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Rice production is an important source of livelihoods for farmers of the Fogera plains in northwestern 
Ethiopia. However, the productivity of the crop is markedly reduced due to adverse effects of recurring 
terminal moisture stress at the end of the growing season. Therefore, field experiments were conducted 
in the area for two growing seasons during the 2010 and 2011 cropping years. The objective of the 
experiment was to study the effects of seedling age and time of sowing or transplanting on the yield 
and yield components of the crop under rain-fed condition. Four seedling ages, with direct sowing of 
dry seeds included as a control treatment, and three planting dates were combined in a factorial 
arrangement in a randomized complete design (RCD) and tested with three replications. The four 
seedling ages were 15, 25, 35 and 45 days after emergence. The different aged seedlings and the dry 
seed as a control treatment were planted at three respective sowing dates. The three transplanting 
dates were set as the normal farmers’ sowing time, one week after the normal farmers’ sowing time, and 
two weeks after the normal farmers’ sowing time. Data were collected on yield and yield components of 
the crop. The data were subjected to analysis of variance. Economic analysis was also performed to 
compare the monetary merits of the treatments. The results of the experiment indicated that the rice 
plants reached maturity significantly earlier in response to planting 25-day-old seedlings one week after 
farmers’ sowing time. Similarly, the highest values of leaf area index (LAI), crop growth rate (CGR), net 
assimilation rate (NAR), number of filled spikeletes and thousand seed weights were recorded for 
plants raised from 25-day old seedlings that were transplanted one week after farmers’ sowing time. 
Also higher grain yields and better economic advantages were obtained when 25-day-old seedlings 
were transplanted one week after the usual farmers’ rice sowing time. It could, thus, be concluded that 
transplanting rice seedlings at the age of 25 days in the nursery one week after farmers’ sowing time of 
the crop leads to optimum grain yields and economic benefits in the study area. 
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INTRODUCTION  
 
Rice is generally established through direct seeding or by 
transplanting (Pandey and Velasco, 2002). Direct 
seeding is the practice of sowing seeds directly in the 
main field  (Farooqa  et  al.,  2011).  On  the  other  hand,   
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transplanting is the practice of raising seedlings in a 
nursery and moving them into the main field. The major 
advantages of transplanting over direct seeding are 
better weed suppression and higher grain yield (Farooqa 
et al., 2011). In some temperate Asian countries such as 
Japan and Korea, transplanting rice helped farmers to deal 
with the low temperature that can adversely affect the 
performance of direct-seeded rice at higher altitudes 
(Pandey   and  Velasco,  2002).  Transplanting  has   high  
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labour demands for uprooting nursery seedlings, puddling 
fields, and transplanting seedlings into fields (Farooqa et 
al., 2011). Depending on the circumstances, between 12 
and close to 50 days of an individual’s labour is required 
to transplant one hectare of rice land.  

Increase in labor costs in some countries created the 
switch from transplanting to direct seeding. Direct seeding, 
however, has several potential disadvantages, which 
include higher seed requirement (Farooqa et al., 2011), 
poor establishment due to exposure of seeds to birds, 
high weed infestation (Pandey and Velasco, 2002), and 
lower yield than transplanted rice (Farooqa et al., 2011). 
Direct seeded rice is subject to more severe weed 
infestations than transplanted rice because in dry-seeded 
rice weeds germinate simultaneously with rice and there 
is no water layer to suppress weed growth (Farooqa et 
al., 2011). Yield losses of 10-100% have been reported 
from weeds in direct seeded rice. Moreover, cost for 
weed control is usually higher than transplanting. 
Although direct seeding saves time and labor to planting, 
farmers may end up using the labor saved for weed 
controlling (Pandey and Velasco, 2002). On the other 
hand, more use of chemical weed control methods is 
damaging to human health and the environment (Pandey 
and Velasco, 2002). Despite the rapid spread of direct 
seeding in several countries in Asia, transplanting is still 
dominant in many rice producing countries of the world 
(Pandey and Velasco, 2002). Mechanical transplanting 
has been developed to tackle the challenge of rising labor 
costs associated with transplanting (Pandey and Velasco, 
2002).  

Several researchers have emphasized the importance 
of seedling age and transplanting time on the 
performance of transplanted rice (Baloch et al., 2007, 
Mobasser et al., 2007, Ginigaddara and 
Ranamukhaarachchi, 2011). When seedlings are 
transplanted at the right time, tillering and growth proceed 
normally with uniform stand establishment (Mobasser et 
al., 2007). If the age of a seedling is more than optimum, 
the seedling produces fewer tillers thereby resulting in 
poor yield (Ginigaddara and Ranamukhaarachchi, 2011). 
Mobasser et al. (2007) reported that under aged 
seedlings will be tender and may die due to high 
temperature. According to Mobasser et al. (2007) 
seedlings older than 35 days led to more prolonged 
recovery from transplanting shock than younger 
seedlings.

 
Baloch et al. (2007) indicated that, in addition 

to seedlings age, transplanting time determined rice yield. 
Transplanting at the optimum age of seedlings and time 
is important for ensuring less risk of crop failures in rain-
fed lowland environments. According to Azhiri et al. 
(2004) delayed transplanting particularly at an inappro-
priate seedling age resulted in adverse effects on rice 
yields due to the compound effect of late-season drought 
and heavy insect and pest infestations. Ginigaddara and 
Ranamukhaarachchi (2011) reported that transplanted 
rice matured earlier and escaped terminal moisture 
stresses   than  direct  seeded  rice.  Farmers   in  Fogera  

 
 
 
 
plains of northwestern Ethiopia generally establish rain-
fed lowland rice through broadcast direct seeding. Rice 
production in the study often faces the problem of 
terminal moisture stress owing to abrupt ending of rainfall 
at the reproductive and grain filling stages of the crop 
(Tilahun et al., 2012). The farmers spend much of their 
family labour and money on weeding. The average rice 
productivity of the area is 2.53 t ha

-1
 and is much lower 

than the world’s average rice productivity of 4.4 t ha
-1

 
(MoARD, 2010; FAO, 2012). Terminal moisture stress, 
weeds and soil nutrient deficiencies are the major 
reasons for the low productivity of rice in Ethiopia 
(Tilahun et al., 2012). Therefore, this paper presents the 
results of an experiment conducted to study the effects of 
seedling age and transplanting time on the performance 
of rain-fed lowland rice in Fogera Plains of northwestern 
Ethiopia. 
 
 
MATERIALS AND METHODS 
 
The study site 
 
The study was conducted at Fogera plains in northwestern Ethiopia 
during the 2010 and 2011 cropping seasons. Fogera plain is 
located at 13°

 
19’ N latitude, 37°

 
03’ E longitude, and at the altitude 

of 1815m above sea level. Eleven-year (2001-2011) meteorological 
data of the area indicate that in the main cropping season (June-
October) the area has mean annual minimum and maximum 
temperatures of 13.5°C and 26.1°C, respectively. Rainfall of the 
area is uni-modal, mainly falling from June to October, and amounts 
to 1205 mm per annum. The soil is Vertisol with a clay content of 
71.25%.  It is slightly acidic (pH 5.90) and the 20 cm-deep 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 (1993), the total N and 
available P contents of the soil are medium while the organic matter 
content is low. According to Roy et al (2006), the exchangeable 
potassium content and CEC are high. 
 
 
Planting material 
 
A local rice variety called X-Jigna, was used as a test crop for the 
experiment. 
 
 
Treatments and experimental design  
 

The experiment consisted of four seedling ages (15, 25, 35 and 45 
days after emergence in the nursery), including one direct sowing of 
dry seed as a control treatment and three planting dates (at 
farmers’ sowing time, one week after farmers’ sowing time, and  two 
weeks after farmers’ sowing time). The experiment was laid out as 
randomized complete block design (RCBD) and replicated three 
times per treatment. The gross plot size was 4 m x 4 m with 1m 
spacing between plots and replications. Treatments were assigned 
to each plot randomly 
 
 
Experimental procedures 
 

Seeding at the nursery was staggered to coincide with the 
transplanting schedule. For field planting, seedlings were 
transplanted and seeds were directly sown in rows at the spacing of  



 
 
 
 
25 cm between rows and 20 cm between plants. Two seeds and or 
two seedlings were planted per hill according to the planned 
treatment.  

The planting dates were adjusted relative to the planting dates 
used by farmers. Farmers usually decide on the date of planting at 
the beginning of each rainy (cropping) season based on the 
moisture content in the soil. Therefore, the main planting season 
may start a couple of weeks earlier or later than the expected time 
depending on the amount of rain that has fallen. Thus, farmers start 
planting when rain that sufficiently moistens the soil for land 
preparation and planting has fallen. Accordingly, in the 2010 
cropping season, the farmers’ rice sowing time was 15 June, one 
week after farmers’ sowing time was 23 June, two weeks after 
farmers’ sowing time was 1 July.  In the 2011 cropping season, the 
farmers’ rice sowing time was 20 June, one week after farmers’ 
sowing time was 28 June, two weeks after farmers’ sowing time 
was 6 July. 

The crop was hand-weeded thrice at early tillering, maximum 
tillering and booting stages. No insecticide and pesticide were 
sprayed since there was no serious insect and disease incidences 
occurred. Harvesting was done by hand using sickles.  
 
 
Data collection and measurements 
 
Data were collected from a net plot size of 3m x 3m avoiding two 
rows from the left and two rows from the right as border rows and 
50 cm from each of the top and bottom sides of the plots. 

Data on leaf area at heading was collected and measured 
following the method of Yoshida (1981):  
 
Leaf area (cm

2
) = L × W  × K  

 
Where, L is leaf

 
length, W is maximum width of the leaf and K is a 

correction factor of 0.75.  
 
Leaf area index (LAI) was also calculated by employing the formula 
of Yoshida (1981): 
 

 
 
Crop Growth Rate (CGR) and Net Assimilation Rate (NAR) for the 
duration from planting to heading were computed using the 
equations developed by Hunt (1978) as cited by Ahmad et al. 
(2009):  

   and     

 

Where, A is area of land,  is change in dry matter,  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

-1
and NAR is 

expressed as g dry matter m
-2

 leaf area day
-1

 (Ahmad et al., 2009).   
 
At maturity, data on the number of days to maturity, number of 
productive tillers per m

-2
, plant height, and filled and unfilled spiklets 

plant
-1

 were recorded. Data on thousand seed weight, grain yield, 
and biomass yield were also collected.  Data recorded on plant 
basis were measured from five 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 above ground biomass yield. The data were subjected to 
analysis of variance using SAS software (SAS Institute, 2003). 
Homogeneity of error variances was tested using F-test as 
described by Gomez and Gomez (1984). Since the F-test was not 
significant, a combined analysis of the data was  performed  for  the  
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two years. Differences among treatment means were delineated  
using the least significant difference test at the alpha level of 5%. 
Economic analysis was performed following the partial budget 
analysis methodology of CIMMYT (1988). The cost of raising 
seedlings, transplanting, and weeding as well as market prices of 
grain and straw were considered for economic analysis. Labor cost 
of 30 Birr per man-day, rice grain price of seven Birr per kg, and 
straw price of 0.06 Birr per kg were considered in the economic 
analysis. 

 
 
RESULTS 
 
The meteorological data for the cropping seasons of the 
two experimental years (2010 and 2011) revealed that 
the amount of rainfall markedly declined below the 
average in the months of September and October. This 
resulted in terminal moisture stress for the crop (Figure 
1). The monthly maximum temperatures of the growing 
season indicated that the temperature rose in the months 
of September and October compared to the other months 
of the growing season, which might aggravated the 
terminal moisture stress problem by increasing the 
evapotranspiration (Figure 2). 

The main effects of seedling age and planting time as 
well as their interaction significantly (P < 0.05) influenced 
days to maturity of the rice plants (Table 1). Establishing 
rice by sowing dry seeds as well as by transplanting only 
15-day old seedlings two weeks after farmers’ sowing 
time significantly prolonged the time required for maturity. 
However, transplanting 25-day-old seedlings one week 
after farmers’ sowing time resulted in significantly earlier 
maturity of the crop (Figure 3). Leaf Area Index (LAI), 
Crop Growth Rate (CGR), and Net Assimilation Rate 
(NAR) responded significantly (P < 0.05) to the main and 
interaction effects of seedling age and planting time 
(Table 1). The highest value of LAI was recorded for 
plants raised from 25-day-old seedlings transplanted one 
week after farmers’ planting time. The lowest LAI, on the 
other hand, was recorded for plants raised from 15 day-
old seedlings transplanted at farmers’ sowing time as well 
those raised from dry seeds sown two weeks after 
farmers’ sowing time (Table 2). Thus, the LAI of rice 
plants raised from 25-day-old seedlings transplanted one 
week after farmers’ sowing time exceeded the LAI of 
plants raised from 15 day-old seedlings established at 
farmers’ sowing time by an additional increment of about 
103 %.   

Similarly, rice plants raised from 25-day-old seedlings 
transplanted one week after farmers’ planting time had 
significantly (P < 0.05) higher crop growth rate (CGR) 
than the other treatment combinations. This was closely 
followed by the same-aged seedlings transplanted two 
weeks after farmers’ sowing time as well as 35 day-old 
seedlings transplanted one week after farmers’ time of 
sowing. The lowest value of CGR was recorded from 
plants raised from  dry seed  sown at all planting times 
and from those raised from 15-day-old seedlings 
transplanted at farmers’ sowing time (Table 3). The  CGR  
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Figure 1. Monthly and total rainfall (mm) of the growing seasons at Fogera plains. 
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Figure 2. Monthly average (2001-2011) minimum and maximum temperatures of the growing seasonsat 

Fogera. 
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Table 1. Mean square values from the analysis of variance (ANOVA) for the effect of seedling age and sowing date on the growth 
parameters of rice at Fogera plain in 2010 and 2011. 
 

Growth and yield parameters Seedling age (A) Planting time (P) A X P 
Error Mean 

Square 

Days to maturity 295.1* 123.6* 41.7* 1.884 

Leaf Area Index  4.404* 2.020* 0.806* 0.222 

Crop Growth Rate  955.895* 343.91* 60.686* 9.012 

Net Assimilation Rate  24.544* 8.7* 1.963* 0.498 

Plant height 59.16* 15.566NS 7.632NS 15.126 

Number of productive tillers 29648.478* 17768.6* 5544.461* 527.314 

Filled spiklet number plant
-1
 36678.389* 4399.089* 2914.006* 155.784 

Unfilled spiklet number plant
-1
 1593.744* 191.489* 122.711* 14.537 

Thousand Seeds Weight 36.089* 38.467* 13.272* 2.648 

Grain yield 7.32* 1.34* 0.853* 0.038 

Biomass yield 4.547* 0.558NS 5.172* 0.408 

Harvest Index 0.04* 0.007* 0.006* 0.001 
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Figure 3. Effect of seedling age and planting time on days to maturity of rice plants grown in the 2010 and 2011 

cropping season at Fogera plains of northwestern Ethiopia. Bars represent means of two cropping seasons with three 
replicates. Bars topped by the same letter are not significantly different at 5% level of significance. 

 
 
 
of plants raised from 25-day-old seedlings transplanted 
one week after farmers’ sowing time exceeded the crop 
growth rates of plants established by direct sowing of  dry  

seeds one week and two weeks after farmers’ sowing 
time by additional increments of 542, 591, and 629%, in 
the order stated here. 
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Table 2. Interaction effect of seedling age and planting time on rice LAI at heading at Fogera in 2010 and 2011. 
 

 

Seedling age 

Planting time 

At farmers’ planting time One week after farmers’ 
planting time 

Two weeks after farmers’ 
planting time 

Dry seeds 4.4
DEF

 4.2
F
 3.3

G
 

15 days old  3.2
G
 4.7

B-F
 4.5

C-F
 

25 days old 5.3
B
 6.5

A
 5.2

BC
 

35 days old 5.1
BCD

 5.3
B
 5.0

B-E
 

45 days old 4.8
B-F

 5.0
B-E

 4.3
EF

 

CV (%) 19.5 

 
 
 
Table 3. Interaction effect of seedling age and planting time on crop growth rate (CGR) and net assimilation rate (NAR) in rice at Fogera in 

2010 and 2011. 
 

 

 

 

Seedling age 

 

 

CGR (g dry matter m
-2
 land area day

-1
) NAR (g dry matter m

-2
 leaf area day

-1
) 

Planting time Planting time 

At 
farmers’ 
planting 

time 

One week after 
farmers’ planting 

time 

Two weeks 
after farmers’ 
planting time 

At 
farmers’ 
planting 

time 

One week after 
farmers’ 

planting time 

Two weeks after 
farmers’ planting 

time 

Dry seeds 6.13
G
 5.70

G
 5.40

G
 1.40

E
 1.37

E
 1.67

E
 

15 days old  4.17
G
 21.30

CDE
 19.27

E
 1.33

E
 4.53

BC
 4.20

BC
 

25 days old 26.23
C
 39.37

A
 32.17

B
 5.07

AB
 6.17

A
 6.07

A
 

35 days old 20.77
DE

 31.67
B
 25.43

CD
 4.00

BCD
 5.97

A
 5.10

AB
 

45 days old 17.50
EF

 24.47
CD

 12.77
F
 3.60

CD
 5.00

AB
 3.00

D
 

CV (%) 15.4 18.1 

 
 
 
 

NAR was significantly (P < 0.05) higher for plants 
established from 25-day-old seedlings  that were 
transplanted at all planting times, for plants raised from 
35 day-old seedlings that were transplanted one and two 
weeks after farmers’ sowing  time as well as for plants 
raised from 45 day old seedlings that were transplanted 
one week after farmers’ sowing time (Table 3). The 
lowest NAR was recorded from plants established by 
direct sowing of dry seed at all planting times as well as 
from plants raised from 15-day-old seedlings transplanted 
at farmers’ planting time (Table 3).  The NAR values 
recorded for plants raised from 35-day-old seedlings 
transplanted two weeks after farmers’ sowing time 
exceeded the NAR values of plants established by direct 
sowing of dry seeds at farmers’ sowing time, one week 
after farmers’ sowing time, and two weeks after farmers’ 
sowing time by additional increments of about 334, 343, 
and 263%, in the order listed here.  

Plant height responded significantly (P < 0.05) only to 
the main effects of seedling age (Table 1). Taller rice 
plants were recorded in response to transplanting 25 and 
35 day-old seedlings. This was followed by the heights of 
plants   raised  from  35-day-old  seedlings.  The  shortest  

plants were recorded for plants established by 
transplanting 15-day-old seedlings as well as those 
established by dry seeds direct sowing (Figure 4). The 
results of the analysis of variance also revealed that 
productive tillers and numbers of filled and unfilled 
spikelets responded to the main as well as the interaction 
effects of seedling age and planting time (Table 1). Rice 
plants established by transplanting 25 and 35-day-old 
seedlings had significantly (P < 0.05) higher numbers of 
productive tillers  across all planting times (Table 4). 
However, the productive tiller numbers of plants raised 
dry seed sown at farmers’ time of sowing, those raised 
from 15 day-old seedlings transplanted one and two 
weeks after farmers’ sowing time as well as those raised 
from 45 day-old seedlings transplanted one week after 
farmers’ sowing time were in statistical parity with the 
productive tiller numbers of plants raised from 25 and 35-
day-old seedlings (Table 4).  

Significantly (P < 0.05) higher numbers of filled 
spikelets were recorded for plants raised from 25-day-old 
seedlings across all planting times. The lowest number of 
filled spikelets were recorded for plants raised from 
directly sown dry seed across all planting times as well as  
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Figure 4. Effect of seedling age on the height of rice plants grown in 2010 and 2011 cropping seasons at 
Fogera plains of northwestern Ethiopia. Bars represent means of two cropping seasons with three 
replicates. Bars topped by the same letter are not significantly different at 5% level of significance. 

 
 
 

Table 4. Interaction effect of seedling age and planting time on number of productive tillers m
-2

 at Fogera in 2010 and 2011. 
 

Seedling age 

Planting time 

At farmers’ planting time 
One week after farmers’ 

planting time 
Two weeks after farmers’ 

planting time 

Dry seeds 293.7
ABC

 278.7
BC

 188.0
C
 

15 days old  185.3
C
 324.7

AB
 290.7

ABC
 

25 days old 390.0
AB

 410.7
A
 368.0

AB
 

35 days old 373.3
AB

 397.3
AB

 290.7
ABC

 

45 days old 298.7
ABC

 350.7
AB

 285.7
BC

 

CV (%) 17.29 
 
 

 
 

for plants established by transplanting 45-day-old 
seedlings two weeks after farmers’ sowing  time (Table 
5).  On the other hand, the highest number of unfilled 
spikelets was obtained from plants raised by directly 
sowing dry seed two weeks after farmers’ sowing time.  
This was closely followed by plants raised by directly 
sowing dry seed at farmers’ sowing time as well as one 
week after farmers’ sowing time. The lowest numbers of 
unfilled spikelets were recorded for plants raised from 25-
day-old seedlings across all planting times as well as for 
plants raised from 35-day-old seedlings transplanted one 
week after farmers’ sowing time (Table 5).  

Thousand seed weight was significantly affected by the 
main as well as the interaction effects of seedling age 
and planting time (Table 1). Significantly (P < 0.05) higher 
thousand seed weights were recorded in response to 
transplanting 25-day-old seedlings at farmers’ sowing 
time, one week after farmers’ sowing time as well as in 
response to transplanting 35-day-old seedlings one week 
after farmers’ sowing time. The lowest thousand seed 
weights were recorded for plants raised from directly 
sown dry seeds and for those established by 
transplanting 15-day-old seedlings two weeks after the 
farmers’ sowing time (Table 6).  



           124          Res. J. Agric. Environ. Manage. 
 
 
 
Table 5. Interaction effect of seedling age and planting time on the number of filled and unfilled spikletes at Fogera in 2010 and 2011. 
 

 

Seedling age 

 

Number of filled spikletes plant
-1
  Number of unfilled spikletes plant

-1
 

Planting time  Planting time 

At 
farmers’ 
planting 

time 

One week after 
farmers’ planting 

time 

Two weeks 
after farmers’ 

planting time 

 

 

At 
farmers’ 
planting 

time 

One week after 
farmers’ 

planting time 

Two weeks after 
farmers’ 

planting time 

Dry seeds 121.0
G
 111.3

GH
 95.7

H
  35.3

B
 41.0

B
 50.3

A
 

15 days old  93.7
H
 182.3

F
 168.7

F
  38.3

B
 17.7

DE
 20.7

DE
 

25 days old 260.0
AB

 270.7
A
 264.0

A
  8.3

GH
 6.0

H
 8.7

GH
 

35 days old 235.0
CD

 242.0
BC

 220.7
DE

  13.7
EFG

 9.7
FGH

 15.7
EF

 

45 days old 171.7
F
 206.7

E
 103.3

GH
  24.3

CD
 16.3

EF
 27.7

C
 

CV (%) 18.6  17.4 
 
 
 

Table 6. Effects of seedling age and planting time on thousand seeds weight and grain yield of rice at Fogera in 2010 and 2011. 
 

Seedling age 

Thousand seeds weight (g)  Grain yield (t ha
-1

) 

Planting time  Planting time 

At farmers’ 
planting time 

One week after 
farmers’ 

planting time 

Two weeks 
after farmers’ 
planting time 

 
At farmers’ 

planting time 

One week after 
farmers’ 

planting time 

Two weeks 
after farmers’ 
planting time 

Dry seeds 23.0
E-H

 24.0
C-F

 21.0
GH

  3.0
F
 2.9

F
 2.4

G
 

15 days old  20.7
H
 26.0

BCD
 22.0

FGH
  1.5

H
 3.2

EF
 3.6

D
 

25 days old 26.7
ABC

 29.3
A
 26.0

BCD
  4.8

AB
 5.1

A
 4.7

B
 

35 days old 25.3
B-E

 28.0
AB

 24.7
C-F

  4.0
C
 4.5

B
 4.1

C
 

45 days old 25.3
B-E

 25.3
B-E

 23.7
D-G

  3.4
DE

 4.1
C
 3.2

EF
 

CV (%) 6.58  25.9 
 
 
 

The main as well as the interaction effects seedling age 
and planting time significantly (P < 0.05) influenced grain 
yield (Table 1). The analysis of variances revealed that 
25-day-old seedlings transplanted at the time of farmers’ 
sowing time as well as one week after farmers’ sowing  
time produced significantly higher grain yields than plans 
established by the other treatment combinations. The 
lowest grain yields were recorded for plants raised from 
15-day-old seedlings transplanted at farmers’ sowing 
time. This was closely followed by the grain yields of 
plants raised from directly sown dry seeds across all 
planting times (Table 6). The grain yield obtained from 
plants established by transplanting 25-day-old seedlings 
one week after farmers’ sowing time exceeded the grain 
yields of plants raised from 15-day-old seedlings and 
those raised by directly sowing dry seed at farmers’ 
sowing time by additional increments of 140 and 70%, 
respectively. 

Aboveground biomass yield responded significantly (P 
< 0.05) to the main as well as the interaction effects of 
seedling age and planting time (Table 1). The highest 
aboveground biomass yield was observed when 35-day-
old seedlings were transplanted across all planting times 
(Table 7). Similarly, harvest index responded significantly 
(P < 0.05) to the main and interaction effects  of  seedling  

age and planting time (Table 1). The highest harvest 
indices were recorded when 25 day-old seedlings were 
planted across all planting times. The lowest harvest 
indices were recorded for plants raised by transplanting 
15-day-old seedlings across all planting times, closely 
followed by plants established by directly sowing dry 
seed across  all planting times (Table 7). Results of the 
economic analysis indicated that transplanting 25-day-old 
seedlings one week after farmers’ sowing time exhibited 
the highest net benefit, which amounted to 32702 ha

-1
 

Birr (Table 8). The lowest net benefit was obtained when 
15-day-old seedlings were transplanted at farmers’ 
sowing time (Table 8). 
 
 
DISCUSSION 
 
Terminal moisture stress has been dwarfing rice yields in 
Fogera plains of northwestern Ethiopia. Therefore, 
manipulating time of sowing or transplanting the crop to 
optimize the use of available moisture from rain may hold 
the key to mitigate the adverse effects of terminal 
moisture stress and enhance rice productivity in the 
region. Transplanting 25-day-old seedlings one week 
after farmers’ sowing time hastened rice maturity by  13.3  
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Table 7. Effects of seedling age and planting times on biomass yield and harvest index (HI) of rice at Fogera in 2010 and 2011. 
 

Seedling age 

Biomass yield (t ha
-1
)  HI 

Planting time  Planting time 

At 
farmers’ 
planting 

time 

One week after 
farmers’ 

planting time 

Two weeks after 
farmers’ 

planting time 

 

 

At 
farmers’ 
planting 

time 

One week after 
farmers’ 

planting time 

Two weeks after 
farmers’ 

planting time 

Dry seeds 11.9
CD

 11.3
CD

 11.0
D
  0.26

DE
 0.26

DE
 0.22

E
 

15 days old  11.6
CD

 12.1
BC

 11.8
CD

  0.13
F
 0.27

DE
 0.31

CD
 

25 days old 12.1
BC

 12.0
CD

 12.0
CD

  0.40
A
 0.42

A
 0.39

AB
 

35 days old 13.1
AB

 13.3
A
 13.5

A
  0.31

CD
 0.34

BC
 0.30

CD
 

45 days old 11.9
CD

 13.1
AB

 11.6
CD

  0.29
CD

 0.31
CD

 0.28
D
 

CV (%) 19.76  13.1 

 
 
 
Table 8. Effects of seedling age and planting time on economic benefit at Fogera in 2010 and 2011. 
 

Treatments 
Seed cost 
(ETB ha

-1
) 

Nursery 
cost 

(ETB  ha
-1

) 

Planting 
Cost 

(ETB  ha
-1

) 

Weeding 
cost 

(ETB  ha
-1

) 

Total Variable 
cost 

(ETB  ha
-1

) 

Gross 
benefit 

(ETB  ha
-1

) 

Net 
Benefit 

(ETB ha
-1
) 

Dry seed sown at farmers  980 0 540 1500 3020 21534 18514 

Dry seed sown 1 week 
after farmers time  980 0 540 1500 3020 20804 17784 

Dry seed sown 2 weeks 
after farmers time 980 0 540 1500 3020 17316 14296 

15 days seedlings planted 
at the farmers time 112 900 1800 1050 3862 11106 7244 

15 days seedlings planted 
1 week after farmers time  112 900 1800 1050 3862 22934 19072 

15 days seedlings planted 
2 weeks after farmers time  112 900 1800 1050 3862 25692 21830 

25 days seedlings planted 
at the farmers time 112 1500 1200 600 3412 34038 30626 

25 days seedlings planted 
1 week after farmers time  112 1500 1200 600 3412 36114 32702 

25 days seedlings planted 
2 weeks after farmers time  112 1500 1200 600 3412 33338 29926 

35 days seedlings planted 
at the farmers time 112 2100 1050 750 4012 28546 24534 

35 days seedlings planted 
1 week after farmers time  112 2100 1050 750 4012 32028 28016 

35 days seedlings planted 
2 weeks after farmers time  112 2100 1050 750 4012 29264 25252 

45 days seedlings planted 
at the farmers time 112 2700 1050 900 4762 24310 19548 

45 days seedlings planted 
1 week after farmers time  112 2700 1050 900 4762 29240 24478 

45 days seedlings planted 
2 weeks after farmers time  112 2700 1050 900 4762 22904 18142 

 
 
 
days ahead of the control treatment. This result signifies 
the value of transplanting rice in hastening maturity 
thereby enabling the crop to escape of  terminal  moisture  

stress, which is often caused by the abrupt ending of 
seasonal rainfall. This finding agrees with that of 
Ginigaddara     and   Ranamukhaarachchi    (2011)    who  
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reported a 12-day earlier maturity of transplanted rice 
over direct seeded one. However, other authors reported 
earlier maturity in direct seeded rice than the transplanted 
one (Farooqa et al., 2011). The early maturity of plants 
established by directly sowing seed as reported by some 
authors, in contrast to the results of this study, may be 
attributed to the fact that seeds in the main field were 
sown on the same date of sowing in the nursery for the 
transplanting purpose. However, in the current 
experiment, seedlings that produced plants maturing 
earlier were raised in the off-season 25 days ahead of 
transplanting them in the main field, with transplanting of 
the rice seedlings on the same date when direct sowing 
was done. Therefore, seedlings exploited the time 
advantage to grow in the nursery during the 25 days, 
leading them to mature earlier when transplanted in the 
main field at the same time of sowing the seed directly in 
the field. In the current experiment, same-aged seedlings 
transplanted one week after the farmers’ time of sowing 
matured in advance of those transplanted at farmers’ 
time of sowing as well as those established by 
transplanting two weeks after farmers’ time of sowing. 
The observed effect of transplanting time on inducing 
early rice maturity observed in this experiment is 
supported by the findings of Ginigaddara and 
Ranamukhaarachchi (2011). Timely transplanting of rice 
increases the rainwater use efficiency as compared to 
delayed planting. Generally, the results of this study 
revealed that raising rice seedlings in the off-season and 
transplanting them in the production field at the 
appropriate age and time could serve as one of the 
strategies for mitigating the effects of terminal moisture 
stress. 

The significantly higher leaf area index (LAI), crop 
growth rate (CGR) and net assimilation rate (NAR) 
obtained in this study in response to transplanting 25-
day-old seedlings one week after farmers’ sowing time is 
in conformity with the findings of Khusrul and Aminul 
(2009) and Ginigaddara and Ranamukhaarachchi (2011) 
who similarly reported that 20-day-old seedlings had 
higher LAI, CGR and NAR than older and younger 
seedlings. The significantly lower LAI, CGR and NAR 
values recorded in this experiment for plants raised from 
transplanting 15-day-old seedlings at farmers’ sowing 
time agrees with the results of  the aforementioned 
authors who reported that low LAI for 15-day-old  
seedlings. In the current observation, it was noted that 
within same-aged seedlings, higher values of LAI, CGR 
and NAR were associated with the second planting time 
(one week after farmers’ sowing time). Consistent with 
the results of this study, Ahmad et al., (2009) reported 
differences in LAI, CGR and NAR due to variations in 
planting time. The tallest rice plants were obtained in 
response to transplanting 25-day-old seedlings, which 
exceeded the heights of plants in the control treatment by 
5.6 cm. In agreement with this result, Iqbal, et al. (2007) 
and    Ginigaddara    and    Ranamukhaarachchi    (2011)  

 
 
 
 
reported that transplanting 20-day-old seedlings 
produced taller plants than direct seeding.  

Higher numbers of unproductive tillers and unfilled 
spikeletes with direct seeding are usual occurrences in 
the study area and are mainly associated with terminal 
moisture stress. The higher numbers of productive tillers 
and filled spikelets but lower numbers of unfilled spikelet 
in response to transplanting as compared to direct 
seeding signify the higher productivity of the latter than 
the former method of establishing rice in the production 
field. Among the yield attributes, the number of 
productive tillers is an important agronomic trait, which 
finally determines the number of panicles and grain yield 
per unit land area (Ginigaddara and Ranamukhaarachchi, 
2011). Compared to the control treatment, increases by 
38.8% and 123.7% in the number of productive tillers and 
filled spikelets, respectively, and a decrease by 83.0% in 
the number of unfilled spikeletes occurred when 25-day-
old seedlings were transplanted one week after the 
farmers’ sowing time. Previous studies also revealed 
significant effects of seedling age and planting dates on 
the number of productive tillers, filled spiklets and unfilled 
spikelet (Ginigaddara and Ranamukhaarachchi, 2011; 
Tari, 2012). Khusrul and Aminul (2009) and Bagheri, et 
al. (2011) reported that more productive tillers and 
spikelets were obtained from transplanting 20-25-day-old 
seedlings. Overall, transplanting 25-day-old seedlings led 
to the production of higher numbers of tillers than direct 
sowing of seed 15, 35 and 45-day-old-seedlings. This 
may be attributed to reduced mortality compared to the 
15-day-old seedlings and less root suberization 
compared to the older seedlings. This result may also be 
attributed to more transplanting shock that may have 
been suffered by 15-day-old seedlings, which were 
tenderer, than the transplanting shock suffered by the 35 
and 45-day-old seedlings. Consistent with this 
suggestion, Sarwa et al. (2011) reported that seedlings at 
optimum age can more easily establish themselves in the 
main field after transplanting. This suggestion is 
consistent with the fact that, when seedlings stay for a 
longer period in nursery beds, primary tiller buds on the 
lower nodes of the main culm become degenerated 
leading to reduced tiller production (Bagheri, et al., 2011). 
When rice seedlings are transplanted at the right time in 
terms of age, tillering and growth proceed normally 
(Ginigaddara and Ranamukhaarachchi, 2011). However, 
if transplanting is delayed, only fewer tillers are produced 
leading to poor yield. Among the transplanting ages in the 
current study, a higher number of unfilled (sterile) spikelet 
was recorded for the 15-day-old seedlings that were 
transplanted at farmers’ sowing time. Spikelet sterility is 
an indicator of the hardship experienced by the rice crop 
during the period from pollination and fertilization of 
ovules up to physiological maturity (Yoshida, 1981). The 
15-day-old seedlings transplanted at the farmers’ time 
may have suffered higher mortality due to moisture stress 
and     seedling     tenderness.     The    same    seedlings  



 
 
 
 
transplanted two weeks after the farmers’ time of sowing 
had prolonged vegetative growth, which may have pre-
disposed the plants to severe terminal moisture stress. 
The observed combined role of planting date and 
seedling age indicate that due attention should be given 
to transplanting seedlings at the right age and at the right 
date.  

Thousand seeds weight from the 25-day-old seedlings 
transplanted one week after the farmers’ sowing time 
exceeded thousand seed weight obtained from plants 
established by direct sowing by about 3.3 g. This result 
corroborates the findings of Ginigaddara and 
Ranamukhaarachchi, (2011) who reported greater 
thousand seeds weight with transplanting over direct 
seeding.  

Farmers in the Fogera plains of northwestern Ethiopia 
are reaping far lower average rice yields compared to the 
world’s average rice productivity. Frequent occurrence of 
terminal moisture stresses is the prime factor for the low 
yield of the crop in the area from among other yield 
constraints. In the current experiment, generally, higher 
rice grain yield was realized with transplanting compared 
to direct seeding. Transplanting 25 day-old seedlings one 
week after farmers’ sowing time gave an additional grain 
yield of 2.1 t ha

-1
 that is, 70% yield advantage over the 

control (farmers’ dry seed sowing method). The observed 
increase in grain yield in this study is in agreement with 
the results of Iqbal, et al. (2007) who reported that 
transplanting produced significantly higher grain yield 
than direct seeding. The increase in the grain yield in 
response to transplanting could be attributed to the 
production of increased productive tiller and fertile panicle 
numbers (Azhiri et al., 2004). The results of this study 
corroborate that of Mobasser, et al. (2007) who earlier 
reported that a higher rice grain yield was obtained in 
response to transplanting 25-day-old-seedlings than 
transplanting either younger or older seedlings. In 
contrast, several other reports indicated that 10 and 12-
day-old seedlings produced higher rice grain yields than 
older seedlings (Sarwa, et al., 2011). However, in this 
study, even 15-day-old seedlings were found to be too 
tender to transplant because of which they may have 
suffered higher mortality after transplanting in the first 
and second planting dates. In addition, the maturity of 
plants raised from these seedlings was delayed, 
predisposing them to terminal moisture stress. Consistent 
with the results of this study, Bagheri, et al. (2011) 
reported that higher mortality of young seedlings (14-day-
old) right after transplanting was the major reason for 
lower rice yields compared to 28-day-old seedlings. Very 
young seedlings take more time to recover and 
establishment after transplanting in the main field and 
hence result in shallow root system, which discourages 
tillering. Less tillering leads to less photosynthesis to 
support root growth, which contributes to lowering of 
grain filling and grain yields.  

The significantly lower rice grain yield obtained from  35  
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and 45-day-old seedlings compared to the yield obtained 
from 25-day-old seedlings in this study corroborate the 
results of Khusrul and Aminul, (2009) who reported that 
45-day-old seedlings were low yielders than younger 
seedlings. Older seedlings apparently suffered more from 
transplanting shock due to higher suberization and root 
damage during uprooting, which in turn may have 
resulted in decreased grain yields (Sarwa, et al., 2011). 
Similar to this suggestion, Azhiri et al., (2004) reported 
that delayed transplanting exposed rice plants to less 
rain, late-season drought and yield reduction.  

Age of seedlings at transplanting influences grain yield 
in water-scarce rice production systems, primarily by 
laying the foundation for determining the number of 
panicles at harvest. The fact that 25-day-old seedlings 
transplanted one week after farmers’ sowing time gave 
the highest grain yield may be ascribed mainly to the 
optimal physiological age of the seedling for field 
establishment. In addition, this may be attributed the 
synchrony of the critically active growth phases of the 
plants (field establishment, tillering, flowering, and grain 
filling) to the early and favorable time of moisture 
availability from the seasonal rain. It was observed that 
15-day-old seedlings transplanted two weeks after the 
farmers’ sowing time had significantly increased sterile 
spikelet numbers per panicle and decreased 1000 grain 
weight. This result is consistent with the findings of Azhiri 
et al. (2004) who reported that the impact of terminal 
drought was evident through reduced productive tillers, 
number of filled grains, and 1,000-grain weight.   

That rice aboveground biomass was significantly 
affected by the interaction of seedling age and planting 
date in this study is consistent with the finding of Ahmad, 
et al. (2009) and Bagheri, et al. (2011) who reported that 
rice seedling age and transplanting time affected total dry 
biomass of the crop. In this study, highest HI of the rice 
was observed when 25-day-old seedlings were planted 
one week after the farmers’ time of sowing whereas the 
control treatment resulted in lower HI. This result is 
consistent with that of Ginigaddara and 
Ranamukhaarachchi (2011) who reported higher HI with 
transplanting than direct seeding. In line with this finding, 
Sarwa, et al. (2011) reported that maximum HI was 
recorded in response to transplanting younger seedlings 
(20-25-day-old) and the minimum value was found with 
older seedlings (40-day-old). 

The low yield of rice currently obtained by farmers in 
the study area has left farmers with little economic 
benefits despite the high yield potential of the crop in the 
study area. Transplanting rice seedlings to production 
fields evidently enables escape of the crop plant from 
terminal moisture stresses and enhances grain and straw 
yields. Transplanting 25-day-old seedlings one week after 
farmers’ sowing time produced a 76.6 % advantage in net 
benefit over direct seeding. The observed higher 
economic advantage that accrued from transplanting than 
direct seeding is in contrast to the results  of  many  other  



128          Res. J. Agric. Environ. Manage. 
 
 
 
researchers who reported the opposite trend. Pandey 
and Velasco (2002) are among the numerous authors 
who reported the economic advantages of direct seeding 
over transplanting. However, consistent with the results 
of this study, Akbar et al. (2007) reported a 40 % 
increase and Baloch et al. (2007) reported a 60% 
economic advantage with transplanting compared to 
direct seeding. The authors attributed the economic 
advantages to the higher yield of rice and reduced 
weeding cost with the transplanting. 
 
 
Conclusion  
 
 
Rice production through transplanting of seedlings at 
optimum age and time led to significantly earlier maturity 
than production of the crop through direct sowing of dry 
seeds. Most of the yield components viz-a-viz the 
productive tillers, fertile spikeletes, thousand seeds 
weight and above ground biomass yields were markedly 
enhanced in response to transplanting as compared to 
direct sowing of dry seeds. All improvements in the yield 
components of plants established from transplanting 
seedlings of the crop culminated in significantly increased 
grain yield and economic benefit over direct sowing. In 
conclusion, this study has revealed that significantly 
higher grain yields and better economic advantages in 
rice production are obtained by transplanting seedlings 
rather than by direct sowing of dry seed. Transplanting 
25-day-old seedlings one week after the farmers’ sowing 
time could, thus, be recommended for enhanced yield 
and improved farm income in the rain-fed lowland 
production system of the crop in the Fogera plains of 
northwestern Ethiopia.. 
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