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Abstract
The present study elucidated the role of triacontanol in regulating seed germination and seedling vigour of four cucumber
cultivars under salt stress (50 mM NaCl). Seeds were soaked in aerated solution of triacontanol @ 25 μM, 50 μM for 12 h
prior to sowing and untreated seeds were used as control. Priming enhanced the emergence rate, uniformity and early growth
of cucumber seedlings under normal and saline conditions. Though, plants exposed to salt stress and seeds not treated with
triacontanol showed poor performance in growth, physiology and biochemical attributes. However, priming with 25 and 50
μM triacontanol was very effective in decreasing time to start emergence, improved final emergence, shoot/root lengths,
seedling dry weight, gas exchange attributes, chlorophyll and proline contents under saline conditions. Nonetheless, maximum
relief from salt stress in all attributes was observed at 50 μM triacontanol. In conclusion, triacontanol can be successfully
employed to improve the germination capacity and stand establishment of cucumber under saline conditions by reducing the
deleterious effects of salinity. © 2017 Friends Science Publishers
Keywords: Priming; Germination; Salt stress; Cucumber; Gas exchange attributes
Abbreviations: Triacontanol = Tria, Photosynthesis rate = pn, Stomatal conductance = gs, Transpiration = E, Water use
Efficiency = WUE, Mean emergence time = MET, Final emergence percentage = FEP, Emergence index = EI

Introduction
Plants reveal many adaptive strategies against abiotic
stresses which finally mislead the plant growth (McCue and
Hanson, 1990). It is recognized that beside other stresses,
salt stress drastically restricts the plant growth and
production (Abbas et al., 2010). In order to manage these
stresses, plants adapt many variations in their physiology
(Vinocur and Altman, 2005). It is reported that world 900
million hectare areas are affected by saline stress (Munns
and Tester, 2008). Salinization disrupts the plant life cycle
because of osmotic disturbance and specific ions toxicity
(Vinocur and Altman, 2005) and osmotic stress produced
water deficient environment that lead to physiological
drought (Munns, 2005). Such hyper-osmotic disturbance
and hyper ionic toxic lead to hang-up seed germination and
growth of seedlings (Hasegawa et al., 2000). Salt stress
causes cell dehydration due to accumulation of Na+ and Clions in soil (Gupta et al., 1993) which decreases the
availability of K+ ions, such conditions restricted the seeds
to absorb water for embryo expansion; consequently
inactivation of enzymes, nutrient starvation, ionic toxicity
and oxidative stress in tissues (Gao et al., 2014). Moreover,
excessive salt ions disintegrate radicle and plumule tissues
and inhibited radicle growth, which delayed emergence of

seedlings (Shahid et al., 2011; El Harfi et al., 2016).
Seed germination significantly contributes to the
establishment of vigorous crop stand (Ashraf et al., 2007).
Seed priming is very effective strategy to improve seed
germination and seedling establishment in several
horticultural and agronomic crops under saline and nonsaline environments (Ashraf and Foolad, 2005; Afzal et al.,
2015). Seed priming in aerated solutions trigger metabolic
activities which are essential for germination and improves
uniformity, germination rate, final germination and stand
establishment (Bradford, 1976; Afzal et al., 2016).
Usually seed treatment is conducted in low water
potential solution and incorporation of plant growth
hormones for priming significantly improved the seed
performance of several crops (Afzal et al., 2011) rice
(Basra et al., 2006) and rice (Farooq et al., 2007).
Triacontanol is a plant hormone (Singh et al., 2012)
that stimulates plant growth at very low concentration when
exogenously applied to various plant species like groundnut
(Verma et al., 2011), pigeonpea (Pujari et al., 1998), maize,
rice and wheat (Perveen et al., 2011; 2012 2013). It has
described that triacontanol enhanced the photosynthetic
activity (Eriksen et al., 1981) mineral nutrients and water
uptake (Ivanov and Angelov, 1997; Chen et al., 2003) and
improved the quantity of many organic solutes in leaf
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tissues (Chen et al., 2003). Triacontanol enhanced growth,
biomass, photosynthetic pigments, proline accumulation
and uptake of K + and Ca+ essential under salt stress
(Krishnan and Kumari, 2008). Cavusoglu et al. (2008)
also reported that seed treatments @ 0.0, 25 μM with
triacontanol induced salt tolerance in radish.
Vegetables are rich source of phyto-chemicals and
nutrients, which are essential for various metabolic activities
in the human body (Noreen and Ashraf, 2009) and
production is threatened by rising salinity, mainly in
irrigated crop lands which produce 40% of the world’s food
(FAO, 2011). Cucumber (Cucumis sativus L.) is an
important vegetable crop for human nutrition worldwide
(Stepien and Klobus, 2006) and is native to Asia and Africa,
where it has been used for 3,000 years. Fresh cucumber is a
source of vitamin C, niacin, thiamine, phosphorus, calcium
iron and dietary fiber. Salinity stress had a significant effect
on growth rate of cucumber, at salinity level higher than 2.5
dS m-1, which caused decline in yield 13% (Dorota, 1997).
Therefore, cucumber has been classified as salt sensitive
crop (Wang, 1998; Stepien and Klobus, 2006; Zhu et al.,
2008). Between several strategies to tackle the adverse
effects of salts on agricultural crops, many shot-gun
approaches are used these days. Keeping in view the role of
triacontanol, the objectives of our study were to assess
whether or not pre-sowing seed treatment with triacontanol
could be effective in decreasing the adverse effects of salt
stress on growth of cucumber; whether triacontanol could
modulate many physiological and biochemical attributes in
the seed.

desired salinity level at 50 mM was developed before
sowing by using NaCl following USDA laboratory manual
(1954). Each treatment was replicated four times; Hoagland
solution was used as a nutrient source. Duration of 24 h set
by 15 h for day and 9 h for night and 26°C and 20°C
temperatures selected day/night, respectively. Numbers of
emerged seedling was counted daily. Final emergence and
emergence index were determined according to method
prescribed in the handbook of Association of Official Seed
Analysts (1990). Mean emergence time was calculated
according to the described equation of Ellis and Roberts
(1981). On the 30th day, physiological attributes were
measured after that seedling was carefully removed from the
sand and shoot, root lengths were recorded from ten
randomly selected seedlings from each replication.
Seedling fresh weight was calculated instantly after
harvest and dry weight of seedling was calculated after
drying at 70 oC for one week.
Measurements
Stomatal conductance, Photosynthetic activity and
transpiration rate: On 30th day of emergence four young
leaves were selected and placed one by one in the chamber
of Infrared Gas Analyzer (IRGA). Readings were taken
during 11.00 to 12.00 a.m. with molar flow of 403.3 mmol
m-2 S-1 air per unit leaf area, atmospheric pressure 99.90
kPa; water vapor pressure into chamber ranged from 6.0 to
8.90 mbar, PAR at leaf surface was maximum up to 1711
μmol m-2 S-1, temperature of leaf ranged from 28.40 to
32.40°C, ambient temperature ranged from 22.40 to
27.90°C, ambient CO2 concentration was 352 μmol mol-1
(Zekri, 1991; Moya et al., 2003).

Materials and Methods
Cucumber seeds were collected from Ayub Agricultural
Research Institute, Faisalabad, Pakistan. Seeds were
containing 9.29% moisture content on dry weight basis.
Screened cucumber genotypes against salinity stress such as
tolerant genotypes Green long, Marketmore and sensitive
genotypes Summer green and 20252 were used to evaluate
the role of triacontanol seed treatments in alleviation of salt
stress.

Water Use Efficiency (WUE)
WUE is the ratio between photosynthesis (Pn) and the
amount of water transpired (E) and it was measured by the
following equation:
𝑊𝑎𝑡𝑒𝑟 𝑢𝑠𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑊𝑈𝐸) = 𝑃h𝑜𝑡𝑜𝑠𝑦𝑛𝑡h𝑒𝑡𝑖𝑐 𝑟𝑎𝑡𝑒 (𝐴)
/𝑇𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝐸)

Leaf Chlorophyll Contents (SPAD Value)
Priming
Portable chlorophyll meter (Model, SPAD-502: Konica
Minolta Sensing: Inc, Japan) was used to record chlorophyll
contents of cucumber leaves. Fully expanded third to fourth
youngest leaves from apex was taken for this purpose (Khan
et al., 2003).

Cucumber seeds were soaked in aerated distilled water, 25
and 50 µM solutions of 95% pure (sigma Aldrich) tria for
12 h, ratio of seed weight to volume of solution was 1:5
gm/L. Un-treated seeds were considered as a control.
Hydroprimed and triacontanol treated seeds were rinsed
with distilled water and air-dried before experiment
(Basra et al., 2002).

Estimation of Proline Contents (µmol g-1 f.wt)
Proline contents were measured by the method of Bates et
al. (1973). Fresh leaves (0.5 g) were taken and absorbance
was noted at 520 nm with double beam spectro-photometer
(Hitachi—120; Japan) for blank reading toluene was used.
Proline contents were determined from a standard curve and

Emergence and Seedling Vigour Evaluation
Treated or un-treated 25 cucumber seeds were sown in
plastic pots with size 30×30 (cm), containing moist sand and
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Table 1: Effect of pre sowing seed treatments with triacontanol on emergence attributes of cucumber genotypes under
saline conditions
Treatments

Non-saline

Untreated
Hydropriming
25 µM Tria
50 µM Tria

Green long
8.00±0.03bc
7.85±0.04bcd
6.79±0.23ghi
5.41±0.52i

Marketmore
8.81±0.45abc
8.00±0.07bcd
6.62±0.49ghi
6.21±0.23hi

Summer green
9.51±0.34abc
9.09±0.47abc
7.73±0.22def
6.72±0.61ghi

Untreated
Hydropriming
25 µM Tria
50 µM Triac

10.86±0.23fgh
12.14±0.52cd
23.94±0.20b
26.48±0.42a

9.08±0.26ijk
9.86±0.47ijk
10.92±0.48cde
12.50±0.38c

7.23±0.41lm
9.21±0.28ijk
10.62±0.32def
10.42±0.19def

Untreated
Hydropriming
25 µM Tria
50 µM Tria

75.03±1.0fgh
75.88±1.91fgh
93.75±0.85ab
94.24±2.0a

68.76±1.63ghi
70.23±1.15ijk
82.22±2.58cd
84.64±2.83bc

61.01±1.92kl
68.10±1.31ijk
76.24±1.98cde
76.83±0.72cde

Saline (50 mM NaCl)
Mean Emergence Time (days)
20252
Green long
Marketmore
Summer green
10.18±0.60ab 9.51±0.39def 8.64±0.31cde 11.24±0.68a
9.64±0.30bcd 9.10±0.29efg 8.37±0.62bcd 10.35±0.99abc
7.95±0.09efg 7.78±0.08ghi 7.02±0.68ghi 8.29±0.24bcd
7.22±0.45fgh 6.77±0.30ghi 6.09±0.49hi
7.40±0.30ef
Emergence Index
7.86±0.18kl
5.70±0.11mn
8.73±0.23jkl 4.08±0.14n
8.61±0.32jkl
7.03±0.18lm
9.28±0.38ijk 4.39±0.14n
9.59±0.44fgh 10.73±0.71cde 10.57±0.43def 8.69±0.10ijk
10.33±0.34efg 11.18±0.30cde 11.98±0.35cde 10.04±0.31fgh
Final emergence (%)
65.78±1.0ijk
63.78±1.91jk 68.12±1.63ghi 35.01±1.19n
70.55±1.15ijk 66.03±2.58ghi 70.33±1.15ijk 36.43±0.98n
74.11±1.15def 68.44±1.63ghi 78.85±2.58cde 63.38±0.78jk
76.54±1.63cde 72.65±1.11efg 79.87±2.52cde 70.58±1.43efg

20252
10.41±1.78ab
9.74±0.51abc
8.52±0.87bcd
8.04±0.65def
3.95±0.16n
4.62±0.25n
8.71±0.17ijk
9.45±0.25fgh
50.65±3.83m
52.09±1.63lm
65.34±1.91ijk
71.76±1.63efg

Table 2: Effect of pre sowing seed treatments with triacontanol on seedling growth of cucumber genotypes under saline
conditions
Treatments

Non-saline

Saline (50 mM NaCl)
Shoot length (cm)
Green long
Marketmore
Summer green
20252
Green long
Marketmore
Summer green
20252
Untreated
7.28±0.63cde 6.90±0.77cde 5.85±0.46hij
5.03±0.40klm 5.02±0.57klm 5.23±0.73klm 3.75±0.56klm
3.28±0.41m
Hydropriming 7.92±0.45cde 7.38±0.19def 6.00±0.53hi
5.50±0.64ijk 5.33±0.80klm 5.28±0.57klm 3.25±0.19klm
3.50±0.57lm
25 µM Tria
8.75±0.60ab 8.05±0.50abc 7.28±0.43bcd
6.58±0.35def 5.43±0.38ijk 5.48±0.56ghi 5.00±0.54hij
4.48±0.38ijk
50 µM Tria
9.10±0.60a
8.58±0.35abc 7.55±0.48abc
7.15±0.47bcd 5.68±0.51ghi 6.08±0.36efg 5.40±0.77hij
4.48±0.57klm
Root length (cm)
Untreated
4.85±0.13jkl
4.43±0.21hij 4.03±0.36jkl
4.58±0.14efg
3.40±0.20jkl 3.35±0.06jkl
2.18±0.14l
2.28±0.22jkl
Hydropriming 5.05±0.53fgh 4.58±0.49ghi 4.03±0.82jkl
5.18±0.11def
3.58±0.27jkl 3.45±0.13jkl
1.88±0.15kl
2.60±0.15jkl
25 µM Tria
5.38±0.60abc 5.38±0.13abc 6.15±0.85abc 6.13±0.24abc 4.20±0.48efg 3.92±0.08cde 2.48±0.14jkl
3.30±0.23fgh
50 µM Tria
6.73±0.77abc 6.01±0.26abcd 6.45±0.82ab
6.88±0.56a
4.52±0.34efg 4.03±0.18bcd 2.93±0.17ghi
3.58±0.16fgh
Dry weight of seedling (g)
Untreated
0.32±0.02fgh 0.27±0.03jkl 0.21±0.02jkl
0.24±0.01efg
0.26±0.02jkl 0.22±0.03jkl
0.15±0.01L
0.17±0.01kL
Hydropriming 0.31±0.02efg 0.26±0.03ijk 0.19±0.01jkl
0.25±0.02jkl
0.25±0.02jkl 0.24±0.01jkl
0.16±0.01L
0.19±0.01kL
25 µM Tria
0.46±0.03a
0.36±0.01bcd 0.30±0.03fgh 0.33±0.01def
0.28±0.03def 0.27±0.02def 0.22±0.01hi
0.24±0.02fgh
50 µM Tria
0.60±0.02a
0.41±0.01b
0.34±0.02bcd 0.37±0.02bc
0.29±0.01bcd 0.28±0.01cde 0.25±0.02ef
0.29±0.01cde
Data represent the means ± SE of four repeats. Means having different letters are significantly different at P ≤ 0.05 according to HSD Tukey Test
Tria = Triacontanol

Table 3: Correlation matrix among different attributes of cucumber genotypes
Attributes
SL
RL
DWS
CC
PRO
SC
PR
TR
WUE
SL
1
RL
0.690***
1
DWS
0.687***
0.567***
1
CC
0.777***
0.663***
0.738***
1
PRO
-0.243**
-0.241***
0.052***
-0.084NS
1
SC
0.705***
0.641***
0.596***
0.818***
0.027NS
1
PR
0.809***
0.765***
0.690***
0.823***
-0.160NS
0.762***
1
TR
0.420***
0.309***
0.242***
0.562***
-0.330***
0.431***
0.505***
1
WUE
0.666***
0.690***
0.632***
0.615***
0.044NS
0.648***
0.839***
-0.026NS
1
***, * show signiﬁcant at P ≤ 0.001 and 0.05 levels; while, NS = non-signiﬁcant; SL: shoot length, RL: root length, , DWS: dry weight of seedlings, CC:
chlorophyll contents, PRO: proline, SC: stomatal conductance, PR: photosynthetic rate, TR: transpiration rate, WUE: water use efficiency

considered on the basis of fresh weight.

Analysis of variance (ANOVA) and multiple comparison
tests (Tukey test) were computed using Statistix 8.1
computer packages. Differences among treatments were
considered significant only when a value was lower than
P≤0.05 after statistical analysis. Pearson correlation analysis
was subjected to a correlation (CORR) between
morphological and physiological attributes of cucumber

Statistical Analysis
The experiment included eight treatments with four
replicates, so the experiment contained 32 plastic pots and
the design was a factorial randomized complete design.
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Fig. 1: Effect of pre sowing seed treatment with
triacontanol on gaseous exchange attributes of cucumber
genotypes

Fig. 2: Effect of pre sowing seed treatment with
triacontanol on gaseous exchange attributes of cucumber
genotypes
plants using software Statistix 8.1.

Results
It was evident from present study that the deleterious effect
of salinity on emergence was surmounted through priming
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with triacontanol, gave the excellent performance in terms
of improvement in emergence percentage, mean emergence
time and emergence index (Table 1). Under both conditions,
priming with 50 μM Tria maximally reduced mean
emergence time of all cucumber genotypes. Similarly, Tria
priming significantly improved emergence index followed
by hydroprimed and untreated seeds under all experimental
conditions (Table 1). However, maximum emergence index
was revealed by priming with 50 and 25 μM Tria
respectively, under salt stress Marketmore exhibited highest
emergence index (11.98) statistically at par with Green long
(11.18) exposed to 50 μM Tria. Salt-sensitive genotypes
20252 and Summer green were unable to encounter salinity
and resulted in least emergence index (3.95 and 4.08).
Overall, seed priming with Tria improved emergence
percentage in all tested genotypes under saline and nonsaline conditions (Table 1). Emergence percentage was
significantly enhanced with 50 μM Tria under non-saline
conditions and also maintained it when exposed to salt
stress. Un-treated and hydro-primed seeds failed to emerge
potentially and resulted in minimum final emergence under
both conditions (Table 1).
Salinity stress had adversely affected shoot and
root lengths by inhibiting their growth (Table 2). Under
normal conditions, maximum shoot/root length was
observed in Green long with 50 μM Trai treatment, while
minimum value for shoot length was revealed by 20252 but
lowest root length was observed for Summer green in untreated seeds. Under saline stress seed treatment with 50 μM
Tria showed maximum shoot/root length followed
hydroprimed and un-treated seeds. Green long and
Marketmore were superior among the tested genotypes that
produced maximum seedling dry biomass under both
growing conditions. However, seed priming with 50 μM
Tria illustrated maximum improvement in seedling dry
weight of Green long under normal and saline regimes
which was statistically at par with Tria priming (25 μM).
On other hand, hydroprimed seeds failed to maintain
better seedling growth under normal and stress
conditions.
A significant variation in gas exchange attributes (gs,
Pn, E and WUE) occurred due to salinity and seed priming
treatments in evaluated genotypes but varied significantly
(Figs. 1, 2). All cucumber genotypes gave good response to
priming techniques under saline environment. However,
Marketmore and Green long showed better gas exchange
properties due to seed priming with 50 μM Tria as
compared to Summer green and 20252 followed by 25 μM
Tria at 50 mM NaCl stress. On exposure to salinity, a
marked reduction in chlorophyll content (expressed by
SPAD values) was illustrated in all the cucumber genotypes
but at variable rate. Seed priming with 50 μM Tria
demonstrated maximum stability of chlorophyll and
illustrated highest SPAD value in Green long under control
and saline environment which was statistically at par with
25 μM Tria in same genotypes (Fig. 3). Another important
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in soil solution that disturbs the availability of the nutrient
especially K+ (Hasanuzzaman et al., 2013; Farooq et al.,
2015). Progressive built up of Na+ and Cl- leads to nutrient
starvation in seeds through ionic imbalance that restricts
the embryo to absorb water and inhibits radicle growth
and delays emergence (Gupta et al., 1993; Gao et al.,
2014). It is obvious from current study that salt stress
adversely affected emergence potential of cucumber
genotypes but seed priming considerably mitigated the
drastic effects of salinity (Table 1). Tria priming
reduced the time taken to emergence and improved
emergence index and final emergence of cucumber seeds,
which are important indicators of crop uniformity,
synchronization of emergence and seedling vigor (Bewley
and Black, 1994; Lara et al., 2014). Significant results of
Tria were proved in increasing the rate of germination of
cotton (Gossypium hirsutum) (Zerong et al., 1981) and
leguminous crops (Janardhan, 1992). Better stand
establishment induced through seed priming might be due to
the stimulation of an array of biochemical changes in seeds
such as hydrolysis, activation of enzymes and dormancy
breaking, which are prerequisite to initiate the germination
process (Aziza et al., 2004).
Salt stress inhibits the plant growth by suppressing the
development of plant organs, which results in reduced root
and shoot lengths and biomass (Shoresh et al., 2011).
Likewise, reduction in root-shoot length and plant biomass
were also found in all cucumber genotypes in this study
(Table 2). Among priming strategies, Tria priming had
significantly improved the seedling growth attributes in
cucumber genotypes. These results are supported by
previous findings that pre-imbibed seed treatment with Tria
triggered plant growth under saline conditions in radish
(Cavusoglu et al., 2008). Correlative analysis proposed that
plant dry biomass was positively significantly correlated
with all physiological attributes (Table 3) and indicated that
better plant growth under stressed conditions lead to
production of biomass and facilitating the plants to
withstand under stressed conditions.
Our results showed that imposition of salt stress
adversely affects gas exchange properties in all cucumber
genotypes (Figs. 1, 2). Similar findings have also been
reported by many researchers in different crops (Zheng et
al., 2009; Perveen et al., 2010; Kanwal et al., 2011).
Photosynthesis rate significantly reduced under salts, which
could be a result of oxidative damage to important
photosynthetic cells (Kanwal et al., 2011; Shahbaz and Zia,
2011; Shahbaz et al., 2011). Reduced photosynthesis and
transpiration activities are associated with lower stomatal
conductance that ultimately restricts the availability of
carbon dioxide to leaf tissue. The lower stomatal
conductance might be due to antagonistic of Na+ ion on K+
which is required for stomatal activity (Ahmad and Jabeeen,
2005). Tria priming has significantly induced salt tolerance
in cucumber genotypes through better gas exchange
properties (Figs. 1, 2). This improvement in gas exchange

Fig. 3: Effect of pre sowing seed treatments with
triacontanol on chlorophyll and proline contents of
cucumber genotypes
finding of present study was a significant increase in proline
content at varying degree in all genotypes. Marketmore
had accumulated highest proline content in response to
seed priming with 50 μM Tria under non-saline control
and salt stress which is statistically at par with Green
long (Fig. 3). Minimum proline contents were produced
by 20252 subjected to hydropriming in control and at 50
mM NaCl.
Correlation Studies
The correlation between several variables indicated that
shoot length exhibited significant positive correlation
with root length, dry weight of seedling, chlorophyll
content, gs, Pn, E and WUE, while it was negatively
correlated with proline content (Table 3). Dry weight of
seedling showed highly significant positive correlation
with chlorophyll content and water use efficiency. Proline
contents revealed a non-significant positive correlation with
stomatal conductance and water use efficiency but it was
negatively non-significantly correlated with photosynthesis
rate and highly significant negative correlation with
transpiration rate.

Discussion
Germination is the first stage of plant phenology, which
is affected by root zone salinization due to excessive
salts in growing medium (Farooq et al., 2015; Almutairi,
2016). Salinity causes an increase in root zone osmotic
pressure, which ultimately results in cell dehydration
and accumulation of higher amount of Na + and Cl- ions
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attributes might be due to its well-established role in
stomata regulation by up-regulating photosynthetic genes
(Chen et al., 2002) and increased CO2 exchange rate under
optimal and saline conditions (Srivastava and Sharma, 1990;
Perveen et al., 2010). Tria treatment causes fast elicitation
of a specific second messenger like 9-b-L(-) adenosine,
which could be induced extremely quick physiological
responses (Ries et al., 1990). Salt tolerant cucumber
genotypes are known to possess higher photosynthetic
capacity than sensitive ones under salt stress (Zheng et al.,
2009); similar findings were also found in present study,
where triacontanol priming demonstrated more stomatal
conductance in salt-tolerant Green long and Marketmore as
compared to Summer Green and 20252 under same
conditions.
Chlorophyll played a vital role in photosynthesis being
a photosynthetic pigment. Salinity stress induced activity of
chlorophyllase (Reddy and Vora, 1986), enhanced H2O2
production and photo-damaged to chlorophyll (Hossain et
al., 2011) accelerate the degradation of original chlorophyll.
It could be salinity induced accumulation of toxic ions and
physiological water deficit in leaves delayed the
chlorophyll biosynthesis and also accelerated the
degradation of original chlorophyll (Zheng et al., 2009).
Similar results were also found in present study, where a
significant degradation of chlorophyll was noted in all
the cucumber genotypes at 50 mM NaCl stress (Fig. 3).
While many investigators have reported that triacontanol
significantly improved chlorophyll contents under stress
conditions (Krishnan and Kumari, 2008; Borowski and
Blamowski, 2009; Naeem et al., 2010; 2011; Perveen et al.,
2010; 2011). Tria to enhance the diterpenoid production
may be attributed to biosynthesis of the compounds that is
probably confined in the chloroplasts (Munne-Bosch and
Alegre, 2001), tria mediated increment in chlorophyll
content in many plants being one of the strong evidences in
this regard (Ries, 1985).
Proline plays a significant role as an endogenous
osmotic regulator and its accumulation in plant tissues
enhance their stress tolerance (Munns et al., 2006; Dos-Reis
et al., 2012; Shahbaz et al., 2012). Similar increase in
endogenous proline was also observed in all cucumber
genotypes in response to salinity. However, genotypes
exposed to Tria priming exhibited higher proline
accumulation under control and salinity as well. Similarly,
increase in proline accumulation as a result of Tria treatment
has been reported by Perveen et al. (2011) in wheat and
Krishnan and Kumari (2008) in soybean.

seedling stand as well as later growth along with better
chlorophyll, free proline and gas exchange properties which
explores its potential to alleviate the effects of salinity.
Moreover, Green long and Marketmore were comparatively
better in their performance and more respondent to Tria
priming under salinity as compared to Summer green and
20252.

Acknowledgments
The authors are highly acknowledged to Higher Education
Commission of Pakistan for providing financial assistance
to Mr. Mubeen Sarwar conducting PhD studies under the
Indigenous PhD fellowship scheme.

References
Abbas, W., M. Ashraf and N.A. Akram, 2010. Alleviation of salt induced
adverse effects in eggplant (Solanum melongena L.) by
glycinebetaine and sugar beet extracts. Sci. Hortic., 125: 188–195
Afzal, I., H. Rehman, M. Naveed and S.M.A. Basra, 2016. Recent advances
in seed enhancements. In: New Challenges in Seed Biology - Basic
and Translational Research Driving Seed Technology. Araujo, S.
and A. Balestrazzi (eds.). InTech Publishing Ltd, Rijeka, Croatia
Afzal, I., M.A. Noor, M.A. Bakhtavar, A. Ahmad and Z. Haq, 2015.
Improvement of spring maize (Zea mays) performance through
physical and physiological seed enhancements. Seed Sci. Technol.,
43: 1‒12
Afzal, I., S.M.A. Basra, M.A. Cheema, M.A. Haq, M.H. Kazmi and S.
Irfan, 2011. Enhancement of Antioxidant Defense System Induced
by Hormonal Priming in Wheat. Cereal Res. Commun., 39: 334–342
Ahmad, R. and R. Jabeen, 2005. Foliar spray of mineral elements
antagonistic to sodium- a technique to induce salt tolerance in plants
growing under saline conditions. Pak. J. Bot., 37: 913–920
Almutairi, Z.M., 2016. Influence of silver nano-particles on the salt
resistance of tomato (Solanum lycopersicum) during germination.
Int. J. Agric. Biol., 18: 449‒457
Ashraf, M., S. Rahmatullah, M.A. Kanwal, A. Sarwar, Tahir and L. Ali,
2007. Differential salt tolerance of sugarcane genotypes. Pak. J.
Agric. Sci., 44: 50‒57
Ashraf, M. and M.R. Foolad, 2005. Pre-sowing seed treatment a shotgun
approach to improve germination, growth and crop yield under saline
and non-saline conditions. Adv. Agron., 88: 223‒271
Aziza, A., A. Haben and M. Becker, 2004. Seed priming enhances
germination and seedling growth of barley under condition of P and
Zn deficiency. J. Plant Nutr. Soil Sci., 167: 630‒636
Basra, S.M.A., M. Farooq, R. Tabassum and N. Ahmed, 2006. Evaluation
of seed vigor enhancement techniques on physiological and
biochemical basis in coarse rice. Seed Sci. Technol., 34: 741–750
Basra, S.M.A., M.N. Zia, T. Mahmood, I. Afzal and A. Khaliq, 2002.
Comparison of different invigoration techniques in wheat (Triticum
aestivum L.) seeds. Pak. J. Arid. Agric., 5: 11‒16
Bates, L.S., R.P. Waldron and I.W. Teaxe, 1973. Rapid determination of
free proline for water stress studies. Plant Soil, 39: 205‒207
Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem., 72: 248–254
Borowski, E. and Z.K. Blamowski, 2009. The effects of triacontanol
‘TRIA’ and Asahi SL on the development and metabolic activity of
sweet basil (Ocimum basilicum L.) plants treated with chilling. Acta
Hort., 211: 39‒48
Bewley, J.D. and M. Black, 1994. Seeds: Physiology of Development and
Germination, 2nd edition, p: 445. Plenum Press, New York, USA
Cavusoglu, K., S. Kilic and K. Kabar, 2008. Effects of some plant growth
regulators on leaf anatomy of radish seedlings grown under saline
conditions. Plant Soil Environ., 54: 428‒433

Conclusion
The imposition of salt stress significantly affected the
emergence, seedling growth, dry biomass and physiological
attributes, but priming with Tria ameliorated the adverse
effects of salinity on cucumber plants. Among priming
strategies, 50 μM Tria was more effective to promote early

776

Improving Seed Germination by Triacontanol / Int. J. Agric. Biol., Vol. 19, No. 4, 2017
Chen, X. H., R. Yuan, R. Chen, L. Zhu and and G. He, 2003. Biochemical
and photochemical changes in response to triacontanol in rice (Oryza
sativa L.) Plant Growth Regul., 40: 249‒256
Chen, X., H. Yuan, R. Chen, L. Zhu, B.Q. Du, Q. Weng and G. He, 2002.
Isolation and characterization of triacontanol regulated genes in rice
(Oryza sativa L.): possible role of triacontanol as plant growth
stimulator. Plant Cell Physiol., 43: 869‒876
Dos-Reis, S.P., A.M. Lima and C.R.B. De-Souza, 2012. Recent molecular
advances on downstream plant responses to abiotic stress. Int. J. Mol.
Sci., 13: 8628‒8647
Dorota, Z., 1997. Irrigating with high salinity water . Bulletin 322,
Agricultural and Biological Eengineering Dep. Florida Cooperative
Extension Service, Institute of Food and Agriculture Sciences,
University of Florida, Gainesville, Florida, USA
El Harfi, M., H. Hanine, H. Rizki, H. Latrache and A. Nabloussi, 2016.
Effect of drought and salt stresses on germination and early seedling
growth of different color-seeds sesame (Sesamum indicum). Int. J.
Agric. Biol., 18: 1088‒1094
Ellis, R.A. and E.H. Roberts, 1981. The quantification of ageing and
survival in orthodox seeds. Seed Sci. Technol., 9: 373‒409
FAO, 2011. The State of the World’s Land and Water Resources for Food
and Agriculture (SOLAW) Managing Systems at Risk. Food and
Agriculture Organization of the United Nations, Rome and
Earthscan, London
Farooq, M., M. Hussain, A. Wakeel, K.H.M. Siddique, 2015. Salt stress in
maize: effects, resistance mechanisms, and management. A review.
Agron. Sustain. Dev., 35: 461‒481
Farooq, M., S.M.A. Basra and N. Ahmad, 2007. Improving the performance
of transplanted rice by seed priming. Plant Growth Regul., 51: 129–
137
Gao, H.J., H.Y. Yang, J.P. Bai, X.Y. Liang, Y. Lou, J.L. Zhang, D. Wang,
J.L. Zhang, S.Q. Niu and Y. Chen, 2014. Ultra structural and
physiological responses of potato (Solanum tuberosum L.) plantlets
to gradient saline stress. Front. Plant Sci., 5: 1‒14
Gupta, A.K., J. Singh, N. Kaur and R. Singh, 1993. Effect of polyethylene
glycol induced water stress on uptake, inter-conversion and transport
of sugars in chickpea seedlings. Plant Physiol. Biochem., 31: 743‒747
Janardhan, K., 1992. Triacontanol promoted seed germination, seedling
growth and chloroplast pigment content in leguminous crops. Adv.
Plant Sci., 5: 290‒295
Hasegawa, P.M., R.A. Bressan, J.K. Zhu and H.J. Bohnert, 2000. Plant
cellular and molecular responses to high salinity. Ann. Rev. Plant
Physiol. Plant Mol. Biol., 51: 463‒499
Hasanuzzaman, M., K. Nahar and M. Fujita, 2013. Plant response to salt
stress and role of exogenous protectants to mitigate salt-induced
damages. In: Ecophysiology and Responses of Plants Under Salt
Stress, pp: 25‒87. Ahmad, P., M.M. Azooz and M.N.V. Parasad
(eds.). Springer, New York, USA
Hossain, K., K. Nawaz, A. Majeed, U. Ilyas, F. Lin, K. Ali, and M. Nisar,
2011. Role of exogenous salicylic acid application for salt tolerance
in violet. Sarhad J. Agric., 27: 171‒175
Ivanov, A.G. and M.N. Angelov, 1997. Photosynthesis response to
triacontanol correlates with increased dynamics of mesophyll
protoplast and chloroplast membranes. Plant Growth Regul., 21:
145–152
Kanwal, H., M. Ashraf and M. Shahbaz, 2011. Assessment of salt tolerance
of some newly developed and candidate wheat (Triticum aestivum
L.) cultivars using gas exchange and chlorophyll fluorescence
attributes. Pak. J. Bot., 43: 2693‒2699
Khan, W., B. Prithiviraj and P. Smith, 2003. Photosynthetic responses of
corn and soybean to foliar application of salicylates. J. Plant
Physiol., 20: 1–8
Krishnan, R.R. and B.D.R. Kumari, 2008. Effect of triacontanol on the
growth of salt stressed soyabean plants. J. Biosci., 19: 53‒63
Lara, T.S., J.M.S. Lira, A.C. Rodrigues, M. Rakocevic and A.A. Alvarenga,
2014. Potassium nitrate priming affects the activity of nitrate
reductase and antioxidant enzymes in tomato germination. J. Agric.
Sci., 6: 72‒80
McCue, A.M. and A. Hanson, 1990. Drought and salt tolerance: toward
understanding and application. Trends Biotechnol., 8: 358–362

Moya, J.L., A. Gomez-Cademas, E. Primo-Millo and M. Talon, 2003.
Chloride absorption in salt-sensitive Carrizo citrange and salt tolerant
Cleapatra mandarian citrus rootstocks is linked to water use. J. Exp.
Bot., 54: 825‒833
Munne-Bosch, S. and L. Alegre, 2001. Subcellular compartmentation of the
diterpine carnosic acid and its derivaties in the leaves of rosemary.
Plant Physiol., 125: 1094‒1102
Munns, R. and M. Tester, 2008. Mechanism of salinity tolerance. Annual
Review. Plant Biol., 59: 651‒681
Munns, R., R.A. James, A. Lauchli, 2006. Approaches to increasing the salt
tolerance of wheat and other cereals. J. Exp. Bot., 57: 1025‒1043
Munns, R., 2005. Gene and salt tolerance: bringing them together. New
Phytol., 167: 645‒663
Naeem, M. M.M.A. Khan, Moinuddin, M. Idrees and T. Aftab, 2011.
Triacontanol-mediated regulation of growth and other physiological
attributes active constituents and yield of Mentha arvensis L. Plant
Growth Regul., 65: 195‒206
Naeem, M., M. Idrees, T. Aftab, M.N.A. Khan and Moinuddin, 2010.
Changes in photosynthesis, enzyme activities and production of
anthraquinone and sennoside content of coffee senna (Senna
occidentalis L.) by triacontanol. Int. J. Plant Dev. Biol., 4: 53‒59
Noreen, Z. and M. Ashraf, 2009. Assessment of variation in antioxidative
defense system in salt- treated pea (Pisum sativum) cultivars and its
putative use as salinity tolerance markers. J. Plant Physiol., 166:
1764–1774
Perveen, S., M. Shahbaz and M. Ashraf, 2013. Influence of foliar applied
triacontanol on growth, gas exchange characteristics, and chlorophyll
fluorescence at different growth stages in wheat under saline
conditions. Photosynthetica, 51: 541–551
Perveen, S., M. Shahbaz and M. Ashraf, 2012. Changes in mineral
composition, uptake and use efficiency of salt stressed wheat
(Triticum aestivum L.) plants raised from seed treated with
triacontanol. Pak. J. Bot., 44: 27–35
Perveen, S., M. Shahbaz and M. Ashraf, 2011. Modulation in activities of
antioxidant enzymes in salt stressed and non-stressed wheat
(Triticum aestivum L.) plants raised from seed treated with
triacontanol. Pak. J. Bot., 43: 2463‒2468
Perveen, S., M. Shahbaz and M. Ashraf, 2010. Regulation in gas exchange
and quantum yield of photosystem II (PSII) salt stress and nonstressed wheat plants raised from seed treated with triacontanol. Pak.
J. Bot., 42: 3073‒3081
Pujari, B.T., R.C. Gundappagol, J.R. Patil, Y. Suhas and D.M. Mannur,
1998. Conjuctive use of chemical fertilizers, FYM and triacontanol
on the performance of pigeonpea. J. Agric. Sci., 11: 607‒609
Association of Official Seed Analysis (AOSA), 1990. Rules for testing
seeds. J. Seed Technol., 12: 1‒112
Reddy, M.P. and A.B. Vora, 1986. Changes in pigment composition, hill
reaction activity and saccharides metabolism in Bajra leaves under
NaCl salinity. Photosynthetica, 20: 331–334
Ries, S., V. Wert, O’LearyD and M. Nair, 1990. 9-b-L(-) Adenosine: a new
naturally occurring plant growth substance elicited by triacontanol in
rice. Plant Growth Regul., 9: 263‒273
Ries, S.K., 1985. Regulation of plant growth with triacontanol. Crit. Rev.
Plant Sci., 2: 239‒285
Shahid, M.A., M. A. Pervez, R.M. Balal, N.S. Mattson, A. Rashid, R.
Ahmad, C.M. Ayyub and T. Abbas, 2011. Brassinosteroid (24epibrassinolide) enhances growth and alleviates the deleterious
effects induced by salt stress in pea (Pisum sativum L.). Aust. J. Crop
Sci., 5: 500‒510
Shahbaz, M., M. Ashraf, F. Al-Qurainy and J.P.C. Harris, 2012. Salt
tolerance in selected vegetable crops. Crit. Rev. Plant Sci., 31: 303–
320
Shahbaz, M. and B. Zia, 2011. Does exogenous application of Glycinebetaine through rooting medium alter rice (Oryza sativa L.) mineral
nutrient status under saline conditions? J. Appl. Bot. Food Qual., 84:
54‒60
Shahbaz, M., Y. Masood, S. Perveen and M. Ashraf, 2011. Is foliar-applied
glycinebetaine effective in mitigating the adverse effects of drought
stress on wheat (Triticum aestivum L.). J. Plant Interact., 84: 192–
199

777

Sarwar et al. / Int. J. Agric. Biol., Vol. 19, No. 4, 2017
Singh, M., M.M.A. Khan, Moinuddin, M. Naeem, 2012. Augmentation of
nutraceuticals, productivity and quality of ginger (Zingiber
officinale Rosc.) through triacontanol application. Plant Biosyst.,
146: 106‒113
Shoresh, M., M. Spivak, N. Bernstein, 2011. Involvement of calcium
mediated effects on ROS metabolism in the regulation of growth
improvement under salinity. Free Rad. Biol. Med., 51:1221–1234
Stepien, P. and G. Klobus, 2006. Water relations and photosynthesis in
Cucumis sativus L. leaves under salt stress. Biol. Plant., 50: 610‒616
USDA Laboratory Manual, 1954. Diagnosis and Improvement of Saline
and Alkali Soils. In: Richards, L.A. (ed.). Superintendent of
Documents US Government Printing Office Washington DC, USA
Verma, A., C.P. Malik, V.K. Gupta and B.K. Bajaj, 2011. Effects of in vitro
triacontanol on growth, antioxidant enzymes, and photosynthetic
characteristics in Arachis hypogaea L. Braz. J. Plant Physiol., 23:
271–277

Vinocur, B. and A. Altman, 2005. Recent advances in engineering plant
tolerance to abiotic stress: achievements and limitations. Curr. Opin.
Biotechnol., 16: 123–132
Wang, X.J., 1998. Analysis of secondary salination in protected soils.
Northern Hortic., 3: 12‒13
Zerong, Z., C. Jingxing, Y. Xufeng, D. Changtao, D. Daoli and Q.
Yonggen, 1981. Stimulation of highly pure 1-triacontanol on the
physiological function of cotton seedlings. Agr. Sin., 2: 27‒30
Zekri, M., 1991. Effects of NaCl on growth and physiology of sour orange
and Cleopatra mandarin seedlings. Sci. Hort., 47: 305‒315
Zheng, Y.H., X.B. Xu and M.Y. Wang, 2009. Responses of salt tolerant and
intolerant wheat genotypes to sodium chloride: Photosynthesis,
antioxidants activities, and yield. Photosynthetica, 47: 87‒94
Zhu, J., Z.L. Bie and Y.N. Li, 2008. Physiological and growth responses of
two different salt-sensitive cucumber cultivars to NaCl stress. Soil
Sci. Plant Nutri., 54: 400‒407
Received 24 January 2017; Accepted 17 April 2017)

778

