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ABSTRACT 
 
 Seed priming is a pre-sowing treatment which involves a controlled hydration of seeds, sufficient to allow 
pre-terminative metabolic events to take place while insufficient to allow radicle protrusion through the seed 
coat. This technique has been used to increase the germination rate, total germination and seedling uniformity, 
mainly under unfavorable environmental conditions. Little information is available about seedling development 
of chickpea to seed priming under pot condition. To investigate the effect of seed priming on germination and 
seedling growth of chickpea, an experiment was conducted at greenhouse of Ferdowsi University of Mashhad 
during 2010 with factorial arrangement of treatment in a completely randomized design with 3 replications. 
Experimental factors were 5 priming with PEG solution potential (0, -4, -8, -12 and -16 bar) and 2 irrigation 
regimes (FC and 50% FC) and 5 harvesting date during seedling growth. By decrement of irrigation frequency, 
length of plumule and radicle were significantly decreased, but there wasn’t significant difference in plumule 
and radicle weights. By decreasing of water potential in priming treatment, only the length of plumule 
significantly increased and the other traits didn’t show any significant difference. Over time in harvesting stages, 
significant differences in all traits were observed. The results showed that under without stress conditions, 
radicle length for all priming levels was increased compare with to the control. On the other hand, the reverse 
result was occurred for stress conditions and most of the radicle length was observed in the control, and radicle 
length was decreased for the other priming levels and the least of the radicle length was perceived for priming at 
water potential of -8 and -4 bar. 
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Introduction 
 
 Seed priming is nowadays being extensively 
used to improve seed germination and seedling 
emergence in a wide range of crop species (3,11, 12, 
13, 14) and is basically a physiological process in 
which the seeds are pre-soaked before planting 
which, by itself, allows partial imbibition though 
preventing the germination [8]. During the priming, 
several processes including storage, material 
handling, activation and synthesis of a number of 
enzymes and nucleic acids, repair and build up, ATP 
synthesis, and the cytoplasmic membrane repair in 
treated seeds will all start to develop. [3]. Osmo-
priming is a commonly used method for priming the 
seeds. Priming generally induces faster and more 
uniform seed germination especially in adverse 
physical conditions of many crop species [7].  
 Harris et al. [2] indicated that chickpea (Cicer 
arietinum) seeds priming with 1% NaCl for 3 day at 
20 °C reduced salinity effects on germination of 

watermelon and increased watermelon tolerance to 
salinity in the early stages of growth. Kaur, et al. [10] 
investigated effects of different osmotic which can be 
used in seed priming on chickpea germination and 
reported that priming with solutions of copper sulfate 
1% for 4 h and zinc sulfate 0.2% for 24 h will 
enhance germination by respectively 17.1% and 
73.3% compared with untreated seeds. Musa [6] 
evaluated the effects of osmo-priming (using solution 
of potassium nitrate for 6 days at 24°C) and hydro-
priming (using distilled water with temperature of 
30°C for 18 days) on chickpea germination under 3 
different temperatures of 15, 25, and 38°C, coming to 
conclusion that no significant impact of osmo-
priming and hydro-priming would be found between 
25 and 38°C on seed germination. It was however, 
significantly increased in seed germination when 
using 15°C for both osmo-priming and hydro-
priming. The beneficial effects of osmo- and hydro- 
priming are associated with increase in radicle and 
plumule lengths. 
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 Priming also enhances the crop establishment in 
filed. Manigopa et al.  reported that priming in 
chickpea led to better crop establishment and growth 
and greater yield. Seed priming increased the number 
of plants at harvest, yield, germination, number of 
pods per plant, number of lateral branches per plant, 
and number of seeds per plant by respectively 12.8%, 
9.6%, 9.4%, 6.4%, and 6.5%, over the non-priming 
treatment.  
 Hosseini and Koocheki [3] stated that in sugar-
beet seed, different varieties can respond differently 
to priming. According to their data, the variety to be 
responded better over a wide range of varieties was 
K.V.S. The response of seeds to priming has been 
found to be dependent on the osmitica, duration of 
priming, seed maturity, cultivar, and environmental 
conditions [7].  
 Chickpea is a short-season edible grain legume 
grown crop, which cultivated mostly in arid and 
semi-arid region of the world where salinity, high 
temperature, rapid soil drying, and crust formation 
are barriers to good chickpea crop establishment. 
However, no study has been previously reported in 
the context of Iran on the effects of different osmo-
priming on chickpea seed germination and early 
seedling growth. Consequently, the aim of this study 
was to elucidate the effects of osmo-priming on seed 
emergence and early seedling growth of chickpea 
under the pot condition. 
 
Materials and Methods 
 
 The effects of osmo-priming on chickpea (Cicer 
arietinum) seed germination and early seedling 
growth was investigated via a pot emergence test at 
laboratories and greenhouse of Ferdowsi University 
of Mashhad during 2010. The experiment was 
conducted with factorial arrangement of the 
treatment in a completely randomized design with 3 
replicates. Experimental factors were 5 priming with 
PEG solution potential (0, -4, -8, -12 and -16 bar) 
and 2 soil water potential (FC and 50% FC). 
 Chickpea seeds Kabuli type. Solution of 
polyethylene glycol 6000 was prepared according 
Michel and Kafmahn [5]. One hundred randomly 
selected seeds placed in laboratory glassware on a 
filter paper (Whatman filter paper No. 1). The 
laboratory glassware were then covered by aluminum 
foil in order to prevent waste solution and were 
placed in a germinator (with a temperature of 20 °C 
and in constant darkness) and a period of 24 hours 
was allocated to them. After 24 hours, seeds were 
rinsed in distilled deionized water for 2 minutes with 
an aim to wash off the solutions from the surface of 
the seeds, and were slowly dried at room temperature 
for 48 hours back to their original (non-primed) 
moisture content as described in Demir and Mavi [1]. 
Primed seeds in the deionized water were used as 
control. 

 Glasshouse experiments were carried out to 
compare the actual performance of the seed subjected 
to two watering treatments at Ferdowsi University of 
Mashhad, Mashhad, Iran. In each pot (sized 32 × 22 
× 6 cm, and filled with sand loamy soil), 3 seeds 
were sown at a depth of 3 cm. The pots were 
saturated in water by surface- irrigation.  
 Two watering regimes, namely giving irrigation 
at Field Capacity (FC) or 50% FC were scheduled 
based on weighting the pot and differences between 
soil dry weight and soil wet weight.  
 During plant growth five randomly harvesting 
were done from 45 pots to determine plumule length, 
radicle length and dry-weight of plumule and radicle. 
Five seedlings were randomly harvested from each 
pot. The glasshouse temperature was maintained 
between 24 and 15 °C for days and nights, 
respectively. 
 For the analysis of variance and to determine the 
significant differences between treatments, the 
MSTAT-C computer package was used. Duncan’s 
multiple-range test was applied for comparing the 
treatment means.  
 
Results and Discussion 
 
Plumule length: 
 
 Plumule length was not different (p<0.05) in 
different potential of priming (Table 1). The greatest 
plumule length among priming treatment was 
observed in seedling primed at water potential of -8 
and -12 bar 60 DAP. With decreasing water potential 
up to -16 bar plumule length significantly decreased 
(Table 2). Soil water potential significantly (p<0.05) 
affected plumule length (Table 1), such that plumule 
length was 389 and 308.1 at irrigation at FC and 
irrigation at 50% FC, respectively (Table 2). 
 Reducing in water absorption  at plants 
irrigated at 50% FC decreased secretion of hormones 
and enzymes and disrupts the seedling growth [4].  
 Plumule length was also affected (p<0.01) by 
different harvesting date (Table 1). Plumule length 
increased over time and the lowest and the greatest 
plumule length was observed at first (11.2 mm) and 
last (19.1) harvesting date, respectively (Table 2). 
The interaction of irrigation regimes by priming 
treatment on plumule length was significant (p<0.01, 
Table 1). In seedling irrigated at FC the least and the 
greatest plumule length was observed at primed in -
16 and -12 water potential, whereas at those irrigated 
at 50% FC seedling primed at water potential of -4 
and -16 exhibited the least and the greatest plumule 
length (Fig. 2). In addition to, plumule length across 
all different priming were higher at seedling irrigated 
at FC compared with 50% FC (Table 2). The 
interaction of irrigation regimes × harvesting date on 
plumule length was significant (p<0.01), such that 
plumule length was 15.8 and 6.6 at first and last 
harvesting (Fig. 1). 
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Radicle length: 
 
 Analysis of variance revealed that plumule 
length was not affected by different priming 
treatments (Table 1), whereas plumule length 
increased with decreasing water potential excluding 
water potential of -8 bar (Table 2). Trend of observed 
changes in plumule length across priming treatment 
indicated that the lowest and the greatest radicle 
length were observed at priming at water potential of 
-8 and -16 bar (Table 2). 

 Radicle length significantly changed between 
two irrigation regimes (Table 2), such that with 
decreasing irrigation frequency from FC to 50% FC 
radicle length decreased from 134.8 to 85.1 mm 
(Table 2). Radicle length was significantly changed 
between different harvesting date (p<0.01). Over 
time, radicle length gradually increased and this 
parameter were attained from 42.1 mm at first 
harvesting date to 147.7 mm at fifth harvesting date 
(Table 2). 

 
Table 1: Analysis of variance table for the final germination percentage, mean germination time, plumule length, radicle length and plumule    
            dry weight of watermelon seedlings. 

Source of variation Degree of 
freedom 

Plumule length Radicle length Plumule dry 
weight 

Radicle dry 
weight 

Priming 4 1015.043* 485.916ns 0.020ns 0.018 ns 

Irrigation regime 1 51115.744** 96368.077** 0.017ns 0.022 ns 

Priming×Irrigation 4 3185.757** 2273.403* 0.012ns 0.039* 

Sampling date 4 161710.708** 56293.749** 0.044** 0.042* 

Priming×Sampling 16 483.231 ns 841.657 ns 0.011ns 0.021* 

Irrigation×Sampling 4 2231.807** 6511.197** 0.021ns 0.023 ns 

Priming×Irrigation×Sampling 16 1004.969** 788.759 ns 0.011ns 0.018 ns 

ns: not significant; (*) and (**) represent significant difference over control at P < 0.05 and P < 0.01, respectively. 

 
Table 2: Effect of priming treatments, irrigation regimes and sampling date on plumule length, radicle length and dry weight of plumule and 

radicle of chickpea seedlings. 

Radicle dry weight Plumule dry weight Radicle length Plumule length Treatments 

    
Priming water potential 
(bar) 

0.78b 0.106ab 108.133a 113.601b 0 

0.051b 0.073b 110.900a 112.701b -4 

0.061b 0.141a 105.267a 119.934ab -8 

0.091b 0.093b 111.700a 126.968a -12 

0.113a 0.088b 116.000a 116.034b -16 

    Irrigation regimes 

0.067a 0.111a 135.747a 136.308a Irrigation at FC 

0.091 0.089a 85.053b 99.388b Irrigation at 50% FC 

    Removing date 

0.022bc 0.041b 42.133d 11.201e First 

0.060b 0.110a 93.467c 75.968d Second 

0.106a 0.085ab 131.167b 144.534c Third 

0.098ab 0.134a 137.533ab 166.534b Fourth 

0.108a 0.130a 147.700a 191.001a Fifth 

* Values followed by the same letter within the same columns do not differ significantly at p = 5% based on  DMRT.  

  
 A statistically significant differences have been 
found to exist in interaction of priming treatments × 
irrigation regimes (p<0.05).  
 Priming with solutions of potassium nitrate and 
acid hydrochloric exhibited the greatest plumule 
length, while priming with PEG had the least 
plumule length (Table 3). Faster seed-germination 
can cause greater plumule length in seeds treated 
with potassium nitrate and acid hydrochloric.  
 Results of radicle length as affected by at two 
irrigation regimes are presented in Fig. 4. In 
irrigation at FC, radicle length increased in all 
priming treatment rather than primed seed at water 

(control) and greatest radicle length was observed at 
water potential of -4, which decreased by 21% in 
comparison with control. In the other hand, in 
irrigation at 50% FC the greatest radicle length was 
observed at control and different priming treatment 
decreased radicle length. The least radicle length 
occurred at seedling primed at soil water potentials 
of -8 bar (76.6 mm) and -4 bar (77.33 mm), which 
reduced compared to control by 21.3% and 20.6%, 
respectively. The interaction effect of irrigation 
regimes and harvesting date was significant on 
radicle length (p<0.01). 
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Fig. 1: Irrigation regimes and sampling date interaction effect on plumule length of chickpea seedling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Irrigation regimes and priming treatment interaction effect plumule length of chickpea seedling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Irrigation regimes and sampling date interaction effect on radicle length of chickpea seedling. 
 
 
 Over harvesting time radicle length increased at 
both irrigation regimes, however, the amount of this 
increase was greater at FC rather 50% FC. The 
lowest radicle was observed at first harvesting date 
and irrigation at FC and the greatest radicle length 
was observed at last harvesting date and irrigation at 
FC (Fig. 3). 
 
Plumule dry weight: 
 
 No statistically significant differences have been 
found to exist for priming treatments, irrigation 

regimes and interaction of them on plumule dry 
weight (Table 1). Despite the lack of significant 
differences in priming treatments and irrigation 
regimes, harvesting date had significant effects on 
plumule dry weight (Table 1). Among the different 
priming treatment, seedlings primed at water 
potential of -8 bar had the greatest plumule dry 
weight, while those seedling primed at water 
potential of -4 bar had the least amount of this 
parameter. In addition to, among different harvesting 
date the greatest plumule dry weight was observed at 
forth harvesting date (Table 1). 
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Fig. 4: Irrigation regimes and priming treatment interaction effect on radicle length of chickpea seedling. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Irrigation regimes and priming treatment interaction effect on radicle dry weight of chickpea seedling. 
 
It seems that one of the reasons for the decrease in 
plumule dry weight at low water potential is low 
mobility of nutrients to the embryonic axis (Oku et 
al., 2005). 
 
Radicle dry weight: 
 
 Radicle dry weight did not significantly (p<0.05) 
change between different priming and irrigation 
regimes (Table 1). Seedlings primed at -16 bar and 
grown at irrigation regime of watering at 50% FC 
had the greatest radicle dry weight, while those 
seedlings primed at -4 bar and grown at irrigation 
regime of watering at 50% FC had the least radicle 
dry weight. Effect of harvesting dates and interaction 
effect of priming treatment × harvesting date on 
radicle dry weight was significant. First and last 
harvesting date exhibited the least and the greatest 
radicle dry weight (Table 1). Interaction of irrigation 
regimes × harvesting date and priming treatment × 
irrigation regimes × harvesting date on radicle dry 
weight was not significant (Table 2). 
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