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Healthy seed germination and vigorous seedling are important in all crops for obtaining good seed 
establishment and higher yield under harsh environment. The objective of this study was evaluate the 
effect of different seed priming treatments and durations for improving germination and early seedling 
growth of wheat. Laboratory experiment was conducted to examine the potential of different priming 
techniques and durations on seed germination behavior and vigor attributes of wheat at Agronomy 
research laboratory, University of Agriculture, Peshawar, in complete randomized design (CRD) with 
four replications.  Studied treatment includes halo priming (CaCl2), osmo priming (PEG-6000) and solid 
matrix priming with press mud for 6 and 12 hours, one control (dry seeds) was also studied in the 
experiment. Results revealed that osmo priming with PEG-6000 and halo priming with CaCl2 reduced 
time to germination (2 days) and time taken to 50 % emergence (1 day) and increased germination % 
(85.83) and (61.66), germination index (39.2) and (30.1). Solid matrix priming with press mud increase 
root length (15.3 cm), shoot length (14.6 cm), shoot fresh weight (0.95 g), shoot dry weight (0.03 g), root 
fresh weight (0.40 g), root dry weight (0.12 g) compared to control (dry seeds). Among priming durations 
12 hours of seed priming increase speed of germination (2 days) and reduced time to 50 % emergence 
(1 day) enhanced germination % (80), germination index (31.4) increased root length (13.1 cm), shoot 
length (15.0 cm), shoot fresh weight (0.32 g), dry weight (0.03 g), root fresh weight (0.30 g) and dry 
weight (0.08 g) compared to 6 hours of priming duration. It was concluded from the experiment that 
osmo priming with PEG-6000 and solid matrix priming with press mud increase germination, final 
emergence, root and shoot length and enhanced fresh and dry weight of roots and shoots of wheat.  
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INTRODUCTION 

Wheat (Triticum aestivum L.) is an important 
food crop in Pakistan, and it is largely grown in 
rain-fed areas with little rainfall. High 
temperatures, soil crusting, limited rainfall, and 
soil salinity all have an adverse effect on crop 
germination and stand establishment, lowering 
grain output (Amin et al. 2016: Basra et al. 2002). 
Wheat is the world's most widely produced crop 
and, after rice, the second most significant food 
crop. The global demand for wheat is predicted to 

rise by 31% by 2050, compared to the 683 million 
tons eaten in 2008 (Dixon et al.2009).  

For agriculture, good seed germination is 
critical. Inhomogeneous seedling growth and 
subsequent uneven or poor germination can result 
in significant financial losses or lower pricing for 
inhomogeneous plant batches (Ghiyasi et al. 
2008a). Seed priming can improve germination 
speed and uniformity (Ghiyasi et al. 2008b). 
Priming has also been shown to enhance a 
variety of field crops, including wheat, maize, 
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soybeans, and sunflowers (Sharma et al. 2015). 
Seed priming is a simple and effective presowing 
therapy for improving plant resistance to abiotic 
stress (Qin et al. 2017: Jisha et al. 2013). It has 
favorable effects such as accelerating 
germination, promoting seedling growth, and 
assessing water and nutrient intake, all of which 
help to promote plant growth.(Rhaman et al. 
2020). 

Halo priming causes seeds to have a 
physiological reaction that acts on plant stress 
memory, causing plants to respond quickly and 
strongly to abiotic stress (Jisha et al. 2013).Plants 
retain stress memory as a result of seed halo 
priming and osmotic stress (Llorens et al. 2020). 
Mild pretreatment stress can help you cope with 
future stressors (Llorens et al. 2020). As a result, 
seed halo priming improves plant resistance to 
harsh environmental conditions while also 
increasing grain yield (Iqbal et al. 2020: El-
Sanatawy et al. 2002). The simplest form of seed 
priming is hydro priming, which involves soaking 
seeds in pure water and re-drying them to their 
original moisture content before sowing. This 
method is low-cost and environmentally safe 
because it does not need any additional chemical 
compounds as a priming agent. The main 
disadvantage of hydro priming is seed water 
uptake that is unregulated. This is due to the 
availability of free water to seeds during hydro 
priming, which means that the rate of water 
uptake is solely determined by seed tissue affinity 
for water (Taylor et al. 1998). This approach may 
cause differential hydration of seeds, resulting in a 
lack of synchronous metabolic activity in seeds 
and unsynchronized emergence (Black and 
Bewley 2000). Hydro priming was shown to have 
the shortest time to 50% emergence and the 
shortest mean germination time (MGT) (Gu et al. 
2017). 

While osmo priming is one of the ways for 
improving seed vigour, uniform germination, and 
early growth of field crops, primed the most robust 
seed results in the most normal seedlings and the 
fastest growth. The seeds are soaked in aerated 
osmotic solutions comprising potassium nitrate, 
potassium phosphate, potassium chloride salts, or 
polyethylene glycol (PEG) with varying water 
potentials and time lengths in osmo priming, the 
most popular priming method. The applied solutes 
are usually dissolved in water at various 
concentrations so that the seed can drink a small 
amount of water to begin the pre-germination 
metabolism. Before the major root or radicle 
emerges, the primed seeds are extracted from the 

osmoticum (Paparella et al. 2015). Press mud is a 
sugarcane by-product obtained from the sugar 
industry after the sugarcane juice has been 
clarified. Press mud is a dark brown, spongy, and 
amorphous material made up primarily of CaO, 
organic matter, nitrogen, phosphorus, potassium, 
calcium, and sulphur in variable proportions. 
(Khan et al. 2019). Press mud has the capacity to 
lower heavy metal uptake by buffering the pH of 
the soil. It contains functional groups such as 
hydroxyl ions, which are significant in the 
adsorption of heavy metals (Mahmood, 2010), 
and press mud is a major source of nitrogen, 
phosphorus, and carbon (Khan et al. 2019). 
  
MATERIALS AND METHODS 

Laboratory experiment “Influence of seed 
priming techniques and durations on germination 
and seedling growth of wheat” was conducted in 
the seed laboratory at the department of 
Agronomy, The University of Agriculture 
Peshawar during rabbi season 2018. The trial was 
laid out in Complete Randomized Design (CRD), 
having three replications. 

The experiment was comprised of two factors  

Factor A: priming techniques 
Dry seed (control) 
Halo priming (CaCl2) 
Osmo priming (PEG6000) 
Solid matrix priming (press mud) 

Factor B: priming durations 
6 Hours 
12 Hours 

Experimental details 
Seeds of wheat OPV Pirsabak- 2013 was 

used in the experiment 
Seed priming was comprised of hydro 

priming, osmopriming, solid matrix priming. 

Halo priming 
 For halo priming seeds were treated with well 

aerated solution of CaCl2 for 6 hours and 12 hours 
at room temperature and then dried.  

Osmopriming 
For osmo priming seeds were incubated in 

well aerated solution with a low water potential for 
6 hours and 12 hours and then dried. The water 
potential of the solution was achieved by addition 
of polyethylene glycol (PEG6000). 
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Matrixpriming 
Matrix priming was carried out with press 

mud. First seeds were mixed 300g press mud in 1 
liter distilled water in a closed plastic container, 
container were placed under shade at room 
temperature for 6 hours and 12 hours. Press mud 
was sterilized in an autoclave for 24h to avoid any 
fungal infection before conditioning. The 
containers were placed under shade at room 
temperature for 24h.The partially hydrated seeds 
then were sieved from press mud (Afzal et al. 
2002). 

Germination% 
Days to emergence were counted from date 

of sowing till the date when all the seeds 
emerged.     

Mean germination time 
Number of seedlings emerged were counted 

daily following the seedling evaluation Handbook 
of Association of Official Seed Analyst method 
(AOSA, 1983) until constant count was obtained. 
Mean emergence time (MET) was calculated 
according to the equation (Ellis et al. 1987). 

MGT = ∑ Dn 
             ∑n 
Where n is the number of seedlings emerged 

on day D, and D is the number of days counted 
from the beginning of emergence. 

Time taken 50% germination 
Time to get 50% emergence (E50) was 

calculated according to the formula of Coolbear et 
al (1980) modified by Farooq et al. (2005). 

E50   =   t i (N ∕ 2) – n i ( t j- t i ) 
                    N j – n i 
Where N is the final number of seedling 

emerged, and ni and nj the cumulative number of 
seedling emerged by adjacent counts at times ti 
and tj when ni< N/2<nj. 

Germination Index (GI) 
Germination index was calculated according 

to formula Association of Official Seed Analysis 
(AOSA, 1983). 

GI =  No. of germinated seeds at first count 
+………  No. germinated seeds at final count 

                    Days of first count                                                
days of final count 

Shoot fresh weight 
Randomly selected 5 seeds from each 

treatment and cut their shoots and then calculated 

their fresh weight of selected shoots with electric 
balance. Than recorded their average value in g. 

Shoot dry weight 
 After calculated fresh weight then oven dried 

these materials for 48 hours at 60 0Cto calculate 
dry weight. Weight was calculated with electric 
balance and expressed in g.  

Root fresh weight 
The roots of 5 selected seedlings were cut 

and calculated their fresh weight with electric 
balance and expressed in g. 

Root dry weight 
 After calculated fresh weight then oven 

dried these materials for 48 hours at 60 0Cto 
calculate dry weight. Weight was calculated with 
electric balance and expressed in g.  

Measurements of root and shoot length  
Selected 25 seedlings from each treatment 

were measured after 12 days of the experiment 
for root and shoot length with a scale and 
expressed in cm. 
 
RESULTS  

Mean emergence time (days) 
Analyses of the data revealed that mean 

emergence time was significantly affected by 
priming techniques and durations (Table 1). 
Interaction between priming techniques and 
durations was found non-significant. Among 
different priming techniques halo priming with 
CaCl2 resulted minimum value of mean 
emergence time (2 days) which was statistically 
similar to osmo priming with PEG-6000 (2 days). 
Solid matrix priming with press mud took (3 days) 
to mean emergence time. Control (dry seeds) took 
more days to mean emergence time (4). Among 
different priming durations 12 hours priming took 
less days to mean emergence time (2) while 6 
hours priming took more days to mean 
emergence time (3).   

Time taken to 50% emergence 
Analysis of data revealed that time taken to 

50% emergence was significantly affected by 
priming techniques and duration (Table 1). 
Interaction between priming techniques and 
durations was found non-significant. Among 
different priming techniques halo priming (CaCl2) 
reduced time to 50 % emergence (1 day) which 
was statistically similar with osmo priming with 
PEG-6000 (1 day). Solid matrix priming with press 
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mud took (1 days) to 50% emergence. Control 
took more days to 50% emergence (2). Among 
different priming duration 12 hours priming took 
less days to time taken 50% emergence (1 day) 
while 6 hours priming took more days to time 
taken 50% emergence (2). 

Germination % 
 Analysis of data revealed that final 

germination was significantly affected by priming 
techniques and durations (Table 1). Interaction 
between priming techniques and durations was 
found non-significant. Among different priming 
techniques osmo priming with PEG-6000 resulted 
in high final germination (85.8 %) whereas halo 
priming with CaCl2 resulted in (81.6 %) to final 
germination while solid matrix priming with press 
mud resulted in (78.3 %) final emergence. Control 
(dry seeds) resulted in less final germination (61.6 
%). Among different priming durations 12 hours 
priming resulted in more final germination (80.0 
%) while 6 hours priming resulted in less value to 
final germination (74.0 %). 

Germination index 
Analysis of data showed that germination 

index was significantly affected by priming 
techniques and duration (Table 2). Interaction 
between priming techniques and durations was 
found non-significant. Among different priming 
techniques osmo priming with PEG-6000 resulted 
in higher germination index (39.2). Halo priming 
with CaCl2 resulted in (33.6 germination index. 
Solid matrix with press mud priming resulted in 
(30.1) value of germination index. Control (dry 
seeds) resulted in (18.0) less value of germination 
index. Among different priming durations 12 hours 
priming resulted in (31.4) higher value of 
germination index while 6 hours priming resulted 
in (29.1) less value of germination index. 

Root length 
Analysis of data revealed that root length was 

significantly affected by priming techniques and 
durations (Table 2). Interaction between priming 
techniques and durations was found non-
significant. Among different priming techniques 
solid matrix priming with press mud resulted in 
higher value of root length (15.3 cm) which was 
statistically similar with osmo priming with PEG-
6000 (14.1 cm). Halo priming with CaCl2 resulted 
in (13.8 cm) root length. Control (dry seeds) 
resulted in less root length (9.9 cm). Among 
different priming durations 12 hours seeds priming 
resulted in (13.7 cm) higher value of root length 

while 6 hours priming resulted (10.1 cm) less 
value of root length. 

Shoot length 
 Analysis of data revealed that shoot 

length was significantly affected by priming 
techniques and durations (Table 2). Interaction 
between priming techniques and durations was 
found non-significant. Among different priming 
techniques solid matrix priming with press mud 
resulted in large shoot length (14.6 cm) which was 
statistically similar to halo priming with CaCl2 (14.3 
cm). While osmo priming with PEG-6000 resulted 
in (14.3 cm) shoot length. Control (dry seeds) 
resulted in less shoot length (6.5 cm). Among 
different priming durations 12 hours seeds priming 
resulted in higher (15.0 cm) shoot length while 
less value of shoot length was produced by 6 
hours priming (13.7 cm). 

Shoot fresh weight 
Analysis of data revealed that shoot fresh 

weight was significantly affected by priming 
techniques and duration (Table 3). Interaction 
between priming techniques and durations was 
found significant. Among different priming 
techniques solid matrix priming with press mud 
resulted (0.95 g) higher shoot fresh weight 
followed by osmo priming with PEG-6000 (0.14 g). 
Halo priming resulted with CaCl2 (0.13 g) shoot 
fresh weight. Control (Dry seeds) resulted in (0.07 
g) less shoot fresh weight. Among different 
priming durations 12 hours seeds priming resulted 
in more shoot fresh weight (0.32 g) which 
statistically similar with 6 hours (0.32 g). 

Shoot dry weight 
Analysis of the data revealed that shoot dry 

weight was significantly affected by priming 
techniques and durations (Table 3). Interaction 
between priming techniques and durations was 
found also significant. Among different priming 
techniques solid matrix priming with press mud 
resulted in (0.03g) higher shoot dry weight 
followed by halo priming with CaCl2 (0.02 g) which 
was statistically similar to osmo priming with PEG-
6000 (0.02 g). Control (dry seeds) recorded in 
less shoot dry weight (0.01g). Among priming 
durations 12 hours priming resulted (0.03 g) 
higher shoot dry weight while 6 hours priming 
resulted in (0.02 g) less shoot dry weight. 
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Table 1: Mean germination time (days), time taken to 50 % (days) emergence and germination (%) 

as affect by different priming techniques and priming durations. 
Priming 

Techniques 
Time taken to 50% emergence 

Control 
 

4 a 2 a 61.66 c 

Halo Priming 2 c 1 b 81.66 b 

Osmo Priming 2 c 1 b 85.83 a 

Matrix Priming 3 b 1 b 78.33 b 

LSD (0.05 ) 0.35 0.55 1.62 

Duration 
    

6 Hours 
 

3 a 2 a 74.00 B 

12 Hours 
 

2 b 1 b 80.00 A 

LSD (0.05 ) 0.24 0.39 1.14 

Interaction (PxD) NS NS NS 

 
Table 2: Germination index, root length (cm) and shoot length (cm) as affect by different     

priming techniques and priming durations. 

Priming Techniques Germination index Root Length (cm) 

Control 
 

18.1 d 9.9 b 6.5 c 

Halo Priming 33.7 b 13.8 a 14.3 a 

Osmo Priming 39.2 a 14.1 a 10.1 b 

Matrix Priming 30.1 c 15.3 a 14.6 a 

LSD (0.05) 1.6 2.6 2.4 

Duration 
  

 
 

6 Hours 
 

29.1 b 10.1 b 13.7 b 

12 Hours 
 

31.4 a 13.1 a 15.0 a 

LSD (0.05) 1.14 1.88 1.7 

Interaction (P x D) NS NS NS 

 
Table 3:Shoot fresh weight (g), shoot dry weight (g), root fresh weight (g) and shoot dry weight (g) 

as affect by different priming techniques and priming durations. 
 

Priming Techniques 
Shoot Fresh 
 Weight (g) 

Shoot Dry  
Weight (g) 

Root Fresh  
Weight (g) 

Root Dry Weight (g) 

Control 
 

0.07 d 0.01 b 0.05 b 0.02 c 

Halo Priming 0.13 c 0.02 c 0.07 b 0.03 b 

Osmo Priming 0.14 b 0.02 d 0.22 ab 0.03 b 

Matrix Priming 0.95 a 0.03 a 0.40 a 0.12 a 

LSD(0.05) 
 

0.009 0.00 0.3 0.005 

Duration 
     

6 Hours 
 

0.32 a 0.02 b 0.06 b 0.02 b 

12 Hours 
 

0.32 a 0.03 a 0.30 a 0.08 a 

LSD(0.05) 
 

0.006 0.00 0.21 0.0003 

Interaction (PxD) *** *** NS *** 
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Root fresh weight 
 Analysis of data revealed that root fresh 

weight was greatly affected by priming techniques 
and durations (Table 3). Interaction between 
priming techniques and durations was found non-
significant. Among the priming techniques solid 
matrix priming with press mud was resulted in 
(0.40 g) higher root fresh weight followed by osmo 
priming with PEG-6000 (0.22 g). Halo priming with 
CaCl2 resulted in (0.07 g) value for root fresh 
weight. Control (dry seeds) resulted in (0.05) less 
value for root fresh weight. Among priming 
different durations 12 hours seeds priming 
resulted in (0.30 g) higher value of root fresh 
weight while 6 hours seeds priming resulted in 
(0.06 g) less value of root fresh weight. 

Root dry weight 
 Analysis of data revealed that root dry 

weight was significantly affected by priming 
techniques and durations (Table 3). Interaction 
between priming techniques and durations was 
also found significant. Among different priming 
techniques solid matrix priming with press mud 
was resulted in (0.12 g) higher root dry weight 
followed by osmo priming with PEG-6000 (0.03 g) 
which was statistically similar with halo priming 
with CaCl2 (0.03 g). Control (dry seeds) recorded 
in less root dry weight (0.02 g). Among the 
priming durations 12 hours seeds priming resulted 
in (0.08 g) higher value of root dry weight while 6 
hours seeds priming resulted in (0.02 g) less 
value of root dry weight. 

DISCUSSION 
Analysis of variance revealed that different 

seed priming techniques and durations had 
significantly affected germination %. Mean 
germination time (MGT) was significantly affected 
by different seed invigoration techniques and 
durations. The minimum days to germination were 
recorded in the halo priming which was 
statistically similar to halo priming. El- Sanatawy 
et al (2021) exhibited that halo priming with NaCl 
reduced mean germination time by speeding the 
process of germination. Bakht et al (2011) exhibit 
that halo priming with NaCl decreased 
germination time as compared to other priming 
techniques. Among priming duration 12 hours of 
seed priming reduced the days to germination 
while seed treated for 6 hours increase days to 
germination. Khan et al, (2017) conform our result 
he stated that hormonal priming with GA3 and 
osmo priming with PEG-6000 for 24 hours gave 

faster and earlier germination followed by hydro 
priming. Karmore et al. (2015) also indicated that 
seed priming for 24 hours caused significant 
reduction in the time to 50% emergence which 
took mean minimum germination time compared 
to untreated seeds.   

Analysis of variance revealed that that time 
taken to 50% emergence was significantly 
affected by priming techniques and duration. 
Among priming techniques control resulted higher 
time taken to 50% emergence time. Osmo priming 
resulted minimum time which is statistically similar 
to halo priming and matrix priming.A significant 
reduction in emergence time and enhancement in 
final germination may be due to fact that seed 
priming activate biochemical changes such as 
hydrolysis, activation of enzymes and breaking of 
dormancy in the seed (Aziza et al. 2004; Farooq 
et al. 2010). Al-Karaki (1998) recorded that osmo 
priming reduce time taken to 50% emergence. 
Hojat et al. (2009) recorded that osmo priming 
with PEG-8000 resulted minimum time taken to 
50% emergence. Among priming techniques 6 
hours priming took more time to time taken 50% 
emergence while seed treated for 12 hours took 
less time to 50% emergence. Karmore et al ., 
(2015) also indicated that seed priming for 24 
hours caused significant reduction in the time 50% 
emergence which took mean minimum 
germination time compared to untreated seeds. 

Analysis of variance revealed that final 
emergence % was significantly affected by 
priming techniques and durations. Interaction was 
found non-significant.Among priming techniques 
osmo priming resulted higher final emergence % 
while control least final emergence % as 
compared to matrix priming and halo priming. The 
reason could be that due PEG-6000 the cell 
division in the grain is speed up due to which 
germination percentage increased. Our results are 
in line with Ghayasi et al (2008) who recorded that 
germination % enhanced with osmo priming with 
PEG-6000. Lemmens et al (2019) revealed that 
osmo priming with PEG-6000 enhanced 
germination percentage of seed. Singh et al 
(2012) recorded similar results that osmo priming 
enhanced final germination of sorghum. Among 
priming techniques seed treated for 12 hours 
increased final emergence while seed treated for 
6 hours reduced final emergence. The higher 
emergence percentage may be because of 
hydration of colloids, higher viscosity and elasticity 
of protoplasm, offer an increase in bound water 
content, lower water deficit and increased 
metabolic activity (Ghassimi et al. 2008). A 
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significant reduction in emergence time and 
enhancement in final emergence may be due to 
the fact that seed priming stimulates an array of 
biochemical changes such as hydrolysis, 
activation of enzymes and dormancy breaking in 
the seed (Aziza et al. 2004; Farooq et al. 2010), 
which are requisite to initiate the germination 
process.  

Germination index was significantly affected 
by different seed enhancement treatments and 
durations. The higher germination index was 
recorded in osmo priming whereas lower 
germination index was noted in control. The 
possible reason could be that seed priming 
resulted increase in anti-oxidant as glutathione 
and ascorbate in seed. Singh et al. (2012) 
revealed that osmo priming improved germination 
index of wheat crop. Our consequences are in line 
with Sadeghi et al. (2011) who noted that 
germination index of seed increased osmo 
priming with PEG-6000. Among different priming 
duration maximum germination index was 
recorded in 12 hours while the least germination 
index was recorded in 6 hours. The possible 
reason for improvement in germination % and 
germination index by hormonal priming and osmo 
priming for 24 hours may be due to greater 
hydration of colloids higher viscosity and elasticity 
of protoplasm, offer an increased in bound water 
content, lower water deficit and increased 
metabolic activity (Tariq et al. 2017). Dezfuli et al. 
(2008) also stated that different seed 
enhancement techniques positively affected the 
germination index, vigor index and final 
emergence of maize hybrid in a laboratory based 
experiment. Sadeghi et al. (2011) noted that 12 
hours priming with PEG-6000 enhanced 
germination index. 

The root is the most important parameter 
because the root direct absorb water from the soil. 
Root of the priming wheat was positively affected 
by different priming techniques and durations. 
Matrix priming significantly increased root length, 
while lowest root length was recorded in control. 
The possible reason could be that press mud 
contain macronutrient specially phosphorus which 
increase root length.  Irfan et al (2002) recorded 
that seed priming with press mud promote root 
length. Rawat et al (2020) reported that root 
length increased with priming with press mud. 
Among priming duration shorter root length was 
recorded in 12 hours priming, whereas higher root 
length was noticed in 6 hours. Karmore et al. 
(2015) stated that root and shoot length were 
positively affected by seed priming techniques 

compared to untreated seed.  
Shoot is the most important parameter 

because it supplies water to the rest of the plant. 
Shoot length of the priming wheat was positively 
affected by different seed priming techniques and 
durations. Matrix priming significantly increased 
shoot length, while halo priming significantly 
reduced the shoot length. It may be because of 
press mud which is a rich source of macro and 
micro nutrients availability. Irfan et al (2002) 
exhibit that seed treatment with press mud 
enhanced wheat shoot length. Among priming 
durations seed treated for 6 hours resulted higher 
shoot length, whereas seed treated for 12 hours 
resulted shorter shoot length. Karmore et al. 
(2015) stated that root and shoot length were 
positively affected by seed priming techniques 
compared to untreated seed. Improved seedling 
growth by hormonal priming with SA may be 
attributed to increase cell division within the apical 
meristem and regulate plant growth through 
enhanced cell enlargement and cell division within 
the growing seedlings (Vanacker et al. 2001; 
Rehman et al .,2015;). 

Analysis of variance revealed that shoot fresh 
weight was significant affected by priming 
techniques and duration. Interaction was found 
significant. Matrix priming significantly increased 
shoot fresh weight, while halo priming reduced 
significantly shoot fresh weight. Our results are 
supported by Budiyanto (2021) who reported that 
matrix priming with press mud in combination with 
potassium increased fresh weight of wheat shoot. 
Among priming durations shoot fresh weight for 
12 hours priming seeds was statistically similar to 
shoot fresh weight of 6 hours priming seeds. 
These results are supported by Afzal et al. (2005) 
who found that seed priming treatments 
considerably enhanced fresh seedling weight. Our 
results are also in lined with Mirmazloum et al. 
(2020) who reported that 12 hours priming 
enhanced shoot dry weight. 

Analysis of variance revealed that shoot dry 
weight was significantly affected by priming 
techniques and duration. Interaction was found 
significant. Matrix priming increased shoot dry 
weight and osmo priming significantly reduced 
shoot dry weight. Halo priming and control were 
statistically similar. The possible reason could be 
that press mud priming techniques increased the 
availability of P, K and Ca contents for crops like 
maize and wheat which help to improve growth 
and yield. Our outcomes are in line with Budiyanto 
(2021) that press mud significantly promote shoot 
dry weight. Halifah et al (2014) reported that 
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sugarcane press mud enhanced plant biomass 
weight. Among priming durations seed for 12 
hours priming showed increased in shoot dry 
weight, while seed for 6 hours priming showed 
decreased in shoot dry weight. Higher dry weight 
of seedlings and more shoot length was earlier 
reported by priming with CaCl2 for 12 hours 
(Farooq et al. 2008) which might be due to 
emergence of seedlings. Improved seedling FW 
might be due to increased cell division within the 
apical meristem of seedling roots, which cause an 
increased in plant growth, which resulted in early 
stand establishment (Farooq et al. 2007)and  
(Basra et al. 2003) reported that matrix priming 
with press mud for 24 hours enhanced shoots dry 
weight.  

Analysis of variance revealed that root fresh 
weight was significantly affected by priming 
techniques and durations. Matrix priming was 
significantly resulted higher value of root fresh 
weight and control was resulted lower value of 
root fresh weight. This could be due to availability 
of phosphorus, organic carbon, NPK and other 
micronutrients. Our results are supported by Niazi 
et al. (2015) that press mud in combination with 
PSB enhanced root fresh weight. Rawat et al 
(2021) revealed that root fresh weight enhanced 
with press mud priming. Among priming durations 
seed for 12 hours priming showed significantly 
increased in root fresh weight, whereas seed for 6 
hours priming showed decreased for root fresh 
weight. Mahmooda et al. (2015) exhibit that root 
fresh weight improved with increasing priming 
time up to 24 hours. 

Analysis of variance revealed that root dry 
weight was significantly affected by priming 
techniques and durations. Matrix priming 
significantly increased value of root dry weight 
and halo priming resulted lower value of root dry 
weight, which was statistically similar to osmo 
priming. This might be due the press mud 
because it is a rich source of nutrients supply. Our 
consequences are in line with Niazi et al. (2015) 
who recorded that application of press mud in 
combination with PSB enhanced root dry weight. 
Rawat et al (2021) reported similar results that 
press mud treated seeds increase root dry weight. 
Among priming durations 12 hours priming 
resulted higher value of root dry weight while 6 
hours priming resulted lower weight of root dry 
weight. Higher dry weight of seedlings and more 
shoot length was earlier reported by priming with 
CaCl2 (Farooq et al. 2008) which might be due to 
early emergence of seedlings. Mahmooda et al. 
(2015) reported that root dry weight increased 

with increasing priming time. 

CONCLUSION 
It was concluded from the above results that 

osmo priming with PEG-6000 and solid matrix 
priming with press mud for 12 hours is 
recommended for obtaining higher germination 
and crop growth. 
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