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Abstract: Terminal moisture stress is one of the major problems constraining rain-fed lowland rice production in north-

western Ethiopia. A field experiment was conducted in 2010 and 2011 at Fogera plains to study the effect of hydro-priming 

and pre-germinating rice seed on the yield and response of the crop to terminal moisture stress. A factorial combination of 

eight seed treatments and three sowing times were studied in RCB design with three replications. Data on crop phenology, 

shoot biomass, leaf area, number of productive and unproductive tillers, filled and unfilled spikeletes, plant height, biomass 

yield, thousand seed weight, and grain yield were collected and analyzed. The results revealed that planting pre-germinated 

seeds as well as seeds soaked and dried for 24 hrs at the local (farmers’) sowing time resulted in significantly earlier seedl-

ing emergence, heading, and maturity.  Higher numbers of productive tillers, filled spikeletes, leaf area index, crop growth 

rate, net assimilation rate, grain yield, biomass yield, and harvest index were recorded in response to planting pre-

germinated seeds followed by seeds soaked and dried for 24 hrs at farmers’ sowing time. The present study concluded that 

planting pre-germinated seeds or hydro-primed seeds soaked and dried for 24 hrs could be practiced as the first and second 

best alternatives for rice production on Fogera plains in northwestern Ethiopia. 
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1. Introduction 

Rice (Oryza sativa L.) is one of the most important food 

cereal crops in the world. The crop is a staple food for near-

ly half of the world’s population. It is mostly grown in low-

lands under full irrigation or rain-fed conditions. Rain-fed 

lowland rice occupies approximately 35% of global rice 

area [1]. Most rain-fed lowlands are frequently constrained 

by drought [2]. Moisture stress during the latter rice growth 

phases appears to affect pollination, fertilization and grain 

filling. To curb the challenges of terminal moisture stress, 

establishment of irrigation facilities and rainwater harvest-

ing as well as developing drought-tolerant and short dura-

tion crop varieties are useful remedial measures [2]. Ac-

cording to Ceesay [3] and Hassanein et al. [4], seed priming 

and pre-germination are agronomic techniques that could 

enable the crop to give higher yields under terminal mois-

ture stress conditions. Pre-germinated and primed seeds 

generally induce the establishment of more rapid and vig-

orous rice seedling and earlier flowering and maturity of 

the crop than dry seeds [5]. Early flowering and maturity 

allow the crop to escape terminal drought [5]. 

Pre-germination is a pre-sowing process whereby rice 

seeds are soaked in water for some time and taken out to 

remain incubated in a moist shaded place until the seed 

starts germinating [6]. The  pre-germinated seeds sprout 

more quickly compared to dry seed thereby reducing the 

time of exposure to different environmental stresses that 

may affect seedling development. In Ethiopia, Tilahun et al. 

[7] recommended 48-hour soaking and one day incubation 

for rice. Pre-germinated seeds need to be planted imme-
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diately in a moist soil. In a tropical climate, moisture stress 

at planting could result in poor [6]. Under such conditions, 

seed priming might work better [6]. In seed priming, seeds 

are partially hydrated to a point where germination-related 

metabolic processes begin but just prior to germination 

where radicle emergence does not occur [8]. After priming, 

seeds are air-dried back near to the original weight [8]. Ac-

cording to Farooq et al. [8], seeds can be primed using dif-

ferent media such as tap water (hydro-priming), low water 

potential solutions (osmo-priming) such as polyethylene 

glycol or salt solutions (KNO3, KCl, MgSO4, CaCl2 and 

NaCl), solid matrix (matri-priming), and plant growth regu-

lators (hormonal priming). Harris et al. [9] indicated that 

hydro-priming is the best option for smallholder farmers in 

developing countries since it is a low cost and low risk in-

tervention. 

Seeds that underwent priming increased their total sugar 

and α-amylase activity and exhibited earlier initiation of 

protein, RNA, and DNA synthetic activity. Consequently, 

when the seed is set out for germination, cellular events are 

much advanced [10]. Primed seeds behave as dry seeds if 

sowing is delayed or seedbed conditions are suboptimal 

[10]. Hydro-primed rice seeds stored for one month under 

ambient storage conditions were found to retain the ability 

for increased germination rates. Primed seeds would not 

germinate until they have taken up additional water from a 

moist seedbed whereas pre-germinated seeds would contin-

ue germinating regardless of external soil moisture condi-

tions [9,10]. Success of seed priming is influenced by the 

duration of priming until the optimum hours. For every 

crop species, there is a `safe limit', the maximum length of 

time, if exceeded, could lead to seed damage [10]. Thakur 

et al. [6] recommended 15 to 18 hours hydro-priming dura-

tion for rice. On the other hand, Harris et al. [9] recom-

mended a 24-hr safe limit for rice with only minor varietal 

differences. Therefore, this study was conducted with the 

objective of assessing the effects of seed priming and seed 

pre-germination on mitigating terminal moisture stress on 

the growth and yield of rice crop. 

2. Materials and Methods 

2.1. The Study Site 

The study was conducted in Fogera plain located at 13
0 

19’ latitude, 37
0 

03’ longitude and at the altitude of 1815 

meters above sea level in northwestern Ethiopia in the 2010 

and 2011 cropping seasons. Eleven-year (2001-2011) me-

teorological data of the area indicates that in the main crop-

ping season (June-October) the area had mean annual min-

imum and maximum temperatures of 13.5
0
C and 26.1

0
C, 

respectively. The area received an annual rainfall of 1205 

mm which occurs from June to October. The soil is Vertisol 

with a clay content of 71.25%.  It is slightly acidic (pH 5.90) 

and the 20 cm soil horizon contains 0.22% total N, 12.64 

ppm available P (Olsen), 0.93 cmol (+) kg
-1

exchangeable K, 

3% organic carbon and 52.9 cmol (+) kg
-1

 CEC. According 

to Bernard [11], the total N and available P contents of the 

soil are medium while the organic matter content is low. 

According to Roy et al [12], the exchangeable potassium 

content and CEC are high. 

2.2. Experimental Design and Procedures 

Treatments comprised a factorial combination of eight 

seed treatments and three sowing dates. The experimental 

design was RCB in three replications. The eight seed treat-

ments were dry seeds (ST1, control), pre-germinated seeds 

after a 48-hour seed soaking and a 24-hour incubation 

(ST2), seeds soaked for 12 hours and dried for 24 hours 

(ST3), seeds soaked for 18 hours and dried for 24 hours 

(ST4), seeds soaked for 24 hours and dried for 24 hours 

(ST5), seeds soaked for 12 hours, dried for 24 hours, and 

then resoaked for 12 hours and dried for 24 hours (ST6), 

seeds soaked for 18 hours and dried for 24 hours and then 

resoaked for 18 hours and dried for 24 hours (ST7), and 

seeds soaked for 24 hours and dried for 24 hours and then 

re-soaked for 24 hrs and dried for one day (ST8). Seed 

soaking was done in tap water. The three sowing dates were: 

sowing two weeks before farmers’ sowing time (SD1), 

sowing one week before farmers’ sowing time (SD2), and 

sowing during farmers’ sowing time (SD3). The farmers 

sowing dates were 14-24 June in 2010 and 20-30 June in 

2011. Seeds of a rice variety, called X-Jigna, were 

broadcasted at the seed rate of 140 kg ha
-1

. Fertilizers at the 

rates of 69-23 N-P2O5 kg ha
-1

 were applied. Weeds were 

removed by hand weeding three times (at early tillering, 

maximum tillering, and booting stages). No insecticide or 

fungicide was applied since no serious insect or disease 

incidences occurred. Harvesting was done manually using 

hand sickles. Gross and net plot sizes were 3 m x 4 m and 2 

m x 3 m, respectively. 

Data on the number of days to emergence as well as on 

the number of heading and maturity were collected. Leaf 

area at heading was measured using the mathematical equa-

tion developed by Yoshida [13]: 

Leaf area (cm2) = L × W × K 

Where, L is the leaf
 
length, W is the maximum width of 

the leaf and K is a correction factor of 0.75. 

Leaf area index (LAI) was also calculated using the for-

mula of Yoshida [13]: 

LAI � 

 Sum of the leaf area of all leaves
Ground area of �ield where the leaves have been collected 

Crop Growth Rate (CGR) and Net Assimilation Rate 

(NAR) for the duration from planting to heading were 

computed using the equations developed by Hunt [14] as 

cited by Ahmad et al. [15]: 

CGR � �
� �  ∆"#

∆$ % and NAR � �
'� �  ∆"#

∆$ % 

Where, A is area of land, ∆() is change in Dry matter, 
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∆* is time variations in day, LA is total leaf area per unit 

area of land. CGR is expressed as g dry matter m-2 land 

area day-1and NAR is expressed as g dry matter m-2 leaf 

area day-1 [15]. 

Data on the number of productive and unproductive til-

lers per m-2, filled and unfilled spikeletes plant-1, plant 

height, thousand seed weight, grain yield, and aboveground 

biomass yield were collected.  Data recorded on plant basis 

were measured from 15 randomly selected plants within the 

net plot area in each plot. Grain yield was adjusted to 14% 

moisture content. Harvest index (HI) was calculated as the 

ratio of grain yield to aboveground biomass yield. The data 

were subjected to analysis of variance using SAS software 

[16]. Homogeneity of error variances was tested using F 

test as described by [17] and the F-test was not significant. 

Thus, combined analysis of the two years data was per-

formed. Differences among treatment means were deli-

neated using the least significant difference (P<0.05) test. 

3. Results 

The rainfall data indicated that in the second year of the 

experiment (2011) the crop suffered from terminal moisture 

stress since rain did not fall in September and was extreme-

ly low in October (Table 1). The total amount of rainfall 

received during the growing season of 2011 was much low-

er than the expected amount compared to the amount rain-

fall received during the remaining period of the year. 

Table 1. Ten-year (2002-2011) rainfall data (mm) for the growing season at Fogera. 

Year June July August September October Total 

2002 309.1 327.3 335.4 115.2 13.4 1100.4 

2003 245.2 301.4 404.4 292.9 9.5 1253.4 

2004 163.1 362.1 402.6 120.5 55.6 1103.9 

2005 262.1 261.8 461.6 271.3 44.6 1301.4 

2006 118.9 388.7 503.0 180.3 96.6 1287.5 

2007 167.5 232.3 425.0 346.7 7.0 1178.5 

2008 247.2 519.1 486.6 292.2 7.5 1552.6 

2009 121.8 400.5 356.5 159.4 64.0 1102.2 

2010 119.4 526.5 426.6 21.5 1.2 1095.2 

2011 71.7 394.1 341.9 0.0 9.5 817.2 

Source: National Meteorology Agency of Ethiopia, Bahir Dar Branch 

 

Days to emergence, days to heading, and days to maturi-

ty were significantly affected by the seed treatment, sowing 

date as well as by their interactions (Table 2). Seedlings 

emerged significantly earlier when pregerminated seeds 

were planted on farmers’ sowing date. This was closely 

followed by the emergence of seedlings from seeds soaked 

for 24 hrs and dried for 24 hrs that were sown in accor-

dance with farmers’ sowing time (Table 3). Emergence 

dates were reduced by about 51% and 35% with these 

treatments, respectively. Days to heading and maturity were 

also reached significantly earlier when pre-germinated 

seeds were planted according to farmers’ sowing date. This 

was also closely followed by seedlings that emerged from 

seeds that were soaked for 24 hrs and dried for the same 

duration of time with the same sowing date. Thus, the ma-

turity date of plants emerging from the pre-germinated 

seeds was earlier by about 12.8-14.1 days compared to the 

plants that grew from untreated (control plot) seeds (Tables 

3 and 4). 

Table 2. Mean square values from analysis of variance (ANOVA) for the effect of seed treatment and sowing date on the growth parameters of rice at 

Fogera plain in 2010 and 2011. 

Growth parameters 
Mean squares  

Seed treatment (ST) Sowing date (SD) ST x SD Error Mean Square 

Days to emergence 17.0* 384.0* 5.2* 1.906 

Days to heading 30.8* 1784.5* 8.1* 1.976 

Days to maturity 57.4* 1259.6* 12.6* 2.728 

Leaf area index (LAI) at heading 12.3* 15.2* 13.4* 1.249 

Crop growth rate (CGR) 954.5* 325.7* 745.1* 67.05 

Net assimilation rate (NAR) 193.0* 196.1* 182.2* 10.341 

Number of productive tillers m-2 81680.6* 15830.4* 22107.6* 3705.6 

Number of unproductive tillers per m-2 286.7* 325.0* 109.7* 16.96 

Number of filled spikeletes plant-1 6184.3* 43350.1* 1437.0* 27.471 

Number of unfilled spikeletes plant-1 433.9* 3582.9* 81.3* 11.574 
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Table 3. Effect of seed treatment and sowing time on days to emergence and heading of rice at Fogera in 2010 and 2011. 

Seed treatment 

Days to emergence Days to heading 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before 1 week before 
Farmers’ sowing 

time 

2 weeks 

before 
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 19.3A 14.0C 12.3CDE 112.7A 98.0FG 99.3FG 

Pregerminated 18.0AB 10.7FG 6.0H 112.3AB 92.3JK 90.7K 

12 hrs soaking + 24 hr drying 18.0AB 13.7C 10.7EF 110.3BCD 100.0F 99.7F 

18 hrs soaking + 24 hr drying 17.7AB 13.0CD 10.3EF 110.7ABC 97.3GH 95.0HI 

24 hrs soaking + 24 hr drying 17.3AB 13.0CD 8.0GH 109.7CDE 97.7FG 92.1JK 

12 hrs soaking + 24 hr drying +  

12 hrs resoaking + 24 hr drying 
17.7AB 12.3CDE 9.1FG 109.0CDE 95.0HI 94.0IJ 

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
16.3B 12.3CDE 9.0FG 108.0DE 95.3HI 93.5IJ 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
18.1AB 11.0DEF 10.0FG 107.7E 94.3IJ 93.7IJ 

CV (%) 10.59 11.32 

Table 4. Effect of seed treatment and sowing time on days to maturity and LAI of rice at Fogera in 2010 and 2011. 

Seed treatment 

Days to maturity LAI 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before 1 week before 
Farmers’ sowing 

time 

2 weeks 

before 
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 136.3A 134.3AB 132.8BC 2.7G 4.7A-E 5.2A-E 

Pregerminated 134.2AB 124.0IJ 118.7K 2.9FG 5.0A-E 6.3A 

12 hrs soaking + 24 hr drying 132.7BCD 128.7EF 125.3H-J 4.5B-F  5.0 A-E 5.4A-D 

18 hrs soaking + 24 hr drying 133.3BC 130.0DE 124.3HIJ 3.7EFG 4.9A-E  6.2A 

24 hrs soaking + 24 hr drying 134.7AB 127.0FGH 120.0JK 4.6B-F 6.0ABC 6.1AB 

12 hrs soaking + 24 hr drying +  

12 hrs resoaking +  24 hr drying 
135.3AB 128.0EFG 123.3J 4.2D-G 4.7A-E  6.0 ABC 

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
133.7AB 126.7F-I 124.7HIJ 4.4C-F  5.3 A-E 5.7A-D 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
130.7CDE 125.0HIJ 125.0HIJ 4.5B-F 5.6A-D 5.8A-D 

CV (%) 11.14 22.31 

   

LAI significantly responded to the seed treatment, sow-

ing time and their interaction effects (Table 2). All of the 

treatments planted two weeks before the farmers sowing 

date exhibited lower LAI at heading (Table 4). Though all 
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the treatments planted a week before and at the farmers’ 

sowing time resulted in statistically equivalent LAI at head-

ing, numerically highest LAI of 6.3 was observed with 

sowing pre-germinated seeds at farmers’ planting time (Ta-

ble 4). CGR responded to the seed treatment, sowing time 

and interaction effects (Table 2). Except the dry seed, all 

the seed treatments planted both a week before and at the 

farmers sowing time resulted in statistically equivalent and 

higher CGR values (Table 5). Dry seeds across the three 

sowing times and all the seed treatments planted two weeks 

before the farmers sowing time resulted in statistically low-

er CGR values (Table 5). NAR had significant response to 

the seed treatment, sowing time and interaction effects (Ta-

ble 2). Statistically highest NAR values were recorded for 

pre-germinated seeds, and for hydro-primed seeds after a 

24-hr seed soaking and drying for 24 hours both planted at 

farmers’ sowing time (Table 5). The lowest NAR values 

were recorded when dry seeds and pre-germinated seeds 

were planted two weeks before farmers’ sowing time. 

Table 5. Effect of seed treatment and sowing time on CGR and NAR of rice at Fogera in 2010 and 2011 main cropping season. 

Seed treatment 

CGR (g dry matter m-2 land area day-1) NAR (g dry matter m-2 leaf area day-1) 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before 1 week before 
Farmers’ sowing 

time 

2 weeks 

before 
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 6.2E  7.8E 11.2DE 2.5G  4.6E-F 4.6 E-F 

Pregerminated 4.6E 31.8ABC 37.5A 2.0 G  5.0D-E 6.1A 

12 hrs soaking + 24 hr drying 14.8CDE 21.0A-E 20.7A-E 4.6EF 4.7 EF 4.8DEF 

18 hrs soaking + 24 hr drying 7.4E 21.4A-E  19.9A-E 4.2F 4.9DE 5.2CDE 

24 hrs soaking + 24 hr drying 14.5CDE 26.2A-D 34.0AB 4.9DE 4.8DEF 5.9AB 

12 hrs soaking + 24 hr drying +  

12 hrs resoaking +  24 hr drying 
18.1B-E 20.6A-E 22.0A-E 5.0 DE 5.0 DE 5.4BCD 

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
15.0CDE 29.6ABC 31.8ABC 4.8DEF 5.1DE 5.0 DE 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
15.3CDE 31.0ABC 32.6ABC 4.7EF 4.9DE 5.1CDE 

CV (%) 14.98 21.49 

   

The number of rice productive (panicle bearing) and un-

productive (without panicles) tillers m-2, and number of 

filled and unfilled spikelets plant-1 had significant response 

to the main treatment effects and interaction effects (Table 

2). The highest number of productive tillers and filled 

spikelets and the lowest numbers of unproductive tillers 

and unfilled spikelets were recorded for pregerminated 

seeds and seeds soaked for 24 hrs and dried for the same 

duration both planted at farmers’ sowing time (Tables 6 and 

7). The plant height and thousand seed weight were not 

significantly affected by seed and sowing time treatments 

as well as by their interactions (Table 8). Aboveground dry 

biomass significantly responded to seed treatment and sow-

ing time treatments as well as to their interactions (Table 8). 

The highest aboveground dry biomass was realized for 

most of the seed treatments planted at the farmers’ sowing 

time, except for dry seeds and hydro-primed seeds by 

soaked for 12 hours and dried for 24 hours (Table 9). Grain 

yield and harvest index were significantly affected by the 

interaction effects of seed treatment and sowing time (Table 

8). The highest grain yields were recorded when pregermi-

nated seeds were planted at farmers’ sowing time followed 

by planting seeds soaked for 24 hrs and dried for 24 hrs at 

farmers’ planting time (Tables 9). Planting pre-germinated 

seeds at farmers’ sowing time resulted in the yield advan-

tage of 1.73 t ha-1 over planting dry seeds at similar sowing 

time. Grain yields were the lowest for all seed treatments 

when planted two weeks before farmers’ sowing time 

(Tables 9). Except the dry seed, all treated seeds planted 

both a week before and at the farmers’ sowing time had 

statistically equivalent and higher harvest indices (HI) (Ta-

ble 10). Dry seeds across the three sowing times and all 

seed treatments planted two weeks before the farmers’ sow-

ing time had significantly lower HI values (Table 10). 
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Table 6. Effect of seed treatment and sowing time on number of productive and unproductive tillers (m-2) of rice at Fogera in 2010 and 2011 main crop-

ping season. 

Seed treatment 

Number of productive tillers Number of unproductive tillers 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before 1 week before 
Farmers’ sowing 

time 

2 weeks 

before 
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 109GH 119FGH 133 E-H 39.3A  23.0D 18.3D-I  

Pregerminated 98H 209CF 370 A 33.7B 12.3KL 7.0M  

12 hrs soaking + 24 hr drying 120FGH 131E-H 137D-H 28.7C  21.0DEE 17.7E-J  

18 hrs soaking + 24 hr drying 108GH 104GH 185 C-H 23.0D  20.3DEF 21.0 DEF  

24 hrs soaking + 24 hr drying 119FGH 151D-H 313AB 22.3DE 14.0I-L 9.8LM  

12 hrs soaking + 24 hr drying +  

12 hrs resoaking + 24 hr drying 
182C-H 198C-G 197C-G 19.5D-G 19.3D-H 14.7H-K  

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
208 C-F 230BCD 273BC 17.8E-J 15.3G-K 13.3JKL 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
152 D-H 226B-E 252 BC 17.7E-J 16.7F-K 12.2KL  

CV (%) 11.5 12.62 

Table 7. Effect of seed treatment and sowing time on number of filled and unfilled spikeletes plant-1 at Fogera in 2010 and 2011 cropping season. 

Seed treatment 

Number of filled spikeletes Number of unfilled spikeletes 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before 1 week before 
Farmers’ sowing 

time 

2 weeks 

before 
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 62MN 119K 126JK 67A 36EF  34EFG  

Pregerminated 54NO  152EFG 197A 58B 32E-H 18K 

12 hrs soaking + 24 hr drying 62MN  148GHI 149FGH 52C 34EFG 31FGH 

18 hrs soaking + 24 hr drying 65LM  143HI 157EF 51C 30GH 30GH 

24 hrs soaking + 24 hr drying 53O 158E 190AB 51C 30GH 21JK 

12 hrs soaking + 24 hr drying +  

12 hrs resoaking +  24 hr drying 
71L 158E 167D 50C 28HI 28HI 

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
140I  160DE 185BC 42D 28HI 29HI 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
131J 154EFG 181C 24IJ 37DE 32E-H 

CV (%) 12.92 19.83 
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Table 8. Analysis of variance for the effect of seed treatment and sowing time on plant height, aboveground biomass, thousand seed weight, grain yield, 

and harvest index of rice at Fogera in the 2010 and 2011 main cropping season. 

Growth and yield parameters Mean square  

Seed treatment (ST) Sowing date (SD) ST x SD Error mean square 

Plant height 27.0NS 22.6NS 19.9NS 39.13 

Biomass yield  25.07* 42.56* 8.25* 0.59 

Thousand seeds weight 2.2NS 3.9NS 1.1NS 1.64 

Grain yield 1.646* 0.193NS 0.795* 0.15 

Harvest index 0.017* 0.013* 0.008* 0.003 

Table 9. Effect of seed treatment and sowing time on aboveground biomass yield (t ha-1) and grain yield (t ha-1) of rice at Fogera in the 2010 and 2011 

main cropping season. 

Seed treatmen 

Aboveground biomass yield Grain yield 

Sowing time relative to farmers’ time Sowing time relative to farmers’ time 

2 weeks before  1 week before 
Farmers’ sowing 

time 

2 weeks 

before  
1 week before 

Farmers’ sowing 

time 

Dry seed (control) 9.9N 10.7MN 12.0F-J 2.35J 2.37J 2.56HIJ 

Pregerminated 11.3J-M 12.8B-F  13.7A 2.3J 4.08BCD 4.69A 

12 hrs soaking + 24 hr drying 11.1KLM 11.2J-M 13.2A-D  2.41J 3.58FG 4.22BC 

18 hrs soaking + 24 hr drying 11.6I-L 11.7H-L 13.0A-E 2.45J 3.49G 4.24BC 

24 hrs soaking + 24 hr drying 12.2E-I  12.5C-H  13.4AB 2.57HIJ 3.72D-G 4.44AB 

12 hrs soaking + 24 hr drying +  

12 hrs resoaking +  24 hr drying 
11.8G-L 12.4D-I 12.6B-G 2.54HIJ 3.76D-G 4.05B-E 

18 hrs soaking + 24 hr drying +  

18 hrs resoaking + 24 hr drying 
12.3E-I 12.6B-G 12.9A-E  2.94HI 3.98C-F 4.00B-F 

24 hrs soaking + 24 hr drying +  

24 hrs resoaking + 24 hr drying 
11.0LM 11.9G-K 13.3ABC  2.50IJ 3.62EFG 4.15BCD 

CV (%) 17.09 15.63 

Table 10. Seed treatment and sowing time effects on harvest index of rice at Fogera in the 2010 and 2011 main cropping season. 

Seed treatment 

Sowing time relative to farmers’ time 

2 weeks before 1 week before Farmers’ sowing time 

Dry seed (control) 0.24B-F 0.22DEF 0.21EF 

Pregerminated 0.2F 0.32ABC 0.34A 

12 hrs soaking + 24 hr drying 0.22DEF 0.32ABC 0.32ABC 

18 hrs soaking + 24 hr drying 0.21EF 0.3A-E 0.33AB 

24 hrs soaking + 24 hr drying 0.21EF 0.3A-E 0.33AB 

12 hrs soaking + 24 hr drying + 12 hrs resoaking + 24 hr drying 0.22DEF 0.3A-E 0.32ABC 

18 hrs soaking + 24 hr drying + 18 hrs resoaking + 24 hr drying 0.24B-F 0.32ABC 0.31A-D 

24 hrs soaking + 24 hr drying + 24 hrs resoaking + 24 hr drying 0.23C-F 0.30A-E 0.31A-D 

CV (%) 15.37 
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4. Discussion 

Sowing pregerminated and primed rice seeds was found 

to be advantageous in shortening the numbers of emergence, 

heading, and maturity days. Reduction in the maturity pe-

riod of rice by 14.1 days is a significant phonological 

achievement. This achievement could immensely benefit 

farmers through pre-empting the detrimental effects of ter-

minal moisture stress, which has become a serious rice pro-

duction bottleneck at Fogera plain due to climate change 

that caused the occurrence of erratic and scarce rainfall 

especially at the last phase of the growth period of the plant. 

Concurrent with the results of this study, Thakur et al. [6] 

reported faster seed germination and emergence as well as 

shortened flowering and maturity periods of rice with seed 

pre-germination. Harris et al. [9] and Farooq et al. [8] also 

reported similar effects with rice hydro-priming. Ceesay [3] 

reported that as an escape mechanism to the most critical 

terminal drought, seed priming along with the use of early 

maturing varieties were introduced into the rice farming 

systems of the Gambia. Harris et al. [9] reported that rice 

seed hydro-priming had significance in that it enables earli-

er planting of rabi (second) crops as the preceding crop 

would leave the field earlier. 

Under the current practices of dry seed sowing, the rice 

crop in Fogera plain is having less vegetative growth and 

LAI. With planting pre-germinated and hydro-primed rice 

seeds, higher LAI was observed in this experiment. In-

creased LAI with subsequent increase in rice grain yield 

was reported earlier by Thakur et al. [6]. Similar to the cur-

rent results on CGR, Rehman et al. [18] reported an in-

crease in CGR with planting hydro-primed rice seeds. 

Higher numbers of unproductive tillers and more number of 

unfilled grains usually associated with terminal moisture 

stress are common features of the rain-fed lowland rice 

production of Fogera plain. It was observed from the expe-

riment that the number of unproductive tillers and unfilled 

spikeletes get much reduced with pre-germination and seed 

hydro-priming. The results on productive and unproductive 

tillers and filled and unfilled spikelets obtained in this ex-

periment are in agreement with those of several other re-

searchers [6,8,9,19,20]. Several earlier researchers reported 

that hydro-priming and pre-germinating rice seeds resulted 

in higher numbers of panicle bearing tillers, higher kernels 

per panicle, and reduced sterile spikelets compared to dry 

seed sowing [6,8,9,19,20]. Thakur et al. [6] also reported 

that increase in the physiological activities and yield com-

ponents associated with seed pre-germination and hydro-

priming are essential for better survival ability of the crop 

in the face of terminal moisture stresses. 

The higher numbers of unproductive tillers and unfilled 

spikelets under the farmers’ production system were ulti-

mately expressed in the low rice productivity using farmers’ 

practices in the study area. These yield constraining growth 

parameters were avoided with the practices of seed pre-

germination and hydro-priming, both resulting in higher 

rice grain yield. The increased grain yield and harvest index 

with planting pre-germinated and hydro-primed seeds in 

the present study is in line with the results of Kant et al. [20] 

who reported increased grain yield and harvest index with 

planting pregerminated rice seeds. In agreement with the 

results of this study, Harris et al. [9], Farooq et al [8],  

Rehman et al. [18],Yari1 et al. [19] also  reported increased 

rice grain yields and harvest index in response to planting 

hydro-primed seeds. In this study, yield advantages of 58% 

with planting pre-germinated seeds and 50% with planting 

hydro-primed seeds were recorded. In agreement with these 

results, Farooq et al. [8] reported 11–24% yield advantage 

over non-primed seeds by planting rice seeds soaked in 

water for 24 hrs and then air-drying them. They attributed 

the increase in yield to the increased number of productive 

tillers and 1000-kernel weight. According to Harris et al. 

[9], very early capture of resources appears to be the driv-

ing factor to some of the benefits associated with seed 

priming. 

In the current study, the observed low yield and growth 

parameters in response to planting pre-germinated seeds 

two weeks earlier than the farmers’ sowing time indicates 

the very sensitive nature of pre-germinated seeds to soil 

moisture stress. The result clearly showed that planting pre-

germinated seeds obviously need to be carefully synchro-

nized with sufficient soil moisture at planting. In the cur-

rent study, planting dry seeds at farmers’ sowing time re-

sulted in the production of grain yield of 2.56 t ha-1, which 

is far lower than the best average rice productivity in the 

area (3.5-4 t ha-1). This could be attributed to the terminal 

moisture stress that particularly occurred in the 2011 crop-

ping season (Table 1). It was clearly observed that seed pre-

germination and hydro-priming led the crop to finish its 

phenological growth stages earlier, leading to increased rice 

yield as the crop escaped the negative effects of terminal 

moisture stress. 

5. Conclusion 

Terminal moisture stress has been seriously affecting 

rain-fed lowland rice production in many parts of the world 

in general and Fogera plain in Ethiopia in particular. Agro-

nomic management practices like seed pre-germination and 

hydro-priming are believed to be helpful in mitigating ter-

minal droughts. The results of this study revealed that, es-

tablishing the rice crop from pre-germinated seeds and 

planting the seeds at the time of sowing done by farmers 

led to the production of the highest rice grain yield. In addi-

tion, planting hydro-primed rice seed for 24 hours seed 

soaking and re-drying it for 24 hours at the farmers planting 

time resulted in the highest grain yield of the crop. There-

fore, these two treatments are equally useful in enhancing 

the grain yield of the crop in the study area. If farmers 

could carefully follow the pre-germination process and 
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synchronize sowing to a time when soil moisture is availa-

ble in sufficient amounts, seed pre-germination would ena-

ble to curb the negative effects of terminal moisture stresses 

and result in optimum grain yields of the rice crop. The 

results of this study further imply that, if farmers are unable 

to carrying out seed pre-germination, seed hydro-priming is 

the best alternative they could use for enhancing the yield 

of the crop in the study area. It could, thus, be concluded 

that, given the erratic nature of rainfall in Ethiopia due to 

the change in the climatic conditions, subjecting rice seeds 

to hydro-priming or pre-germination treatments before 

sowing may contribute substantially to the efforts of in-

creasing food production and household food security in 

the country. 
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