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Tef is the major staple cereal crop in Ethiopia. Broadcast method of sowing and lack of site-specific seeding rates are among the
major constraints of tef productivity. In this context, a field experiment was conducted with the aim of optimizing inter-row
spacing and seed rates for better growth and yield of tef in southern Ethiopia. Treatments consisted of five levels of seed rates (2.5,
5, 7.5, 10, and 12.5 kg ha−1) and four inter-row spacing (15, 20, 25, and 30 cm) that were combined in factorial arrangement and
laid out in a randomized complete block design with three replications. Phenology, growth, yield components, and yield data were
collected. The results revealed that lodging, main panicle weight, biomass, and grain yield were significantly affected by the
interaction effect of inter-row spacing and seed rates. Seed rate of 2.5 kg ha−1 at 20 cm inter-row spacing prolonged crop phonol-
ogy, enhanced tiller formation, and increased panicle and 1,000-grain weight than other treatments. The maximum grain yield
(2,400 kg ha−1) was obtained from the combination 2.5 kg ha−1 seed rate with 20 cm inter-row spacing. Taking the agronomic and
economic advantages, it was concluded that a seed rate of 2.5 kg ha−1 with an inter-row spacing of 20 cm was suggested for tef
growing farmers with similar agroecology of the study area.

1. Introduction

Tef (Eragrostis tef (Zucc.)) Trotter is a cereal plant that
belongs to the Graminaceae family. Tef can be grown any-
where in Ethiopia from sea level to 2,800m above sea level
(m.a.s.l), but it flourishes best at elevations of 1,800–2,100m.
a.s.l., with 750–850mm of annual rainfall and temperatures
of 10–27°C [1, 2]. Farmers give tef the highest priority since
it performs better than other primary grains in difficult envi-
ronmental conditions [3, 4].

Tef is one of the most important and prevalent cereal
crops in Ethiopia, making up about 24.17% of all acreage
and 17.12% of the nation’s total grain production [5]. The
national and regional averages of tef productivity were 1.76
and 1.48 t ha−1, respectively, which is less than the attainable
(1.8–2.8 t ha−1) and potential yield (6 t ha−1) [6]. Several con-
straints, including tef ’s susceptibility to lodging, poor soil
fertility, broadcasting sowing method, late planting, inappro-
priate fertilizer administration, and seeding rate, can be
blamed for the crop’s low yield [7, 8].

Because tef has relatively tiny seeds, Ethiopian farmers are
accustomed to distributing it at higher seeding rates of up to
35 kg ha−1 [8]. This tactic intensifies the struggle for resources
and accommodation, which ultimately leads to low yield
[9, 10]. In the meantime, earlier research data in the USA
[11] showed that seed rates between 4.5 and 9.0 kg ha−1 led
to improved tef growth and yield. Farmers in Wolaita Zone,
South Ethiopia, advocated using a seed spreader to sow 10 kg
ha−1 of tef per hectare [8].

Tef plants would reach their ideal population and maxi-
mum grain yield at a reduced seed rate if proper agronomic
practices were employed. In order to boost tef yield in Ethio-
pia, there is an increasing interest in optimizing the seeding
rate during row planting [12]. Furthermore, optimum seed
rate and row planting of tef minimize the problem of lodging
to a greater extent.

The crop’s dry matter distribution, leaf photosynthetic
capability, and plant architecture are altered by row planting
[13, 14]. Tef seed yield is a function of population density,
seed weight, and the quantity of tillers and panicles [15].
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Hence, it is vital to generate location-specific information
regarding the ideal seed rate and an inter-row spacing for
the establishment of a homogeneous tef stand and high grain
yield.

The recommended national tef seed rate for broadcast
sowing is 25–30 kg ha−1. By using a seed spreader and the
broadcast approach, this seed rate was decreased to 10 kg
ha−1 in the current study area [8]. Recently, there has been an
interest in using row planting of tef across the country with-
out a clear optimum seed rate for row planting [10, 12].
However, there have been attempts to determine the tef
seed rate for row planting using rates ranging from 5 to 15
kg ha−1. It was also reported that 5 kg ha−1 is the best seed
rate for tef production using row planting. However, this
recommendation missed the combined effect of seed rate
with row spacing. Thus, the purpose of this study was to
determine the interaction effect of row spacing and seed
rate on tef phenology, growth, yield components, and yield.

2. Materials and Methods

2.1. Description of the Experimental Site. The Wolaita Sodo
Agricultural Technical Vocational Education and Training
(ATVET) College demonstration field in southern Ethiopia
served as the experiment site during the main cropping season
(June to September) in 2016 (Figure 1). An approximate
geographical coordinate of the area is 6°34′N latitude and
37°43′E longitude having an altitude of 1,883m.a.s.l. The area
is characterized by a bimodal rainfall distribution pattern, with
the total rainfall in the cropping season being 480.8mm, and the
mean maximum and minimum temperatures were 24.91 and
15.35°C, respectively (Figure 2).

2.2. Treatments and Experimental Design. Four inter-row spa-
cings (15, 20, 25, and 30 cm) and five tef seed rates (2.5, 5, 7.5, 10,
and 12.5 kgha−1) made up the treatments. In a randomized
complete block design with three replications, the treatments
were grouped in a factorial configuration (Table 1). Spacing
of 1 and 0.5m were maintained between consecutive blocks
and plots, respectively. The gross and net plot sizes 4.8m2

(2m× 2.4m) and 1m2 (1m× 1m), respectively. One block
(replication) had an area of 118.8m2 (49.5m× 2.4m).
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FIGURE 1: Map of the study area.
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FIGURE 2: Monthly rainfall, maximum and minimum temperature of
Wolaita Sodo Agricultural Technical Vocational Education and
Training College in 2016.
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2.3. Description of Experimental Material. Tef variety Tsedey
(DZ-Cr-37) was used as a test crop. The variety was developed
and released by Debrzeit Agricultural Research Center in
1984. It is a high-yielding white-seeded with medium height
and early mature cultivar with days to maturity of 82–90. The
variety adapts to an altitude of 1,500–2,200m.a.s.l and
150–200mm annual rainfall during the growing period with
a suitable temperature range of 10–27°C [16]. The variety is
widely cultivated in the study area. Before sowing, seeds were
mixed with fine dry soil (1 : 5) collected from the experimental
site that passed a 2mm diameter sieve. The sowing of seeds
was carried out by drilling in the rows.

2.4. Experimental Procedures. The experimental field was
plowed with an oxen plow four times prior to seeding. After
plowing, the experimental field was leveled and pulverized
into a smooth seedbed. Important agronomic techniques
were implemented in accordance with the recommendation
[17, 18]. Nitrogen (N) at 41 kg ha−1 and phosphorous (P) at
46 kg P2O5 ha

−1 in the form of urea (46-0-0) and Di-
ammonium phosphate (18-46-0) were applied. Phosphorous
was administered during sowing, whereas N was applied
twice (at the sowing and tillering stages). Following the local
farmers’ planting season, planting took place during the
main cropping season.

2.5. Data Collection

2.5.1. Crop Phenology. Days to heading (days) are the num-
ber of days counted from seedling emergence until 50% of

the plants in the plot produce a bloom or head. Days to
physiological maturity (days) are calculated as the number
of days from the time the first seedlings emerged until 90% of
the plants in the plot reached the stage of phonological
maturity.

2.5.2. Growth and Yield. Growth parameters were measured
from ten randomly selected plants from a plot that were
tagged prior to tillering. Plant height (cm) was measured as
the distance from the base of the stem of the main tiller to the
tip of the panicle at maturity. Panicle length (cm) was mea-
sured from the distance between the node where the initial
panicle emerges and the tip of the main panicle when it
reaches maturity. The main panicle weight (g) is the average
weight of the main panicle at harvest from ten randomly
chosen plants. The panicle number per plant was calculated
by counting it from 10 randomly selected plants per plot at
physiological maturity. Total dry biomass (kg ha−1) was
measured by weighing of all tef biomass from six central
rows of each plot area after sun drying for 2 or 3 days. Grain
yield (kg ha−1) was calculated by weighing the threshed
grains from six central rows of each plot and converting
the result in kilograms per hectare after adjusting the grain
moisture content to 12.5%. Thousand seeds weight (g) were
weighted from thousand seeds that were randomly selected
from each plot and weighed using a sensitive balance and
grain moisture content was corrected to 12.5% using a grain
moisture tester.

2.6. Statistical Data Analysis. Using the statistical computing
program SAS version 9.1.3 [19], an analysis of variance was
performed on all of the gathered data. When there were
discernible differences between the means of the treatments,
the least significant difference (LSD) test was run at a 5%
level of probability.

3. Results and Discussion

3.1. Days to Heading and Physiological Maturity. Days to
50% heading and days to 90% physiological maturity were
significantly (p<0:05) influenced by the main effects of an
inter-row spacing and seed rate, respectively, but not by
their interaction effects (p>0:05) (Table 2). As inter-row
spacing increased from 15 to 30 cm, days to heading and
physiological maturity were delayed (Table 2). Plants
grown at 15 cm of inter-row spacing took about 45 and
79 days to reach 50% heading and 90% physiological
maturity, respectively. On the other hand, it took about
57 and 90 days to reach 50% heading and 90% physio-
logical maturity, respectively, when they were grown at
inter-row spacing of 30 cm.

Plants cultivated in close quarters may have reached 50%
heading and 90% physiological maturity earlier because of
resource competition, which drove them to change their
phenology from the vegetative to the reproductive stage.
On the other hand, plants grown with wider row spacing
had more access to resources and took longer to mature.
According to Gorgy [20], rice plants’ days to 50% heading
were speeded up by close row spacing, which is consistent

TABLE 1: Layout of the field experiment consisting of seed rates and
inter-row spacing.

Replication 1 Replication 2 Replication 3

S3R4 S3R4 S1R4
S4R2 S2R1 S4R1
S5R2 S2R4 S5R4
S5R1 S1R3 S3R1
S3R3 S1R2 S4R3
S4R4 S1R4 S1R2
S1R1 S3R1 S2R3
S2R2 S3R2 S1R3
S4R3 S3R3 S4R2
S1R4 S5R2 S3R4
S2R4 S4R1 S1R1
S5R4 S4R3 S2R2
S3R2 S5R1 S5R3
S3R1 S1R1 S5R1
S4R1 S2R3 S4R4
S1R3 S4R4 S2R4
S2R1 S4R2 S3R2
S5R3 S2R2 S5R2
S1R2 S5R4 S2R1
S2R3 S5R3 S3R3

S is for seed rate and R is for inter-row spacing, S1= 2.5 kg ha−1, S2= 5 kg
ha−1, S3= 7.5 kg ha−1, S4= 10 kg ha−1, S5= 12.5 kg ha−1, R1= 15 kg ha−1

cm, R2= 20 cm, R3= 25 cm, and R4= 30 cm.
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with this finding. Similarly, Mekonnen [21] found that nar-
rower inter-row spacing allowed for shorter days to 90% rice
maturity. Additionally, the closer inter-row spacing (20 cm)
accelerated the physiological maturation of wheat [22]. The
phonological stage of plants grown in close-cropped rows
was shortened, and the plant developmental phase moved
earlier, as a result of competition for assimilates when
resources are depleted sooner [23].

As the seed rate increased from 2.5 to 12.5 kg ha−1, the
time required to obtain 50% panicle emergence and physio-
logical maturity began to shorten (Table 2). Therefore, the
longest (56.1) and shortest (51.41) days to 50% heading were
observed at seed rates of 2.5–12.5 kg ha−1, respectively. The
same seed rates yielded the longest (86.75) and quickest
(82.92) days to 90% physiological maturity.

The delay of these phenological phases at lower seeding
rates may be due to less plant competition, whereas, at higher
seeding rates, there is intense competition for securing
growth resources, which stresses the plant and causes it to
shift from its vegetative growth stage to its reproductive
growth stage [24]. In agreement with this result Abdulkerim
[25] confirmed that increasing the levels of seeding rate of
wheat crops shortened the number of days to 50% heading.
The current result was in line with the findings of Ameyu
[26], who noted that a lower seed rate made tef plants to take
a long time to reach their physiological maturity. Addition-
ally, according to Lakew and Berhanu [27], the 90% physio-
logical maturity of tef was shortened when the seed rate rose.
In another area, larger tef density brought on by a higher
seed rate caused plants to use the major growth resources
more quickly by engaging in intra-specific competition,
which in turn caused the crop to mature earlier [27].

3.2. Lodging Index. The main and interaction effects of inter-
row spacing and seed rate had a significant (p<0:05) effect
on the lodging index of tef (Figure 3). The highest lodging
index (65.08%) was obtained from tef planted at 15 cm row
spacing and a seed rate of 10 kg ha−1, while the lowest

lodging index (25.68%) was obtained from row spacing of
25 cm with a seed rate of 2.5 kg ha−1. Taller plants with a
weak and thin tef stem may exhibit greater lodging values
with higher seed rates and tighter row spacing. The robust
and sturdy stem of the tef plant, on the other hand, may be
associated with a lower lodging index at a lower seed rate
with wider row spacing because of less density stress.

This result is in agreement with the finding that tef ’s low
plant density results in low lodging [28, 29]. A decreasing
tendency of tef lodging was also reported by Ameyu [26],
which resulted from row planting and less seed rate. A dis-
organized light profile is also linked to the propensity of
plant lodging at higher seed rates, which results in taller
and weaker plants that are more vulnerable to changing
climatic conditions [30, 31]. Reduced lodging (%) is one
way that a proper seed rate helps to increase tef output
[32]. When the tef stem can sustain the weight of the loaded
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TABLE 2: Days to heading and physiological maturity as affected by the main effect of inter-row spacing and seed rate of tef variety (DZ-Cr-37).

Factors Days to panicle emergence Days to physiological maturity

Inter-row spacing (cm)
15 45.10d 78.87c

20 54.87c 83.20b

25 55.60b 88.13a

30 56.87a 90.27a

LSD (0.05) 0.5 2.1
Seed rates (kg ha−1)

2.5 56.10a 86.75a

5 53.20b 86.58a

7.5 52.60c 85.42ab

10 52.00d 83.92bc

12.5 51.41d 82.92c

LSD (0.05) 0.56 2.4
CV (%) 1.3 3.5

Means followed by the same letter within a column are not significantly different at a 5% probability level.

4 Advances in Agriculture



head of grain more effectively, the incidence of lodging is also
shown to be reduced [15, 33].

3.3. Plant Height. The interaction effect of row spacing and
seed rate showed a nonsignificant effect on plant height
(Table 3). On the other hand, the main effects of the two
factors were significant. Thus, the finding showed that wider
inter-row spacing resulted in a decline of plant height with row
spacing of 30 and 15 cm, produced the shortest (81.89 cm) and
longest (91.76 cm) plant heights, respectively. The conse-
quence of intense competition among plants as a result of
increasing density, which causes them to stretch in quest of
light, may explain why plant height increases with a 15 cm
narrowing of row spacing. The opposite of this conclusion,
according to Wato [34], tef plant height increased with
increasing row spacing due to less nutrient competition at
wider row spacing.

The increase in plant height with the narrowing of row
spacing (15 cm) might be related to the effect of severe com-
petition among plants because of higher density, which
makes them elongated in search of light. In another report,
plant height of tef increased with increasing of row spacing as
a result of less competition for nutrients at wider row spacing
[34]. The outcome of the current study may be attributable to
the influence of competition for light rather than nutrients
because crowding at close plant spacing (greater density)
causes an increase in competition intensity for light and
plant elongation [35].

Regarding the seed rate, plant height was increased with
an increase in seeding rate from 2.5 to 12.5 kg ha−1. Thus, the
taller plant was observed from a seed rate of 12.5 kg ha−1,
while a seed rate of 2.5 kg ha−1 resulted in the shortest plant,
which might be attributed to higher inter-plant competition
in higher plant density for light, resulting in elongation of
internodes. Greater seed rates result in denser plant growth,
which reduces light penetration through the plant canopy
and encourages plants to grow longer vertically to catch
the restricted amount of light than plants with lower plant

densities [36]. In agreement with the current findings, the
formation of more secondary tillers in sparsely populated
stands, which tend to be shorter in height than plants at
higher density, is reflected in the reduction of tef plant height
in response to reduced seed [9].

3.4. Yield Components and Yield

3.4.1. Number of Tillers per Plant. The main effect of seed
rates and row spacing on the number of tillers per plant was
significant (p<0:05) but not their interaction (Table 3). As
row spacing increases from 15 to 30 cm, the number of tillers
per plant increases (Table 3). Row spacing of 15 and 30 cm
resulted in the lowest (4.88) and highest (7.74) number of
tillers per plant, respectively. Because plants have better
access to space, nutrients, water, and light when they are
less in number in a given area, and they can produce more
tillers as a defense against having fewer plants. Reports
showed that wider inter-row spacing may lead to the creation
of more tillers [24]. According to Asargew et al. [37], the
largest tiller number per plant was obtained with a wider
row spacing (30 cm) than it was with the smallest (15, 20,
and 25 cm) row spacing. There were more tillers per plant of
tef as row space increased (lower density) [38].

The present study showed that there was a tendency for
fewer tillers per plant as the seed rate increased from 2.5 to
12.5 kg ha−1 (Table 3). The highest (8.37) and lowest (5.13)
number of tillers per plant was produced at a seed rate of 2.5
and 12.5 kg ha−1, respectively. The decrease in tiller count as
the seed rate increased might be related to interplant compe-
tition for growth resources, which reduces the plant’s tiller-
ing potential. Similarly, studies revealed that tef seedlings
with lower seeding rates had more tillers per plant [8, 39].
There was a considerable decline in the quantity of tillers per
plant when the seed rate increased in tef [13].

3.4.2. Number of Effective Tillers per Plant. The main effect of
seed rates and row spacing on the number of effective tillers
per plant was significant (p<0:05) but not their interaction

TABLE 3: The main effect of row spacing and seed rate on plant height, number of total tillers, and effective tillers per plant in tef.

Factors Plant height (cm) Number of tillers per plant Number of effective tiller per plant

Row spacing (cm)
15 91.76a 4.88c 4.13c

20 88.36b 5.95b 4.81b

25 85.09c 7.31a 6.10a

30 81.89d 7.74a 6.24a

LSD (0.05) 2.22 0.60 0.42
Seed rates (kg ha−1)

2.5 81.57c 8.37a 7.16a

5 84.18b 7.10b 5.83b

7.5 86.51b 6.20c 4.98c

10 89.8a 5.59cd 4.54cd

12.5 91.81a 5.13d 4.00d

LSD (0.05) 2.48 0.66 0.47
CV (%) 3.5 12.4 10.6

Means followed by the same letter within a column are not significantly different at a 5% probability level.
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(Table 3). The number of effective tillers per plant in tef
tends to increase as inter-row spacing increases from 15 to
30 cm. The fewest effective tillers (4.13) were produced at 15
cm spacing, while at 30 cm inter-row spacing, a higher num-
ber of effective tillers (6.24) per plant was produced (Table 3).
The appropriate positioning of the plants in the field allowed
for more aeration, greater light interception, and more pho-
tosynthetic activity, which may be responsible for the larger
number of effective tillers with wider row spacing. In agree-
ment with this finding, Rajbhandari [40] observed that as
each plant had access to more space and nutrients when
planted farther apart, more productive tillers were generated,
which had a discernible effect on the total number of tillers.
When the inter-row spacing increases from 10 to 30 cm, the
number of productive tillers increases significantly [41].

Moreover, the number of effective tillers tended to decrease
with an increased seed rate in tef (Table 3). The maximum
number of effective tillers per plant (7.16) was recorded at a
seed rate of 2.5 kg ha−1, while theminimumnumber of effective
tillers per plant (4.00) was attainedwhen plots were seededwith
the highest seed rate (12.5 kg ha−1). This might be due to
spaced, plants adequately usedmore water, light, air, and nutri-
ents, which led to a greater amount of photosynthetic activity
and, ultimately, a higher number of effective tillers per plant.
This result agrees with the finding of Laekemariam et al. [8],
who indicated that lower seed rates of tef resulted in an
increased number of tillers per plant.

3.4.3. Panicle Length. The main effect of seed rates and row
spacing on panicle lengths was significant (p<0:05) but not
their interaction (Table 4). Panicle length showed a signifi-
cantly increasing trend as row spacing increased from 15 to
30 cm (Table 4). The longest (41.36 cm) and the shortest
(36.85 cm) panicle lengths were recorded from row spacing
of 15 and 30 cm, respectively. The longest panicle length at
narrow row spacing might be related to more number of
plants per given area, which brings elongation of the panicle.

A similar study result showed that an increased panicle
length was observed at narrow spacing because of less tiller-
ing capacity and competition among plants [42].

The longest (40.70 cm) and shortest (37.07 cm) panicle
lengths were recorded at 12.5 and 2.5 kg ha−1 seed rates,
respectively (Table 4). The longest panicle length at a higher
seed rate might be attributed to increased plant density that
results in competition among plants for light and other
resources, which in turn causes panicle length to elongate.
Similarly, a report indicated that panicle length increased
with increasing seed rate in tef [12].

3.4.4. Panicle Number Per Plant. The main effect of seed rates
and row spacing on the number of panicles per plant was
significant (p<0:05) but not their interaction (Table 4). The
number of panicles per plant was increased significantly as
row spacing increased from 15 to 30 cm (Table 4). Inter-row
spacing of 30 cm produced the highest number (18.24) of
panicles per plant, while at the lowest inter-row spacing
(15 cm) produced the least panicle number (16.20). The
increased number of panicles at the wider spacing was attrib-
uted to more interception of sunlight for photosynthesis and
resulted in the production of more assimilate for partitioning
toward the development of more panicle numbers. This
favors growth and contributes to having more panicles per
plant [43]. Thus, the number of panicles per plant reduced as
the seed rate increased (Table 4). Plants with seed rates of
12.5 and 2.5 kg ha−1 produced the lowest (14.95) and highest
(19.74) number of panicles per plant, respectively. The
increased number of panicles per plant might be due to the
plants’ increased utilization of nutrients and available space.
According to Arefaine et al. [22], panicle numbers rose with
decreasing seed rates, which is consistent with this finding.

3.4.5. Main Panicle Weight. The main panicle weight of tef
was increased significantly (p<0:05) as row spacing increased
from 15 to 30 cm (Table 4). The maximum (1.48 g) and

TABLE 4: The main effect of row spacing and seed rates on panicle length, panicle number, main panicle weight per plant, and thousand seed
weight of tef.

Factors Panicle length (cm) Panicle (number plant−1) Main panicle weight (g) Thousand seed weight (g)

Inter-row spacing (cm)
15 41.36a 16.20c 1.24d 0.34b

20 39.83a 16.31bc 1.30c 0.35ab

25 37.48b 17.41ab 1.43b 0.36a

30 36.85b 18.24a 1.48a 0.35ab

LSD 1.54 1.15 0.037 0.014
Seed rates (kg ha−1)

2.5 37.07c 19.74a 1.49a 0.37a

5 37.62c 18.07b 1.40b 0.36ab

7.5 38.76bc 16.50c 1.34c 0.34bc

10 40.26ab 15.94cd 1.34c 0.34bc

12.5 40.7a 14.95d 1.27d 0.32c

LSD 1.72 1.29 0.042 0.015
CV (%) 5.4 9.13 3.7 5.3

Means followed by the same letter within a column are not significantly different at a 5% probability level.
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minimum (1.24 g) main panicle weight per plant were
obtained from row spacing of 30 and 15 cm, respectively.
This result might be explained by the more effective use of
water, nutrients, and light at wider spacing, as there is less
inter-row competition and less plant population [44]. Like-
wise, Ali et al. [45] found that intense competition and close
row spacing lowered the amount of photosynthate available
during the growing period, which ultimately resulted in a
decrease in grain weight and, consequently, spike (panicle)
weight.

Overall, the panicle weight significantly increased with
the decline in seed rate (Table 4). The maximum weight
(1.49 g) was noted at a seed rate of 2.5 kg ha−1, whereas
the minimum value (1.27 g) was recorded at a seed rate of
12.5 kg ha−1. The enhanced main panicle weight with
decreasing seed rate might be due to the better utilization
of growth resources among tef plants. The greater plant

competition under a higher seed rate might have reduced
assimilate synthesis, which in turn resulted in the lower
main panicle weight of the tef. In line with this result,
Reda [12] reported that lowering the seed rate of tef
increased the main panicle weight.

3.4.6. Thousand Seed Weight. Row spacing and seed rate had
a significant (p≤ 0:05) effect on thousand seed weights but
not their interaction (Table 4). Thus, row spacing of 25 and
15 cm had the highest (0.36 g) and lowest (0.34 g) thousand-
grain weights, respectively. A higher plant population was
seen with narrower row spacing, which was accompanied by
intense inter-row competition that reduced thousand seed
weight [24]. In support of this finding, wider row spacing
yielded more thousand seed weights in wheat than narrow
row spacing did [45].

When the seed rate increased from 2.5 to 12.5 kg ha−1,
the weight of the thousand seeds decreased (Table 4). The
highest (0.37) and lowest (0.32) thousand-grain weights were
measured at seed rates of 2.5 and 12.5 kg ha−1, respectively.
At a low seed rate, there were fewer plants per unit area;
plants were able to utilize more light and nutrients from
the space that was available to each plant, leading to a maxi-
mum of a thousand seed weights at a reduced seed rate. The
increasing thousand seed weight of tef with decreasing seed
rate might be attributed to the effective exploitation of
applied fertilizer [12, 46] and optimization of grain yield
and crop quality [47].

3.4.7. SeedWeight of the Main Panicle. The seed weight of the
main panicles was significantly (p≤ 0:05) impacted by the
interaction effect of inter-row spacing and seed rates
(Figure 4). Maximum panicle seed weight per plant (0.98 g)
was obtained at 30 cm row spacing and a seed rate of 2.5 kg
ha−1. The lowest panicle seed weight per plant (0.43 g) was
found at 15 cm row spacing and a seeding rate of 12.5 kg
ha−1. A better use of growth resources and the transfer of
assimilates from source to sink (seed) might be the cause of
the maximum panicle seed weight at a reduced seed rate and
wider row spacing [45].

3.4.8. Biomass Yield. Biomass yield was significantly (p≤
0:05) influenced by the interaction effects of inter-row spac-
ing and seed rates (Figure 5). The highest biomass produc-
tion (11,449 kg ha−1) was attained with 7.5 kg ha−1 of seed
rate and at 15 cm row spacing, while the lowest value (6,684
kg ha−1) was attained with 12.5 kg ha−1 seed rate and at 30
cm row spacing. The greatest biomass yield was around
71.3% more than the minimum. The maximum biomass
yield at the lowest seed rate and the narrowest row spacing
suggests that as the distance between rows shrunk, the num-
ber of plants per unit area grew, leading to higher biomass
yield and various yield components [48]. Biological yields
rise with rising wheat populations up to a threshold, after
which there is no further growth in yield [49]. Better perfor-
mance of yield components and tillering per plant at wider
row spacing and lower seed rate could not compensate for
the yield losses of plants due to the reduced plant population
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[50]; hence, plant numbers per a given area matter the bio-
logical yield [13].

3.4.9. Grain Yield. The grain yield of tef was significantly
(p≤ 0:05) influenced by the interaction effects of the inter-
row spacing and seed rates (Figure 6). Grain yield decreased
as seed rate increased for all row spacings except 15 cm. Row
spacing of 20 cm and a seed rate of 2.5 kg ha−1 resulted in the
highest grain yield production (2,400 kg ha−1). Row spacing
of 30 cm and seed rate of 12.5 kg ha−1 resulted in the lowest
grain production (1,200 kg ha−1). The higher grain output
might be due to the equal distribution of seeds and efficient
use of the environment’s resources. It is reported that row
planting combined with a low seed rate resulted in the maxi-
mum grain yield of tef [51]. Furthermore, Laekemariam et al.
[8] asserted that the grain yield was higher when tef was
sown at the lowest seed rate (10 kg ha−1), as opposed to when
it was sown at the highest seed rates. Higher plant strength
and yield were also attained at the proper seed rate and row
spacing [22, 52]. A decreased seeding rate of tef also contri-
butes favorably to an increase in grain output, according to
Assefa et al. [2].

3.4.10. Straw. The straw yield was significantly (p≤ 0:05)
impacted by the main and interaction effects of inter-row
spacing and seed rates (Table 5). Increasing row spacing and
seed rate resulted in a lower straw yield. The highest yield
of straw (9,055.5 kg ha−1) was recorded at a seed rate of

7.5 kg ha−1 with a row spacing of 15 cm, whereas the lowest
yield of straw (5,480.8 kg ha−1) was attained at a seed rate of
12.5 kg ha−1 with a row spacing of 30 cm. The large rise in tef
straw yields with a reduction in row spacing may be attrib-
utable to a higher plant population per unit area. Straw yield
followed the same trends as biological and grain yields,
which were higher for tighter row spacing and lower seed
rates. According to Bakht et al. [53] and Kalpana et al. [54],
the highest straw yield on tef was seen on smaller spacings
than on broader ones.

3.4.11. Harvest Index. The main effect of inter-row spacing
and seed rate had a significant (p<0:05) effect on the harvest
index on tef variety; however, their interaction effect was not
significant (Table 6). The lowest harvest index (19%) was
obtained from the inter-row spacing of 30 cm, while the
maximum harvest index (22.6%) was recorded at the inter-
row spacing of 20 cm (Table 5). This might be a result of the
higher grain production in the 20 cm inter-row spacing than
in others. The highest harvest index was the outcome of
higher grain yield [21].

With regard to seed rate, at the lowest seed rate (2.5 kgha−1),
the maximum harvest index (23.04%) was observed, while the
minimum harvest index (19.01%) was detected at the higher
seed rate of 10 kg ha−1 (Table 6). The increased harvest index
attained at the lowest sowing rate can be attributable to
increased light penetration through the plant canopy. In con-
trast, the lowest value of HI (%) from a higher seed rate may
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TABLE 5: The straw yield of tef (kg ha−1) as affected by the interaction effects of row spacing and seed rates in tef crops.

Row spacing (cm)
Seed rates (kg ha−1)

2.5 5 7.5 10 12.5

15 6,424.8defg 7,109bcd 9,055.5a 8,521.2a 7,426.2b

20 6,677.8cdef 7,272.7bc 7,188bc 7,170bc 6,942.6cbde

25 6,664.5cdef 6,221fgh 6,026.5fghi 6,120.6fghi 6,233.1efgh

30 6,212.9fgh 5,816.3ghi 5,644hi 5,541.1hi 5,480.8i

Means followed by the same letter within a column within the same treatment category are not significantly different at a 5% level of significance. LSD (0.05)=
716.5, CV (%)= 6.5.
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be due to increased competition for nutrients, light, and space.
Similar to this, Zeng and Shannon [55] demonstrated that at
high densities, the supply of carbohydrates was constrained by
crop shading and competition between vegetative and repro-
ductive growth. Similarly, it was stated that at an increased
seed rate, the harvest index of tef values decreased [56–59].

4. Conclusion

Optimum intra-row spacing and seed rates would boost crop
yield due to lower stress from competition among crop
plants for available environmental resources. In the present
study, it was recorded that lowering the tef seeding rate and
widening inter-row spacing reduced lodging and also
benefited the growth and yield of tef. Sowing of tef at 2.5
kg ha−1 seed rate and 20 cm inter-row spacing maximized
the grain yield with a 100% yield advantage over the seed
rate of 12.5 kg ha−1 with 30 cm inter-row spacing. From this
result, it can be concluded that a seed rate of 2.5 kg ha−1 at 20
cm interspacing was the best combination to achieve maxi-
mum grain yield for the study site and other areas with
similar agroecological conditions.
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