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Abstract 
 

Among abiotic stresses, salinity is an important factor reducing crop yield. Plant-derived smoke solutions have been 
used as growth promoters since last two decades. The present study was conducted to investigate the effect of Cymbopogon 
jwaracusa smoke extracts (1:100 and 1:400) on physiological and biochemical aspects of maize (Zea mays L.) under salt 
stress (100, 150, 200 and 250 mM). Results showed that seed germination percentage was improved up to 93% with smoke 
as compared to control (70%), while seedling vigor in term of root and shoot fresh weights and dry weights were also 
significantly increased in seeds primed with smoke extracts. Similarly, in case of alleviating solutions, there occurred a 
significant alleviation in the adverse effects of salt solutions when mixed smoke in all studied end points. Application of 
smoke solution has also increased the level of K+ and Ca+2 while reduced the level of Na+ content in maize. In addition, the 
levels of photosynthetic pigments, total nitrogen and protein contents were also alleviated with the application of smoke as 
compared to salt. There occurred an increase in the activities of Anti-oxidant in response of salt stress but overcome with the 
smoke application. It can be concluded that plant-derived smoke solution has the potential to alleviate the phytotoxic effects 
of saline condition and can increased the productivity in plants. 
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Introduction 
 

Salinity is affecting crop production around the globe 
particularly in arid and semi-arid areas. Approximately, 
800 Mha of world is effected by salinity (Munns, 2005). 
Salt stress affect uptake and accumulation of minerals by 
creating osmotic stress, Ca+2 and K+ imbalance and also 
cause Na+ and Cl- ions induced phytotoxocity (Grattan & 
Grieve, 1992; Munns, 2002, Munns et al., 2006). Plant 
extracted smoke has been proved to be used in 
agricultural practices for the improvements of crops 
productivity (Light & Van Staden, 2004). First of all De 
Lange & Boucher (1990) reported that smoke extract has 
the potential to improve germination and overall plant 
growth in seedlings (Tigabu et al., 2007; Dixon et al., 
2009). Smoke act like plant growth hormones and also 
interact with plant growth regulators (PGRs) that promote 
cell cycle, thus speed up the radical emergence which 
ultimately increase the seed germination (van Staden et 
al., 2000; Jain & van Staden, 2006). Butenolide, a 
compound found in plant extracted smoke have been 
shown to increase the seedling growth in various plants 
(Sparg et al., 2006; Kulkarni et al., 2007; Kulkarni et al., 
2006). As butenolide present in plant smoke can trigger 
plant growth and development which is controlled by 
PGRs that indicates its interaction with PGRs (Van 
Staden et al., 2000). 

Maize (Zea mays L.) is an important cereal crops 
equally important both for animals as well as human 
being containing high value of food and oil. World 
increasing population demands an increase in areas for 
crops cultivation to raise food production (Anon., 2009). 
To increasing cropping area it is necessary to utilize the 
saline soil through improved agronomic practices, by the 

use of salt tolerant varieties and salt stress alleviating 
agents like smoke extracts (Allen et al., 1983; Mehdi & 
Ahsan, 2000). Seed priming is a well-known seed 
invigorative technique in which seeds are partially 
hydrated until germination related process starts 
(Bradford, 1976). Primed seeds shows improvement in 
germination rate, uniformity and percent germination 
(Basra et al., 2005). Seed priming inhibit adverse effect of 
various stresses by improving germination rate, reduction 
in germination time and better seedling growth (Farooq et 
al., 2007). 

Reactive oxygen species (ROS) production increased 
in plant in response to abiotic and biotic stresses (Asada, 
1999). The level of ROS increase in plants exposed to salt 
stress along with the reduction in growth and 
development (Rodrıguez et al., 2004). Antioxidants, 
produce in plant to control the ROS concentration 
(Vanacker et al., 1998). Smoke priming enhance the plant 
growth reduced by salinity. Therefore present 
investigation aimed to investigate the effects of smoke 
extracts on maize physiology and biochemistry and to 
study the effect of priming with smoke extracts on 
alleviation of salt (NaCl) stress. 
 
Materials and Methods 
 
Seed source: Seeds of maize (Cv. Azam) were obtained 
from Agricultural research station Sara-e-Nawrang, 
Bannu, Pakistan. 
 
Preparation of smoke solutions: Aqueous smoke solution 
of Cymbopogon jwarancusa was prepared by the following 
the method of De Lange & Boucher (1990) with slight 
modification. For this purpose, 333 g of dried plant 
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material was burnt in a furnace. Plant smoke produced in 
this way was passed and collected in 1 L water in beaker. 
The process was continued until the plant material was 
fully burnt. The smoke solutions thus prepared were 
filtered and stored at 4oC (Thornton et al., 1999). 
 
Smoke dilutions: The concentrated smoke solutions were 
further diluted to 1:100 and 1:400 (v/v) and were used in 
experiments. 
 
Germination experiments: Seed were primed with 
different smoke dilutions (1:100, 1:400) for the duration 
of 8 h and then incubated in Petri plates for germination. 
In order to assess the smoke effect on seed germination 
and seedling vigor, each treatment was moistened with 10 
ml of respective solutions i.e., control (Distilled water), 
100, 150, 200 and 250 mM of NaCl. Experiments were 
replicated thrice and placed 10 seeds in each replica for 
germination. The Petri dishes were incubated at room 
temperature and were examined for germination at 24 h 
interval for regular three days (72 h).  For the 
determination of further parameters, the experiments were 
harvested after10 days and the root/shoot length and 
fresh/dry weights were measured. Their dry weights were 
taken after keeping them in an oven for 24 h, at 80oC.  
 
Biochemical analysis: The dried plant samples were 
chopped in a grinder completely to get the powder and 
were used for further biochemical analysis. 
 
Determination of ions (Na+, K+ and Ca+2): Ion analysis 
were determined by using Awan & Salim (1997) method 
with lightly modified way. Plant dried material (25 mg) 
was digested with the addition of sulphuric acid and 
hydrogen peroxide in 2:1 ratio in a small beaker followed 
by heating for 15 minutes. After digestion, added 20 mL 
of distilled water and after shaking, got filtrate for 
determination of ions through flame photometer. 
 
Photosynthetic pigment concentration: Chlorophyll and 
carotenoids were determined by using a method given by 
Lichtenthaler & Welburn (1985). To determine total 
chlorophyll concentration, 25 mg of dry plant material 
and 25 mg of Magnesium oxide were mixed in test tube. 
Magnesium oxide neutralizes the acid present in plant 
samples and prevents the formation of pheophytin α127. 
After that, methanol up to 5 mL was added to the test tube 
containing mixture, which was then homogenized on 
shaker for 2 hours. After 2 hours of homogenization, 
turbid pigment extract (methanol extract) was transferred 
to centrifuge tube. Samples ware centrifuge at 4000 rpm 
for 5 minutes at room temperature. For the determination 
of optical densities, the supernatant from the pigments 
extracts were analyzed by using the UV-VIS 
spectrophotometer calibrated at 3 different wavelengths 
i.e., 470, 653 and 666. 
 
Determination of protein, total soluble protein and 
total nitrogen contents: For the determination of protein 
and nitrogen contents, the micro-Kjeldahl technique was 
used. The method consist of three steps i.e., digestion, 
distillation and titration. Plant samples of 100 mg, 1 gm 

digestion mixture and 2 mL concentrated H2SO4 were 
mixed and heated to became colorless solution. The 
nitrogen in the samples was transformed to ammonium 
sulphate through sulphuric acid (H2SO4 and the ammonia 
emitted during this process absorbed in the boric acid 
solution and thus its amount can be calculated in the 
samples which is further used for the determination of 
protein and nitrogen contents). Similarly, to determine the 
contents of total soluble protein (TSP), the method of 
Bradford (1990) was used. 
 
Proline and enzymes and antioxidants analysis: Proline 
contents was calculated by following the method of Bates 
et al. (1973) with modification. Lipid peroxidation was 
analyzed in term of  malondialdehyde (MDA) by using 
the method of Zhou & Leul (1998) while Hydrogen 
peroxide (H2O2) were analyzed by following the method 
of Velikova et al. (2000).  

The method of (Giannopolitis & Ries, 1977) was 
used to investigate the level of Superoxide dismutase 
(SOD). Likewise, for the measurement of Ascorbate 
peroxidase (APX) activity, assay prescribed by Nakano & 
Asada (1981) was followed. Catalase (CAT) activity was 
determined by following the assay of Aebi (1984) while 
level of Peroxidase (POD) was measured as described by 
Zhou & Leul (1999) with slight changes. 
 
Statistical analysis: For application of statistics on data, 
statistics 9 software was used. For this purpose, 
experimental data was examined by using analysis of 
variance (ANOVA) followed by standard deviation (SD) 
and p≤0.05 was considered criteria for significance 
relationship among the treatments. 
 
Results 
 
Physiological parameters 
 
Seed germination: Significant differences were observed 
in germination of maize seeds exposed to various salinity 
levels, were subjected to smoke priming and hydro-
primed. Decrease in germination percentage was recorded 
with increase in salinity; however seeds primed with 
smoke solutions showed overall high germination 
percentage than control. Maximum seed germination in 
control was found 70%, while reduction was observed 
with the increased level of salinity 100 to 250 mM. 
Among smoke dilutions, maximum germination of 93% 
was found with cymbopogon (1:400) while saline 
conditions resulted reduction in germination as 74, 70 and 
66% with 100, 150 and 200 mM, respectively (Fig. 1.1). 
 
Plant growth and development: Overall growth in 
maize seedlings were affected when seedlings were 
exposed different levels of salt stress. Increase in salt 
concentrations caused gradual reduction in lengths of 
seedling (roots and shoots). In smoke solution of 1:400 
resulted shoot length of 3.08 cm while 0.6 cm in 250 mM 
salt stress shows that salt stress reduced the growth while 
can alleviate the stress. All smoke primed plantlets 
showed increased seedling growth in non-saline and 
saline primed conditions as compared to hydro primed 
treatments (Fig. 1.2). 
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Fig. 1.1, 1.2. Effect on Effect ongermination % and root/shoot length in maize seedlings exposed to different treatments (A-cont, B-
100, C-400 are smoke dilutions , D-100, G-150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-
400+150, K-100+200, L-400+200, N-100+250 and O-400+250 mM are alleviating solutions of smoke + salt).  
 
Root and shoot fresh and dry weight: With increase 
NaCl concentrations, a decrease in biomass production was 
found. Phytotoxicity caused by salt stress found dose 
dependent i.e., higher concentrations caused more toxicity 
than lower levels. Maximum shoot fresh weight of 4.16 g 
was observed in (100+150) dilution while minimum (0.15 
g) at 250 mM as compared to control 0.216 g. Dry biomass 
(root and shoot dry weights) also showed gradual reduction 
with increase in salt stress. Maximum root dry weight was 
found in 150+400 (2.65g) as compare to control which was 
0.099 g. With the increases of salinity level root dry weight 
decreases 0.13, 0.11, 0.09 and 0.07g respectively in 100, 
150, 200 and 250 mM, respectively while in shoot dry 
weight maximum dry weight were found in 150+100 (2.8 
g) as compare to control (0.154 g). Minimum shoot dry 
weight (0.052 g) was found in 250 mM (Fig. 1.3). 
 
Ions (Na+, K+ and Ca+2) analysis: Significant differences 
were found in ion analysis of plants raised under different 
treatments i.e., control, smoke, saline and alleviated 
solutions. Decreases were observed in K+ and Ca+2 
contents while increase in Na2+ contents with increased 
level of salt (Fig. 1.4). Ion contents analysis showed that 
seedlings root and leaves raised under smoke dilutions, 
have higher  K+ and Ca+2  and low Na+ as compared to 
control i.e., 20 µg/g in root and 17.8 µg/g in leaves of 

smoke treatment of (1:100). In case of root analysis high 
K+ (47.56 ug g-1), Ca+2 (38.65 ug g-1) and low Na+ (18.8 
ug g-1) were found in case of (1:400) dilution treatment 
compared to control i.e., K+ (41.5), Ca+2 (33.91) and  Na+ 
(31.33 ug g-1). Results showed that smoke extracts 
alleviated significantly the adverse effect of saline 
condition. Ions level in leaves found lower i.e., K+ (12.4), 
Ca+2 (12.1) and high Na+ (34.3 ug g-1) when exposed to 
250 mM of salts level which was significantly alleviated 
i.e., K+ (18.16), Ca+2(18.26) and Na+ (26.7 ug g-1) by the 
addition of smoke extracts of 1:100 and 1:400.  
 
Analysis chlorophyll a, b and total carotenoids: Salt 
stress have also significantly reduced the contents of 
chlorophyll a, b. Smoke treatments improved the Chl a and 
b contents as compared to control while salt solutions of 
100, 150, 200 and 250 mM resulted reduction in the 
contents. In control the Chl a and b contents were found 
4.14 and 10.76 ug g-1  respectively, while salt solutions of 
100, 150, 200 and 250 mM resulted reduction in Chl a i.e., 
3.69, 3.04, 2.2, and 1.35 ugg-1 and in Chl b i.e., 8.26, 7.85, 
5.83 and 3.39 ugg-1 respectively. Contrary to these, smoke 
applications of 1:100 and 1:400, improved Chl a (11.8 and 
14 ugg-1) and Chl b (7.26 and 6.04 ugg-1), respectively. 
Similarly, smoke solution alleviated the stress posed by salt 
and resulted increase in Chl a and b (Fig. 1.5). 
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Fig. 1.3. Effect on root and shoot dry weight (A) and fresh weight (B) of maize seedlings exposed to different treatments (A-cont, B-
100, C-400 are smoke dilutions , D-100, G-150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-
400+150, K-100+200, L-400+200, N-100+250 and O-400+250 mM are alleviating solutions of smoke + salt). 
 

Response of carotenoids contents to salt as well as 
alleviating solution found same as in the case of Chl a and b. 
application of smoke dilutions increased the carotenoids 
contents significantly i.e., 703 ugg-1 (1:100) and 655.35 ugg-1 
(1:400) as compared to control 542.48 ugg-1. Beside these, salt 
solutions decrease the contents with increase concentrations 
i.e., 0-250 mM and lowest was observed when subjected to 
250 mM (194.35 ugg-1). Application of alleviating solutions of 
smoke (1:100 and salt, resulted improvement in the contents as 
compared to salt solution only. 
 
Analysis of nitrogen and protein contents: Biochemical 
characterization of both nitrogen as well as protein 
contents in maize were analyzed for various treatments 
i.e., control, smoke, salt and alleviating solutions. Results 
showed a remarkable decreased in both the parameters 
with increased level of salt. Saline condition drastically 
effect both the Nitrogen and Protein contents in roots and 
leaves i.e., 61.63, 44.82, 38.01 and 21.2µg g-1 for 100, 
150, 200 and 250mM salt in root while 70.5, 57.42, 42.02 
and 25.21 µg g-1 for 100, 150, 200 and 250mM salt in 
leaves nitrogen contents as compared to control 98.4 and 
120.46 g g-1 respectively. Also 385.18, 280.12, 237.56 
and 132.5 µg g-1 for 100, 150, 200 and 250 mM salt in 
root while 440.625, 358.8, 262.62 and 157.56 µg g-1 for 
100, 150, 200 and 250mM salt in leaves protein contents 
as compared to control 612.75 and 752.87 µg g-1 

respectively (Fig. 1.6). 

Plants raised under smoke treatments showed 
significantly increase both the contents of nitrogen and 
protein. Highest level of both  the contents was observed in 
smoke of 1:400 dilution which were 120.46 and 162.09 µg g-

1 in root and leaves for nitrogen as compared to control 98.4 
and 120.46 while 780.87 and 1013.06 µg g-1 in root and 
leaves for protein as compared to control i.e., 612.75 and 
752.87 µg g-1, respectively. Results indicate that plant 
derived smoke solutions also alleviated the inhibitory effects 
of saline condition. Decrease in nitrogen contents caused by 
salt 250 mM alleviated by 1:400+250 mM i.e., (21.2) to (32 
µg g-1) in root and (25.21) to (44.04) in leaves.  
 
Analysis of proline contents: Analysis of proline 
contents revealed a gradual increase with increasing 
concentration of salt. While smoke dilution reduced the 
proline levels i.e., 1:100 (0.417) and 1:400(0.381 ug g-1) 
as compared to control i.e., 0.372 ug g-1 (Fig: 1.7). 
 
MDA and H2O2 activities: In order to estimate the 
influence of saline condition on lipid peroxidation, MDA 
contents in maize were determined (Fig. 1.8). The 
obtained results indicated that plants respond differently 
to different treatments of smoke and salt. Smoke dilution 
of 1:400 and 1:100 showed 111.21 and 94.96% of MDA 
level, respectively. Similarly, alleviating solutions of 
150+400 (157.45%) and 200+400 (141.31%) were 
recorded in the treatments as compared to control. 
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Fig. 1.4. Analysis of Na+(i), K+ (ii) and Ca+2 (iii) contents in maize seedlings exposed to different treatments (A-cont, B-100, C-400 
are smoke dilutions , D-100, G-150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-400+150, K-
100+200, L-400+200, N-100+250 and O-400+250 mM are alleviating solutions of smoke + salt).  
 

As usual H2O2 level increased in plants when exposed 
to salt stress. Results of present study also revealed 
percent increase in the level of H2O2 in plants exposed to 
salt stress of 100, 150 and 250 mM showed 16, 10 and 
12.16% as compare to control. H2O2 concentration was 
increased in smoke solution at dilutions of 1:100 (11.16) 
and1:400 (8.16%) as compare to control. Alleviation 
solution of 150+400 showed (20.63), 250+100 (9.5) and 
250+400 (4.06 %) their respective salt stress.  

Soluble protein contents: Total soluble protein contents in 
the maize grown in pots for 21 days under salt stress were 
analyzed. Protein contents of maize tended to increase in 
smoke solution at dilution 1+400 (163.56 mgg-1).  
Alleviated solution (salt+smoke) showed the adverse effect 
caused by the salt stress, by increasing protein 
concentration in 100+100 (110.39 mgg-1), 200+100 (156.17 
mgg-1), 200+400 (92.04), 250+100 (117.34) and 250+400 
(122.18 mgg-1) respectively. 
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Fig. 1.5. Analysis of Chl a and b (A) and carotenoids contents (B) in maize seedlings exposed to different treatments  (A-cont, B-100, 
C-400 are smoke dilutions , D-100, G-150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-
400+150, K-100+200, L-400+200, N-100+250 and O-400+250 mM are alleviating solutions of smoke + salt). 
 
Analysis of POD activity: The peroxidase activity 
(POD) of the maize plants under salt stress increased 
by raising level of salinity as compare to normal 
conditions (Fig. 1.8). However, different treatments of 
salts showed different responses upon maize plants i.e., 
100 (111.05), 200 (94.31) and 250 mM (106.09%). 
Moreover with the application of alleviated solution of 
smoke and salt showed 150+100 (112.15), 200+400 
(125.76) and 250+400 (141.18%) which is highly 
significant. Alleviated POD activity was seen as 
compare to the respective salt. 
 
APX activity of   maize under salt stress: The 
ascorbate per oxidase (APX) activity also greatly 
influenced when exposed to NaCl stress (Fig. 1.8). Its 
activity ascended in salt stress solution from 100 to 250 
mM (228.80%) as compare to control. The smoke 
solution at dilution 1+100 (264.04) and 1+400 
(246.07%) showed significantly increased in APX 

activity. With the application of alleviated solution of 
smoke and salt, smoke alleviated the APX activity i.e., 
100 and 200 mM were alleviated by 100+400 (261.42), 
250+400 (302.14) and 250+400 (245.59%), respectively. 
 
CAT activity of maize under salt stress: The values 
CAT were found doe dependent, and different 
treatments showed different values increased highly at 
100 (236.38) and 150 mM (92.46%) salt stress levels 
after 21 day treatment. At this treatment level, there was 
highly significant change over its control. Moreover, 
Smoke dilution 1+400 (306.04%) were highly 
significant as compare to control. Furthermore, Smoke 
and salt alleviation solution indicate highest catalase 
activity i.e., 329.62 (100+400), 98.28 (200+100) and 
91.54% (250+100) as compare to 92.46% (150 mM) and 
56.11 (200 mM) and 91.64% (250 mM) while other 
alleviation solutions have no significant change. 
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Fig. 1.6. Nitrogen and protein content in maize seedlings exposed to different treatments (A-cont, B-100, C-400 are smoke dilutions , 
D-100, G-150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-400+150, K-100+200, L-400+200, 
N-100+250 and O-400+250 mM are alleviating solutions of smoke + salt).  
 

 
 
Fig. 1.7. Proline contents in maize seedlings exposed to different treatments (A-cont, B-100, C-400 are smoke dilutions , D-100, G-
150, J-200, M-250 mM are salt solutions, while  E-100+100, F-400+100, H-100+150, I-400+150, K-100+200, L-400+200, N-
100+250 and O-400+250 mM are alleviating solutions of smoke + salt). 
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Fig. 1.8. Effect of Plant-derived smoke solutions (1:100 and1:400 dilutions) on MDA, H2O2,Protein contents, POD, APX and Catalas 
activities of smoke (Cymbo ) primed maize seeds under both normal and saline conditions. (A-cont, B-100, C-400 are smoke 
dilutions, D-100, G-150, J-200, M-250 mM are salt solutions , while  E-100+100 mM, F-400+100 mM, H-100+150 mM, I-400+150 
mM, K-100+200 mM L-400+200 mM, N-100+250 mM, O-400+250 mM are alleviating solutions). 
 
Discussion 
 

The present experiments are the first systematic 
attempt to examine the phytotxicity caused by saline 
condition and their alleviation through plant-derived 
smoke solution in reference to physiological and 
biochemical biomarkers.  Results revealed that the 
rate of germination is greatly affected with the 
application of increasing levels of salt concentrations 
from 100 to 250 mM as shown in (Fig. 1.1). Our 
results are in lined with the previous study of Alam et 
al. (2004) and Omami (2005) who studied that salt 
stress negatively affected overall germination with the 
increasing salt concentrations. Similarly, Zeng & 
Shannon (2000) stated that increased duration of salt 
stress causes reduction in the seedling growth. It has 
also been investigated that priming of seeds with 
smoke solutions improved the process of seed 
germination. Farooq et al. (2006) also reported same 
results which stated that, seed priming with smoke 
solution can improves the germination process. 
Priming with Cymbopogon (1:400) smoke showed 
100% germination. Lower concentration of smoke 
showed better germination than in the higher ones. It 
might be due to the presence of inhibitory chemicals 

which become diluted at lower concentrations and 
cannot express the phytotoxic effect on germination 
and are in accordance with the previous reports of 
Sparg et al. (2006) who observed that a lower 
concentration plant extracted smoke increased 
germination of seed while at higher concentrations, 
reduced the seed germination. Beside these, reduced 
germination under saline stress was significantly 
alleviated with the application of plant derived smoke 
solution during the present research experiments.   

Similarly, maize seedlings showed reduction in 
length when exposed to salt stress. The seedling vigor 
in term of seedling length significant decrease by 
increasing salt concentration. The decrease in 
seedling vigor might attributes due to the high uptake 
and accumulation of Na+ which ultimately reduced the 
uptake of water (Chavan & Karadge, 1986). Similarly, 
priming of seed with smoke has improved the 
seedling growth which might attributes its hormone 
like activity (Jamil et al., 2014). Likewise, high level 
of saline condition promotes the uptake of Na+ and Cl- 
in seedlings as described by. Seeds primed with 
alleviating solutions of smoke and salts, alleviated 
significantly the phytotoxic effects of salt stress in 
case of seedling vigor (Fig. 1.2). 
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Improvement in plant growth in response to smoke 
might be attributing due to the enhancement of the 
nutrients on metabolism and other physiological 
activities which in turn can improve the photosynthetic 
pigments and enzymes that encourage vegetative and 
reproductive growth in plants. On the other hand salinity 
posed negative impacts on photosynthetic pigments 
production. According to Munns (2002), with rise in the 
saline condition, there occur a remarkable reduction in 
Chl a, b and total carotenoids. The loss of chlorophyll 
under salt stress could be related to photo inhibition or 
ROS formation. Smoke treated plants of both dilutions 
i.e., 1:100 and 1:400 showed high level of both Chl a, b 
and total carotenoids while smoke with combination of 
salts reduced the adversity caused by saline condition. 
Similar results were obtained by Jamil et al. (2014) 
which indicated that smoke water can improve the 
chlorophyll contents in rice when subjected to salt stress. 

In case of ion contents analysis, higher contents of 
Na+ and lower contents of K+ and Ca+2 were found in 
seedling exposed to salt stress while smoke alleviated 
the phytotoxic responses of salt stress. Katerji et al. 
(2004) demonstrated that that higher level of Na+ in the 
plant tissues posing adverse effect by imbalance the 
nutrients and osmotic adjustment. Na+ competes with 
useful ions like K+ and Ca+2, and in turn inhibits their 
absorption. Similar effects were reported in case of 
nitrogen and protein contents. Inhibition in 
biosynthesis of protein has been reported by Lutts et al. 
(1999).  Likewise, Alfocea et al. (1993) investigated 
that higher level of nitrogen contents were found in 
tomato roots, but lower in the leaves and stem when 
exposed to saline condition. In the present literature, 
the level of total soluble protein has been found dose 
dependent and showed different response to different 
treatments. Protein contents of maize tended to 
increase in smoke solution at dilution 100 and 400. Salt 
stress, have been reported to increase the protein 
synthesis (Singh et al., 1987; Chandrashekar & 
Sandhyarani, 1995), while others suggested a reduction 
(Morant-Avice et al., 1998; Gulen et al., 2006) or 
remained unchanged (Singh et al., 1987). 

Proline plays a key role in plant defense 
mechanism when exposed to stress. Present result 
revealed that proline accumulation level in plants 
remained increases in response to salt stress. Girija et 
al. (2002) reported that proline offer tolerance in plants 
exposed to stress like salinity. Similar trend was also 
observed in case of H2O2 activity. Hydrogen peroxide 
content has been shown to increase under NaCl stress 
in a number of studies in various plants.  

As result of salt stress, antioxidant enzymes are 
generally produced to protect the plant from oxidative 
stresses. Different antioxidant enzymes i.e., ascorbate 
per oxidase (APX), peroxidase activity (POD) and 
catalase activity (CAT) showed similar response and 
found in increase level in the plans exposed to salt 
stress and alleviating solution of smoke and salt also 
greatly varied in the experimental of maize under the 

influence of NaCl stress. According to Oueslati et al. 
(2010), antioxidant enzymes plays important role by 
scavenging reactive oxygen species mainly SOD, POD 
and CAT. Likewise, Gueta-Dahan et al. (1997)also 
suggested that APX is an important enzyme and play a 
pivotal role in plants to tolerate saline condition.  

The CAT activity was also obvious under the 
stressful effects of salt stress. In comparison to 
controls, its mean values in the salt stress increased as 
compared to the control treatment. Moreover, smoke 
dilution of 1:400 was highly significant as compare to 
control. Furthermore, alleviating solution showed 
increase level of catalase activity at 150+400 and 
250+100 as compare to the control. In the present 
results, the MDA contents in salt stressed plants 
increased remarkably as also showed by Diego et al. 
(2003) and Tijen & Ismail (2005). It indicated that high 
salinity induced accumulation of MDA in seedlings 
which would be harmful for seedling growth and 
development. In smoke solutions and in alleviating 
solutions, the level of MDA remained low which 
indicates the alleviating potential of smoke. 
 
Conclusions 
 

Results of the present investigation revealed that the 
saline condition remarkably posed a severe stress in 
maize plants which reduced the overall growth and 
various biochemical compound productions. Likewise, 
the plant-derived smoke solution of 1:400 and 1:100 
have been found to improve the growth and 
development in maize plant. However, the plant-derived 
smoke solutions with combination of salt solutions 
(alleviating solutions) significantly alleviated the 
adverse effects of salt stress in form of salinity-induced 
phytotoxicity. Priming with smoke extracts of 1:100 and 
1:400 can overcome the phytotoxic effects due to 
salinity in diverse range of agricultural sectors which 
demands further research in this context to use priming 
of seeds with smoke water for the enhancement of crops 
yield under saline stress. 
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