikelets, three subsamples of 15 g half-filled spikelets, and three subsamples of 2 g empty spikelets were 
collected to count the number of spikelets. The dry weights of the rachis and filled, half-filled and empty spikelets 
(unfilled spikelets) were determined after they were oven-dried at 80 °C to a constant weight. The panicles, spikelets per 
panicle, 1000-grain weight, and harvest index were calculated (Zhu et al., 2016). About 5 m2 of plants were harvested to 
determine grain yield. The grain yield was adjusted to 14% moisture content. Grain moisture content was measured with 
a digital moisture tester (DMC-700, Seedburo Equipment Company, Des Plaines, Illinois, USA).

Statistical analysis
The study was conducted in two seasons, and results of statistical analysis showed that the experimental timings had 
similar results except for the data of yield and yield components. Consequently, by following Ibrahim et al. (2018a; 
2018b) the mean of the two measurements of each variable was applied for statistical analysis. ANOVA was performed 
by factors design with Statistix 9.0 (Analytical Software, Tallahassee, Florida, USA), and the mean values were compared 
based on the least significant difference (LSD) test at P < 0.05. Figures were performed using SigmaPlot 10.0 (Systat 
Software, San Jose, California, USA). 

RESULTS

Plant height and dry weight
Nitrogen management (NM) significantly affected plant height at tillering, panicle initiation and heading stages (Table 1). 
Generally, TNBF produced higher plant height than TABF. Among them, T3 showed the highest plant height with 36.00, 
55.18 and 99.00 cm at each growth period, followed by T2 and T1. However, T5 generated the lowest plant height with 
28.40 and 49.30 cm at tillering and panicle initiation stages, respectively, and T6 had the lowest plant height with 92.33 
cm at heading stage (Table 1). 
	 Significant effects of NM on dry weight were observed at both tillering and panicle initiation stages except for heading 
stage (Table 2). Opposite to plant height, more dry weight was produced under TABF rather than TNBF. T5 and T6 
treatments produced the highest dry weight at each growth period, followed by T4. However, T1 showed the lowest dry 
weight with 85.6, 850.5 and 1884.1 g m-2 at tillering, panicle initiation and heading stages, respectively (Table 2).

Table 1. Effect of nitrogen management (NM) on rice plant height at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
*, **Significant at P ≤ 0.01 and P ≤ 0.05, respectively; ns: nonsignificant. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2	 35.40ab	 53.12b	 97.00ab
	 T2	 0:6:4	 33.80ab	 53.40ab	 95.30ab
	 T3	 0:4:6	 36.00a	 55.18a	 99.00a
TABF	 T4	 5.6:2.4:2.0	 29.00bc	 50.98bc	 96.37ab
	 T5	 4.2:1.8:4.0	 28.40c	 49.30c	 94.00b
	 T6	 2.8:1.2:6.0	 31.20b	 51.68bc	 92.33b

NM

cm

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

	                     F value	 6.41**	 3.42*	 3.32*
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Yield and yield components
Yield and yield components of rice were significantly affected by NM in both 2016 and 2017 (Table 3). Grain yield 
was prominently higher under TABF than TNBF. On average, TABF produced 39.7% and 54.4% more grain yield than 
TNBF in 2016 and 2017, respectively. The highest grain yield was showed by T5, which produced 9.52 t ha-1 in 2016 
and 9.75 t ha-1 in 2017. On the contrary, the lowest grain yield was generated under T1 treatment in both years, which was 
only 4.76 and 4.73 t ha-1, respectively. In addition, under TNBF, grain yield was improved with decreased rate of tillering 
fertilizer and increased rate of panicle initiation fertilizer (Table 3).
	 The yield advantage of TABF was attributed to superior in panicles and spikelets per panicle. Similar to grain yield, 
panicles and spikelets per panicle were significantly higher in the TABF than the TNBF. The range of panicles under 
TNBF was from 287.96 to 329.63×104 ha-1 in 2016, and from 278.65 to 309.20×104 ha-1 in 2017. However, that was from 
336.81 to 377.22×104 ha-1 and from 345.49 to 379.57×104 ha-1 under TABF in each year (Table 3). As for the spikelets 
per panicle, bigger panicles were formed under TABF, the mean spikelets per panicle were 15.7% and 20.0% higher than 
TNBF in 2016 and 2017, respectively. The spikelets per panicle gradually increased with the increased rate of panicle 
initiation fertilizer under TNBF. The maximum of spikelets per panicle was performed by T5 with 152.55 and 158.00, and 
the minimum was T1 with 117.05 and 116.45 in both 2016 and 2017, respectively (Table 3).

Table 2. Effect of nitrogen management (NM) on dry weight of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
*Significant at P ≤ 0.01; ns: nonsignificant. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2	 85.6d	 850.5d	 1844.1b
	 T2	 0:6:4	 172.8b	 1026.0c	 1927.8b
	 T3	 0:4:6	 110.7c	 850.5d	 1844.1b
TABF	 T4	 5.6:2.4:2.0	 197.1ab	 999.0c	 2157.3a
	 T5	 4.2:1.8:4.0	 213.3a	 1233.9a	 2251.8a
	 T6	 2.8:1.2:6.0	 226.8a	 1161.0b	 2168.1a

NM

g m-2

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

	                     F value	 45.6*	 46.5*	 ns

	 t ha-1	 ×104 ha-1	 %	 g
2016						    
TNBF	 T1	 0:8:2	 4.76d	 287.96b	 117.05b	 59e	 23.95a
	 T2	 0:6:4	 6.07c	 324.07b	 120.52b	 69d	 22.51ab
	 T3	 0:4:6	 7.33c	 329.63ab	 128.83b	 75b	 23.02ab
TABF	 T4	 5.6:2.4:2.0	 8.03b	 336.81ab	 134.02ab	 82a	 21.68b
	 T5	 4.2:1.8:4.0	 9.52a	 377.22a	 152.55a	 71c	 23.31ab
	 T6	 2.8:1.2:6.0	 7.77b	 339.11ab	 137.37ab	 73c	 22.86ab

2017						    
TNBF	 T1	 0:8:2	 4.73d	 278.65e	 116.45c	 62c	 23.55a
	 T2	 0:6:4	 6.05c	 297.05d	 120.29bc	 75b	 22.56ab
	 T3	 0:4:6	 6.91c	 309.20c	 134.18b	 77b	 21.62b
TABF	 T4	 5.6:2.4:2.0	 8.86b	 345.49b	 141.31abc	 81a	 22.41ab
	 T5	 4.2:1.8:4.0	 9.75a	 379.57a	 158.00a	 75b	 21.68b
	 T6	 2.8:1.2:6.0	 8.71b	 350.46b	 145.50ab	 75b	 22.79ab
		  F value	 106.33**	 10.7*	 46.63**	 28.98**	 42.86**

Table 3. Effect of nitrogen management (NM) on yield and yield components of rice in 2016 and 2017.

Values followed by different lowercase letters within different treatments are significantly different according to LSD 
test (P < 0.05). 
*, **Significant at P ≤ 0.01 and P ≤ 0.05, respectively. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.
1Base fertilizer:tillering fertilizer:panicle initiation fertilizer.

Fertilizer 
arrangement1

Spikelets per 
panicle

1000-Grain 
weight

Grain 
filling

Grain 
yield PaniclesNM

		  F value	 125.75**	 38.61**	 92.62**	 24.69**	 35.41**
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	 However, under TNBF, grain filling percentage gradually increased but 1000-grain weight decreased with the declined 
rate of tillering fertilizer and increased panicle initiation fertilizer (Table 3). There is no obvious tendency for grain filling 
percentage and 1000-grain weight under TABF. The highest grain filling percentage showed under T4 with 82% and 81% 
in each year, followed by T3. But the lowest was T1 with 59% in 2016 and 62% in 2017. Interestingly, the maximum 
1000-grain weight produced by T1 with 23.59 and 23.55 g in both 2016 and 2017. Oppositely, the minimum 1000-grain 
weight was T4 with 21.68 g in 2016, and T3 with 21.62 g in 2017 (Table 3).

CAT, POD and SOD
The activities of CAT, POD and SOD were significantly affected by NM at tillering, panicle initiation and heading stage 
(Tables 4, 5, and 6). As a whole, TABF produced higher activities of CAT, POD and SOD than TNBF at each growth 
period. On average, TABF showed 3.22, 1.68- and 1.80-times higher activity than TNBF at each growth stage for CAT, 
1.83, 1.92 and 2.81 times higher for POD, and 4.15, 2.91 and 3.08 times higher for SOD. Among them, T5 of NM 
generated the highest activities of CAT, POD and SOD at these three growth periods, followed by T4 and T6.
	 Nitrogen management (NM) affected contents of soluble protein, soluble sugar and sucrose at each growth period, 
except for leaf soluble sugar at panicle initiation stage (Tables 7, 8, 9, 10 and 11). Either as a whole or as some stages, 
the mean contents of soluble protein, soluble sugar and sucrose under TABF were prominently higher than that under 
TNBF, but not to cover the contents of leaf soluble protein at heading stage (Table 7), leaf soluble sugar at both heading 
and maturity stage (Table 8), and leaf sucrose at heading stage (Table 10). Nevertheless, still T5, one of the TABF of NM, 
produced the highest content of soluble protein, soluble sugar and sucrose at each growth period.

Table 4. Effect of nitrogen management (NM) on catalase (CAT) activity of rice leaves at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05). 
**Significant at P ≤ 0.05. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2	 118.99cd	 100.43f	 65.93f
	 T2	 0:6:4	 77.14d	 124.07e	 107.16e
	 T3	 0:4:6	 62.96d	 178.19d	 125.90d
TABF	 T4	 5.6:2.4:2.0	 274.40b	 201.48b	 186.45b
	 T5	 4.2:1.8:4.0	 366.48a	 287.38a	 195.85a
	 T6	 2.8:1.2:6.0	 193.88c	 186.85c	 156.26c

NM

U g-1 FW 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

	                     F value	 16.70**	 20.30**	 12.84**

Table 5. Effect of nitrogen management (NM) on leaf peroxidase (POD) activity of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05). 
**Significant at P ≤ 0.05.
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  159.67d	 159.24d	 50.17f
	 T2	 0:6:4		  136.43e	 101.08e	 63.58e
	 T3	 0:4:6		  118.70f	 83.42f	 75.00d
TABF	 T4	 5.6:2.4:2.0		 228.20b	 200.96b	 172.00b
	 T5	 4.2:1.8:4.0		 325.52a	 284.30a	 209.20a
	 T6	 2.8:1.2:6.0		 204.82c	 175.42c	 148.32c

			   F value	 38.03**	 12.11**	 13.51**

NM

U g-1 FW 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation
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Table 7. Effect of nitrogen management (NM) on leaf soluble protein content of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
*, **Significant at P ≤ 0.01 and P ≤ 0.05, respectively. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  19.07c	 24.28bc	 16.90a
	 T2	 0:6:4		  24.08b	 23.30cd	 19.32a
	 T3	 0:4:6		  33.09a	 15.82e	 16.74a
TABF	 T4	 5.6:2.4:2.0		 19.03c	 26.46b	 13.30b
	 T5	 4.2:1.8:4.0		 35.52a	 30.08a	 17.61a
	 T6	 2.8:1.2:6.0		 22.87b	 20.95d	 7.49c

	 		  F value	 15.39**	 7.28*	 4.49*

NM

mg g-1 FW 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

Table 8. Effect of nitrogen management (NM) on leaf soluble sugar content of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
*, **Significant at P ≤ 0.01 and P ≤ 0.05, respectively; ns: nonsignificant. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  0.48c	 0.76ab	 0.70bc	 0.54b
	 T2	 0:6:4		  0.52bc	 0.72b	 0.78b	 0.59ab
	 T3	 0:4:6		  0.55b	 0.74ab	 1.08a	 0.56b
TABF	 T4	 5.6:2.4:2.0		 0.55b	 0.74ab	 0.72bc	 0.58ab
	 T5	 4.2:1.8:4.0		 0.71a	 0.85a	 1.12a	 0.64a
	 T6	 2.8:1.2:6.0		 0.39d	 0.79ab	 0.56c	 0.27c

			   F value	 4.98*	             ns	 17.19**	 55.57**

NM

mg g-1 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

Maturity

Table 6. Effect of nitrogen management (NM) on leaf superoxide dismutase activity (SOD) of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05). 
**Significant at P ≤ 0.05. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  74.14d	 26.86f	 10.90f
	 T2	 0:6:4		  54.20e	 43.63e	 26.34e
	 T3	 0:4:6		  43.24f	 61.19d	 47.25d
TABF	 T4	 5.6:2.4:2.0		 252.02b	 118.69b	 87.24b
	 T5	 4.2:1.8:4.0		 270.58a	 172.6a	 107.38a
	 T6	 2.8:1.2:6.0		 189.39c	 91.71c	 65.25c

			   F value	 97.7**	 31.63**	 31.91**

NM

U g-1 FW 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation
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DISCUSSION

Among abiotic stresses, salt stress is especially important in crop production because it can significantly decrease crop 
productivity. As showed in the present study, grain yield, panicles, spikelets per panicle and grain filling percentage 
were all lower in TNBF than TABF in saline soil. Similar results were showed by Abbas et al. (2015), who reported that 
grain yield and yield components of rice significantly declined under salinity stress. Those results were also confirmed in 
the present study, plant height, dry weight, activity of anti-oxidase enzymes, soluble protein and soluble sugar were all 
affected by salinity stress. 

Table 11. Effect of nitrogen management (NM) on stem sucrose content of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
**Significant at P ≤ 0.05. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  0.52bc	 0.22d	 0.12b
	 T2	 0:6:4		  0.49bcd	 0.23cd	 0.14b
	 T3	 0:4:6		  0.39cd	 0.27cd	 0.24a
TABF	 T4	 5.6:2.4:2.0		 0.59ab	 0.46ab	 0.09b
	 T5	 4.2:1.8:4.0		 0.74a	 0.57a	 0.25a
	 T6	 2.8:1.2:6.0		 0.35d	 0.36bc	 0.21a

			   F value	 11.57**	 18.73**	 12.59**

NM

mg g-1 

Fertilizer arrangement
Panicle 

initiation Heading

Base:tillering:panicle initiation

Maturity

Table 10. Effect of nitrogen management (NM) on leaf sucrose content of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
**Significant at P ≤ 0.05. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  0.23e	 0.65b	 0.57b	 0.29ab
	 T2	 0:6:4		  0.51ab	 0.48c	 0.58b	 0.21c
	 T3	 0:4:6		  0.45bc	 0.65b	 0.49bc	 0.23c
TABF	 T4	 5.6:2.4:2.0		 0.40cd	 0.71b	 0.50bc	 0.22c
	 T5	 4.2:1.8:4.0		 0.59a	 0.82a	 0.68a	 0.32a
	 T6	 2.8:1.2:6.0		 0.32de	 0.67b	 0.44c	 0.25bc

	 		  F value	 28.83**	 26.76**	 16.08**	 10.51**

NM

mg g-1 

Fertilizer arrangement Tillering
Panicle 

initiation Heading

Base:tillering:panicle initiation

Maturity

Table 9. Effect of nitrogen management (NM) on stem soluble sugar content of rice at different growth stages.

Values followed by different lowercase letters within different treatments are significantly 
different according to LSD test (P < 0.05).
*, **Significant at P ≤ 0.01 and P ≤ 0.05, respectively. 
TNBF: Treatments of non-applied basal fertilizer; TABF: treatments of applied basal fertilizer.

TNBF	 T1	 0:8:2		  0.66ab	 0.58c	 0.30b
	 T2	 0:6:4		  0.50c	 0.70b	 0.33ab
	 T3	 0:4:6		  0.66ab	 0.66bc	 0.27b
TABF	 T4	 5.6:2.4:2.0		 0.63ab	 0.68bc	 0.27b
	 T5	 4.2:1.8:4.0		 0.76a	 1.08a	 0.43a
	 T6	 2.8:1.2:6.0		 0.59bc	 0.67bc	 0.35ab

			   F value	 6.44**	 36.57**	 4.68*

NM

mg g-1 

Fertilizer arrangement
Panicle 

initiation Heading

Base:tillering:panicle initiation

Maturity
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	 The decrease of yield and its component determined under salt stress may also be correlated with low production, 
growth, senescence and physiologically limited active green foliage, and consequently decreased photosynthetic rate. 
The physiological properties also represent an important direct or indirect role in the reduction of efficiency of the plant 
and may direct to reduced grain yield. However, over fertilization with N may add to soil salinization and enhance 
the adverse impacts of salinity on plant production. In addition, the potential for NO3 leaching may improve soils 
with moderate to high quantities of salts because plants under salinity stress cannot absorb and use the utilized N 
efficiently. Subsequently, careful fertilizer management is crucial in salt-affected soils to sustain yields and to reduce the 
degradation of soil (Chen et al., 2010).
	 In the present study, growth, antioxidant and yield related traits were prominently higher under TABF than TNBF. 
The TABF produced a yield advantage of 39.7% and 54.4% than TNBF in 2016 and 2017, respectively. These results 
suggest that applied basal fertilizer can enhance salt tolerance and improve grain yield of rice. The possible reason was 
that moderate basal fertilizer produced a higher early vigor of rice seedlings, which improved photosynthetic productivity, 
biomass accumulation, and ultimately superior in grain yield (Song et al., 2019). Among them, T5 (4.2:1.8:4.0), the 
optimum NM performed the best alleviation effects for grain yield and most of evaluated parameters. These results 
suggested that moderate fertilizer with appropriate management could also effectively alleviate adversity stresses and 
promote plant growth and grain yield. Our results are in dealing with the findings of Usman et al. (2013) who stated that 
N fertilizer improved yield. Ibrahim et al. (2019) also stated that N fertilization can decrease some of the harmful effects 
of salinity on the plant. Furthermore, the results of Ibrahim et al. (2019) on wheat revealed that N fertilizer had a positive 
influence on plant growth under salinity stress. However, their findings did not reveal any clear trend to show that N levels 
had a direct effect on alleviating the reduced growth caused by salinity.
	 In the present study, decreased in plant height, dry weight, panicle number and grain yield under salinity conditions were 
partly attributed to the osmotic stress and Na+ toxicity, which lead to generating of reactive oxygen species (ROS) (Munns 
and Tester, 2008). The TABF could significantly increase antioxidant ability of rice under salt stress. This increment 
in antioxidant enzymes might be due to the activation of plant resistance mechanisms (Wang et al., 2016). Catalase 
in peroxisomes breaks down H2O2. Peroxidase in cytosol and chloroplast can correctly scavenge H2O2. An increase of 
peroxidase activity by salt treatment in plants has also been reported by Kahrizi et al. (2012). Nitrogen fertilizer have 
been revealed to mitigate salt stress in plants by improving the synthesis of antioxidant enzymes in plants (Ibrahim et 
al., 2018b). We agree with that, especially in T5 of NM which produced the highest activities of CAT, POD and SOD, 
contents of soluble protein, soluble sugar and sucrose at each growth period. The SOD, POD and CAT belong to the 
enzymatic system, which are the first defense line against ROS stress, catalyzing dismutation or conversion of radical 
O2·- into H2O2 (Bose et al., 2014), and decomposes H2O2 into O2 and H2O (Willekens et al., 1997), ultimately avoiding rice 
to suffer serious damage from ROS (Deisseroth and Dounce, 1970). The soluble sugar and soluble protein belong to non-
enzymatic system, which act as osmoprotectants and compatible solute for osmotic adjustments and antioxidants or ROS 
quenchers (Iqbal et al., 2018). These results suggest that applied basal fertilizer of NM enhance antioxidant ability of rice 
under salinity by improving activities of both enzymatic system and non-enzymatic system.

CONCLUSIONS

Nitrogen management (NM) significantly enhanced plant growth, antioxidant ability and yield performance of rice in 
saline soil. On average, grain yield, panicles and spikelets per panicles were prominently higher under applied basal 
fertilizer NM than non-basal fertilizer NM. In general, the optimum NM was base:tillering:panicle initiation fertilizers 
4.2:1.8:4.0 (T5), which produced the highest dry weight, grain yield, panicles, spikelets per panicle, activities of catalase, 
peroxidase and superoxide dismutase, contents of soluble protein, soluble sugar and sucrose in salinity stress. These 
results suggest that applied basal fertilizer can enhance salt tolerant and grain yield of rice, optimum N management (T5) 
can effectively alleviate salt stress and increase grain yield.
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