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Abstract: In recent days there is change in trend of rainfall across the country where its starts in May and ceases early-to-
mid September. This implies that adjusting cropping calendar is vital to adapt to the changing climate of the area. The field
experiments were carried out at Debre Zeit Agricultural Research Center (DZARC) and Alemtena during the main cropping
season from 2015 to 2017 to determine appropriate sowing date for tef varieties. The treatments consisted of three sowing date
(early-July, mid-July, and late-July) and two recently released tef varieties (Kora and Boset). The experiment was laid out in a
randomized complete block design in a factorial arrangement and replicated four times per treatment. Data were taken crop
growth, biomass yield, and grain yield. Combined analysis of variance overs years showed that interaction effects of variety by
sowing date were significant effects on plant height and panicle length at DZAR while, at Alemtena, plant height and panicle
length was significantly affected only by variety. At both location biomass and grain yield of tef was significantly affected by
variety and sowing date interaction. Among the different sowing date treatments, sowing of Kora variety in mid-July showed
the highest mean biomass yield (8444.4 kg/ha and grain yield (1813.3 kg/ha) at DZARC but at Alemtena the highest biomass
(9766.2 kg/ha) and grain yield (1595.7 kg/ha) was achieved Kora was sown in earl-July. However, sowing of Boset variety at
mid-July was comparable yicld advantages. Over all, based on the result of this study, sowing of mid-July and early-July
would be recommended for the mentioned variety production at DZARC and Alemtena, respectively.
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equal as its grain yield as it is preferred as animal feed during
dry period and also sold at reasonable price [8]. In general,
tef plays a vital role in food security, nutrition and income
generation to resource poor farmers in Ethiopia [9]. It serves
both as a staple and cash crop and recently it is gaining more
attention in the world market mainly because the grains are

1. Introduction

Tef (Eragrostis tef (Zucc.) is the most important cereal
crop in Ethiopia, where it is the first in terms of acreage and
second after maize in grain production volume [1]. The crop
is preferred both by farmers and consumers. Farmers benefit

since it can be produced under diverse agro-ecological
conditions and can be stored for a long time as the grains not
affected by storage pests [2]. For a cereal, tef grains are
highly nutritious and its nutritional content is generally
comparable to that of the major world cereals like wheat,
barley, rice, maize and sorghum [3, 4]. The grain nutrition
comprises well-balanced protein and is high mineral
composition ([3, 5, 6]. Moreover, its high iron content is
associated with the low prevalence of hook-worm [7] and
pregnancy related anemia in people consuming tef as staple
food. The importance of tef straw has been becoming as

free from gluten to which many people are allergic [10].

Over more than six past decades of tef research in
Ethiopia, particularly Debre Zeit Agricultural Research
center (DAZRC), appreciable progress has been made and
commendable achievements have been registered in
improving the production and productivity of tef [11].
Appropriate crop management practices can have strong
impacts on crop productivity, sustainability, and profitability
under any specific growth conditions. One of the
requirements for obtaining high yield is the choice of the
suitable sowing date and there are enough possibilities to
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increase crop yields through developing new high yielding
varieties and by adopting proper sowing date [12].

Tef production activity calendar varies from location to
location, and its production takes place mainly during the long
(Meher) rainy season. Tef sowing starts from end of June and
extends to early September depending on growing length of
particular location and beginning of rainfall [13]. However, in
most places, tef may be sown between mid-July and early-
August [14]. This cropping calendar was adopted when
appreciable amount of rainfall received in the month of
September and the first two-weeks of October and still
practiced despite of great departure of rainfall from normal
distribution due to global climate change [15]. In recent days
there is change in trend of rainfall across the country where its
starts in May and ceases early- to- mid September [16, 17].
This early cease of rainfall matches crop’s reproductive stages,
stages most sensitive to water deficit, with periods of water
shortage. Coincidence of water deficit sensitive developmental
stages of crop with soil moisture deficit causes both quantity
and quality loss to the final yield [8].

Date of sowing has a profound influence on crop
performance because it determines the kind of environmental
conditions to which the various phenological stages of the
crop will be exposed. This implies that adjusting cropping
calendar is vital to adapt to the changing climate of the area.
Currently, only few farmers adjust their sowing time in
response to perceived climate change as they have no access
to information based on long term data [19]. Under such
situations, the cropping calendar of farmers remains as it is

despite change in timing of rainfall. Of this, the present study
was designed with the objectives to determine best sowing
date allied with onset, end set and length of growing period
that can increase productivity of tef varieties.

2. Materials and Methods

The experiments were conducted at Debre Zeit Agricultural
Research Center (DZARC) and Alemtena which is the sub site
of DZARC, in Ethiopia three consecutives (2015, 2016 and
2017) cropping seasons under rain fed condition. The DZARC
has high potential for tef production, and its geographical
location is 8°44’ N latitude and 38°58' E longitude. The
altitude is about 1900 meter above sea level while, the majority
of trial fields are heavy soils (Vertisol) with few pockets of
light soils (Alfisols/Mollisols) [20]. Rainfall was erratic and
lower distributed over the crop growing season in 2015 with
518.1mm compared with in 2016 with 652.4 mm and in 2017
with 721.6 mm at DZARC (Figure 1).

Alemtena has low potential for tef production and is located at
8230 "57.6” N and 39° 95710.6" E longitude with 1611 meter
elevation. The soil order was Andisols (Typic Haplustand) with
low wet aggregate stability, a propensity for crusting [21].
Seasonal rainfall during tef growing months at Alemtena was
555.6 mm in 2015, 565.7 mm in 2016 and 1207.97 mm in 2017
of (Figure 2). There was low rainfall during tef grain filling
period (September) in the two years (in 2015 and 2016)
compared with in 2017 at this location (Figure 2).
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Figure 1. Total precipitation in tef growing seasons at DZARC from 2015 to 2017.
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Figure 2. Total precipitation in tef growing seasons at Alemteana from 2015 to 2017.

2.1. Treatments, Design and Field Management

The treatments were consisted of two tef varieties called Kora

and Boset and three sowing date via; early-July (1* July), mid-
July (15™ July) and late-July (30™ July). The experiment was laid
out in a randomized complete block design in a factorial
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arrangement and replicated four times per treatments. Each
experimental unit consisted of fifteen rows with distances of 20
cm and lengths of 3 m. The net central unit areas of each plot
consisting of eight central rows of 2.80 m long were harvested and
used for yield determination. The seeds was sown with hand
drilling at the rate of 10 (kg/ha) in 20 cm rows space.
Recommended rate of 100 kg DAP/ha full dose at planting and
125 kg and 50 kg urea/ha for DZARC and Alemtena, respectively,
two split, 1/3 at sowing and 2/3 at tillering was applied.

2.2. Data Collection

Observation was made on plant height, panicle length,
aboveground biomass yield kg/ha and grain yield kg/ha. Plant
height: At maturity, ten effective tiller plants were taken
randomly from the net plot area of each plot and height was
measured from the ground to the tip of tillers using ruler and
the mean value were determined in cm. Productive tillers:
Productive tillers (effective tillers) were determined at maturity
by counting all the productive (head bearing) tillers in one m
length row taken from five rows (1 m wide) in each net plot
area and then converted to m”. Panicle length: At maturity, ten
panicles from the effective tillers were taken randomly from
the net plot area of each plot and measured from the bottom of
the panicle to the tip of the head and then, the mean value was
determined in cm. Aboveground biomass yield: At maturity,
the whole aboveground plant parts, including leaves, stems,
and seeds from the net plot area in each plot was harvested and
sun dried until a constant weight and then the aboveground
biomass was weighed and then expressed in kg ha”. Grain
yield (GY): After harvesting, threshed grains were separated,

cleaned and weighed by electronic balance. The grain yield
was corrected to moisture content of 12.5%, wet bases while
moisture tester was employed for measuring the moisture
content. Soil samples for determination of soil moisture
content were collected for the 0-0.30 cm soil profile
before/just at planting of the crop for each sowing dates. Soil
was weighed fresh in aluminum tins, dried at 105°C to a
constant weight, and weighed dry from which the weight of
water and dry soil dry weight mass were determined. The
gravimetric water content (kg kg-1) was calculated by dividing
the weight of water by the dry soil weight [22].

2.3. Statistical Data Analysis

The data were subjected to combined analysis of variance
(ANOVA) over years after confirmation of homogeneity of
error variance using R software program while separate
analyses were conducted for each location because of
heterogeneity of error variance. The means were compared
by LSD method at 0.05 probability level.

3. Results and Discussion
3.1. Soil Moisture Contents at Different Planting Times

Soil moisture content during planting at DZARC was
lower in early-July compared with mid and late July in 2015
to 2017 years, on the other hand soil moisture content was
more in mid and late-July (Figure 3). At Alemtena, soil
moisture content was more in mid-July, but the trend was not
consistent in late-July (Figure 4).
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Figure 3. Mean of soil moisture content during different tef sowing time at DZARC.
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Figure 4. Means of soil moisture content during different tef sowing time at Alentena.
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3.2. Plant Height and Panicle Length

The results regarding the plant height and panicle length of tef,
its effects of sowing date and variety at DZARC and Alemtena
from 2015 to 2017 cropping seasons are presented in Tables 1 and
2, respectively. The combined analysis of variance over the three
years (2015, 2016 and 2017) revealed that highly significant
(p<0.01) difference among sowing dates and the interaction
effects of the two factors (sowing date x variety) on above traits at
DZARC (Table 1) but in case of Alentena, significant (p<0.01)
difference was observed only by varieties (Table 2).

At DZARC, it is evident from the result that the tallest plant
height (120.58 cm) and panicle length (46.68 cm) was obtained
when Kora was sown in mid-July followed by when the variety
was sown late-July, plant height (118.02 cm) and panicle length
(44.94 cm) (Table 1). In contrast to this result, [23] reported that
sowing date showed significance difference on plant height and
panicle length of tef when the crop was sown in early-July (on 2
July). On the other hand, sowing of tef varieties in early-July
were fewer seedlings emerged. The possible reason is
insufficient soil moisture in early-July planting periods (Figure
3). Tef can be sown during a season when the rainfall is reliable
and well wet soil on Vertisol than Andousol [24].

Table 1. Mean plant height and panicle length of tef as influenced by
interaction effects of sowing date and variety at DZARC 2015 to 2017
cropping season.

At Alemtena, a significant difference was observed only by
variety. The tallest plant height (105.59 cm) and panicle
length (41.99 cm) was recorded from the Kora variety while,
the shortest plant height (85.87cm) and panicle length
(33.75cm) was obtained from the Boset variety (Table 2).
The significant difference among the varieties for these
growth traits might be attributed to their genetic difference
which reflects their different response to environmental
conditions. Plant height of the crop is mainly controlled by
the genetic makeup of a genotype and it can also be affected
by the environmental factors [25].

Table 2. Mean plant height and panicle length of tef as influenced by main
effects of sowing date and variety at Alemtena 2015 to 2017 cropping
seasons.

Ve Treatment AlenTena
PH (cm) PL (cm)
Kora 105.59a 41.99a
Boset 85.87b 33.75b
LSD 4.84 2.40
Early-July 96.63 38.12
Mid-July 96.80 37.53
Late-July 93.76 37.96
LSD (0.05) NS NS
CV (%) 8.55 10.70

. . DZARC

Variety Sowing date PH (cm) PL (cm)
Early-July 117.13ab 43.5ab

Kora Mid-July 120.58a 46.7a
Late-July 118.02a 44.9a
Early-July 89.23d 34.2d

Boset Mid-July 99.79b 39.2b
Late-July 93.60cd 35.2cd
LSD 3.29 1.99
CV 4.52 7.12

PH= plant height; PL= panicle length; Means with the same letter in
columns are not significantly different at 5% level of significance; LSD=
least significant differences at 5%; CV (%) = Coefficient of variation.

PH = plant height; PL = panicle length; Means with the same letter in
columns are not significantly different at 5% level of significance; LSD=
least significant differences at 5%; CV (%) = Coefficient of variation.

3.3. Biomass Yield

Aboveground biomass yield of tef crop is the combined
effect of various yields contributing components viz. more
number of tillers m™, plant height, number of florets per head
and panicle length'. Combined analysis of variance over
three years reviled that significant (P<0.001) difference
among sowing date, variety and the interaction effect of the
two factors on the aboveground biomass yield of tef (Figures
5 and 6).
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Figure 5. The interaction effect of planting date and variety on the biomass yield (kg/ha) of tef at DZARC, Ethiopia.
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Figure 6. The interaction effect of planting date and variety on the biomass yield (kg/ha) of tef at Alemtena, Ethiopia.

At DZARC, the highest aboveground dry biomass yield
(8444.4 kg/ha) was noted when Kora variety was sown in
mid-July, closely followed by sown in late-July (8333.3
kg/ha). Similarly, previous study tef may be sown between
mid-July and early-August in Vertisol produced higher
biomass yield [26]. On the other hand, early sowing (early-
July), both Kora and Boset was fewer seedling emerged
during the experimental seasons (Figure 5). The reason might
be due to insufficient soil moisture for tef germination in
early-July planting (Figure 3). Contrary to DZARC, at
Alemtena the highest aboveground dry biomass yield (9766.2
kg/ha) was recorded when Kora was sown early-July which
was statistically identical with Boset variety sown in mid-
July (8947.2 kg/ha (Figure 6). In agreement with present
result, when sowing dates were delayed by one and two
weeks, the biomass yields were reduced by 35% [27].

3.4. Grain Yield

Combined analysis of variance over three years (from
2015 to 2017) showed that sowing date, variety and

interaction effect of the two factors were significantly
(P<0.05) influenced grain yield at both locations (DZARC
and Alemtena).

At DZARC, significantly maximum grain yield (1813.3
kg/ha) was obtained when Kora was sown in mid-July which
was statistically at par sown in late-July (1698.9 kg/ha)
(Figure 7). At Alemtena, the highest grain yield (1595.7
kg/ha) was noted Kora was sown in early-July followed by
Boset sown in mid-July (1499.1 kg/ha) (Figure 8). At
Alemtena, the lowest grain yield (1066.7 kg/ha) from Kora
and (917.6 kg/ha) from Boset was obtained when sown in
late-July (Figure 8). In the present experiment, tef variety
Kora was sown early-July at Alem Tena showed a
comparable yield than Boset variety when sown in earlier.
The possible reason might be due to Kora variety is late
maturity type but Boset is early maturity that is why, Kora
was gave comparable yield when sown in early. There was
similar result was reported to the current finding early-
sowing of late maturity variety is relatively better yield
advantage on Inceptisols [28].
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Figure 7. The interaction effect of planting date and variety on the grain yield (kg/ha) of tef at DZARC, Ethiopia.



39 Bizuwork Tafes Desta et al.: Planting Time Effects on the Productivity of Tef [Eragrostis tef (Zucc.)
Varieties in Ethiopia

2000
1800
1600
1400
1200
1000

Grain Yield (kg/ha)

800
600
400

200

Early-July

NKora BBoset

Mid-July

cd

Late-July

Figure 8. The interaction effect of planting date and variety on the grain yield (kg/ha) of tef at Alemtena, Ethiopia.

3.5. Percentile Description of Onset, End Date, Length of
Growing Duration of the Season

The occurrence of rainy seasons was carried out based on
frequency analysis of 30 years (1987-2017). The onset, end
date and length of growing period at DZARC and Alemtena
daily weather data are presented in Table 3. Onset of rainy
seasons occurred before 1st dekad of June (06-Jun) was 25%
while it occurred before 3rd dekad of July (08-July) in 75%
with coefficient of variation (CV) of 4.8% at DZARC. The
end date of the rain season at DZARC, 75% of the last 30

years showed that on 12-October and the length of growing
period (LGP) 111 days. At Alemtena, the onset of rain season
out of the 30 year 25% was on 02-June and 75% on June-24.
The 75% of end date was laid 20-September and the LGP
was shorter (92 days) compared with DZARC. This implies
that Alemtena was early onset and shorter LGP. Though
early planting is better, while at DZARC relatively let onset
and longer LGP, planting in mid-July is appropriate when
soil is wet.

Table 3. Summary of Onset, offset and length of growing period (LGP) for 30 years (1990 to 2017) at DAZRC and Alemtena.

DZARC Alemtena
Statistical parameter

Onset End date LGP Onset End date LGP
Minimum 25-Jun 28-Sep 61 01-Jun 16-Sep 68
Quartile 1 (25%) 29-Jun 28-Sep 84 02-Jun 26-Sep 100
Quartile 2 (50%) 06-July 30-Sep 92 18-Jun 06-Oct 108
Quartile 3 (75%) 08-July 12-Oct 111 24-Jun 20-Sep 92
Maximum 29-July 11-Oct 139 19-Jul 23-Oct 131
Mean 06-July 06-Oct 92 16-Jun 03-Oct 121
SD 9.08 10.99 16.8 13.37 8.65 14.39
CV (%) 4.8 39 18.2 7.96 3.12 13.32

4. Conclusion
References

The highest grain yield and yield component of biomass
yield, panicle length and plant height were recorded Kora
variety was sown in mid-July at DZARC and early sowing at
Alemtena whereas Boset sown in mid-July at Alemtena was
also significant yield advantages than delayed sowing (late-
July). Finally, we recommended that, mid-July to late-July at
DZARC and early-July at Alemtena appropriate sowing date
for Kora variety. On the other hand, sowing in mid-July is
appropriate for Boset variety at Alemtena and similar agro-
ecology.
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