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Abstract Salt stress impedes the productivity of wheat

(Triticum aestivum L.) in many parts of the world. This

study evaluated the potential role of benzyl aminopurine

(BAP) and sorghum water extract (SWE) in improving the

wheat performance under saline conditions. Seeds were

primed with BAP (5 mg L-1), SWE (5% v/v),

BAP ? SWE, and distilled water (hydropriming). Soil fil-

led pots maintained at the soil salinity levels of 4 and

10 dS m-1 were used for the sowing of primed and non-

primed seeds. Salt stress suppressed the wheat growth; seed

priming treatments significantly improved the wheat growth

under optimal and suboptimal conditions. Total phenolics,

total soluble sugars and proteins, a-amylase activity,

chlorophyll contents, and tissue potassium ion (K?) con-

tents were increased by seed priming under salt stress;

while, tissue sodium ion (Na?) contents were decreased.

Seed priming with SWE ? BAP was the most effective in

this regard. Under salt stress, the tissue Na? contents were

reduced by 5.78, 28.3, 32.2, 36.7% by hydropriming, seed

priming with SWE, seed priming with BAP, and seed

priming with SWE ? BAP, respectively over the non-

primed control. Effectiveness of seed priming techniques

followed the order SWE ? BAP[BAP[ SWE[Hy-

dropriming. In conclusion, seed priming with SWE ? BAP

may be opted to improve the tolerance against salt stress in

wheat.

Keywords Allelopathy � Growth promotion � Salt
tolerance � Seed priming � Wheat

Introduction

Soil salinity suppresses the germination and the seedling

emergence, and disturbs the protein synthesis, enzyme

activity, cell division, membrane integrity and many other

physiological events (Farooq et al. 2015). Moreover, salt

stress may accelerate senescence with substantial decrease

in chlorophyll contents (Shoresh et al. 2011). A better

understanding of tolerance mechanisms and differential

responses of crops to salinity is required to optimize the

crop production in modern day agriculture (Koyro et al.

2012; Tounsi et al. 2017).

Allelopathy, a natural phenomenon coupled with pro-

duction and release of allelochemicals (i.e. secondary

metabolites) (Farooq et al. 2011a) is strongly linked with

plant tolerance against the environmental stresses (Maq-

bool et al. 2013; Aslam et al. 2017). These allelochemicals

(e.g. polyamines, salicylate, brassinosteroids, jasmonates

and phenolics) trigger the tolerance mechanism of plants

against environmental (i.e. abiotic and biotic) stresses

(Singh and Usha 2003; Popa et al. 2008; Farooq et al.

2009a, b; Aslam et al. 2017). Therefore, the increased

endogenous levels of allelochemicals have been taken as an

indication of abiotic stress tolerance in plants (Maqbool
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et al. 2013). These allelochemicals also help in maintaining

tissue hormonal balance, which is vital for normal plant

growth.

Interestingly, the exogenous application of allelochem-

icals enhances the endogenous level of the secondary

metabolites, thus improving the crop growth and tolerance

against the abiotic stresses (Maqbool et al. 2013; Farooq

et al. 2017a). Although, exogenous use of commercially

available plant growth regulators helps plants to mitigate

the harmful effects of salt tress on plant growth (Shaddad

et al. 2013; Tabatabaei 2013; Yadu et al. 2017), but they

are costly. Therefore, use of the allelochemicals of natural

origin is an attractive alternative in this regard. For

instance, exogenous application of leaf extract of moringa

decreased the uptake of sodium and chloride, and increased

the antioxidant potential, K? uptake and expression of

stress responsive proteins (Yasmeen et al. 2013), which

were beneficial for the wheat plants to grow under salt

stress. Likewise, salt tolerance of rice plant was improved

owing to seed priming with sorghum water extract (SWE)

(Farooq et al. 2011b).

Sorghum contains several phenolics (Lehle and Putnam

1983) such as p-hydroxybenzaldehyde, vanillic acid, fer-

ulic acid, p-hydroxybenzoic acid, and p-coumaric acid

(Séne et al. 2001), which, at low concentration, promote

the germination and growth (Ben-Hammouda et al. 1995).

These phenolics inhibit the oxidation of auxins induced by

peroxidases and oxidases, and thus modulate the tissue

auxin homeostasis (Cvikrova et al. 1996). The allelo-

chemicals, therefore, help in regulation of cell division and

elongation at low concentration (Rice 1984), improve

water relations, mineralization and uptake of nutrients

(Barber 1984), and cause breaking of seed dormancy and

induce germination (Nickeil 1982).

In our previous study, we observed that SWE seed prim-

ing was as effective in growth promotion of wheat as was the

commercial growth regulator benzyl amino purine (BAP)

under optimal growth conditions (Bajwa and Farooq 2017).

We also noted that seed primingwith SWE is quite beneficial

for improving the salt tolerance in rice (Farooq et al. 2011b).

However, the potential of seed priming with SWE and BAP

for improving the tolerance against salinity in wheat has not

been documented so far. Therefore, this study, evaluated the

potential of seed priming with SWE alone or in combination

with BAP for improving salt tolerance in wheat.

Methods

Experimental details

This experiment was conducted during winter (2013–2014)

at Allelopathy Laboratory, Department of Agronomy,

University of Agriculture, Faisalabad, Pakistan. During the

growing season, an average temperature of 17.5 �C, rela-
tive humidity of 61.2%, sunshine of 7.2 h, rainfall of

14.1 mm, wind speed of 4.6 km h-1 and potential evapo-

transpiration (ETo) of 1.8 mm was observed. Wheat culti-

var ‘‘Punjab-2011’’ purchased from Punjab Seed

Corporation, Faisalabad, Pakistan, was seeded. The

experimental soil was a sandy loam of Lyallpur soil series.

The experimental soil had electrical conductivity of

0.36 dS m-1, pH of 8.1, soil organic matter of 0.63%,

exchangeable sodium of 0.29 mmolc/100 g, nitrogen of

0.05%, phosphorous of 7.9 ppm and potassium of

169 ppm. Sorghum water extract was prepared following

the method of Cheema and Khaliq (2000), which contained

benzoic acid, chlorogenic acid, p-hydroxy benzoic acid, p-

coumaric acid, vanillic acid, caffeic acid, ferulic acid, m-

coumaric acid and gallic acid (Cheema et al. 2009). For

irrigation, the tap water (300 mL) having pH of 7 was

applied each alternate day. The fertilizers i.e. NPK at

125:90:60 kg ha-1, respectively were applied by using

potassium sulphate, urea, and diammonium phosphate as

sources of potassium, phosphorous and nitrogen,

respectively.

Experimental treatments

This study was conducted by using four repeats in com-

pletely randomized design with factorial arrangement. The

study consisted of four priming treatments viz.

hydropriming, priming with benzyl aminopurine (BAP;

5 mg L-1), sorghum water extract (SWE; 5% v/v), and

priming with SWE ? BAP, and two salinity levels viz. 4

and 10 dS m-1 EC. Seed priming and salinity treatments

were selected based on previous studies (Farooq et al.

2011b; Yasmeen et al. 2013; Alom et al. 2016; Bajwa and

Farooq 2017). Wheat can withstand the salinity up to

4 dS m-1 and its yield is drastically reduced at 10 dS m-1

EC. Thus, we used these two salinity levels in this study.

The wheat seeds were primed by soaking seeds in aerated

solutions of BAP, SWE, SWE ? BAP and distilled water

for 12 h with seed to solution ratio of (1:5 w/v). Salt stress

was induced before sowing through NaCl after the esti-

mation of actual EC of soil, and then amount of salt was

added following USDA Laboratory Manual (1954). Seeds

were sown on November 18, 2013 in plastic pots

(29 cm 9 18 cm) filled with 10 kg of soil, and these pots

were kept under ambient conditions in the net house. Ini-

tially, in each pot, 12 seeds were sown and thinning was

carried out after 15 days of seed emergence. Three plants

were maintained and tagged for observing the data. The

experiment was terminated on March 03, 2014 before

maturity.
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Observations

The experiment was visited daily. The seedling evaluation

Handbook of Association of Official Seed Analysts (1990)

was used to count the number of emerged seedlings on

daily basis. The counting of seedling was carried out from

each pot until the constant number of seedlings was

achieved. The equation developed by Ellis and Roberts

(1981) was used to record the mean emergence time and

final germination percentage. The formulae of Coolbear

et al. (1984), modified by Farooq et al. (2005) was used to

calculate the time to 50% germination. By using the for-

mula defined by the Association of Official Seed Analysts

(1983), the germination index (GI) was calculated. After

the harvest of each experiment, the seedling fresh weights

was recorded. These seedlings were oven dried until con-

stant weight to record the dry weight.

At tillering, at 45 days after sowing, the penultimate

leaves were harvested to record the chlorophyll contents.

Chlorophyll a and b contents were determined by the

method of Arnon (1949) after extracting the pigments in

aqueous 80% acetone followed by measurement of the

extinction of the extract at red absorption (QY) maxima of

chlorophyll a (* 663 nm) and b (* 645 nm). Fresh leaves

samples for the determination of total soluble pheno-

lics/sugars/proteins and a-amylase activity were harvested

at the same stage. These fresh leaves samples were stored

at 4 �C in refrigerator in plastic bags. By using the standard

of Bovine serum albumin (BSA), the total soluble proteins

were recorded using the method developed by Bradford

(1976). By using the Folin-Ciocalteu reagent, the total

phenolics were measured through the method of Julkenen-

Titto (1985) after preparing the leaf samples with 80%

acetone followed by centrifugation (at 10,0009g at 4 �C
for 5 min), addition of Folin–Ciocalteu reagent, and

recording of absorbance at 775 nm by spectrophotometer

(U 2001 Hitachi, Tokyo, Japan). To determine the a-
amylase activity, the samples of collected wheat leaves

were ground and were mixed with 10 mL phosphate buffer

(pH 7.0), and were kept at 4 �C for 24 h. Next, the dini-

trosalicylic acid method (Bernfeld 1955), slightly modified

by Lee and Kim (2000) was used to determine the activity

of a-amylase from the supernatant. For the determination

of total soluble sugars, the grinded leaf samples were

mixed with distilled water (10 mL) and were kept at 25 �C
for 24 h (Lee and Kim 2000), followed by filtration of this

mixture with filter paper (Whatman No. 42) and then the

determination of total soluble sugars through phenol–sul-

furic acid method (DuBois et al. 1956). The Na? and K?

contents in dry leaves were estimated by flame photometry

(Williams and Twine 1960) after treating the dried pow-

dered samples (0.1 g) with concentrated sulphuric acid

(10 mL) and 80% perchloric acid (2 mL) for 12 h,

followed by the dilution of this mixture with the distilled

water.

Statistical analysis

The observations were recorded periodically, averaged for

each treatment, and presented in line charts (mean ± s-

tandard error). The significance between treatments means

was estimated through analysis of variance, under com-

pletely randomized design in factorial arrangement. The

method of Steel et al. (1997) was used to compute the

difference between treatment means through least signifi-

cant difference test.

Results

Stand establishment

Salt stress suppressed the wheat stand establishment as

indicated by lower values of germination index (GI) and

final germination percentage (FGP), and delayed the ger-

mination onset (Table 1). The interaction of salt stress and

seed priming was significant for time to 50% germination

(T50) and mean germination time (MGT) (Table 1). How-

ever, seed priming significantly improved the stand estab-

lishment of wheat. The maximum FGP, GI, and the

minimum time to start germination, MGT and T50 were

recorded in seeds primed with sorghum water

extracts ? benzyl aminopurine (SWE ? BAP).

Allometry and growth

Plant height, leaf length and width continued to increase

with time under normal and stress conditions; however,

plant height and leaf expansion/elongation were less under

salt stress than non-stressed control (Figs. 1, 2, 3). Seed

priming through either treatment significantly improved the

plant height and leaf expansion/elongation under optimal

and sub-optimal conditions (Figs. 1, 2, 3). The maximum

plant height was recorded in seeds primed with SWE ? -

BAP, which was followed by seed priming with BAP and

seed priming with SWE under both growth environments

(salt stress and normal conditions) (Fig. 1). Sole applica-

tion of SWE and BAP, was also effective for improvement

in leaf elongation compared with non-primed and hydro-

primed seeds (Fig. 2). The maximum elongation of 1st, 3rd

and 5th leaf was observed in seeds primed with

SWE ? BAP both under normal and stress conditions

(Fig. 2). Likewise, the maximum expansion of 1st, 3rd and

5th leaf was recorded in seeds primed with SWE ? BAP

under normal and saline conditions, which was followed by

BAP for the expansion of 1st leaf (Fig. 3).
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Salt stress decreased the tillering and seedling weights

(fresh as well as dry) (Table 2). The interaction of salt

stress and seed priming was not significant for the number

of tillers and seedling biomass. However, seed priming

treatments significantly improved the seedling fresh and

dry weights and the number of tillers. Maximum number

of tillers and fresh and dry weights of wheat seedlings was

recorded in seeds primed with SWE ? BAP (Table 2).

Hydropriming, seed priming with SWE, BAP or with

SWE ? BAP improved the seedling dry weight by 42.8,

200, 185.8, 242.8%, respectively under salt stress than

non-primed seeds (Table 2).

Chlorophyll contents

Salt stress caused substantial decrease in leaf chlorophyll

contents; however, seed priming improved the chlorophyll

contents. Under normal conditions, seed priming with

SWE ? BAP produced the maximum chlorophyll a &

b contents and total chlorophyll contents which was fol-

lowed by seed priming with BAP or SWE. The similar

trend of improvement in chlorophyll a & b contents and

total chlorophyll contents was also observed under salt

stress (Table 2).

Biochemical analysis

Salt stress significantly affected the biochemical attributes

of wheat. Seed priming treatments were beneficial for

increasing the activity of a-amylase and the accumulation

of total soluble proteins/phenolics/sugars. The interaction

of salt stress and seed priming was significant for a-
amylase activity and total soluble proteins, but was not

significant for total soluble phenolics and total soluble

sugars (Table 3). However, a-amylase activity, total sol-

uble proteins, total phenolic contents and total soluble

sugars were higher under salt stress than normal condi-

tions. Maximum total soluble phenolics and total soluble

sugars were recorded in seeds primed with SWE ? BAP;

whereas the highest total soluble proteins and a-amylase

activity was estimated in seeds primed with SWE ? BAP

under salt stress (Table 3).

Mineral analysis

Salt stress caused substantial decrease in K? contents and

increase in Na?. The interaction of salt stress and seed

priming was significant for Na? but not for K? (Table 4).

Seed priming caused significant decrease in Na? contents

and increase in K?. Maximum Na? contents were recor-

ded in non-primed seeds under salt stress, which was

followed by hydropriming under salt stress; whereas

minimum Na? contents were measured in seeds primedT
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with SWE ? BAP under normal conditions. Likewise,

maximum K? contents were recorded in seeds primed with

SWE ? BAP (Table 4).

Discussion

This study demonstrated that the seed priming in wheat

improved the wheat stand establishment of wheat grown

under saline conditions (Table 1). On the other hand,

imposition of salt stress suppressed the stand establish-

ment, allometry, and growth of wheat (Tables 1, 2; Figs. 1,

2, 3). Indeed, soil salinity suppresses the stand establish-

ment by restricting the absorption of water from soil by the

seeds through reduction in the osmotic potential. Soil

salinity also retards crop growth by causing Na? and K?

imbalance within the embryo, or may change the synthesis

pattern of protein (Farooq et al. 2015). Decrease in plant

growth under saline conditions is attributed to the reduction

in the rate of cell elongation or number of elongating cells

(Szalai and Janda 2009), increase in leaf abscission, and

suppression of leaf initiation and expansion (Rios-Gonza-

lez et al. 2002; Farooq et al. 2015).

Seed priming was beneficial for improving the wheat

performance under normal and saline conditions (Tables 1,

2, 3, 4; Figs. 1, 2, 3). Seed priming improved the unifor-

mity and germination rate, final germination count

(Table 1), tillering, seedling biomass (Table 2), plant

height (Fig. 1), leaf elongation (Fig. 2) and leaf expansion

(Fig. 3) under both optimal and stress conditions (Tables 1,

2, 3; Figs. 1, 2, 3). During seed priming, activity of

hydrolases such as a-amylase increased (Table 3), which

possibly hydrolyzed the starch reserves into simple forms

as indicated by increase in total soluble sugars (Table 3).

This increase in the readily available nutrients helped to get

synchronized germination, and to achieve the better seed-

ling stand and growth even under salt stress (Tables 1, 2;

Basra et al. 2005; Jafar et al. 2012).

Salinity also causes over-production of reactive oxy-

gen species (ROS), which cause damage to the biological

membranes (Zhu 2001). However, enzymatic antioxi-

dants (Farooq et al. 2015), phenolics (Parida et al. 2004)

and stress proteins (Zhu 2001) help scavenging these

ROS and protect plant tissues from oxidative damages

(Farooq et al. 2015). In this study, total phenolics were

improved with seed priming with BAP and SWE

(Table 2), which were quite helpful for salinity tolerance

in wheat. The endogenous level of soluble phenolics is

increased due to exogenous application of the crop water

extracts (Farooq et al. 2017a), which confer stress tol-

erance as was observed in this study. Indeed, the phe-

nolics act as singlet oxygen quencher and hydrogen

donor, and thus detoxify the ROS (Rice-Evans et al.

1997). The accumulation of soluble phenolics also sta-

bilizes the plant biological and non-photosynthetic

membranes during abiotic stresses due to presence of an

aromatic ring in their structure (Taiz et al. 2015) which

improves the performance of crops under stress (Farooq

et al. 2017a).

The accumulation of the soluble sugars is decreased

under abiotic stresses as was observed in this study.

However, seed priming with BAP and SWE improved the

accumulation of soluble sugars in wheat which conferred

resistance against salinity stress. Indeed, the soluble sugars

play dual functions in gene regulation as exemplified by the

upregulation of growth-related genes and downregulation

Fig. 1 Influence of seed

priming with sorghum water

extracts and benzyl aminopurine

on plant height (cm ± S.E) of

wheat under normal and saline

conditions;

normal = 4 dS m-1; salt

stress = 10 dS m-1; NP non-

primed, HP hydroprimed, SWE

sorghum water extract (5%),

BAP benzyl aminopurine (5 mg

L-1)
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of stress-related genes (Rosa et al. 2009) which might be

the probable reason for improvement in salinity tolerance

due to soluble sugar accumulation in this study. In another

study, the accumulation of soluble sugars was enhanced in

chickpea under chilling stress due to seed priming (Farooq

et al. 2017b).

Seed priming also enhanced the total soluble protein in

wheat in this study. Enhancement in total soluble protein

under salinity stress might be attributed to the accumula-

tion of free amino acid pool owing to the hydrolysis of

protein from the process of osmotic adjustment (Sundar-

avalli et al. 2005). Several other studies have reported that

Fig. 2 Influence of seed

priming with sorghum water

extracts and benzyl aminopurine

on elongation of wheat a 1st,

b 3rd and c 5th leaf

(cm d-1 ± S.E) under normal

and saline conditions;

normal = 4 dS m-1; salt

stress = 10 dS m-1; NP non-

primed, HP hydroprimed, SWE

sorghum water extract (5%),

BAP benzyl aminopurine

(5 mg L-1)
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seed priming improved the accumulation of total soluble

proteins under an array of abiotic stresses (Nouman et al.

2014; Zhang et al. 2015). The possible mechanism behind

the seed priming induced improvement in total protein

contents needs to be evaluated the future studies.

Seed priming reduced the Na? content and enhanced K?

content, which are good indices of salt tolerance in plants

(Hu and Schmidhalter 1997). The ability of a plant to limit

the Na? transport and deposition within shoot is crucial for

better plant growth, and for the protection of the metabolic

processes within the elongating cells (Razmjoo et al. 2008).

In another study, seed priming with different osmotica

improved the concentration of K? in various grass species

(Nouman et al. 2012). The possible mechanism behind the

seed priming induced improvement in K? content at

molecular level needs to be evaluated in the future studies.

Fig. 3 Influence of seed

priming with sorghum water

extracts and benzyl aminopurine

on expansion of wheat a 1st,

b 3rd and c 5th leaf (cm

d-1 ± S.E) under normal and

saline conditions; normal = 4

dS m-1; salt

stress = 10 dS m-1; NP non-

primed, HP hydroprimed, SWE

sorghum water extract (5%),

BAP benzyl aminopurine

(5 mg L-1)
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Although seed priming with water (hydropriming) was

helpful in improving the salt tolerance of wheat; inclusion

of SWE and/or BAP further improved the effectiveness of

it. The order of seed priming-induced improvement in

stand establishment, seedling growth, leaf growth, tillers,

chlorophyll contents (total as well as chlorophyll a & b), a-
amylase activity, total soluble phenolics/sugars/protein and

K? uptake was SWE ? BAP [ BAP [ SWE [
hydropriming (Tables 1, 2, 3, 4; Figs. 1, 2, 3). Indeed,

SWE contains several allelochemicals such as vanillic

acid, caffeic acid, chlorogenic acid, p-coumaric acid,

benzoic acid, m-coumaric acid, p-hydroxy benzoic acid,

gallic acid and ferulic acid (Cheema et al. 2009), which, at

low concentration, stimulate germination metabolism,

break seed dormancy (Nickeil 1982) and improves ger-

mination and seedling stand.

Seed priming with BAP alone or in combination with

SWE was beneficial for improvement in the wheat per-

formance under salinity stress which was attributed to the

high accumulation of total soluble phenolics/sugars/phe-

nolics which helped wheat plants to thrive under saline

conditions by improving the stay green of wheat. Several

studies have reported that seed priming with cytokinins

improved the salt tolerance in wheat (Iqbal et al. 2006),

possibly by enhancing the stay green (Mumtaz et al. 1997).

Moreover, exogenous application of BAP is believed to

enhance the concentration of gibberellic acid (especially

zeatin) in plants (Chen et al. 1997). The presence of zeatin

in the plants improve the cell division, cell expansion and

finally the growth (Chen et al. 1997) which might be the

possible reason for the improvement in the number of til-

lers and seedling dry weight due to seed priming with BAP

in this study. Thus, seed priming using SWE ? BAP was,

therefore, more effective in improving salt tolerance of

wheat.

Conclusion

Combined application of sorghum water

extracts and benzyl aminopurine significantly improved

the stand establishment of wheat. This improvement in

stand establishment subsequently improved the plant

height, seedling growth, and number of tillers. Improve-

ment in growth was attributed to the enhanced chlorophyll

contents, a-amylase activity, and total soluble proteins/

phenolic/sugars under salt stress due to combined appli-

cation of sorghum water extracts and benzyl aminopurine.

Combined application of sorghum water extracts ? benzyl

aminopurine also significantly reduced the Na? contents

and increased the K? contents in wheat leaves. In nutshell,

combined application of sorghum water extracts ? benzyl

aminopurine significantly improved the standT
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establishment, seedling growth, chlorophyll contents, a-
amylase activity, and total soluble phenolic under salt

stress. The future research studies should focus on the use

of different crop water extracts for improving the salt stress

tolerance in diverse wheat varieties. Moreover, future

studies should focus to unravel the mechanism of sorghum

water extracts ? benzyl aminopurine induced wheat per-

formance under salt stress at molecular level.
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