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Abstract: The present study to drow attention to the possibilities of planting Wheat crop in the reclamated

new lands and put salt stress on grain germination and seedling growth treated with nicotine. Data showed

the decrease of grain germination under salt stress (3 or 6 mg/L NaCl). Grain treated with nicotine was

increased germination percentage and seedling growth compared with control ones. Intense changes in

chlorophyll a, b and carotenoids, soluble sugars, crude protein and lipid contents were recorded due to

germination under salinity than tap water irrigation. Nicotine (5 mM) application yield a remarkable

increase photopigments, total sugars, lipid and protein contents. On the other hand the nicotine applicable

treated the effect of salinity on phytochemical whereas increased these compounds compared with

irrigation with 3 or 6 mg/L NaCl only. In addition, the results clearly indicated prefound changes in

amylases, invertase, Mg ATP ase due to germination process as their activities increased sharply during++ 

the first five days of seedling growth. These changes were decreased up to the 15  day. However, theseth

enzymes showed variable response to salt stress and application of nicotine treatment. It has been found

that salinity induces a depressive effect on catalase activity; meanwhile nicotine treatment was found to

overcome this inhibitory effect. Salt stress depressed sharply the peroxidase activity at onset of

germination, while it attained its activity with increasing seedling age. Application of nicotine stimulated

markedly the peroxidase activity in salt stressed seedlings. 
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INRODUCTION

The main problem in reclamation and cultivation

of arid coastal and the inband desert areas lies in the

presence of salt in the soil only or water resources in

excessive concentrations than those required for normal

plant functions. Consequently, it has exerted the

deleterious effect on plant growth and yield.

Salinity effects seed germination and metabolism

by influencing the activities of varies hydrolytic,

synthetic and oxidative enzymes . Many studies[15 ,8]

showed that plant growth regulators can be used to

ameliorate salt induced inhibition of germination and

seedling growth . Moreover, very knowldge of the[31 ,1]

mechanisms by which those growth regulators alleviate

the adverse effects of salt on plant growth.

The present work aims to effect of nicotine on the

phytochemical constituents and enzymes activities of

wheat under the influence of NaCl salinity.

MATERIAL AND METHODS

Grains of Triticum vulgaris cv. Giza obtained from

Agric. Res. Centre, Giza, Egypt were used in this

study. The growth regulator of nicotine was used at 5

mM  and sodium chloride solution was used at 3 and[1]

6 mg/L as well as tap water as a control.

The wheat grains were soaked for 24 hrs in the

nicotine (5 mM) solution and then germinated in

washed dry sand in five traies (30 x 50 cm), each tray

divided into 10 raws, each raw contain 10 place and

each place cultivated with two wheat grains. The grains

were irregated twice daily with saline solution and tap

water as a control for 15 days, six samples were taken,

0, 5, 10 and 15 days post germination.

Determination of Phytochemicals: Plant pigments,

chlorophyll a, b and carotenoids were extracted and

estimated according to Wettstein .[33]

Total nitrogen was determined in wheat seedling

dry matter using Kjeldahl method . The crude protein[2]

content of seedlings was calculated by multiplying total

nitrogen by 6.25 for wheat seedlings. 

Soluble sugars were extracted from 1 g dry matter

wheat seedling with ethanol 80% for 3 times. The

extracts were combined and evaporated till dryness.

The dried film was dissolved in 10.0 ml of 10%

aqueous iso-propanol. The soluble sugars were

determined by the alkaline potassium ferricyanide

method of Shales and Schales .[28]
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The  lipid  content of wheat seedlings dry matter

(5 g) was determined by chloroform : methanol (2:1).
The lipid was extracted by using Soxhlet apparatus in

the presence of previous solvent.

Determination of Enzymes Activities: 
Extraction of Total Proteins: Wheat leaves of

seedlings were collected at 5, 10 and 15 days from
seedling age. Total proteins contents were extracted

according to Lanna et al. . One gram-fresh weight[11]

was ground in a morter and pestile containing liquid

nitrogen. The resulting powder was macerated for 30
sec. in 3 ml extraction buffer [50 mM sodium

phosphate buffer, pH 6.5, 1 mM phenyl methyl
sulfonyl (PMSE)], then centrifuged at 20.000 g for 25

min at 4ºC. The supernatant was divided in tubes and
kept in ice for the following determination.

Total amylases activity were determined according
to the method of Masahiro et al. . One ml total[13]

protein and 1 ml soluble starch solution into 0.5 M
sodium acetate buffer (pH 5.3) containing and 20 mM

2CaCl . The mixture heated for 15 min at 40ºC. The
reaction was stopped by adding 5 ml of 0.5 M acetic

acid. One ml of the mixture, 3 ml of 0.01% potassium
iodide and 0.001% iodine were showed blue colour.

The amylases activity is expressed as µg soluble
protein.

α-amylase activity was determinated by the same
which used for determination of total amylase activity

except that one ml of total protein was heated at 70ºC
for 15 min. to inactive b-amylase. β-amylase activity

was calculated as the differences between total amylase
activity and a-amylase activity. Invertase activity was

determined according to Prakash and Prathapasenan .[22]

The activity of invertase is expressed as mg glucose/20

min. mg soluble protein.
Mg  ATP ase activity was determined  using 0.12+ [12]

2ml of total proteins added to 1 ml of [5 mM MgCl , 5

4mM ATP, 1.2 mM NH  Cl and 20 mM tricine –

NaOH (pH 8.0)]. The reaction mixture was incubated
at 37ºC for 1 min and then stopped with 1 ml of 8%

TCA. The mixture was centrifuged. The supernatent
was  used  for  inorganic phosphorus determination.

The activity of Mg  ATP ase is expressed as inorganic2+

phosphorus/1 min. mg soluble protein.

Assay of Peroxidase Activity: The colourimetric assay

of the total peroxidase in total proteins was conducted
as recommended by Severs et al . It was expressed in[27]

a unit of the increase of absorption at 470 nm for 5
min per mg soluble protein.

Catalase activity was determined according to the
method described by Maxwell and Bateman  by[14]

measuring the change in absorbance at 240 nm every
1 min. It was expressed in a unit of the increase of

absorption at 240 nm/1 min per mg soluble proteins.

RESULTS AND DISCUSSION

Grain Germination: The germination percentage of

wheat grains cv. Giza were decreased (60.5 and
51.25%) as affected by soaking in saline solution 3 and

6 mg/L NaCl respectively compared with Dis-water
(85%) ones. On the contrary it was increased (95.75%)

by soaking with 5 mM nicotine. On the other hand, it
was found that, treated the saline solution (3 or 6

mg/L) with 5 mM nicotine due to the increasing of
wheat grains germination (Table 1).

Phytochemical Constituents: Photosynthetic pigments;

chlorophyll a, chlorophyll b and total carotenes
appeared in dectable quantities begining with five days

of seedling age and variable increases afferward 15 th

day. Saline stress (3 or 6 mg/L) greatly inhibited the

accomulation of both chlorophyll a and b, but it
enhanced the formation of total carotenes at all ages of

old seedlings compared with non stressed seedlings
(Table 2).

On the other hand, treatment of wheat grains with
nicotine 5 mM leads to increase chl.a  and b content

during seedling stages. Also this values are high when
compared with control (Table 2). Nicotine pretreated

seedlings irregated with 3 ot 6 mg/L saline solution
clearly indicated that nicotine increase of Chl. a and

Chl. b. On the contrary carotene content was decreased
at all ages of seedlings (Table 2) when compared with

the salinity only.
From the previous results, we can concluded that,

using nicotine under salinity stress leads to the increase
of pigments content. These finding are in agreement

with the data obtained by Rizvi et al.  and Amal[24]

Mahmoud . However, this hold true in non and salt[1]

stressed seedlings at any interval seedling growth.
Inverse relation were evident between salt stress and

the accumulation of Chl. a and b which become more
pronounced as salinity level increased. On the contrary,

total carotenes increased markedly in salt stressed
seedling, especially in case of 3 mg/L NaCl.

Data  in Table (3) showed that soluble sugars
under 3 and 6 mg/L salt stress were increased

compared with control, whereas decreased at 10  andth

15  days (Table 3). Application of nicotine increasedth

the soluble sugars when compared with control. Under
salt stress, the concentration 5 mM of nicotine causing

increased in soluble sugars.
The change in sugar content can be correlated to

the amylase activity. In the first stage of germination
when amylase activity increased, it noticed an increase

in soluble sugars and then accumulation the soluble
sugars due to decrease in amylase activity. At the early

stages of germination, plants need energy. The energy
can  be  supplied  from sugars which can be formed

by  enzymatic  hydrolysis  of  starch. The change in
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Table 1: Percentage of wheat grain germination treated with nicotine under salinity stress.

Parameters Seed germination

------------------------------------------------ --------------------------------------------------------------------------------------------------------

Treatments % of germination Relative seed germination

Distilled water 85.0 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 95.75 112.65

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 60.50 71.18

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 51.25 60.29

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl + 5 mM  nicotine 80.75 99.95

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl + 5 mM  nicotine 78.25 92.06

Dis. water - treatment

Relative seed germination = ----------------------------- X 100

    Dis. water

Table 2: Pigment contents of wheat seedlings treated with nicotine under salinity stress.

Pigments Age of seedlings

------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------

Treatments 5 days 10 days 15 days

------------------------------------- --------------------------------------------- ------------------------------------------

Chl. a b Carotenes a b Carotenes a b Carotenes

Dis. water 2.50 1.15 1.95 3.40 2.10 1.50 4.25 2.50 1.10

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+ 5 mM  nicotine 2.75 1.45 1.50 4.50 2.55 0.95 4.75 2.20 1.00

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 1.95 0.75 1.75 1.85 0.80 1.75 1.90 0.81 2.25

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 1.50 0.75 1.95 1.75 0.78 1.65 1.35 0.85 1.25

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl + 5 mM  nicotine 2.40 1.35 1.45 2.00 1.70 1.75 3.25 1.78 1.79

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +  5 mM  nicotine 2.10 0.95 1.70 2.15 1.20 1.10 2.20 1.25 0.65

Pigments content as mg/g dry weight.

Table 3: Soluble sugar contents of wheat seedlings treated with nicotine under salinity stress.

Sugar content Age of seedlings

------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments 5 days 10 days 15 days

------------------------------------------- -------------------------------------------- -------------------------------------------------

R N T RC R N T RC R N T RC

Dis. water 4.75 9.75 14.50 100 3.75 40.25 44.00 100 3.00 30.25 33.25 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 4.95 55.75 60.70 113.62 4.50 65.50 70.00 124.50 5.75 45.25 49.00 146.52

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 1.10 9.25 10.35 71.37 2.75 27.50 30.25 68.75 3.00 30.25 33.25 98.22

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 1.08 12.25 13.33 85.03 4.25 35.75 40.00 90.91 4.23 35.25 39.48 116.63

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl +

5 mM  nicotine 2.85 12.75 14.60 100.69 4.75 60.50 65.25 148.29 4.75 40.25 45.00 132.93

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +

5 mM  nicotine 1.95 13.50 15.45 106.55 4.00 50.75 54.75 124.43 4.05 50.25 54.30 160.41

Soluble sugar content as mg/100 g dry weight 

R= Reducing sugar, N= Non-reducing sugar, T= Total soluble sugars

soluble sugars  under  salinity  takes place strongly
especialy in 6 mg/L salt stress. It can explain that may
be to maintain the cell on osmatic pressure by
increasing sugars. The results were agreement with
Ujwala et al. .[31]

The increasing soluble sugars in seedling treated
with nicotine revealed that nicotine enhanced the
amylase activity has the sugars content were increased.
These results were in agreement with that noliced by

Rizvi et al. . In case of salt stressed seedling, the[25]

results showed that nicotine increase the sugar content.
These results showed that nicotine may be improved
the seedling growth through chemical changes under
salinity stress.

The lipid content under 3 and 6 mg/L salt stress
was decreased slightly at all ages of seedlings,
meanwhile comparing with control showed that lipid
content was increased (Table 4).
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Table 4: Lipid contents of wheat seedlings treated with nicotine under salinity stress.

Lipid content Age of seedlings

------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 5 days 10 days 15 days

--------------------------------------------- ----------------------------------------------- ---------------------------------------------

Lipid content Relative control Lipid content Relative control Lipid content Relative control

Dis. water (control) 75.50 100 50.25 100 40.00 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 80.75 106.95 52.15 103.78 45.00 112.5

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 60.75 80.64 40.20 80.00 15.52 38.80

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 50.25 66.55 45.75 91.04 20.15 50.38

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl +

 5 mM  nicotine 85.80 113.64 52.25 106.61 41.25 103.125

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +

5 mM  nicotine 77.25 102.32 49.75 99.00 42.00 105.00

Lipid contents as mg/100 g dry weight 

Table 5: Crude protein content of wheat seedlings treated with nicotine under salinity stress.

Crude protein content Age of seedlings

---------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 5 days 10 days 15 days

--------------------------------------------- ----------------------------------------------- --------------------------------------------

Protein content Relative control Protein content Relative control Protein content Relative control

Dis. water (control) 8.50 100 11.00 100 5.25 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 10.25 120.58 12.75 115.90 7.50 142.85

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 5.75 67.65 6.75 61.37 3.25 61.91

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 5.00 58.85 5.50 50.00 3.00 42.8557.15

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl +

 5 mM  nicotine 9.50 98.24 9.25 84.61 4.75 9.5290.48

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +

5 mM  nicotine 9.00 94.12 8.00 72.73 5.00 4.7695.24

Crude protein content as mg/100 g dry weight 

Table 6: Amylase activity of wheat seedlings treated with nicotine under salinity stress.
Amylases activity Age of seedlings
---------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Treatment α amylase β amylase Total amylase

----------------------------------------------------------------- ----------------------------------------------------------- ------------------------------------------------------------------------
Zero time 5 days 10 days Zero time 5 days 10 days Zero time 5 days 10 days
---------------- ------------------- ---------------- ----------------- ------------ -------------- ----------------- ------------------ ----------------------
A R A R A R A R A R A R A R A R A R

Dis. water 70.5 100 180.5 100 112.75 100 125.0 100 80 100 60.25 100 195.5 100 260.5 100 173.0 100
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 mM nicotine 95.0 134.75 195.0 128.37 167.75 148.78 115.25 92.2 82 102.5 75.22 124.85 210.25 107.54 277.0 106.33 242.97 140.44
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 mg/L NaCl 10.0 14.18 120.0 66.48 135.21 119.92 25.75 26.60 20 25.00 15.75 26.14 35.75 0.018.17 140.00 53.74 150.96 87.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 mg/L NaCl 0.0 0.0 150.2 83.21 125.25 111.08 0.0 0.0 9.0 18.87 7.5 12.44 0.0 0.00.0 159.20 61.11 132.75 76.73
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 mg/L NaCl +
 5 mM nicotine 50.75 71.95 210.0 116.34 120.20 106.60 75.25 60.2 45 56.25 25.10 41.65 126.00 64.45 255.0 97.89 145.30 83.99
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 mg/L NaCl +
5 mM nicotine 40.00 56.73 245.2 135.84 119.25 105.76 62.25 50.6 35 43.75 15.00 24.89 102.25 52.30 280.0 107.56 134.25 77.60
Specific activity was expressed as µg starch /15 min-1 µg soluble protein
A= Enzyme activity                R= Relative activity

Treatment of nicotine increased lipid content in all

ages of wheat seedlings when compared with control.

The effect of nicotine on lipid content revealed that

under salt stress (3 and 6 mg/L) increased then

compared with salt stress in both concentration at all

ages of wheat seedlings. 

From these results we can conluded that salinity

decreased lipid content when compared with control.

This data differed with results on corn crop . It can[19,1 ]

explain there difference to different crop and variety.

Most seeds contain intracellular triacylglycerol as

major food reserve for germination. During early
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seedling growth the triacylglycerol in the storage

tissues are mobilized to support the growth of the

embyonic axis and growth. The initial step in the

mobilization of triacylcerols is their hydrolysis to fatty

acids  and glycerol through glyconeogenic pathway.

The storage triacylglycerols are localized in the

organelles called lipid bodies (Oleosomes oil bodies,

Sperosomes) which are surrounded by a membrane .[20 ,34]

The salinity stress decreased crude protein content

compared control (Table 5). Also 6 mg/L NaCl

decreased the protein than compared with 3 mg/L

NaCl. The results indicate that, treatment of nicotine

under salinity stress (3 and 6 mg/L NaCl) increased

protein slightly when compared with control (tap water)

as well as salt stress (NaCl solution) (Table 5). 

Protein content of various plant tissues declined

under drought or saline conditions, due to inhibition of

trransamination process and increased of proteolysis[36] 

as well as decreased protein synthesis . Presoaking[32 ,29]

3of seeds in GA  resulted in a remarkable reduction in

the nitrogen functions (soluble, insoluble and total

proteins) in both stressed and non-stressed plants. This

conclusion is in accordance with the results obtained

by Salama and Abdel Basset .[26]

Enzyme Activities: The activity of amylase enzymes

(a, b and total) were determined during wheat grain

germination irregated with 3 and 6 mg/L salt solution

and treated with 5 mM nicotine (Table 6). Data clearly

indicate that germination of wheat grains soaked in

Dis-water and irrigated with tap water increase the

activity of a, b and total amylases. The highest increase

was observed at 5  day post-germination (180.5, 130.0th

and 310.5 µg starch/15 min/1 µg soluble protein)

respectively, compared to 70.5, 125.0 and 195.5 at the

onset of germination. The activities of amylases in

growing wheat seedlings under salt stress (3 and 6

mg/L NaCl) were the most critical period at the first

five days of germination. Since the salinity had a

marked depressive effect on amylase activity which

increased with increasing salinity level e.g. in 5  dayth

old seedling. Total amylases activities were 6.95 and

23.26 for 3 and 6 mg/L NaCl respectively of that

detected in control treatment (irrigation with tap water).

The response of a and b amylase to salinity were

differed as followig, b-amylase exhibited high

sensitivity, as salt stress greatly impode the action of

b-amylase throughout all the line stages of seedling

growth. This depressive effect augmented with

increasin salt stress e.g. in 5  days old seedling 75 andth

88.75% of that recorded in control at the same period,

while it decreased slightly with increasing seedling

growth. Soaking wheat grains in 5 mM nicotine

partially overcome the depressive effect of salinity on

β-amylase. But the action of nicotine become less

effective with inceasing salinity level (Table 6).

α-amylase exhibited highly resistance to salt stress.

As general found, a-amylase affected greatly to salt

stress at the onset of germination then its activity

exceed the normal activity of the control seedling at

the 5  day of seedling growth, which increased withth

rising salinity level (Table 6).

Soaking of wheat grains in 5 mM nicotine greatly

enhanced a-amylase activity in the imbided grains

(soaking for 24 hrs). This may be explained that

application of nicotine induced the de novo synthesis

of a-amylase and in turn resulted in the initiation of

enzyme activity. In this connection many studies

referred to the necessity of nicotine (endogenous and

exogenous) for induction the de novo synthesis of a-

amylase at the onset of grain germination .  [16 ,35]

Application of nicotine (5 mM), resulted in

enhancement of a-amylase activity in 6 mg/L NaCl

stressed seedlings during growth for 10  days. In thisth

connection  in bean plants.[30 ,5]

In general, the activities of invertase and Mg+2

ATP ase  were increased with increasing salinity

(Table 7). Invertase and Mg  ATP ase activities of+2

wheat seedlings treated with 5 mM nicotine under 3 or

6 mg/L salt stress increased the activities of enzymes

compared with control tap water and salinity ones. In

addition, the activities of the enzymes was increased at

5  days but decreased at 10  and 15  days (Table 7).th th th

In higher plants where sucrose is the principal

phloem translocated carbohydrate the hexose substrates

required by growing cells for energy metabolism and

synthesis are made available by the hydrolysis of

imported sucrose by acid invertase . In a variety of[3]

plant tissues changes in the rate of cell enlargement

which occur during development are closely and

positively correlated with changes in the specific

activity of the enzyme and in hexose/sucrose ratios

Bernstein6  and Morris and Arthur .[6] [18]

Furthermore, alterations to the rate of cell

expansion induced by growth regulator treatments or

environmental modification also may be closely

correlated with changes in acid invertase activity and

with sucrose and hexose concentration . [18]

The inhibitory effects of salinity has been

attributed to the reduced water uptake and specific

toxic effects caused by the accumulated of sodium and

chloride ions. While, the effect salt on enzymes

activities can decrease or increase the activity of

different enzymes by either decreasing or increasing the

rate of transcription or translation  as well as the turn[21]

over rate of enzyme . This proposition is supported[10]

by the studies of Ramagopal  whose findings suggests[23]

tha t sa linity regula to rs gene  expression by

transcriptional  and  post transcriptional mechanisms.

In  addition, it is proposed that ionic disturbance and
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Table 7: Invertase and M g  ATPase activities of wheat seedlings treated with nicotine under salinity stress.+2

Enzyme activities Age of seedlings

----------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------

Seed treatment Invertase M g  ATPase+2

----------------------------------------------------------------------- --------------------------------------------------------------------------

Zero time 5 days 10 days Zero time 5 days 10 days

------------------ --------------------- --------------------- -------------------- --------------------- ---------------------

A R A R A R A R A R A R

Dis. water 20.75 100 30.75 100 80.50 100 18.25 100 8.25 100 7.25 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 42.25 203.61 45.10 146.66 40.00 49.69 15.50 84.93 10.75 130.30 14.20 195.85

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 50.15 241.68 35.25 114.63 25.75 31.99 25.21 138.13 20.75 251.51 15.21 209.79

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 37.22 179.37 70.75 230.08 42.25 52.48 30.25 165.75 15.21 184.36 8.00 110.34

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl +

 5 mM  nicotine 35.75 172.28 45.75 148.78 30.25 37.58 24.21 132.66 11.75 142.42 7.00 124.13

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +

5 mM  nicotine 67.25 324.08 57.75 187.80 30.75 38.20 24.00 131.51 12.75 154.54 9.25 127.58

A= Enzyme activity, R= Relative activity

Table 8: Oxidative enzymes activitiy of wheat seedlings treated with nicotine under salinity stress.

Enzyme activity Age of seedlings

--------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments *Catalase **Peroxidase

------------------------------------------------------------------- -------------------------------------------------------------------------------

Zero time 5 days 10 days Zero time 5 days 10 days

----------------- ------------------- --------------------- ------------------- -------------------- ---------------------

A R A R A R A R A R A R

Dis. water 0.75 100 0.35 100 0.20 100 0.80 10 0.60 100 0.50 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 mM  nicotine 0.70 97.73 0.75 170.0 0.40 200.0 0.75 93.75 0.40 66.6 0.25 50.0

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl 0.53 78.0 0.30 85.71 0.16 80.00 0.00 75.0 0.60 100 0.58 116.0

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl 0.45 70.0 0.45 122.85 0.18 90.00 0.88 110.0 0.75 125.0 0.65 130.0

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 mg/L NaCl +

 5 mM  nicotine 0.35 60.0 0.50 142.85 0.30 150.0 0.75 93.75 0.65 108.3 0.52 104.0

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 mg/L NaCl +

5 mM  nicotine 0.50 75.0 0.48 137.14 0.40 200.0 0.80 100 0.85 146.6 0.59 118.0

* Specific activity was expressed as (Abs.) mg  soluble protein/1min.-1

** Specific activity was expressed as (Abs.) mg  soluble protein/5 min.-1

A= Enzyme activity              R= Relative activity 

cell dehydration due to salt stress may be altering the

conformation of enzymes protein either at the active
site or changing the tertiary or quaternary structure of

enzymes protein, so as to take the enzymes in more
active or inactive form . The changes in the enzymes[9]

activity observed in this results thus could be account
for some or all of the above factors induced by

salinity.
Using 5 mM nicotine causes on increase in the

activity  of  Mg -ATP  ase at 10  and 15  days+2 th th

(Table 7).

The results clearly indicate gradual increase in
catalase and peroxidase activities up to 5  days ofth

seedlings age then it decreased and reached the lowest
activity at 15  day of germination. On the other handth

seedlings pretreated with solution of nicotine exhibited
maximal catalase and peroxidase activities up to 5 th

days of the germination and tend to decrease thereafter.

It is worthy to refer to the adverse effect of salt

stress on catalase and peroxidase activities in wheat
seedling, which increased with increasing salinity level.

This inhibitory effect was more pronounced up to the
5  days of germination, after which catalase whichth

peroxidase and catalase activities were slightly affected
by salt-stress compared with irrigated with tap water

(Table 8). However, increasing in seedling age up to
15  days. In general salt stress greatly inhibitedth

catalase and peroxidase activities in wheat seedling,
which increased with the increase in salinity (6 mg/L

NaCl) especially during the early days of seedling
growth (5 days).

On the other hand, the depressive effect on
catalase and peroxidase activities of seedlings were

irrigated with salt solution could be eliminated by
soaking wheat grains in 5 mM nicotine solution before

grain were sown (Table 8). 

12
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On the whole, exposure of wheat seedlings to salt

solution greatly reduced both peroxidase and catalase

activities at 5  days of seedlings growth. While at 10th th

days of seedlings growth, wheat seedlings might a dept

themselves and counteracted salinity via stimulation of

both enzymes. However, the increase of peroxidase

activity was more pronounced than that in catalase.

Also, the increase in enzymes activity was further

notable in nicotine pretreated seedlings compared with

that occurred in the non pretreated seedlings compared

with that occurred in the non-pretreated seedlings

grown under the same salt solution level. 

The above mentioned results can be explained

according to the results obtained by Rizvi et al. , who[24]

reported that nicotine increase the activity of amylase

enzymes through induced allyl effect so, we expect that

nicotine increases the activity of Mg  ATP ase by the+2

same effect. 

Under salinity stress, the plant pratects itself by

increasing its osmotic pressure through the hydrolysis

of complex compounds as starch and protein to the

simplest forms i.e sugars and amino acids. These

processes need large amount of energy which can be

obtained from the hydrolysis of ATP in the presence of

Mg  ATP ase.+2

The increase in those oxidative enzymes activity

might be a useful adaptation for preventation of

peroxidation of membrane lipids, which is known to

occur under certain conditions of water stress . Basra[7]

et al.  obtained data demonstrated the involvement of[4]

2peroxidative and catalytic metabolism of H O in the

germination process of wheat seeds in relation to

temperature and growth regulators.   
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