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ABSTRACT 
The objectives of this study were to test polyethylene glycol (PEG) as a priming agent and to investigate whether 
inclusion of plant growth regulators into priming solution would improve Sorghum bicolor L. Moench seed 
germination and seedling emergence at low temperatures. Based on the PEG concentration and priming duration 
experiment results, seeds were primed for 3 days at 15oC in darkness in 100 g L-1 PEG solution containing 
methyl jasmonate (1, 3, 5, or 10 M), spermine (1, 3, 5, or 10 mM) or acetyl salicylic acid (ASA, 50, 100, 500, 
or 1000 M). Four replications of 50 seeds for germination and 25 seeds for seedling emergence were arranged 
in a completely randomized design. Germination and seedling emergence tests were carried out at 10oC or 15oC. 
Priming sorghum seeds in PEG was more effective at temperatures lower than 15oC and priming in 100 g L-1 of 
PEG for 3 days at 15oC significantly improved germination rates at both temperatures tested. When priming 
solution supplemented with PGRs, 1000 µM ASA further enhanced germination rate and seedling emergence 
percentage of sorghum seeds at 15oC. 
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PRÝMÝNG ÇÖZELTÝSÝNE ÝLAVE EDÝLEN BÝTKÝ BÜYÜME DÜZENLEYÝCÝLERÝNÝN SORGUM 
(SORGHUM BICOLOR (L.) MOENCH) TOHUMLARININ DÜªÜK SICAKLIKTAKÝ ÇÝMLENME VE 

FÝDE ÇIKIªI ÜZERÝNE ETKÝLERÝ 
 
ÖZET 
Bu çalýºmanýn amacý priming ajaný olarak polyethylene glycol (PEG) kimyasalýný test etmek ve priming 
ortamýna ilave edilen stress ile ilgili bitki büyüme düzenleyicilerinin Sorghum bicolor L.) Moench tohumlarýnýn 
düºük sýcaklýktaki çimlenme ve çýkýº performanslarý üzerine olan etkilerini incelemektir. PEG doz ve priming 
süresi denemesini takiben, tohumlar farklý konsantrasyonlarda methyl jasmonate (1, 3, 5 veya 10 M), spermine 
(1, 3, 5, veya 10 mM) veya acetylsalicylic asit (ASA, 50, 100, 500, veya 1000 M) içeren 100 g L-1 PEG 
solüsyonu içerisinde 15 oC�de 3 gün süreyle prime edilmiºlerdir. Denemelerde çimlenme testleri 50 adet ve fide 
çýkýº testleri için 25 adet tohum 4 tekerrürlü olarak tesadüf parselleri deneme desenine göre yürütülmüºtür.  
Çimlenme ve fide çýkýº testleri 10 oC ve 15 oC�de gerçekleºtirilmiºtir. Sonuçlar PEG�in priming ortamý olarak 
15oC�nin altýndaki sýcaklýklarda daha etkili olduðunu, tohumlarýn 100 g L-1 PEG konsantrasyonunda 3 gün süre 
ile 15oC�de prime edilmesinin test edilen düºük sýcaklýklarýn her ikisinde de çimlenme hýzýnda önemli artýºlar 
saðladýðýný göstermiºtir. Ayrýca priming ortamýna ilave edilen 1000 µM ASA�nýn sorgumun 15oC�deki çimlenme 
hýz ve fide çýkýº yüzdelerinde artýº saðladýðýný göstermiºtir. 
 
Anahtar Kelimeler: Sorgum, Çimlenme, Düºük Sýcaklýk, Priming, Bitki Büyüme Düzenleyicileri 
 
 

INTRODUCTION 
The germination and seedling establishment stage of sorghum is especially sensitive to cold 
temperatures (Tiryaki and Andrews, 2001). Any seed treatment that provides improved cold tolerance 
during germination and early seedling development will potentially allow expansion of sorghum 
production into regions of colder climates.  Such improvement will also provide earlier seeding of 
sorghum, which offers a number of substantial advantages such as escape from biotic and abiotic 
stresses. Seed priming or osmoconditioning is a seed enhancement treatment with which germination 
characteristics of several plants can be improved particularly under such adverse seedbed conditions as 
low or high temperature (Pill and Korengel, 1997).  

The effectiveness of priming depends on several parameters including priming temperature, 
water potential, duration, and other conditions specific to the treatment medium (Pill, 1995). Although 
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the concept of priming employs the osmotic qualities of priming agent which has classically been 
polyethylene glycol (PEG), PEG priming of sorghum has not been well documented in the literature 
and investigation of effects of plant growth regulators (PGRs) on germination performances of 
sorghum is also lacking.  

The objectives of this study were to test PEG as a priming agent and to investigate whether 
inclusion of stress related plant growth regulators into priming solution would improve germination 
and seedling emergence performances of Sorghum bicolor (L.) Moench, at low temperatures.  
 
MATERIAL and METHODS 
Determination of optimum priming conditions 
Single layers of Sorghum bicolor (L.) Moench, seeds were primed in various concentrations of 
polyethylene glycol [(PEG-8000), 50, 100, 200, and 300 g L-1 water] for one, two, three or four days at 
15oC in darkness. Seeds were placed in covered transparent polystyrene germination boxes (10 x 10 x 
4 cm) on double layers of filter paper saturated with 10 ml of one of PEG concentrations. Following 
the priming, seeds were rinsed under running tap water for one minute and surface dried for 2 hours 
under room conditions on paper towels, and then subjected to germination test at either 10oC or 15oC. 
Untreated (non-primed) seeds were used as control. 

Germination tests were carried out in darkness in a temperature-controlled incubator held at 
either 10  0.5oC or 15  0.5oC. Seeds were placed on two layers of filter paper moistened with 3 ml of 
deionized water in covered 5.5-cm petri dishes. Four replications of 50 seeds were arranged in a 
completely randomized design.  Germinated seeds (radicle visible) were recorded daily and removed 
from petri dishes daily until the numbers stabilized (for 10 days).  From the total number of seeds 
germinated, final germination percentage (FGP) and its angular transformation (arcsineFGP), days to 
50% of FGP (inverse measure of germination rate) and days between 10% and 90% of FGP (inverse 
measure of germination synchrony) were calculated (Murray et al., 1993).  
 
Inclusion of PGRs into the priming solution 
Based on the PEG concentration and duration experiment results, priming in 100 g L-1 PEG for three 
days was chosen as the best priming conditions. Seeds were primed for 3 days at 15 oC in darkness in 
100 g L-1 PEG solution containing methyl jasmonate (MeJA, 1, 3, 5, or 10 M) or spermine (1, 3, 5, or 
10 mM) or acetyl salicylic acid (ASA, 50, 100, 500, or 1000 M). Seeds that were primed in 100 g L-1 

PEG solution containing no PGRs and untreated (non-primed) seeds were used as the controls. Data 
collection was as described previously.  

For emergence test, 25 seeds in four replications from each treatment were sown into 
2.0 cm depth in 7 x 3 (diameter and height) cm round plastic cups filled with peat-based 
growth medium. The treatments were arranged in a completely randomized design. Cups were 
watered with tap water as needed and placed in a growth chamber at 15  0.5oC. Seedling 
emergence (coleoptile visible) was recorded daily until the emergence stabilized.  From the 
total number of seedlings emerged, final seedling emergence percentage of seedlings (FEP) 
and its angular transformation, days to 50% of the FEP (E50), days between 10% and 90% of 
FEP (E10-90), were calculated. Germination and emergence data were tested by analysis of 
variance by using SAS statistical software (SAS, 1997), and mean separation was performed 
by the Fisher�s least significant difference (LSD) test if F test was significant at p=0.05. 
 
RESULTS and DISCUSSION 
Determination of optimum priming conditions 
Seeds primed in 100 g L-1 of PEG for 4 days showed excessive germination during priming; thus, the 
results of this treatment were excluded from statistical analysis at both temperature regimes (Table 1). 
Priming seeds in 100 g L-1 of PEG for 3 days gave the highest FGP (58%) and fastest germination rate 
(G50=4.3 days) while untreated seeds had an FGP of 9% and a G50 of 11.2 days at 10oC. On the other 
hand, at 15oC, although total germination percentage and germination synchrony were not improved 
by seed priming, all priming treatments resulted in faster germination rates, priming in 100 g L-1 of 
PEG for 3 days being the fastest with a G50 of 1.5 days, compared to untreated seeds which had a G50 
of 4.7 days.  
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Table 1. Final germination percentage (FGP) and angular transformation of FGP [degrees], days to 50% of FGP 
(G50) and days between 10% and 90% germination (G10-90) of Sorghum bicolor (L.) Moench seeds in 
darkness at 10 oC or 15 oC following priming in various concentrations of polyethylene glycol (PEG) for 
one, two, three or four days at 15 oC in darkness 

 FGP G50  G10-90  FGP G50 G10-90 
PEG g L-1 

PD 
(Days) % [degrees]  (Days)  (Days)  % [degrees]  (Days)  (Days) 

   10 oC        15 oC   
 4 -y -  -  -  - -  -  - 

100 3 58 [50]  4.3  7.4  93 [75]  1.5  3.3 
 2 36 [37]  7.4  7.4  90 [72]  2.8  5.4 
 1 18 [25]  8.6  7.5  89 [72]  3.2  4.4 
 4 47 [44]  6.9  7.7  90 [72]  1.8  4.0 

200 3 44 [41]  5.7  8.5  93 [76]  1.7  4.1 
 2 17 [24]  9.3  6.1  94 [76]  3.6  4.6 
 1 3 [9]  8.6  1.0  88 [71]  3.4  4.2 
 4 22 [28]  8.7  3.6  96 [78]  2.6  3.4 

300 3 16 [24]  10.4  5.6  93 [75]  3.0  4.5 
 2 15 [23]  11.6  6.5  92 [74]  3.5  3.9 
 1 5 [12]  9.5  3.8  90 [72]  3.5  4.1 

US  9 [17]  11.2  3.3  91 [72]  4.7  3.7 

LSD0.05   [6]  3  2.6   [7.6]  0.4  1.3 
Significance   ***  ***  ***   NS  ***  NS 
***, NS Significant at P < 0.001 or not significant, respectively. y, excluded from statistical analysis due to excessive germination occurred 
during priming, US: Untreated Seeds, PD: Priming duration (Days 

 
High percentage of germination and seedling emergence are prerequisites for successful stand 

establishment of crops, especially under adverse seedbed conditions. There are several factors that 
improve germination performance under such conditions (Leon, 2004). Of those, priming seeds in a 
proper salt solution promotes seed germination and seedling emergence as well as rate and synchrony 
(Hendricks and Taylorson, 1975; Korkmaz et al. 2004). Previous reports indicated that priming of 
sorghum seeds with sodium chloride advanced germination under drought but not under heat stress 
conditions (Kader and Jutzi, 2001). It was also reported that salt priming did not improve root or shoot 
growth of sorghum, but resulted in faster germination rates (Kader and Jutzi, 2003). This study 
revealed that priming of sorghum seeds in 100 g L-1 of PEG for 3 days at 15oC significantly improved 
FGP and G50 at 10oC. The results also indicated that priming had no effect on seed germination 
percentage at 15oC, suggesting that the beneficial effects of sorghum seeds priming can be seen when 
seeds are germinated at temperatures lower than 15oC.  
 
Effects of PGRs included into the priming solution 
Although the effects of inclusion of PGRs into the PEG solution on seed germination and seedling 
emergence were investigated at both temperature regimes (10oC and 15oC), there was no seedling 
emergence at 10oC. Therefore, the results of germination and emergence experiments conducted at 
10oC will not be discussed. Priming sorghum seeds in the presence of PGRs did not further improve 
the FGP of sorghum seeds while it significantly enhanced germination rate and synchrony compared 
to seeds primed in PEG only (Table 2). For instance, seeds primed in the presence of 1000 µM ASA 
had fastest germination rate (G50=1.3) while the seeds primed in PEG only had a G50 of 1.8 days. 
Inclusion of 10 mM spermine (G10-90=1.7 days) or 50 µM ASA (G10-90=1.7 days) into priming solution 
significantly improved germination synchrony compared to that of seeds primed in PEG only (G10-

90=2.3 days).  
Among the PGRs treatments, only the inclusion of 1000 µM ASA (35%) and 5 µM MeJA 

(37%) improved the FEP of sorghum seedlings compared to seeds primed in PEG only (24%) (Table 
2). Although all priming treatments resulted in faster germination rates compared to untreated seeds, 
the inclusion of PGRs into the PEG solution did not further improved emergence rates as indicated by 
similar or higher E50 values. Moreover, inclusion of PGRs into the PEG solution did not improve or 
negatively affected sorghum seedling emergence synchrony and seedling fresh weight.  

PGRs used in this experiment are biotic and abiotic stress related molecules. Of those, JA and its 
methyl ester form methyl jasmonate (MeJA) are ubiquitous PGRs and play several important roles in 
plant growth and development such as inducing genes involved in plant response to biotic and abiotic 
stresses (Rao et al., 2000; Tiryaki and Staswick, 2002). Exogenous applications of jasmonates have 
been shown to elicit both inhibitory (Corbineau et al., 1988; Kepczynski and Biaecka, 1997) and 
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stimulatory effects on seed germination (Daletskaya and Sembdner, 1989; Sembdner and Parthier, 
1993). This study showed that inclusion 1 and 5 µM MeJA might help to enhance germination rate 
and final emergence percentage of sorghum at 15oC, respectively.  

There are several reports indicating that exogenous applications of spermine help to protect 
plants against low temperature injury (Evans and Malmberg, 1989; Lee, 1997; Shen et al., 2000). 
However, this study indicated that inclusion of spermine into priming solution had an adverse effect 
on germination and seedling emergence at 15oC, suggesting that level of spermine in response to 
developmental or stress situations is well balanced in sorghum seeds.  

 
Table 2. Final germination percentage (FGP) and angular transformation of FGP [degrees], days to 50% of FGP 

(G50), days between 10% and 90% germination (G10-90), final emergence percentage (FEP) and angular 
transformation of FEP [degrees], days to 50% of FEP (E50) and days between 10% and 90% emergence 
(E10-90) of Sorghum bicolor (L.) Moench seed in darkness at 15 oC following priming for 3 days at 15oC in 
100 g L-1 of PEG combined with various concentrations of methyl jasmonate (MeJA), spermine, or acetyl 
salicylic acid (ASA). 

z, 100 g L-1 of PEG + related plant growth regulator at given concentration.  *, *** Significant at P < 0.05 or P < 0.001., US: Untreated seeds, 
SFW: Shoot Fresh weight 

 
Salicylic acid (SA) or acetyl salicylic acid (ASA) is an endogenous growth regulator of phenolic 

nature, which plays an important role in the defense response in many plant species to pathogen attack 
(Shirasu et al., 1997). Several studies indicate that SA plays a major role in modulating the plant 
response to several abiotic stresses (Senaratna et al., 2000; Yalpani et al., 1994). Treating mustard 
seedlings with exogenous SA improved their thermotolerance and heat acclimation (Dat et al., 1998). 
In maize plants, pretreatment with SA induced antioxidant enzymes, which in turn increased chilling 
tolerance (Janda et al., 1999). In this study, inclusion of 1000 µM ASA into priming solution 
improved both germination rate and seedling emergence percentage of sorghum at 15oC.  
 
CONCLUSION  
Results of this study revealed that germination enhancement of sorghum seeds due to PEG priming is 
more effective at temperatures lower than 15oC. Although priming in 100 g L-1 of PEG for 3 days at 
15oC significantly improved sorghum germination rate at both temperatures tested, it might be useful 
to test other priming agents to see whether germination and emergence could further be improved at 
temperatures lower than 15oC. The results also indicated that inclusion of 1000 µM ASA provided a 
further enhancement on germination rate and seedling emergence percentage of sorghum at 15oC. 
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