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Abstract  

The experiment was conducted at the research field of Regional Agricultural 

Research Station, Jessore during two consecutive rabi seasons of 2008-2009 and 

2009-2010 to find out the effect of hydropriming on the performance of maize 

seeds under variable soil moisture regimes. The treatments of the experiment 

were two priming methods viz., i) Hydropriming, ii) Non-priming and four 

moisture regimes viz., i) Wet condition, ii) Field capacity, iii) 75% of field 

capacity, and iv) 50% of field capacity. Results showed that yield and yield 

contributing characters (plant population/m
2
, number of cobs/m

2
, length of cob, 

diameter of cob, 100-grain weight) were influenced significantly by 

hydropriming. Yield and yield contributing characters were highest when 

hydroprimed seeds were sown at field capacity whereas it was the lowest at 75% 

of field capacity from non- primed seeds. Days to tasseling, days to silking, and 

days to maturity were reduced when hydroprimed seeds were sown at field 

capacity. At 50% of field capacity, no germination was occurred. 
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introduction 

Maize (Zea mays L.) is one of the most important food grains of the world. In 
Bangladesh, maize ranks third in respect of total acreage after rice and wheat but 
ranks first in respect of average yield which was 5.30 t/ha (BBS, 2010). Maize is 
the most popular and palatable feed for all kinds of livestock and poultry birds all 
over the world (Hossain and Shahjahan, 2007). Good seedling establishment is 
an important prerequisite for successful crop production (Harris et al., 1999) and 

this is particularly true for crops, such as maize which do not have the capacity to 
adjust to sub-optimal stand by tillering (Finch Savage et al., 2004). From seed 
sowing to seedling establishment, seeds are exposed to a wide range of 
environmental factors that adversely affect germination performance. Constraints 
to good establishment of crops include low seed quality, lack of soil moisture, 
temperature extremities, soil salinity, poor seed bed preparation, weed 

competition, extreme disease pressure, etc. (Townend et al., 1996). Water stress 
is one of the major environmental constraints that limit crop productivity 
worldwide (Araus et al., 2002). It affects every aspect of plant growth (Rahman 
et al., 2004). Water stress has been found to reduce leaf area, photosynthesis, leaf 
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chlorophyll contents and consequently grain yield (Jun-Chen and Dai-Junying 
1996). When seeds are sown, they have to absorb water from the soil which takes 

a long time before they germinate. If this time could be reduced by soaking the 
seeds before they are sown, germination happens more quickly resulting in a 
healthier crop. Seed priming can be a simple solution towards expected stand 
establishment (Harris et al., 2001). Seed priming is a process in which seeds are 
imbibed in water or osmotic solutions followed by drying before radical 
emergence (McDonald, 2000). Heydecker et al. (1973) defined osmotic seed 

priming as a pre-sowing treatment in an osmotic solution that allows seeds to 
imbibe water to proceed to the first stage of germination but prevent radicle 
protrusion through the seed coat. Harris et al. (1999) promoted a low cost, low 
risk technology called ‘on-farm seed priming’ that would be appropriate for all 
farmers, irrespective of their socio-economic status. On-farm seed priming 
involves soaking the seed in water, surface drying and sowing the same day. 

Hydropriming is being used to reduce the germination time to get synchronized 
germination, improve germination rate and better seedling in many crops, such as 
maize, soybean, wheat, lentil, chickpea, mungbean, cowpea, etc. (Singh, 1995). 
Maize is one of the important cereal crops of Bangladesh which can be produced 
successfully by priming seed at low moisture content of soil after harvesting 
transplant aman rice. Although quite a good number of works have been done on 

seed priming of maize in abroad but under Bangladesh condition, such works are 
a few. So, it is necessary to study the effects of seed priming in plant stand 
establishment and yield performance of maize. Therefore, the present study was 
undertaken to find out the effect of hydropriming on the performance of maize 
under variable soil moisture regimes at field condition. 

Materials and Method 

The experiment was conducted at the research field of Regional Agricultural 
Research Station, Jessore during two consecutive rabi seasons of 2008-09 and 
2009-10. The experimental site belongs to the High Ganges River Floodplain 
soil. The soil is characterized by sandy loam to silty clay loam with pH value of 
7.0-8.0. Organic matter, total N, and K of the soil were 1.68%, 0.087%, and    
0.20 meq/100g soil, respectively, and P, S, Zn, and B were 5.09, 20.20, 2.80, and 

0.32 µg/g soil, respectively. The maximum and minimum average temperatures 
were 35 and 16 

0
C in the month of April and December, respectively, during 

2008-09 to 2009-10. The total rainfalls were 1222.60 and 827.70 mm in 2008-09 
and 2009-10, respectively. There was no rainfall in the month of November to 
January during 2008-09 to 2009-10. Monthly average relative humidity ranged 
from 88.62 to 95.87% in 2008-09 and 90.27 to 95.63% in 2009-10. The 

experiment includes two priming methods viz., i) Hydropriming, ii) Non-
priming, and four moisture regimes viz., i) wet condition, ii) field capacity, iii) 
75% of field capacity, and iv) 50% of field capacity. The experiment was laid out 
in a split plot design with four replications. Moisture regime was assigned as 
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main plot and priming methods as sub-plot. Maize (var. BARI Hybrid Maize-5) 
seeds were taken in plastic bowls and submerged with distilled water for 18 

hours. Then seeds were washed under tap water for several times and surface 
dried for two hours under shade. The field capacity of the experimental field was 
determined by field method (Misra and Ahmed, 1993). Moisture content of the 
soil at field capacity was 26%. Therefore, the field capacity, 75% of FC and 50% 
of FC were created in different plots by adding water using the following formula 
(Michael, 1978): 

Volume of water (Litre) =  
100

moisture% soil initial  moisture% soil Desirable
× 

Bulk density×Depth of soil (cm) ×Area (cm
2
). 

Wet condition was created by flood irrigation. At wet condition, soil become 
over saturated and the moisture content of soil was 30%. Seeds were sown in 

well prepared plots at 2 cm depth in soil on 25 November in 2008 and 27 
November in 2009 maintaining 75 cm × 20 cm spacing. Fertilizers were applied 
at the rate of 230-48-90-43-3.5-1 kg/ha

 
in the form of N-P-K-S-Zn, and B (BARI, 

2006). One-third of urea and all other fertilizers were applied as basal during 
final land preparation. The rest amount of urea was applied in two splits at 30 and 
50 days after sowing (DAS) (BARI, 2004). Two hand weedings were done at 20 

and 40 days after sowing (DAS) for minimizing weed competition. Earthing-up 
was done at 50 DAS after second irrigation. First irrigation was applied at 30 
DAS and other three irrigations were given at 50, 75, and 100 DAS. Maize was 
harvested from the central area of 8.1 m

2
 of each plot (3.75m × 4m) excluding 

border lines for measuring yield contributing characters and yield. Harvested 
cobs were husked and sun dried. Then these were shelled by electric power 

driven corn sheller followed by cleaning and winnowing. Data on plant 
population/m

2
, days to tasseling, days to silking, days to maturity, number of 

cobs/m
2
, length of cob, diameter of cob, 100-grain weight, yield/ha, stover yield, 

and harvest index were recorded.  

All the data of two years were pooled and subjected to statistical analysis 
using ANOVA technique through computer based statistical package programme 

MSTATC (Gomez and Gomez, 1984). Mean comparison was done by Duncun’s 
Multiple Range Test (DMRT) at 5% level.  

Results 

Effect of priming 

Plant population/m
2
, days to tasseling, days to silking and days to maturity varied 

significantly due to seed priming (Table 1). Hydroprimed seeds exhibited higher 

plant population/m
2
 (5.23) than that of non-primed seeds (4.72). Lower days to 

tasseling (102 day), days to silking (105 day), and days to maturity (141 day) were 

obtained from hydroprimed seeds whereas the corresponding higher values were 



508 AHAMMAD et al. 

106, 109, and 145 days, respectively, from non-primed seeds. Number of cobs/m
2
, 

cob length, cob diameter, grains/cob, 100-grain weight, grain yield, stover yield, and 

harvest index of maize were influenced significantly due to seed priming (Table 2). 

Higher cob number/m
2
 (5.97), cob length (18.89 cm), cob diameter (4.50 cm), 

grains/cob
 
(581.02), 100-grain weight (31.90 g), grain yield (10.84 t/ha), stover yield 

(11.68 t/ha), and harvest index (48.13 %) were found from hydroprimed seeds and 

the corresponding lower values were 5.31, 18.30 cm, 4.13 cm, 515.32, 31.07g, 9.80 

t/ha, 11.02 t/ha and 47.05%, respectively, from non-primed seeds. 

Effect of soil moisture regimes 

Plant population/m
2
, days to tasseling, days to silking, and days to maturity varied 

significantly due to soil moisture (Table 1). The highest plant population/m
2
 (5.28) 

was obtained from seeds sown at field capacity followed by wet condition (5.05) 
and the lowest (4.60) at 75% of field capacity. The minimum number of days to 
tasseling (103 day), days to silking (106 day), and days to maturity (142 day) were 
obtained at field capacity followed by wet condition and the corresponding highest 
values were 105, 107, and 144 days, respectively, at 75% of field capacity. Number 
of cobs/m

2
, cob length, cob diameter, grains/cob, 100-grain weight, grain yield, 

stover yield, and harvest index of maize were influenced significantly due to soil 
moisture (Table 2). The highest number of cobs/m

2
 (5.92), cob length (18.89 cm), 

cob diameter (4.44 cm), grains/cob
 
(568.60),  100-grain weight (31.75 g), grain 

yield (10.74 t/ha), stover yield (11.64 t/ha), and harvest index (47.97 %) were 
obtained at field capacity followed by wet condition and the corresponding lowest 
values were 5.47, 18.37 cm, 4.18 cm, 527.16, 31.17g, 9.80 t/ha, 11.06 t/ha, and 
46.96 at 75% of field capacity. All parameters showed zero value at 50% of field 
capacity for no germination occurred. 

Table 1. Effect of seed priming and moisture regimes on the yield contributing 

characters of maize (pooled data of 2008-09 and 2009-10). 

Treatments 
Plant population 

m
-2 

(no) 

Days to 

tasseling 

Days to 

silking 

Days to 

maturity 

Seed priming 

Hydropriming 5.23 a 102 a 105 a 141 a 

Non priming 4.72 b 106 b 109 b 145 b 

S x  0.017 0.218 0.167 0.136 

Moisture regimes 

Wet condition 5.05 b 104 b 107 b 143 b 

Field capacity  5.28 a 103 c 106 c 142 b 

75% of FC 4.60 c 105 a 108 a 144 a 

50% of FC - - - - 

S x  0.025 0.118 0.144 0.363 

CV (%) 1.15 0.73 0.54 0.33 

Figures with similar letter(s) or without letter in a column do not differ significantly 

whereas figures with dissimilar letter(s) differ significantly at 0.05 level of probability as 

per DMRT,   -  = No germination 
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Table 2. Effect of seed priming and moisture regimes on the yield contributing 

characters and yield of maize (pooled data of 2008-09 and 2009-10). 

Treatments 

Cobs/  

m2 

(no.) 

Cob size (cm) Grains/ 

cob 

(no) 

100-

grain 

wt(g) 

Grain 

yield 

(t/ha) 

Stover 

yield 

(t/ha) 

Harvest 

index 

(%) 
Length Diameter 

Seed priming 

Hydropriming 5.97 a 18.89 a 4.50 a 581.02 a 31.90 a 10.84 a 11.68 a 48.13 a 

Non-priming 5.31 b 18.30 b 4.13 b 515.32 b 31.07 b   9.80 b 11.02 b 47.05 b 

S x  0.045 0.084 0.026 1.912 0.049 0.042 0.041 0.071 

Moisture regimes 

Wet condition 5.53 b 18.52 b 4.34 b 548.74 b 31.53 a 10.41 b 11.34 b 47.84 a 

Field capacity  5.92 a 18.89 a 4.44 a 568.60 a 31.75 a 10.74 a 11.64 a 47.97 a 

75% of FC 5.47 b 18.37 b 4.18 c 527.16 c 31.17 b 9.80 c 11.06 c 46.96 b 

50% of FC - - - - - - - - 

S x  0.057 0.096 0.025 2.276 0.068 0.080 0.079 0.092 

CV (%) 2.73 1.57 2.08 1.21 0.53 1.42 1.26 0.52 

Figures with similar letter(s) or without letter in a column do not differ significantly 

whereas figures with dissimilar letter(s) differ significantly at 0.05 level of probability as 

per DMRT,   -  = No germination 

Interaction effect of priming and soil moisture regimes 

Plant population/m
2
, number of cobs/m

2
, cob diameter, grains/cob, 100-grain 

weight, grain yield of maize were influenced significantly due to interaction of 

seed priming and soil moisture (Table 3).  The highest plant population/m
2
 (5.54) 

was obtained at field capacity with hydroprimed seeds and the lowest (4.29) from 

non-primed seeds sown at 75% of field capacity. Plant population at field capacity 

with hydroprimed seeds was 10 and 29% higher than that of non-primed seeds 

sown at field capacity and 75% of field capacity, respectively. The highest number 

of cobs/m
2
 (6.34), cob diameter (4.63 cm), number of grains/cob

 
(606.28), 100-

grain weight (32.24 g) occurred at field capacity with hydroprimed seeds and these 

were lowest with non-primed seeds at 75% of field capacity. Grain yield of maize 

was affected significantly by the interaction effect of seed priming and soil 

moisture (Table 3). The highest grain yield (11.21 t/ha) was obtained from sowing 

at field capacity with hydroprimed seeds and the lowest (9.22 t/ha) from non-

primed seeds sown at 75% of field capacity. Hydroprimed seeds sown at field 

capacity showed 9 and 22% higher grain yield than the non- primed seeds sown at 

field capacity and at 75% of field capacity respectively. Cob length, stover yield, 

and harvest index of maize showed insignificant variation due to interaction of seed 

priming and soil moisture (Table 3).  However, the highest cob length (19.15 cm), 

stover yield (11.87 t/ha), and harvest index (48.56 %) were observed at field 

capacity with hydroprimed seeds and the lowest of those were with non-primed 

seeds sown at 75% of field capacity.  
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Table 3. Interaction effect of seed priming and moisture regimes on the yield contributing characters and yield of maize (pooled 

data of 2008-09 and 2009-10). 

Interaction of 

seed priming and 

moisture regimes 

Plant 

population/ 

m
2 
(no) 

Cobs/m
2
 

(no.) 

Cob size (cm) Grains/ 

cob 

(no.) 

100-grain 

wt (g) 

Grain 

yield 

(t/ha) 

Stover 

yield 

(t/ha) 

Harvest 

index (%) Length Diameter 

M1P1 5.24 b 5.73 bc 18.88  4.58 a 586.32 b 31.95 b 10.92 b 11.71  48.25  

M1P2 4.86 d 5.33 de 18.17  4.10 c 511.16 e 31.11 d 9.90 d 10.98  47.42  

M2P1 5.54 a 6.34 a 19.15  4.63 a 606.28 a 32.24 a 11.21 a 11.87  48.56  

M2P2 5.02 c 5.49 cd 18.63  4.25 b 530.92 d 31.26 d 10.27 c 11.41  47.38 

M3P1 4.90 d 5.84 b 18.65  4.30 b 550.45 c 31.51 c 10.39 c 11.44  47.59  

M3P2 4.29 e 5.11 e 18.10  4.05 c 503.88 e 30.84 e 9.22 e 10.67  46.34  

M4 P1 - - - - - - - - - 

M4P2 - - - - - - - - - 

S x  0.029 0.077 0.146 0.045 3.311 0.073 0.064 0.071 0.123 

CV (%) 1.15 2.73 1.57 2.08 1.21 0.62 1.64 1.26 0.60 

Figures with similar letter(s) or without letter in a column do not differ significantly whereas figures with dissimilar letter(s) differ 

significantly at 0.05 level of probability as per DMRT. M1 = Wet condition, M2 = Field capacity, M3 = 75% of field capacity, M4 = 50% 

of field Capacity, P1 = Hydropriming, P2 = Non-priming,   -  = No germination. 
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Discussion 

Performance of hydroprimed seeds was tested at field condition at different 

levels of moisture in the experiment. The results showed that primed seed gave 

higher population than non-primed seeds at all soil moisture levels. Thus seed 

priming improves population both at optimum and sub-optimal moisture 

environments. Seed priming plays a vital role for increasing emergence and stand 

establishment. So, the plant population of maize increased with primed seed. 

Similar results were also found in maize by Harris et al. (2001) and Finch-Savage 

et al. (2004).   

Hydroprimed seeds sown at field capacity exhibited the highest population 

whereas seeds sown in the soil having higher or lower moisture than field 

capacity showed lower population. Primed seeds can improve germination rate 

and emergence particularly under adverse seed bed conditions and at optimum 

condition it shows better performance. Therefore, hydroprimed seed sown at field 

capacity exhibited the highest population. Aboyami and Adeyini (2005) found 

similar results in maize. These results are also in line with the findings of Lobato 

et al. (2008).  

Hydroprimed seeds required shorter time to complete different phenological 

stages, such as days to tasseling, days to silking, and days to maturity than non-

primed seeds at every level of soil moisture under the study. Seed priming 

reduces seedling germination time and contributes to earlier flowering and earlier 

maturity. So, phenological stages of maize reduced by hydroprimed seed at every 

level of moisture condition. Similar results were found by Harris et al. (2001) 

who stated that hydroprimed seeds reduced phenological stages comparing with 

non-primed seeds. Phenological stages of maize were lowest from hydroprimed 

seeds sown at field capacity whereas these were highest at lower or higher soil 

moisture level than field capacity.  

Seed priming and soil moisture regime interacted significantly for yield 

performance and other plant parameters. Hydroprimed seeds gave higher number 

of cob/m
2
,
 
cob length, cob diameter, grains/cob,1000-grain weight, grain yield 

(t/ha), stover yield (t/ha) and harvest index at different levels of moisture 

compared to non-primed seed. Some metabolic and physiological changes occur 

in the primed seeds which are helpful for faster embryo growth. Moreover, seed 

priming recommended for earlier DNA replication, increased RNA and protein 

synthesis, greater ATP availability, repair of deteriorated seed parts and reduced 

leakage of metabolites. Primed seeds are capable of improving germination rate 

and increasing stand establishment under adverse seed bed conditions, such as 

low temperature and moisture, metric stress and heat. As a result, grain yield and 

other yield contributing characters of maize also increased positively by 

hydroprimed seeds at every level of moisture condition. These results are at par 
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with the findings of Rashid et al. (2004) and Casenave and Toseli (2007). Similar 

results were also found by Saif et al. (2003) and Mohammadkhani and Heidari 

(2008). 

Conclusion 

The present study revealed that hydroprimed seeds of maize showed better 

performance than non-primed seeds either at optimum condition or even at 

stressful field environment. Hydroprimed seeds sown in the field at field capacity 

showed the best performance of maize.  So, seed priming could be used as a tool 

to improve yield performance of maize.  
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