
 

 

       

 

 

 

 

 

  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

INTRODUCTION 

Soybean (Glycine max L.) is one of the most important 
oil a nd protein c rop throughout the w orld. I ts o il is  t he 
largest c omponent of t he w orld’s e dible oils. T he world 
production of  e dible oi ls c onsists of  30%  s oybean. Poor 
germination a nd l ow s eed v iability a re a mong t he s erious 
problems in the production of soybean (Arif et al., 2010).  

Plant growth and productivity affected by nature’s wrath 
in th e f orm o f various a biotic s tress factors. P lants a re 
frequently exposed to the plethora of stress conditions such 
as salt, drought, Oxidative stress and others. All these stress 
factors ar e a means f or p lants an d p revent t hem from 
reaching th eir f ull g enetic p otential a nd limit th e c rop 
productivity worldwide (Mahajan and Tuteja, 2005).  

Lack of adequate soil moisture in the seedbed is a major 
obstacle t o t he es tablishment of the cr op, b ecause 
inadequate soil moisture can reduce germination, slow down 
seedling growth and decrease yield (Saglam et al., 2010). 

There are many s trategies t o o vercome t he n egative 
effects of  dr ought. A  g ood s trategy i s the selection o f 
cultivars a nd s pecies f or dr ought c ondition ( Pavlousek,

2011). However, an alternative strategy for the possibilities 
to overcome drought stress is by seed pre-sowing treatments 
(Ghiyasi et a l., 20 08). Seed pr iming was de fined a s pr e-
sowing treatments i n water or  i n a n os motic s olution t hat 
allows the seed to imbibe water to proceed to the first stage 
of germination, but prevents radical protrusion through the 
seed coat (Yari et  al ., 2012). Seed priming techniques such 
as hydropriming, hardening, osmopriming, osmohardening, 
hormonal pr iming a nd hy dropriming ha ve be en us ed t o 
accelerate emergence more v igorous plants and better 
drought t olerance i n many field c rop l ike w hat ( Iqbal a nd 
Ashraf, 2007)  ,  c hickpea ( Kaur e t a l., 2002) , sunflower 
(Kaya et  al ., 2 006), co tton (  cas enve an d T oselli, 2007) 
triticale ( Yagmur and Kaydan, 2008). 

Primed s eeds u sually to exhibit an  i ncreased 
germination rate, greater germination uniformity and greater 
total g ermination p ercentage. Increased g ermination r ate 
and u niformity ha ve be en attributed t o m etabolic r epair 
during i mbibitions b uild u p o f germination e nhancing 
metabolites (Abbasdokht, 2012).  

  The objective of this study was to evaluate the effect of 
seed pr iming on s oybean g ermination a nd v igor u nder 
drought stress. 
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 Abstract  

Germination and seedling establishment are critical stages in the life cycle of plants especially under stress conditions. The objective of this 
study was to evaluate the effect of osmopriming on germination and seedling growth of Soybean (Glycine max L.)  seeds under drought stress. 
Seeds were primed in aerated solutions of  PEG 6000, KNO3 and KH2PO4 have -1.2 MPa osmotic potential. Drought levels were 0 (control), -
3,-6,-9 bar. Stress condition was created by using PEG6000. Final germination percentage, time to get 50% germination (T50), seedling vigor 
index (SVI), germination index (GI), reduction percentage of germination (RPG), seedling dry weight and length were measured. The results 
indicated that inhibition of  germination and seedling growth due to drought stress should be overcome b y using osmopriming t reatments in 
soybean. A mong t he m aterials u sed f or o smopriming P EG 6 000 has t he g reatest i mpact o n m itigating t he effects of  d rought s tress on  
germination and early growth stages. 

Keywords: Germination, osmopriming, PEG 6000, drought, soybean. 

mailto:meghiyasi@hotmail.com�
mailto:mehditajbakhsh@yahoo.com�


         M. Ghiyasi and M. Tajbakhsh/ JABS, 7 (1): 27-32, 2013                                                      28 

 

 

MATERIAL AND METHODS 
 

This study was carried out  a t t he D epartment of  
Agronomy, Faculty of Agriculture, Urmia University, West 
Azerbaijan, Iran. Seeds of soybean  cv. Williams were used. 
Seed moisture content was determined by high-temperature 
oven method a t 130± 2º C  f or 4 ho urs ( ISTA,2003). The 
mean moisture content of seed sample was about 10.30%.  

The ex perimental d esign w as t ow f actors f actorial 
arranged in c ompletely r andomized de sign ( CRD) w ith 
three r eplications. The f irst factor w as osmopriming 
treatments c onsisted of  s oaking i n -1.2 M Pa s olutions of  
KNO3, KH2PO4 and polyethylene glycol (PEG)  6000, and 
the second factor was drought levels (0, -0.3, -0.6 and -0.9 
bar ) . D rought s tress w as s imulated by  hi ghly os motic 
substance P EG of  molecular weight ( MW) 6000.  Non-
primed s eeds were used a s control. Before a pplying 
experimental t reatments t he s eeds were sterilized b y u sing 
30% hy pochlorite f or f ive minutes an d t hen w ashed t hree 
times with d istilled water ( Umair e t a l., 2 012).  The s eeds 
were s oaked i n a erated s olutions of  a ll t he os mopriming 
treatments for eight hours. After priming, seeds were given 
three s urface washings with d istilled w ater a nd r e-dried, 
near to original weight under shade (Unair et al., 2011).   

The standard germination test was performed by pacing 
100 seeds between two women no. 1, filter paper in 120 mm 
Petri d ishes ( three Petri dishes w ere u sed i n each  
replication). Petri d ishes co ntaining pr imed a nd c ontrol 
seeds were irrigated with solutions of drought stress levels. 
During th e te st f ilter p apers in  t he Petri dishes w ere k ept 
water saturated s tate. All Petri dishes moved to germinator 
with 25º  C , t emperature a t da rk c ondition ( ISTA, 2003) . 
Germinated deeds in each treatment were recorded every 24 
hours for seven days. Seeds were considered as germinated 
when the radical length reached 2 mm long.  

The t ime to get 50% germination (T50) was calculated 
according to the following formulae of Coobear et al. (1984) 
modified by Farooq et al. (2005) as below: 

 
Where N is the final number of germination and ni , nj 

cumulative number of seeds germinated by adjacent counts 
at times ti and tj when ni < N/2 < nj. 

Mean g ermination time ( MGT) was c alculated 
according t o t he equation of E llis a nd R oberts ( 1981) a s 
under: 

 
Where n is the number of seeds, which were germinated 

on day D , a nd D  i s t he n umber of  da ys c ounted f rom t he 
beginning of germination. 

Germination i ndex ( GI) was c alculated as  d escribed in 
the A ssociation of O fficial S eed A nalysts ( 1983) a s t he 
following formulae: 

 
Germination index = (Gt/Tt) 
 
Where Gt i s t he number of seeds g erminated o n d ay t  

and Tt is the number of weekly germinated seeds at time Ti. 
Seedling v igor i ndex ( SVI) w as c alculated f ollowing 

modified formula of Abdul-Baki and Anderson (1973): 

 
The r eduction percentage of  germination ( RPG) was 

calculated as quoted by Madidi et al. (2004): 
 

 
 
“Nx” i s t he num ber of  g erminated s eedlings un der 

drought t reatments an d “N c” i s the number of  ge rminated 
seedlings under control. 

For seedling g rowth t est, 30 g erminated s eeds i n e ach 
treatment were selected r andomly an d w ere t ransferred t o 
plastic boxes (20×12×10) and were cultured on f ilter paper 
for t en d ays i n t hree r eplications. Selected s eedlings w ere 
weighted an d t hen m ean v alue w as cal culated t o o btain 
seedling fresh  weight (Jamal et al ., 2 011). Then t hese 
seedlings were dr ied in an oven at 80º  C for 48 hour s and 
again weighed after complete drying for recording seedling 
dry weight. Seedling length was measured with a ruler and 
accuracy of measurement was 1 mm.  Data of germination 
and s eedling g rowth t ests w ere s ubjected t o da ta 
transformation ( arcsine) b efore t he s tatistical an alyzes i n 
order t o unify t he v ariance o f data. Analysis o f v ariance 
(ANOVA) was u sed t o c ompare t reatment m eans. 
Differences b etween m eans w ere d etermined b y D uncan’s 
multiple r ange te sts ( DMRT) a t p robability le vel 1  % . A  
computer software SAS was used to carry out the statistical 
analysis. Drawings were made using Excel software. 

 
RESULTS AND DISCUSSIONS 
 

The e ffect of  os mopriming a nd drought on a ll s tudies 
treats w ere s ignificant ( p < 0.01).  In addition t o, t he 
interaction among these f actors w as also s ignificant ( p 
<0.01). In os mopriming a nd c ontrol treatments w ith 
increasing s tress i ntensity final g ermination percentage, 
MGT, T 50, s eedling dr y weight, s eedling l ength a nd SVI 
were a ffected by  dr ought s tress. However the negative 
effects of drought stress on treated seeds were significantly 
lower than control. (Fig 1 – Fig 7). RGP in drought levels (-
3, -6 and -12 bar) of control treatment were 11.32, 21.37and 
33.69 r espectively ( Fig 5). A lthough i n os mopriming 
treatments with in creasing d rought s tress R GP was 
increased, but  r educed i n g ermination pe rcentage  was 
significantly lower than the control (p <0.01). RGP in PEG 
6000, KNO3 and KH2PO4 treatments in the drought levels 
(-3, -6 a nd -12 bar) w ere 5. 57, 12 .2, 2 1.47, 7. 94, 15.35, 
24.64, 5.61, 13.72 and 23.38 respectively (Fig 5 ).  De spite 
germination and v igor of  pr imed s eeds w ith di fferent 
materials u nder d rought s tress c ondition w ere b etter t han 
control, b ut t he r esults of t he m ean co mparison i ndicated 
that the effects of various materials used for osmopriming in 
order to alleviation of this stress on germination of soybean 
seeds were statistically different (p <0.01)  (Fig 1 – Fig 7). 
In t his r egard, P EG 600 0 ha s t he greatest i mpact o n 
improving germination and seedling growth under drought 
stress condition.   

The r esults o f this study s howed t hat dr ought st ress 
affected g ermination an d s eedling g rowth o f s oybean s eed 
adversely and o smopriming t reatments i ndicated t hat 
enhanced performance unde r s tress c ondition c ompared t o 
control. 

McDold ( 2000), s tated t hat P EG 60 00 l arge 
molecular size is not allowed to enter the cell embryo during 
the operation of  osmopriming, while KNO3  a nd KH2 PO4 
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can en ter t he s eed em bryo cells. I t can  be as sociated w ith 
some toxic effects (Noorbakhshin et al., 2011).  Basra et al., 
(2006) reported that delayed and weak germination in seeds 
rice s ubjected t o osmoconditioning f or 24 a nd 4 8 h  i n 
KNO3 was probably due to toxicity. KNO3 toxicity results 
in i njury to c ellular organelles an d m embranes o f wheat 
(Ghiyasi et al., 2008). The positive effect of inorganic salts 
such a s KNO3  a nd KH2PO4 i n so me primed s eeds of 
different crops r elated to t he p resence of t he s electively 
permeable t issue l ayer surrounding t he embryo, w hich 
allows t he up take of  w ater but  pr events t he di ffusion of 
solutes into the seeds (Tajbakhsh and Ghiyasi, 2009).  

Osmopriming of seed prolongs phase II of germination 
process, where considerable metabolic activities take place 
that p repare germination seeds for radical emergence, such 
as DNA repair, DNA replication, β-tubulin a ccumulation 
and mobilization of s eed s torage ( Chen et  al ., 20 10). Thus 
primed s eeds w ith a p rolonged p hase I I ar e l ikely more 

prepared f or g ermination a nd e arly g rowth t han unprimed 
seeds. In a ddition t o, osmopriming can c ontribute t o 
improve germination rate and seedling emergence o f s eeds 
by increasing the expression of aquaporins, enhancement of 
ATPase activity, RNA and acid phosphatase synthesis (Gao 
et al., 1999). 

 
CONCLUSIONS 
 

The results of this study demonstrate that osmopriming 
with P EG6000, K NO3 a nd KH2PO4 i s e ffective f or 
improvement of  germination a nd s eedling g rowth of  
soybean dur ing g ermination a nd e arly g rowth s tages 
especially u nder d rought st ress. Among these materials, 
primed s eeds with P EG6000 r ecorded highest g ermination 
and vigor parameters under drought stress condition.   

 
Fig 1. Effect o f os mopriming t reatments on f inal germination percentage o f soybean seeds under di fferent d rought level. 
Different letters indicating significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar.  
 

 
Fig 2. Effect o f osmopriming treatments MGT of soybean seeds under different drought level. Different letters indicating 
significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar.  
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Fig 3. Effect of osmopriming treatments GI of soybean seeds under different drought level. Different letters indicating 

significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 
 
 

 
Fig 4. Effect of osmopriming treatments T50 of soybean seeds under different drought level. Different letters indicating 

significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 

 
Fig 5. Effect of osmopriming treatments RGP of soybean seeds under different drought level. Different letters indicating 

significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 
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Fig 6. Effect of osmopriming treatments seedling length of soybean seeds under different drought level. Different letters 

indicating significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 
 
 

 
Fig 7. Effect of osmopriming treatments seedling dry wight of soybean seeds under different drought level. Different letters 

indicating significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 
 

 
Fig 8. Effect of osmopriming treatments SVI of soybean seeds under different drought level. Different letters indicating 

significant differences at p≤0. 01. A= 0 bar, B= -0.3 bar, C= -0.6 bar , D= -0.9 bar. 
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