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Abstract

This study aimed to investigate the seed priming effects on the quality of tomato seeds under salinity and non-
salinity conditions. The factorial design was carried out in the form of completely randomized design (CRD) with
four replications. The treatments included priming (Control, tryptophan, proline and arginine with five mM
concentration) and levels of salinity (0, 30, 60mM NaCl). As salinity increased, means of germination percentage,
germination rate, length of radicle, plumule and seedling, and seedling dry weight decreased. Seed priming with
proline compensated radicle length reductions caused by salinity. Seed priming had an improving effect on
seedling dry weight and increased germination percentage, germination rate and length of radicle. Proline-

primed seeds improved seed quality better than tryptophan and arginine-primed seeds.
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Introduction

Seed priming is a simple method for improving
seedling vigor and establishment and also crop
performance in the field (McDonald, 2000). The
useful effects of priming have been proved for several
crops such as barley (Abdulrahmani et al., 2007),
maize (Parera and Cantliffe, 1994), lentil (Ghassemi-
Golezani et al., 2008), chickpea and pinto bean
(Ghassemi-Golezani et al., 2010). These priming
effects are linked with nucleic acid repairing and
building up, increased protein synthesis, and the
membrane repairing (McDonald, 2000). In addition,
priming improves anti-oxidative enzymes activities of
the seeds treated (Hsu et al., 2003). Seed germination
rate and uniformity and seedling emergence may be
increased with the early improvements (Ghassemi-
Golezani et al, 2010), particularly in stress conditions,
especially under stressful conditions (Ghassemi-

Golezani et al., 2008).

Two critical factors to crop production under salt-
stress are rapid seed germination and stand
establishment (Ashraf and Foolad, 2005). Seed
germination may be affected by soil salinity through
osmotic potential external to the seed preventing
water uptake, or Na* and Cl- ions (Khajeh-Hosseini et
al., 2003). As previous studies showed, seed
germination, seedling mergence and growth can be
improved with priming under saline conditions
(Sivirtepe et al, 2003). The results of the studies on
the effect of salt stress on growth indicated a relation
between plant length decrease and sodium chloride

concentration increase (Memon et al., 2010).

The over salinity of the soil is one of the main factors
that limits the spread of plants in their natural
habitats. It is an ever-increasing problem in arid and
semi-arid regions (Shanon, 1986). Fisher and Turner
(1978) estimate that arid and semi-arid lands
represent around 40% of the earth’s area. The
property of salinity tolerance is not a simple attribute,
but it is an outcome of various features that depend
on different physiological interactions, which are
difficult to determine. Jamil et al. (2005) showed that
concentration increase resulted in the adverse effects

of salinity on seed germination rate and percentage,

and leaf number (Jamil et al.,, 2005; Gama et al.,
2007; Ha et al., 2008). Several studies show that
changes in salinity concentration, type of salt present,
or type of plant species affect the fresh and dry
weights of the seedling either negatively or positively,
(Saffan, 2008; Rui et al., 2009; Taffouo et al., 2010;
Memon et al., 2010). Satisfactory stand establishment
and higher yields can be ensured with high and rapid

(Ghassemi-Golezani et al., 2010).

The morphological appearance presented by the plant
in response to salinity, may not be enough to
determine its effect, so it is important to recognize
other physiological and biochemical factors, including
toxic ions, osmotic potential, lack of elements and
other physiological and chemical disorders, as well as
the interactions between these various stresses
(Hasegewa et al., 2000). Although tomato response to
salt stress has previously been evaluated, but there is
not so much information on the effects of priming on
tomato performance under salt stress. So, this study
aims mainly at investigating the effects of priming on
tomato germination under saline and non-saline

conditions.

Materials and methods

An experimental study was designed to evaluate
tomato seed quality parameters under saline and
non-saline conditions. The proposed study was
conducted in the Vegetable Seed Laboratory,
Research Center of Agricultural and Natural
Resources of Eastern Azarbaijan Province, Iran, to
determine Priming impacts on seed quality of tomato

(Lycopersicon esculentum) under salinity condition.

Priming Treatment

The treatments included priming (Control,
tryptophan, proline and arginine with 5 mM
concentration) and salinity levels (0, 30 and 6omM) .
Tomato seeds (Lycopersicon esculentum) were
grouped into four subsamples, and one of them was
left as control (unprimed) and the other three sub-
samples were prepared for priming Proline and
arginine were Other sub-samples which were soaked
in tryptophan, at 15C° for four hours Following

priming, seeds were completely washed with distilled
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water for one minute and then dried at 20-23 C° to its

primary moisture in the laboratory.

Emergence Test

Laboratory tests were carried out as factorial, based on
CRD design at the Seed Technology Laboratory of the
University of Mashhad, Iran. Four replicates of 25 seeds
of each sub-samples (Control, tryptophan, proline and
arginine) were placed between moist filter papers and
germinated in an incubator adjusted at 20°C for 10 days.
Salinity levels were created by supplementing the
Hoagland solution with NaCl; control (only Hoagland’s
solution), 0, 30 and 6omM NaCl.

Data Collection
Germination (protrusion of radicle by 2mm) was
recorded in daily intervals. At the end, percentage of
normal seedlings and seedling dry weight were
determined. Mean germination rate was calculated
based on the following equation of Ellis and Roberts,
1980:
R

¥D.n
Where n is the number of seeds that germinated on

day D, D is the number of days since the start of the

test and R is the mean germination rate.

Statistical Analysis

MSTATC software was used to analyze the data
variance. To compare the means of each trait, Duncan
test was applied at p<o. Excel software was used to

draw Fig.s.

Results and discussion

The analysis of variance of the laboratory data
showed significant effects of priming on germination
percentage, germination rate, length of radicle and
seedling dry weight. However, priming had no
significant effect on length of plumule and length of
seedling (Table 1). The highest germination percent-
age, germination rate, length of radicle and
seedling dry weight were achieved by P3. Seeds of
P- and P4 and P: germinated later than those of P3
(Table 2). Germination percentage, germination
rate, length of radicle, length of plumule and length
of seedling and seedling dry weight significantly af-
fected by salinity (Table 1). Germination percent-

age and length of radicle for Si;was significantly.

Higher than those for S.and S;. The highest
germination rate, length of plumule, length of
seedling and seedling dry weight were also
recorded for S; followed by those for S. (Table 2).

Table 1. Analysis of variance of the effects of seed priming and salinity on seed quality parameters.

MS
Source d.f Germination Germination Length of Length of Length of Seedling
percentage rate plumule radicle seedling dry weight
Replication 3 20.688 0.0001 1.815 0.103 0.095 0.00001
Priming 3 78.299* 0.021%% 1.326 0.248%* 1.807 0.0001*
Salinity 2 228.646** 0.012%* 15.319%* 44.445%* 42.173%% 0.0002*
Priming x Salinity 6 43.924 0.0001 2.077 0.311%* 4.610 0.00001
Error 33 28.551 0.001 1.470 0.028 4.172 0.00002
C.V (%) - 6.14 8.00 22.04 4.39 26.26 14.99
*, **: significant at p<0.05 and p=<0.01.
Table 2. Means of seed quality parameters affected by priming and salinity.

T Germination Germination Length of Lengt h of Lengt h of See.dling dry

reatments o plumule radicle (cm) seedling weight (mg)

percentage (%) rate (per day) (cm) (cm)

Priming
P, 88.75b 0.250¢ 5.34a 3.601b 7.47a 0.0337¢
P. 93.33ab 0.300b 5.51a 3.802a 7.76a 0.0370b
P 94.58a 0.350a 5.77a 3.946a 7.87a 0.0396a
| 91.25ab 0.286b 5.54a 3.832a 7.56a 0.0351bc
Salinity
S: 96.25a 0.322a 6.234a 5.602a 9.234a 0.0394a
S. 90.63b 0.300a 5.877a 3.470b 8.072a 0.0371a
S, 89.06b 0.267b 4.389b 2.318¢ 6.028b 0.0325b

Different letters in each column for each treatment indicate significant difference at p<o0.05.

Pi, P», P3 and P,: unprimed seeds and priming for tryptophan, proline and arginine respectively.
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The interaction of priming x salinity was significant
for length of radicle (Table 1). Length of radicle of
tomato  seeds  with  different levels of
primingdecreased with increasing salinity, although
this reduction in primed seeds (P, P3 and P,;) was
lower than that in unprimed seed lot (Fig. 1).
However, the highest improvement in length of
radicle due to priming was also observed in P; seed

lot (priming with proline) (Fig. 1).

Germination percentage, germination rate, length of
radicle, plumule and seedling length showed positive

significant correlations with the seedling dry weight.

Germination percentage and plumule length had the
highest positive correlation with seedling dry weight.
Germination percentage and plumule length with
radicle and seedling length also showed significant

and positive correlation (Table 3).

Table 3. Correlation coefficients between seed quality parameters of tomato.

Traits 1 2 3 4 5 6
1. Germination percentage (%) 1

2. Germination rate (per day) 0.782** 1

3. Length of plumule (cm) 0.788%** 0.631% 1

4. Length of radicle (cm) 0.831%* 0.565 0.720%* 1

5. Length of seedling (cm) 0.854%** 0.554 0.715%* 0.934%* 1

6. Seedling dry weight (mg) 0.888** 0.784%* 0.82%% 0.643* 0.696* 1

*, *¥*: Significant at p<0.05 and p<0.01, respectively

Priming

@51 @52 @53
Fig. 1. Means of length of radicle affected by priming
and salinity.

Pi, P>, P3 and P4: unprimed seeds and priming for
tryptophan, proline and arginine respectively.

S, S2 and S3: Control and salinity with 30 and 60 mM
NaCl, respectively.

Seed priming improved germination percentage,
germination rate, length of radicle and seedling dry
weight (Table 2). It might be due to early synthesis of
nucleic acids. Ultimately, DNA, RNA and proteins
resulted in the improvement of seed germination
energy (Bray et al., 1989). Rapid seed germination
can result in larger seedling production
(Abdulrahmani et al., 2007; Ghassemi-Golezani et al.,

20104, b). Osmo-priming had also positive effects on

barley seed germination and seedling growth
(Abdulrahmani et al., 2007), cucumber (Ghassemi-
Golezani and Esmaeilpour, 2008), fennel
(Neamatollahi et al., 2009) and winter rapeseed
(Ghassemi-Golezani et al., 2010Db).

Mean number of germination percentage,
germination rate, length of radicle, length of plumule
and length of seedling, which is resulted in decreasing
seedling dry weight particularly under severe salinity
(Table 2). Similar results have been reported by
Bagheri and Sadeghipour (2009) for barley.
Reduction in seedling dry weight due to salinity was
also reported for maizeand sunflower (Katerji et al.,

1996) and wheat (Yildirimand Bilge, 2010).

Reduction in germination and seedling dry weightdue
to salinity stress was also reported for cotton and
wheat (Cullu, 2003), rice (Mahmood et al., 2009).
Salinity may delay the onset, reduce the rate, and
increase the dispersion of germination events, leading
to reductions in plant growth and final crop yield
(Ashraf and Foolad, 2005). Significant and positive
correlations among these traits (Table 3) indicate that
improving each of the former traits can enhance
tomato seedling dry weight. The highest positive and
correlations shown between

significant were

germination percentage and plumule length and
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seedling dry weight (Table 3) Proline-primed seeds
improved grain yield per plant, better than arginine-
and tryptophan-primed seeds. Thus, priming the
seeds with amino acid can promote tomato seed
germination rate and seedling dry weight, and can

improve seed quality.

References
Abdulrahmani B,
Valizadeh M, Feizi-Asl V. 2007. Seed priming and

Ghassemi-Golezani K,

seedling establishment of barley (Hordeum vulgare
L.). Journal of Food, Agriculture and Environment 5,

179-184.

Ashraf M, Foolad MR. 2005. Pre-sowing seed

treatment: A shotgun approach to improve
germination, plant growth and crop yield under saline
and non-saline conditions. Advances in Agronomy

88, 223-271.

Bagheri A, Sadeghipour O. 2009. Effects of salt
stress on yield, yield components and carbohydrates
content in four hulless barley (Hordeum vulgare L.)

cultivars. Journal of Biological Sciences 9, 909-912.

Bray CM, Davison PA, Ashraf M, Taylor RM.
1989. Biochemical changes during priming of leek

seeds. Annals of Botany 63, 185-193.

Cullu MA. 2003. Estimation of the effect of soil
salinity on crop yield using remote sensing and
geographic information system. Turkish Journal of

Agriculture and Forestry 27, 23-28.

Ellis RH, Roberts EH. 1980. Towards a rational basis
for testing seed quality. In: Hebblethwaite PD, Ed. Seed
production. London, UK: Butterworth’s 605-635.

Fisher RA, Turner NC. 1978. Plant productivity, in
arid and semi-arid zones. Annual Review of Plant

Physiology 29, 897-912.

Gama PBS, Inanaga S, Tanaka K, Nakazawa R.
2007. Physiological response of common bean
(Phaseolus vulgaris L.) seedlings to salinity stress.

African Journal of Biotechnology 6, 79-88.

Ghassemi-Golezani K, Aliloo AA, Valizadeh M,
Moghaddam M. 2008. Effects of different priming
techniques on seed invigoration and seedling
establishment of lentil (Lens culinaris). Journal of

Food Agriculture and Environment 6, 222-226.

Ghassemi-Golezani K, Chadordooz-Jeddi A,
Nasrollahzadeh S, Moghaddam M. 2010a.
Effects of hydro-priming duration on seedling vigor
and grain yield of pinto bean (Phaseolus Vulgaris L.)
cultivars. Notulae Botanicae Horti Agrobotanici Cluj-

Napoca Journal 38, 109-113.

Ghassemi-Golezani K, Esmaeilpour B. 2008.
The effect of salt priming on the performance of
differentially matured cucumber (Cucumis sativus)
seeds. Notulae Botanicae Horti Agrobotanici Cluj-

Napoca Journal 36, 67-70.

Ghassemi-Golezani K, Jabbarpour S, Zehtab-
Salmasi S, Mohammadi A. 2010b. Response of
winter rapeseed (Brassica napus L.) cultivars to salt
priming of seeds. African journal of agricultural

research 5, 1089-1094.

Ha E, Ikhajiagba B, Bamidele JF, Ogic-odia E.
2008. Salinity effects on young healthy seedling of
kyllingia peruviana collected from escravos, Delta state.

Global Journal of Environmental Research 2, 74-88.

Hasegewa PM, Bressan RA, Zhu JK, Bohnert
HJ. 2000. Plant cellular and molecular responses to
high salinity. Annual review of plant physiology and
plant molecular biology 51, 463-499.

Hsu SY, Hsu YT, Kao CH. 2003. The effect of
polyethylene glycol on proline accumulation in rice

leaves. Biologia Plantarum 46, 73-78.

Jamil M, Lee CC, Rehman SU, Lee DB, Ashraf
M, Rha ES. 2005. Salinity (NaCl) tolerance of
brassica species at germination and early seedling
of Environmental,

growth. Electronic Journal

Agricultural and Food Chemistry 4, 970-976.

Hojagan et al.

Page 108



Int. J. Agron. Agri. R.

Katerji N, Van Hoorn JW, Hamdy A, Karam F,
Mastrorilli A. 1996. Effect of salinity on water
stress, growth and yield of maize and sunflower.

Agricultural Water Management 30, 237-249.

Khajeh-Hosseini M, Powell AA, Bingham LJ.
2003. The interaction between salinity stress and
seed vigour during germination of soybean seeds.

Seed Science and Technology 31, 715-725.

Mahmood A, Latif T, Khan MA. 2009. Effect of
salinity on growth, yield and yield components in
basmati rice germplasm. Pakistan Journal of Botany
41, 3035-3045.

McDonald MB.

2000. Seed priming. Seed

technology and its biological basis.

Memon SA, Hou X, Wang LJ. 2010.
Morphological analysis of salt stress response of pak
Choi.  Electronic

journal of environmental,

agricultural and food chemistry 9, 248-254.

Neamatollahi E, Bannayan M, Ghanbari A,
Haydari M, Ahmadian A. 2009. Does hydro and
osmo-priming improve fennel (Foeniculum vulgare)
seeds germination and seedlings growth? Notulae
Botanicae Horti Agrobotanici Cluj-Napoca 37, 190-194.

Parera CA, Cantliffe DJ. 1994. Pre-sowing seed

priming. Horticultural Reviews 16, 109-141.

Rui L, Wei S, Mu-xiang C, Cheng-jun J, Min W,
Bo-ping Y. 2009. Leaf anatomical changes of
Burguiera gymnorrhiza seedlings under salt stress.

Journal of Tropical and Subtropical Botany 17, 169-175.

Saffan SE. 2008. Effect of salinity and osmotic
stresses on some economic plants. Research journal

of agriculture and biological sciences 4, 159-166.

Shanon MC. 1986. New insights in plant breeding
efforts for improved salt tolerance. Horticultural

Science & Technology 6, 96-99.

Sivirtepe N, Sivirtepe HO, Eris A. 2003. The
effects of NaCl priming on salt tolerance in melon
seedling grown under saline conditions. Scientia

Horticulturae 97, 229-237.

Taffouo VD, Wamba OF, Yombi E, Nono GV,
Akoe A. 2010. Growth, yield, water status and ionic
distribution response of three bambara groundnut
(Vigna subterranean (L.) verdc.) landraces grown
under saline conditions. International Journal of

Botany 6, 53-58.

Yildirim M, Bilge B. 2010. Responses of some
wheat genotypes and their F2 progenies to salinity

and heat stress. Scientific Research and Essays 5,

1734-1741.

Hojagan et al.

Page 109



