
Middle East Journal of Applied Sciences 
EISSN: 2706 -7947    ISSN: 2077- 4613 
DOI: 10.36632/mejas/2020.10.1.12 

Volume : 10 | Issue :01 |Jan.-Mar.| 2020 
Pages: 86-100 

 

Corresponding Author: Tarek A. El-Shahawy, Botany Department, National Research Centre, El Buhouth St., 
Postal Code 12622, Dokki, Cairo, Egypt.  E-mail: el_shahawy4@yahoo.com 

86 

The polyamine spermine in retarding salinity-induced stress in canola  
 

Salwa A. Orabi, Tarek A. El-Shahawy and Faida A. Sharara 
 
Botany Department, National Research Centre, El Buhouth St., Postal Code 12622, Dokki, Cairo, 
Egypt 

Received: 05 Jan. 2020 / Accepted 02 Mar. 2020 / Publication date: 15 Mar. 2020 
 
ABSTRACT 

Salinity is one of the most heightened threats to global agriculture and sustainable development, 
which is expected to exacerbate by climate change. The current study aims at assessing the effect of a 
number of salinity concentrations (250 ppm as tap water, 3000 and 6000 ppm) under the use of spermine 
(0, 50 and 100 ppm) on canola plant, including the oxidative adaptations, growth and yield productivity. 
A greenhouse experiment was conducted in this context during winter season of (2015/16) in a 
randomized complete block design with nine treatments and three replicates. The use of spermine alone 
promoted greater vegetative growth and efficient crop production. Under salinity treatment plants 
appeared stressed, resulting in decadent vegetative growth and poor productivity in particular at the 
high concentration. Exogenous application of spermine compensated for the low vegetative growth of 
salt stressed plants, and resulted in more robust plants for seed formation by adjusting the homeostatic 
equilibrium at cellular and molecular levels. The reversal of inhibitory effect of salinity stress was 
conferred by triggering the activity of enzymatic [i.e., glutathione reductase (GR), ascorbate peroxidise 
(APX), phenylalanine ammonia lyase (PAL)] and non-enzymatic [i.e., glutathione (GSH) and ascorbate 
(AsA), total phenols] antioxidant systems as well as reducing oxidants of the detrimental reactive 
oxygen species (ROS). The greatest values were obtained under the use of spermine at 100 ppm 
concentration with a conspicuous impact in reducing electrolytes leaked from affected tissues. It follows 
from this that spermine is significant in neutralizing salinity-induced harmful impacts, and that using it 
at the proper rate can be quite beneficial in the exploitation of saltwater to irrigate important crops such 
as canola. 
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Introduction 

In the absence of armed conflicts, the 21st began with agriculture as a top priority to meet the 
world’s growing food needs. As expected, the coming ages will witness the emergence of many entities 
as a potential agricultural superpower. But the conflict between nature and man ultimately dominates 
the situation. With the world undergoing dramatic changes in the congenital conditions for agriculture 
and livestock production, radical changes in agricultural practices, adaptations and mitigation strategies 
will be required to keep pace with these changes. These challenges are not individually technical, but 
are inextricably linked with the contemporary environmental changes. Currently, future trajectories of 
average crop yields, cropland expansion and food security are managed by future climate changes in 
the principal agricultural regions of the world. The inconsistent relationship between population density 
and land available for cultivation poses another pressing question about our agricultural future and food 
security (Josephson et al., 2014). 

Global scarcity of water resources, climate changes, environmental pollution and increased 
salinization of soil and water are the most important challenges that we face today, and are widely 
assumed to have not only natural but anthropogenic reasons. For the last 100 years, the global mean 
temperature has increased to actually more than 15°C, which places a great deal of pressure on the 
current vegetation, and negatively affect the productivity of the main crops. This grade is likely to 
increase by another 2-3°C, mainly caused by a higher use of fossil fuels and an intensified conventional 
agricultural practices throwing a greater burden on existing agricultural production (Karmakar et al., 
2016). For all economic crops, average yields are only a fraction somewhere between 20% and 50% of 
standard yields, with no evidence for yields having exceeded this threshold to date (Lobell et al., 2009). 
A key obstacle in this regard appears to be uncertainty in growing season weather, in particular with 
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increasing drought and soil salinity, which will worsen in many territories because of global climate 
change.  

Salinity is one of the most devastating abiotic environmental stresses that affects plant growth 
and impairs agricultural production of most cultivated crops. This problem becomes more severe in arid 
and semi-arid regions, where annual rainfall is low and evapo-transpiration is high. Land vulnerable to 
salinization is increasing on a daily basis. It has been estimated that 20% of the total cultivated and 33% 
of irrigated lands are affected by high salinity worldwide, with an expected increase to 50% of the total 
arable land by the year 2050 (Jamil et al., 2011). Various reasons underlie increased salinized areas 
around the world (about 10% annually) including high surface evaporation due global climate change 
and global warming, low precipitation, irrigation with saline water and poor farming practices 
(Scheumann and Freisem, 2002).   

There are different mechanisms by which salinity stress can occur affecting yield and produce 
more or less distinct deficiency symptoms. The effect of salinity begins from germination to 
physiological maturity and depends on multiple factors, including the amount, intensity, duration of 
salinization and plant growth stage (Gupta and Hung, 2014). Once the capacity of the cell to assimilate 
salts is exhausted, salts build up outside vacuole, either in the cytoplasm or in the intercellular spaces 
outside the cell leading to cell dehydration and death (Volkmar et al., 1998). Many functional disorders 
have been described with signs and symptoms that vary, to some extent, between plant species. 
Chlorosis on the tips of mature older leaves, developing into necrosis, then death of leaves are among 
the distinctive features (Acosta-Motos et al., 2017). Lose of or decreasing activity of enzymes and 
disturbing cell metabolism due to ion toxicities; limited uptake of nutrients and minerals due to 
agricultural depletion of soil nutrients are all common across most crops (Negrão et al., 2017). A 
fundamental effect is to inhibit plant access to soil’s water as a result of increasing the osmotic pressure 
of the soil solution (Sheldon et al., 2004). The plant content of photosynthetic pigments and 
carbohydrate production was also found to be severely affected by salinity (Abdallah et al., 2016). 
Moreover, increased uptake of toxic ions services to induce ROS generation inside cell, which act as 
secondary damaging factors to various physiological processes and plant anatomy (Aslam et al., 2017).  

In their efforts to cope with the adverse conditions, plants have evolved an efficient enzymatic 
and non-enzymatic antioxidative system to secure themselves against the oxidative damage and fine 
modulation of low levels of ROS. Plants with high levels of enzymatic antioxidants [i.e., peroxidase 
(POD), superoxide dismutase (SOD), catalase (CAT), GR, APX, PAL] and none-enzymatic 
antioxidants (e.g., GSH and AsA), either constitutive or induced, have been reported to have greater 
resistance to the oxidative damage caused by the environmental stresses (He and Gao, 2008).  

There are accumulating reports that polyamines are involved in abiotic stress response, even 
though the role of such organic compounds is not fully elucidated. Studies using a spermine-deficient 
mutant referred to the protective role of spermine against high salt and drought stresses (Cheng et al., 
2004). Empirical research studies reveal that spermine is effective in a three-step manner. Firstly, 
spermine blocks the Na+ leakage from monovalent cation-permeable FV (fast-activating vacuole) 
channels including slow-activating vacuolar (SV) channels (Dobrovinskaya et al., 1999), and this is 
done through a few or hundred µM (Kusano et al., 2007). Secondly, spermine may control Ca2+ 
allocation in the cytosol through regulating Ca2+-permeable channels including CAXs vascular channels 
(Cheng et al., 2005). Lastly, change of Ca2+ compartmentation induced by spermine is a strong evidence 
to prevent Na+ entry through HKT1-type channels in the plasma membrane and enhance SOS1 activity, 
a plasma membrane Na+/H+ antiporter (Zhu, 2001).  

In the current study, we assess whether spermine plays a role in mitigating the high salt stress 
using canola as one of the crops that has recently gained much attention in the Egyptian agricultural 
community. A sudden increase in the area occupied by this plant is expected in the foreseeable future. 
Canola has a high potential for oil production with a range of uses. In recent times, there has been large-
scale spread of the plant in the Mediterranean region where the demand for vegetable oils for industrial 
use has increased dramatically.   
Materials and Methods 

Plant sowing and treatments 
A pot experiment was conducted during the winter season of (2015/2016) at the wire house of 

the National Research Centre, Dokki, Cairo, Egypt. Canola seeds (Brassica napus L., cv. pactol) were 
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purchased from Agricultural Research Centre, Ministry of Agriculture, Egypt. After surface sterilization 
using 1% (v/v) sodium hypochlorite (5%) for 2 minutes, the seeds were washed thoroughly (3 times) 
with distilled water and allowed to dry on filter paper (1 h/25 oc) for 15 min. The seeds were subjected 
to treatment by soaking for 12 hrs in spermine solution at 50 and 100 ppm concentrations. Control 
treatment used seeds pre-soaked for a similar time in distilled water. The seeds were sown (3 cm depth) 
in circular pottery pots (30 cm diameter across top, 10 cm diameter across base and 35 cm vertical 
height) on November 15th, 2015. The soil texture was clay soil (Table 1). To avoid compression, the 
soil was mixed with sand (3:1 v/v) for improving drainage performance.   

Pots were chemically fertilized using calcium superphosphate (15.5% P2O5) at a rate of 10 g/pot 
before sowing and addition of nitrogen fertilizer as ammonium sulphate (20.5% N) at 2 g/pot twice (4 
and 6 weeks after planting). The experiment composed of nine treatments with three replicates each in 
a completely randomized block design. As plants reach three-leaf stage (20 days old), thinning was 
done to the most three healthy, uniform seedlings in each pot. The plants in each pot were regularly 
watered to field capacity with freshwater until salinity treatments were imposed.  

The plants were subjected to salinity stress 35 days after sowing using 250 “as tape water”, 3000 
and 6000 ppm concentrations. To create salt stress of the prescribed levels, seawater was mixed with 
freshwater, and the plants were continually irrigated with an equal volume at 7 - 10 day intervals, or as 
needed required. Otherwise, all plants received the ordinary agricultural practices needed to continue 
growth. The empirical values of water electrical conductivity (EC), pH, anions and cations in both 
irrigation water and soil used in the experiment are as shown in Table (1).     
 
Table 1: Key features of irrigation water and soil implicated in the study  

Element 
Ec* 

pH 
Cations meq L-1 

 
Anions meq L-1 

dSm-1 Ca+2 Mg+2 Na+ K+ HCO-
3 CO3

-2 SO4
-2 Cl- 

Water           
Tap water  0.22 7.45 0.95 0.25 2.54 0.25 0.12 0.00 1.35 2.98 
Seawater  49.80 7.78 44.80 14.90 445.55 72.80 6.28 0.00 75.29 446.00 
Soil           
Clay 1.52  5.34 1.98 6.11 0.40 1.37 0.00 7.23 5.78 
Sandy 0.16  2.72 2.38 1.35 0.23 1.12 0.00 4.25 0.78 

* EC (dSm-1), electric conductivity (deciSiemens per meter); meq L-1, milliequivalents of solute per litre 

 
Data recorded 
 
Vegetative growth and yield attributes  

Growth measurements (e.g., stem length, cm; root length, cm; shoot and root dry weights, g) 
were taken 40 days after starting salinity stress treatment. At the maturity stage of the life cycle (155 
days from planting), plants were harvested to determine the number of pods per plant, number of seeds 
per pod and 100-seed weight trait (g).  

 
Antioxidant enzymes activity  

Leaf samples were harvested 40 days after salinity stress treatment from each group to measure 
the associated physiological changes in APX, GR and PAL enzyme activities. Extraction procedure 
relied on homogenising 5 g of frozen leaves from each treatment in pre-chilled mortar containing 10 
mL of potassium sulphate puffer (50 mM; pH 7) with 1% polyvinyle pyrolidone (PVP) and 0.1 Mm 
EDTA. After repeating extraction twice, the supernatants were bulked and raised to a certain volume. 
To ensure success, all steps were carried out under freezing conditions with maintaining final solutions 
under -4 oC.  

The activity of the enzymes was assayed differently based on their types. The APX-specific 
activity (EC 1.11.1.11) was determined according to the methodology of Nakano and Asda (1981). One 
APX activity unit is defined as the amount of enzyme that breaks down or oxidizing 1 µmole of AsA 
per min and determined as (µmol/g Fr. Wt.). Glutathione reductase activity was assayed according to 
Zanetti (1979). Enzyme activity (unit= nmol/g Fr. Wt.) is defined as the amount of GR enzyme (EC 
1.6.4.2) that decreases A340 per min. In this case, the enzyme ability to reduce oxidized glutathione 
(GSSG) is determined indirectly by the measurement of the consumption of NADPH, as demonstrated 
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by a decrease in absorbance at 340 nm (A340) as a function of time. The activity of PAL (μmol/g Fr. 
Wt.) was assayed following the method adopted by He et al. (2001). The activity of PAL is defined as 
the amount of enzyme forming 1 µmol of transcinnamic acid from the substrate phenylalanine per min.   
 
Non-enzymatic antioxidants  

The non-enzymatic antioxidants such as GSH, AsA and total phenols were determined in the 
seeds (mg/g  Dr. Wt.) of canola plants using various assay techniques. Ascorbic acid content was 
measured following the procedure of Kampfenkel et al. (1995). Reduced glutathione was estimated 
using Ellman’s reagent according to Silber et al. (1992). Tissues composition of total phenols was 
measured as described by Zhang and Wang (2001). 

 
Reactive oxygen species 

Determination of the generated ROS due to salinity treatments including hydrogen peroxide 
(H2O2; µmol/g Fr. Wt.) and superoxide (O2

-; A680/g Fr. Wt.) was conducted following the methods of 
Jana and Choudhuri (1981) and Doke (1983), respectively. Measuring H2O2 relied basically on the 
reduction of nitro blue tetrazolium (NBT). 

  
Electrolyte leakage 

Determination of injury as electrolyte leakage from plant tissue was carried out following the 
methodology of Gilley and Fletcher (1997). In this regard, leaf discs of canola plants (75 days old) were 
thoroughly washed (3 times) with deionised water to remove potential surface-adhered electrolytes. Ten 
uniform sized canola leaf discs (0.5 cm diameter) were placed in closed tubes containing 5 mL of 
deionised water and incubated at room temperature (23 - 28 °C) for 24 h. Afterwards, the initial 
electrical conductivity of the solution (EC1) was determined using a conductometer YSI (Yellow 
Springs Instrument Co., Inc., ohio, U.S.A.) Model 32 Conductance Meter. The samples were then 
incubated in a water bath at 95 °C for 20 min to release all electrolytes, cooled down to 25 °C and their 
final electrical conductivity (EC2) was estimated. The electrolyte leakage (EL) was calculated from       
EL = (EC1/EC2) × 100 (%). 

 
Statistical analysis 

Statistical analysis data of all traits were collected, processed and analyzed. Tests of significance 
were performed using analysis-of-variance (ANOVA) table and L.S.D. test at 5% probability to 
compare means according to Gomez and Gomez (1984). 
 
Results  

The plant growth and development presented by canola plants in response to salinity and 
combined application with spermine are illustrated in Table (2). Without spermine, salinity treatments 
severely hampered the growth of canola plants which peaked at 6000 ppm concentration (Table 2). 
Initially, the plant appeared salt stressed and a delay in the growth of leaves was observed before 
developing chlorosis that covered oldest leaves quickly. This developed to necrosis affecting 
progressively younger tissues and led to shed oldest leaves as a common response, particularly at the 
higher salinity level (6000 ppm). Foliage that had not developed chlorosis was characterized by short, 
stiff leaves and thin, low branching stems. Salinity stress appeared sever on root growth (shorter roots 
and lower weight) compared to the shoot growth (stem length and dry weight). A 13.66 – 23.02% 
reduction occurred over root growth and 6.64 – 14.04% on stem growth at both levels of salinity stress 
compared to the normal control.  

On the other hand, positive results were obtained at the level of improving the vegetative growth 
of canola plants due to the treatment by spermine either alone or under salinity additions (Table 2). 
Under the sole application of spermine, remarkable results were recorded on increasing the organic 
matter content within treated plants in both root (21.59%) and shoot (32.38%) tissues, notably at the 
higher concentration of spermine treatment compared to stem (8.49%) and root (14.65%) elongation. 
The combined application between the two elements of study did show the functional role of spermine 
in eliminating salinity-induced effects. The highest significant values in canola growth were for the 
highest concentration of spermine, regardless of salinity level used.  
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Table 2: The interaction between spermine and salinity-induced effects on growth vigor of canola 
plants 40 days after the beginning of salinity treatment 
Treatment (ppm) Growth traits/plant 

Salinity Spermine 
Stem length 

(cm) 
Root length 

(cm) 
Shoot dry 
weight (g) 

Root dry 
weight (g) 

Tap water 
(250) 

†0 
55.33 
*100 

19.50 
100 

7.70 
100 

2.55 
100 

50 
58.00 
104.83 

21.00 
107.78 

8.60 
112.35 

2.90 
114.90 

100 
60.00 
108.49 

22.33 
114.65 

9.31 
121.59 

3.35 
132.38 

3000 

0 
51.67 
93.36 

17.00 
86.34 

6.82 
88.67 

2.05 
80.95 

50 
53.00 
95.83 

18.00 
92.44 

7.26 
94.56 

2.30 
91.22 

100 
54.33 
98.21 

18.67 
95.86 

7.67 
99.89 

2.45 
96.72 

6000 

0 
47.00 
84.96 

15.00 
76.98 

6.12 
79.97 

1.80 
71.06 

50 
49.00 
88.58 

16.33 
83.80 

6.41 
83.48 

1.97 
77.96 

100 
52.00 
94.00 

17.33 
88.85 

6.65 
86.67 

2.20 
86.77 

LSD 0.05  
2.11 
3.82 

1.42 
7.45 

0.76 
10.45 

0.26 
11.18 

† Considered as a control. *Values expressed as a percentage of control "all lower measurements".   
(LSD) values calculated from the statistical analysis of the data were for both means and data as a percentage of control 

 
The effect on yield components had a similar trend as on vegetative growth (Table 3). Salinity 

stress resulted in great reductions in the number of pods per plant and number of seeds per pod (between 
14.42 - 38.48%), but far less on the 100-seed weight (up to 21.67% reduction) as compared with the 
control. The most significant reduction was recorded with the transfer to the highest salinity 
concentration (6000 ppm).  
Table 3: Crop-yield components of canola as affected by the different treatments of spermine and 

salinity stress levels  
Treatment (ppm) Yield traits/plant 

Salinity Spermine 
No. of  

pods/plant 
No. of  

 seeds/pod 
100-seed weight 

(g) 

Tap water 
(250) 

†0 
60.00 
*100 

10.33 
100 

0.21 
100 

50 
64.00 
107.28 

11.67 
113.33 

0.24 
121.67 

100 
71.00 
118.44 

13.33 
129.39 

0.25 
123.33 

3000 

0 
51.33 
85.58 

7.67 
74.55 

0.19 
93.33 

50 
55.00 
91.70 

8.66 
84.24 

0.19 
93.33 

100 
57.00 
95.13 

10.00 
96.97 

0.20 
100 

6000 

0 
45.00 
75.02 

6.33 
61.52 

0.16 
78.33 

50 
48.00 
80.02 

7.67 
74.55 

0.18 
90.00 

100 
53.00 
88.38 

8.33 
80.91 

0.19 
93.33 

LSD 0.05  
2.11 
3.78 

1.00 
9.65 

0.01 
6.34 

* Same footnote as contained in Table 2.  
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Without salt addition, spermine caused the yield component to increase to the maximum, in 
particular at the high concentration. Under 100 ppm spermine concentration, the number of pods per 
plant was increased by 18.44% and their content of seeds by 29.39% with a marked increase on the 
100-seed weight trait (33.33%) in comparison with the control. Under salinity stress, spermine led, to a 
large extent, to mitigate the salinity-induced modulation of yield parameters, in particular with the 
plants grown under the mixture pattern (3000 ppm salinity stress plus 100 ppm spermine concentration). 
In this context, a 100% increase in spermine concentration (from 50 to 100 ppm) made yield 
components of those plants grown under 3000 ppm salinity stress as close as those grown under normal 
conditions. Despite being less efficient under the high concentration of salinity (6000 ppm), increased 
concentration of spermine largely compensated for the harmful impact of salinity on yield components.  

As a fundamental part of the study, the data in Tables (4) and (5) show the impact of the different 
treatments on the endogenous enzymatic and non-enzymatic antioxidants (Table 4) including the 
production of oxygen-based radicals; ROS (Table 5). Reactive oxygen species formation and induction 
of enzymatic (APX, GR, PAL) and non-enzymatic (AsA, GSH, total phenols) antioxidants were 
increased in plant tissues of those grown under salinity stress. A pronounced effect was observed in 
reducing the formation of highly toxic O-

2 and H2O2 oxidants under the use of spermine as a result of 
increasing enzymatic and non enzymatic antioxidant components. A variation in plant response, 
however, was evident based on the treatment used. 
 
Table 4: Enzymatic and non-enzymatic antioxidant responses of canola leaves under different 

salinity/spermine applications 
Treatments 

(ppm) 

(i) Enzymatic antioxidant 
Activities (in leaves) 

Non-enzymatic antioxidant 
content (in seeds) 

Salinity Spermine 
APX GR PAL 

 
AsA GSH 

Total 
phenols 

(Unit/min/g Fr. Wt.) (mg/g Dr. Wt.) 

Tap water 
(250) 

†0 
0.461 
*100 

367.77 
100 

24.26 
100 

16.25 
100 

22.21 
100 

30.62 
100 

50 
0.491 
106.53 

381.83 
103.83 

26.15 
107.82 

17.64 
108.55 

24.78 
111.57 

31.15 
101.74 

100 
0.520 
112.96 

392.99 
106.88 

27.38 
112.95 

19.86 
122.26 

26.15 
117.74 

31.40 
102.58 

3000 

0 
0.595 
129.30 

401.92 
109.36 

26.13 
107.66 

14.86 
91.54 

20.73 
93.34 

31.70 
103.53 

50 
0.833 
180.88 

489.01 
132.98 

28.58 
117.89 

16.12 
99.20 

23.38 
105.30 

32.63 
106.59 

100 
1.086 
236.05 

569.39 
155.00 

31.11 
128.35 

18.20 
112.03 

24.03 
108.23 

33.57 
109.71 

6000 

0 
0.684 
148.30 

468.91 
127.71 

28.38 
117.13 

13.24 
81.47 

17.17 
77.35 

32.13 
104.93 

50 
0.882 
191.50 

522.50 
142.36 

32.35 
133.45 

14.86 
91.42 

21.67 
97.55 

34.04 
111.18 

100 
0.908 
197.10 

529.20 
144.12 

32.83 
135.45 

17.90 
110.03 

23.88 
107.56 

34.83 
113.76 

LSD 0.05  
0.050 
12.21 

30.45 
8.99 

1.61 
6.97 

1.15 
2.98 

0.91 
4.08 

1.41 
4.63 

* Same footnote as contained in Table 2. (i) APX enzyme activity as: µmol/g Fr. Wt.; GR enzyme activity as: nmol/g Fr. 
Wt.; PAL enzyme activity as: µmol/g Fr. Wt. 

 
With the use of spermine alone, the increase in enzyme activities was not as much as (namely 

less) that with the addition of saline water alone or in combination with spermine. Comparatively, the 
best results obtained were for applying the high rate of spermine under saline conditions (Table 4). An 
increase range from 28.35% to 136.05% was recorded on the enzymatic antioxidant system of plants 
grown under salinity plus spermine at 3000 ppm and 100 ppm resp., compared to 35.47 – 97.10% for 
the use of spermine at the same level but under the high saline level (6000 ppm).  

Applying spermine alone slightly reduced (at an insignificant rate) ROS production (H2O2 and 
O2) that may have occurred for other natural reasons (e.g., changes in climatic conditions or infection 
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by pests during the growing season) rather than exposing to salinity conditions. Under salinity stress, 
the use of 3000 ppm dosage has caused H2O2 and O2- production to increase by 52.97% and 411.29%, 
resp. Greater estimates were attained (85.12% and 479%) with the applying of 6000 ppm salinity 
concentration in comparison with the control. The implication of spermine alleviated ROS induction 
under both medium and high levels of salinity stress. The transition from the concentration of 50 ppm 
to 100 ppm achieved significant results in this regard with a unique impact under the spermine level of 
100 ppm, regardless of the salinity level that had been applied (Table 5). 
 
Table 5: Interaction of spermine on reactive oxygen species generation and electrolyte leakage induced 

by exogenously applied salinity in canola leaves 
Treatments 

(ppm) 
Reactive oxygen species 

Electrolyte 
 leakage 

(%) Salinity Spermine 
H2O2 

(µmol/g  
Fr. Wt.) 

O2
- 

(A680/g  
Fr. Wt.) 

Tap water 
(250) 

†0 
6.11 
*100 

0.27 
100 

48.52 
100 

50 
6.03 

98.81 
0.26 

94.86 
45.29 
93.34 

100 
5.83 

95.72 
0.25 

91.56 
43.86 
90.39 

3000 

0 
9.32 

152.97 
1.38 

511.29 
58.07 
119.74 

50 
8.10 

132.83 
1.11 

411.21 
56.88 
117.29 

100 
6.77 

111.03 
0.91 

337.08 
50.76 
104.64 

6000 

0 
11.29 

185.12 
1.56 

579.08 
65.48 
134.99 

50 
9.14 

150.06 
1.40 

519.37 
61.44 
126.66 

100 
8.35 

137.05 
1.13 

418.62 
56.80 
117.07 

LSD 0.05  
0.45 
8.80 

0.10 
25.92 

3.94 
8.29 

* Same footnote as contained in Table 2.   
 

Seed composition of the reduced form of glutathione (GSH) and AsA components as non-
enzymatic antioxidants were positively affected by the different treatments (Table 4). The sole 
application by spermine was relatively distinctive in enhancing these parameters compared to the other 
treatments and control. The increase was the highest at the 100 ppm concentration. Meanwhile, there 
were low-level representations of GSH and AsA in plants treated with saline solution alone, which was 
more prejudicial at 6000 ppm salinity stress. Such observed effect was improved with the application 
of spermine. The high response was achieved with the use of spermine at 100 ppm with no significant 
results were observed under both salinity levels.  

There were no significant representation of spermine in improving plant content of phenolic 
compounds when applied individually. In converse to applying saline water alone, spermine 
significantly promoted phenolics production in the seeds of those stressed plants achieving the highest 
values at the 100 ppm concentration. In general, unique results were obtained under the salinity level 
of 6000 ppm, irrespective of the rate of spermine that has been used (Table 4).  

An electrolyte leakage assessment of plant tissue was performed in response to various treatments 
(Table 5). Electrolyte leakage varied directly according to the salinity level with an obvious reformative 
action of spermine in counteracting threat of salt-induced effects. The results indicated that leakage of 
electrolytes from canola leaf discs increased with increasing salinity level from 19.74% with applying 
3000 ppm salinity concentration to 34.99% with 6000 ppm salinity stress compared to the control. With 
spermine application, the amount of electrolytes leaked had subjected to a gradual decline 
proportionally to the concentration used. A greater impact was recorded with the use of spermine at 100 
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ppm level in comparison with the lowest concentration (50 ppm) and irrespective of the salinity level 
used. A part from the positive role of spermine in attenuating the harmful effect located on salt-stressed 
plants, the use of spermine alone has reduced much of electrolytes (6.66 - 9.61%) that could normally 
leak for any other reason than salinization. Again, the highest rate of spermine yielded the best values 
in this regard (Table 5). 
 
Discussion 

Our results demonstrate the broad salinity impact on the growth and development of canola plants 
and could further the understanding of the interlinked impact on yield and its components. It has been 
noted that shoot growth was indirectly less affected by salinity stress than root growth. Damage to the 
root tissues, in particular at the high salt stress, to the extent that they become unable to transfer more 
of the toxic ions may interpret the low impact on shoot growth. 

The impacts of salinity have been discussed thoroughly by many researchers, which are in 
apparent agreement with our results. Salinity is generally known to have substantial impacts on growth, 
cellular structures, and key physiological functions within different plant species (Krasensky and Jonak 
2012; Negrão et al., 2017). Recent increasing evidences have implicated stress and defense response 
signaling in the production of secondary metabolites that are produced by plants to serve a variety of 
cellular functions essential for physiological processes (Isah, 2019). Numerous studies have reported 
evidence of a negative transition for plant growth upon salt stress imposition (Isayenkov andMaathuis, 
2019). In general, salts of harmful amount in the soil water have a dual effect on plant development: (i) 
an osmotic pressure, which reduces the ability of plants to take up water (Aroca et al., 2012); (ii) 
accumulation of excess ions (i.e., Na+) inside plant causes physiological/metabolic disturbance in 
processes where low Na+ and high K+ or Ca2+ are required for optimum function (Marschner, 1995). 
However, toxicity of the ions may exceed the impact of osmotic pressure (Sheldon et al., 2004). 
Consequences of salt stress include metabolism alteration such as affecting nitrate reductase activity 
(Reda and Klobus, 2011), retarding enzymatic and non-enzymatic antioxidants (Abd El-Baky et al., 
2003), and damaging the photosynthetic machinery, primarily photosystem II (PSII) leading to 
photoinhibition and loss of plant performance (Kelley and Izawa, 1978; Zaghdoudi et al., 2011). 
Salinity in soil or irrigation water is the main cause of chlorophyll breakdown (Abdul Qados, 2011) and 
imposes nutrient (P, N, Ca, K, Fe, Zn) deficiency (Patel et al., 2010).  

The existing results showed a significant difference upon the treatment by spermine and 
highlighted a strong relationship between the observed compensatory response and the concentration 
applied from the spermine. Spermine tagged with healthy vegetative and root growth. Taken together, 
our results showed that the ability of spermine to maintain stem/root growth and biomass under salinity 
stress improves with increasing spermine concentration. These results are consistent with what previous 
studies have suggested. Polyamines-induced alleviation of salt toxicity during plant growth has been 
studied widely on a variety of crop species (Bueno and Cordovilla, 2019). The retardation in root length 
or shoot length and toxic accumulation of Na+ and H2O2 was appreciably reduced by co-treatment with 
spermidine or spermine (Roychoudhury et al., 2011). The previous authors commented that inhibiting 
the extent of salt-induced protein carbonylation, promoting protease activity, the prevention of 
chlorophyll degradation and enhancing sugar level may give a clear portrait of the mechanism by which 
the plant can overcome salt stress with the aid of polyamines. In general, polyamines confer salt 
tolerance by preventing growth inhibition or various forms of cellular damages, maintaining proper 
K+/Na+ balance, reducing sodium uptake, improving nutrient homeostasis or triggering the level of 
osmolytes and activity of detoxification systems including antioxidant enzymes (Saleethong et al., 
2011; Fariduddin et al., 2013).  

In this study, we provide evidence of the harmful impact of salinity on canola productivity and 
the positive role of spermine in ameliorating such effects. In the absence of salt tolerance measure 
(spermine application), salinity largely damaged yield components. The poor vegetative and root 
growth is liable for intensifying this impact. Published studies have shown yield performance of canola 
as influenced by salinity stress. A longer period for grain filling in association with lowering pod 
number and grain number per plant was reported (Boem et al., 1994; Rezaei1 et al., 2017). Multiple 
experiments have been conducted with parallel results on various crops. For major field and vegetable 
crops, a rate more than 3000 ppm were found to have an adverse impact on yield and its components 
(Katerji et al., 1996).  
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The effect of enhanced spermine for raising productivity among field crops is well-documented 
(Gupta, 2019). As a key ingredient, the increase in yield components by spermine was, in part, due to 
enhancing the contributions of improved vegetative growth. The good vegetative growth means more 
vibrant plants with larger pods, greater number of heavy seeds and subsequently a higher yield 
production (Ambika et al., 2014). Polyamines are generally known to improve yield and yield-related 
parameters in field crops via alleviating (a)biotic stresses and improving the productive processes 
(Saleethong et al., 2013; Chen et al., 2018). Field-supported cases of wheat, rice and soybeans provided 
essential evidence in understanding the mechanism by which higher polyamines relieve the damages 
from salinity stress (Walia et al., 2005; Amooaghaie and Moghym, 2011). Among polyamines, 
spermine and spermidine are better involved in the regulation of grain filling and weight of grains; a 
case study on wheat (Liu et al., 2013). The authors suggested that polyamines actively function in the 
balance of hormones that regulates the grain filling; a positive evaluation was recorded on endogenous 
spermine, spermidine, gibberellins, indole-3-acetic acid (IAA), zeatin+ zeatin riboside (Z+ZR), abscisic 
acid (ASA), yet a significant decrease in ethylene (ETH) value was evident during estimates (Orabi and 
Sadak, 2015). There is evidence of an interaction relationship of exogenously applied polyamines in 
elevating the endogenous polyamine pools, and manipulation of cellular hormone levels, which in turn 
reflecting in promoting crop productivity (Liu et al., 2015b). 

A major influence that had been given special attention in this study is related to the biochemical 
changes in the enzymatic and non-enzymatic antioxidant systems and the production of oxygen-based 
radicals (ROS). The data revealed a significant positive relationship of the spermine in enhancing the 
antioxidant defense systems and reducing the retardant ROS, which allows maintaining higher growth 
and yield even upon extreme stress conditions. These results confirm the findings of previous research 
proving the multifaceted role of polyamines in stress amelioration (Hasanuzzaman et al., 2019). 
Obviously, damage linked to free radicals are arising from an imbalance between radical-generating 
and radical-scavenging systems (Sharma et al., 2012). According to the published literature, controlling 
and scavenging the ROS “in chloroplast” is very essential to ensure the continual survival under various 
stresses (Das and Roychoudhury, 2014). For this purpose, plants have developed efficient antioxidant 
machinery having two arms in which enzymatic antioxidant system is the main mechanism driving 
persistence among plants (Xie et al., 2019).  

Consistent with the general perception that spermine differentially refines plant defense 
responses, our results provide evidence that spermine enhance production of enzymatic antioxidants 
and improves salt stress tolerance of canola. The results conform to the previous research findings. The 
role of major polyamines in mediating salt stress and activating antioxidant enzymes during stress 
condition or ROS inhibition has been investigated through many studies (Saha et al., 2015; Paul et al., 
2018). A great deal of research has demonstrated that polyamines function in stress tolerance largely 
by modulating the homeostasis of ROS due to their direct, or indirect, impacts in regulating antioxidant 
systems or suppressing ROS emission  (Yang et al., 2007; Liu et al., 2015a). Increased focus on the 
link between major polyamines metabolism and defense response during plant-stress interactions have 
yielded a special role of spermine in eliciting an efficient defense response to biotic and abiotic stresses 
(Seifi and Shelp, 2019). According to the proposed model by the authors, spermine refines defense 
mechanisms to tailor an optimal resistance response in accordance to the nature of the biotic or abiotic 
stress, and this is typically associated with higher activities of SOD, CAT, GR and glutathione S-
transferase (GST) besides greater production of non-enzymatic antioxidants such as AsA and GSH 
culminating in reduced ROS accumulation (Nahar et al., 2016). In a distinct way, spermine positively 
serves to promote appropriate hormone-mediated signalling pathways during environmental stresses 
(Alcázar et al., 2010), along with inducing several defense-related genes (Takahashi et al., 2003), thus 
the notion that spermine functions as a potent plant defense activator becomes more plausible (Seifi et 
al., 2019). 

According to the current results, salinity induced an oxidative stress along with a marked increase 
in the non-enzymatic antioxidants, including the amounts of GSH, AsA and total phenols. Interestingly, 
spermine-induced modulation of non-enzymatic antioxidants resulted in a better protection against the 
oxidative damages of salinity in canola, which is not, however, associated with elevated ROS levels. 
These results showed a high degree of conformity with previous studies (Hasanuzzaman et al., 2019). 
The association of enzymatic and non-enzymatic antioxidant defense markers has been collectively 
discussed together with the protective role in counteracting the negative impacts caused by the 
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environmental changes (Kiran, 2019). Biochemical and molecular features of the non-enzymatic 
antioxidants in which particular attention is paid to the low molecular mass compounds such as AsA, 
GSH, flavonoids, phenolic acids, carotenoids and tocopherols have received greater concern because of 
their substantial role in scavenging ROS in the different cell compartments and in response to stress 
conditions (Racchi, 2013). A number of studies have demonstrated that plant responds to salt-induced 
oxidative stress by increasing both enzymatic and non-enzymatic antioxidant mechanisms 
proportionally to the extent of the stress imposed (Arbona et al., 2003). Aside from being effective in 
increasing the activities of enzymatic antioxidants, polyamines of which spermine is a key compound 
enhance plant antioxidant response via improving non-enzymatic system which collectively act to 
inhibit the formation of ROS (Todorova et al., 2013). 

Phenolic compounds are a key component in antioxidant response elements which showed 
greater production under the use of spermine. Recently phenolics have received considerable attention 
as bioactive components in plants, especially their role as antioxidant agents. There is sufficient 
evidence of induction of phenolic metabolism in plants as a response to multiple stresses, including soil 
salinity, drought and extreme temperatures (Rezazadeh et al., 2012; Rezayian et al., 2018). 
Nevertheless, the current understanding of the antioxidant properties of phenols is subject to rigorous 
scientific scrutiny. Phenolics, especially flavonoids and phenylopropanoids are oxidized by peroxidase 
and act directly in scavenging molecular species of active oxygen, such as H2O2

-  which, if in excess, 
cause oxidative cellular damage (Vicente and Boscaiu, 2018). These plant-derived compounds are 
known by reducing the rates of oxidation of organic matter by transferring an H atom (from their OH 
groups) to the chain-carrying ROO* radicals, a mechanism that most likely involves a concerted transfer 
of the hydrogen as a proton and of one electron between the two oxygen atoms, O-H---O* - proton-
coupled electron transfer mechanism (Foti, 2007). 

On the basis of our findings, spermine application provides potential for manipulation electrolyte 
leakage, notably at the higher concentration. According to the results from salt-stressed plants, greater 
electrolyte leakage was estimated. Results of previous studies yielded consistent and conforming data. 
For example, Satish et al. (2019) reported that finger millet plants treated with spermidine under water 
stress showed lower electrolyte leakage, contrary to the findings of untreated control. Measuring the 
electrolyte leakage from plant tissues, resulting from loss of cell membrane integrity, is commonly used 
as a function for the extent of tissue damage (Hatsugai and Katagiri, 2018) and to quantify the 
hypersensitive/programmed cell death, which is considered one of the most powerful and complex 
defense reactions to survive to pathogen attacks during an incompatible plant–pathogen interaction 
(Imanifard et al., 2018). Electrolyte leakage typically accompanies plant response to various stresses 
(Hniličková et al., 2019). It is, therefore, promising to determine the induced damage in leaves due to 
pathogen attack, insect herbivory, oxidative stress, salinity, drought, frost, heavy metals, hyperthermia, 
or hypothermia. Accumulating evidence shows that electrolyte leakage is mainly related to K+ efflux 
from plant cells, which is mediated by plasma membrane cation conductances (Repo and Ryyppo, 
2008). These datums support the results obtained and provide irrefutable evidence of the harmful role 
of salinity and clear explanations of the corrected role of spermine.  

 
Conclusion 

On the basis of the results obtained, spermine was promising in reducing the negative impacts of 
salinity stress and improving growth/yield of canola. Implication of spermine precisely at 100 ppm 
resulted in a better efficiency for biochemical characteristics, plant growth and yield productivity and 
contributed effectively to overcome salinity-induced damages, which are generally associated with an 
increased risk of plant growth failure. We demonstrate that elevated levels of plant disturbance were 
alleviated by the abundant production of both enzymatic and non-enzymatic antioxidants or ROS 
inhibition, providing a supportive indicator and clear knowledge of the role of spermine in the control 
of the extreme impact of salinity. 
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