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Abstract

Time of DAP application and sowing method vary from farmer to farmer. Therefore, there is a need to determine
time of DAP and sowing method recommendations for tef(Eragrostis tef (Zucc) Trotter). Accordingly, an
experiment was conducted to evaluate the effect of sowing method and time of DAP application on yield and
yield components of tef at Shebedino, Southern Ethiopia in 2012 cropping season.DZ-37 tef variety was used as
a test crop. A factorial combination of planting method (row planting and broadcasting) and five times of DAP
fertilize application (at planting, two, four, six and eight days before planting) was laid out in Randomized
Complete Block design (RCBD) with four replications. Row sowing and DAP applied two days before planting
had significantly affected days to heading and maturity, plant height , first growth rate, number of tiller and
panicle, thousand seed weight, grain, straw and total biomass yields and harvest index. Days to emergence and
panicle length were significantly affected by broadcasting and application of fertilizer two days before planting.
Row sowing hastened heading and maturity by 1 day and increased growth rate by 23.46% than broadcasting;
and DAP applied two days before planting hasten days to heading and maturity by 4 and 5 days, respectively,
than DAP applied eight days before planting. Row sowing had 10, 24.8 and 23.8% more panicles, grain and
biomass yields respectively, than broadcasting. DAP applied two days before sowing increased panicles, grain
and biomass yields by 41.7, 62.1and 59.6% respectively, than DAP applied eight days before sowing. Interaction
of row sowing and DAP applied at the time of sowing, had 54.7 and 1.07% more 1000 seed weight and harvest
index respectively, than broad casting and DAP applied at the time of sowing. Row sowing was found to be
economically acceptable with MRR of 627.7% with 6775.6Birr ha'more income from grain yield than
broadcasting. Row sowing and DAP applied two days before planting had 80.85 Birr ha™ more additional
income from straw than broadcasting. Therefore, row sowing and DAP application two days before planting
could be recommended as an economically feasible choice for the study area.

Keywords: sowing method, row seeding, broadcasting, time of fertilizer/DAP application before planting

1. INTRODUCTION

Tef (Eragrostis tef (Zucc) Trotter) is a small - seeded cereal indigenous to Ethiopia and originated in Ethiopia
between 4000 and 1000 BC. Currently, tef is grown in almost all regions of Ethiopia; because it is the preferred
grain crop for home consumption, market and fetches the highest grain price compared with the other cereals
(Zeleke, 2009). Tef is among the major cereal crops in Ethiopia and occupies about 22.6% of the total cereals’
land (about 2,731,111.67 hectares), which is more than any other major cereals such as maize (17%), sorghum
(15.92%) and wheat (11.89%) (CSA, 2012). Of the total 30 million grain production,14 million tons is
contributed by cereals; tef constituted about 16% (34,976,894.64 quintals), next to maize 27.77% (60,694,130.14
quintals) during the main cropping season of 20011/12.

In Ethiopia, tef performs well in ‘Weina dega’ agro-ecological zones or medium altitude (1700-2400
masl). According to Haftamu et al. (2009), mean temperature and optimum rainfall for tef during growing season
range from 10 to 27 °C and 450 to 550mm, respectively. Tef withstands low moisture conditions and has the
ability to tolerate and grow on Vertisols having a drainage problem, which make it a preferred cereal by farmers.

The length of growing period (LGP) considering rainfall of 450 to 550 mm and evapo-transpiration of
2-6 mm day’', ranges from 60 to 180 days. Depending on variety and altitude, tef requires 90 to 130 days for
growth (Haftamu ef al., 2009).

Ethiopian farmers grow tef for a number of merits; which are mainly attributed to the socioeconomic,
cultural and agronomic benefits (Hailu and Seyfu, 2001); although it ranks the lowest in terms of yield from of
all cereals grown in Ethiopia.

The lower productivity of tef might be due to its confinement to Ethiopia in terms of origin and
diversification, which limits the chance of improvement like other cereals of international importance (Kebebew
et al., 2001). Other factors contributing to its low in productivity are lodging, method of planting and fertilizer
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application; the combined effect of those factors result up to 22% reduction in grain and straw yield (Hailu and
Seyfu, 2001).Therefore, further improvement of product and productivity of tef is highly needed; as even
improved varieties of tef are reported to yield only up to 2.2 t ha” on farmers’ field (Hailu and Seyfu, 2001) and
the national average yield is 1.17 t ha™ (CSA 2012).

The most common way of planting tef is by broadcasting the small seed at the rate of 25 - 30 kg ha™!
(Tareke and Nigusse, 2008). This sowing method results in lodging; which is the main cause for low yield of tef
due to high plant density (Tareke, 2009). To minimize the problem of lodging on tef, low seed rate, row planting,
late sowing and application of plant growth regulators were used (Fufa et al., 2001).

High rate of nutrient depletion in Ethiopia; due to lack of adequate synthetic fertilizer input, limited
return of organic residues and manure, high biomass removal, erosion, and leaching (Balesh.et al., 2007). The
solution for these would be selecting combinations of nutrient source, appropriate rate and timing of fertilizer
application; that would optimize fertilizer use efficiency and increases economic return (Grant et al., 2002).

Especially, application of nutrients before peak crop nutrient demand is critical; and adequate nutrients
early in the growing season are necessary to maximize yield. Mainly, N and P are ensuring good grain or seed
fill (Clain Jones, 2011). According to Clain (2011), there are many advantages from early application, like
increased nutrient use efficiency and reduced adverse environmental effects.

Though there is much advantage from early application, time of fertilizer application before planting is
not known; due to limited research work on early application. Therefore, there are controversies regarding
appropriate time of DAP fertilizer application before planting. Some farmers prefer to apply DAP four days
before planting, while others prefer to apply three days before planting, the remaining prefers to apply two and
one day before planting; which might result on loss of fertilizer and reduction in yield.

Majority of the farmers believes for longer time, to higher productivity on tef, broad casting all over
the field is necessary. So they faced productivity problem for longer time due to, difficulty to mange weeds and
lodging (Jim, 2011).

To improve production and productivity of tef planting methods (such as planting in rows rather than
broadcasting) and optimum time of fertilizer application should be considered (ATA, 2012). Hence, this study
was initiated with the following objectives:

» To evaluate the effect of sowing method and time of Di-Ammonium Phosphate (DAP) fertilizer
application on growth and yield of tef.

» To see the interactive effect of sowing method and time of DAP fertilizer application on growth and
yield of tef.

» To identify the optimum sowing method & time DAP fertilizer application in tef production

2. MATERIALS AND METHODS
2.1 Site Description
This study was conducted at Taremessa Kebele of Shebedino Woreda, in Sidama Zone. The site is located 27 km
south of Hawassa and situated at 7° 4’N and 44°E with an elevation of 1900-2600 masl. The mean annual rain
fall varies from 900-1500 mm, with two rainy seasons (bimodal); the belg (short rain from Feb-April) and meher
(main season from June- October).

The dominant crops growing around the experimental area are enset (Enset ventricosum), maize (Zea
mays L.), tef, different vegetables and Chat (Catha edulis). Specifically the study site has an altitude of 1980
masl with clay loam textural soil and considered as representative of the Woreda’s cool sub humid (Weyna Dega)
agro climatic zone (SWRDO, 2013, unpublished).

117



Journal of Biology, Agriculture and Healthcare WwWw.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online)

JLNT|
Vo5, No.s. 2015 NSTE

Location of Study kebeles in

Nure Cubatre
Heverse Ciy

Meaninn Juigs

SNNPR 3 \
v e Neete
Dote Nepewn .
- Kamre Ang \z’.ﬁh . Q]\
C f

Nerzori h””’k !
— 4!“,\\) Hevieda J -~

“ Doscre

Yy

Sxdama

Figl:- Location of the study site

Based on ten years (2003 to 2012) meteorological data, the average annual rainfall of the study area
was 798 mm; with a range of 704.3 mm to 1197.9 mm per year. The total rainfall of the growing year was 922.8
mm with a range of 0.2 to 193.6 mm per month. The total rainfall of the growing season was 590.4 mm with a
range of 5.5 to 155.2 mm per month; which are ideal for the production of tef (Appendix Tablel).

The average annual minimum and maximum temperatures are 13.3 °C and 27.5 °C, respectively. The
mean minimum and maximum temperatures of the growing year were 13.5 °C and 27.8 °C, respectively. The
mean minimum and maximum temperatures of the growing season were 14.5 °C and 26.3 °C, respectively.
Generally the Woreda consist of two agro climatic zone, namely cool sub humid (Weyna Dega (90%)) and cool
and humid (Dega (10%)) (SWRDO, 2013) (unpublished).
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Fig2:- Monthly rainfall, Average minimum and maximum temperature of cropping season.

2.2. Experimental Treatments and design

The experiment consisted of two factors, method of sowing and time of fertilizer application; arranged in
randomized complete block design (RCBD). Times of fertilizer (DAP) application (0, 2, 4, 6 and 8 days before
planting) and methods of sowing (broad casting and row sowing), were arranged as factorial with four
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2.3. Experimental Procedure

Tef variety, DZ-Cr-37 (Tsedeay) released in 1984 was used as a test crop; which is most widely grown variety in
the relatively low altitude and moisture prone areas (Truneh et al., 2000).

The experimental field was prepared by using oxen plow and plowed four times, before planting. Plowing started
at the end of June and the fourth plowing was done in the middle of August 2012. The experimental plot size
was 2 m x 2.5 m (5 m?) and the space between plots was 0.5 m; which had 0.2m intra row space.

DAP fertilizer was used at the rate of 100 kg ha™ as source of N and P; and Urea was applied at the rate of 50 kg
ha™; in which 1/3 at planting and 2/3 at stem elongation. The seed rate of tef used was 25 kg/ha for both sowing
methods; and all necessary cultural practices were applied.

2.4. Soil Sampling and Analysis

Sixteen random soil samples (0-20 cm depth) from the experimental field were thoroughly mixed to make a
composite. The sample was air dried and ground to pass 2 mm sieve and necessary parameters such as soil
texture, available P, pH and CEC were determined. For the  determination of OC and N Imm sieve
was used. Soil texture was analyzed by Bouyoucos hydrometer method (Day, 1965). Available P was extracted
with a sodium bicarbonate solution at pH 8.5 following the procedure described by Olsen et al. (1954).The pH of
the soil was measured potentiometrically in the 1:2.5 soil: water mixture by using a pH meter and organic carbon
was determined following Walkely and Black wet oxidation method (Walkely and Black, 1934).Cation
Exchange Capacity (CEC) was determined by Ammonium Acetate method (Jackson, 1973).

2.5. Data Collection

2.5.1. Phenological data

Days to 50% emergence: number of days from sowing up to the date when 50% of the plants emerged in a plot.
Days to 50% heading: number of days from sowing up to the date when the tips of the panicles first emerged
from the main shoot, on 50% of the plant in a plot

Days to 90% maturity: number of days from the date of sowing up to the date when 90% of the crop stands in a
plot changed to light yellow color.

2.5.2. Growth data

Plant height (cm): - It was taken at an interval of 20 days; by taking six randomly selected plants and measured
from the base of the main stem to the tip of the panicle.

Growth Rate: - It was the ratio of the differences between two consecutive plant heights measured at difference

time [GR= 21" AT} (Watson, 1952).
Growth rates (GR;, GR; and GR;) were calculated according to Watson (1952), as following:-

GR= [H-H] ¥ [T,-T)] GRy= [HyH,] T [TeTy]  GR3= [HeH,] T [T,T)
Where,

GR-First growth rate T, =20 days after emergence

GR,- Second growth rate T, =40 days after emergence

GR3- Third growth rate T; = 60 days after emergence

H, = Height of plant at time t; T4 = 80 days after emergence

H, = Height of plant at time t,

H; = Height of plant at time t;

H, = Height of plant at time t4

Tillers number (m™): - to determine the capacity of tillering per Im?, 10 cm X 20 cm area was demarcated and
the number of plants existed in that area were counted. Then recounting was done after at flowering on demarked
area; because maximum tillers produced during vegetative phase and senescence occurs at maturity (Lafarge et
al., 2004). Finally the difference between the first and second count was converted into 1m®.

Panicles per plant: - six plants were randomly taken and the average number of panicles per plant was
considered.

Panicle length (cm): - length of the panicle was measured by selecting six plants randomly and measuring from
the node (the first panicle branch started) to the tip of the panicle.

2.5.3 Yield and yield components

Total above ground biomass (kg):- was measured after sun-drying for two days.

Straw yield (kg): - was measured by subtracting grain yield per plot from the total above ground biomass.

Grain yield (kg ha™):- yield from every plot

Thousand seed weight (g): - the seeds were taken from each plot and 1000 seeds counted by hand and then
weighted.
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Harvest index: - the ratio of grain yield to the above ground (shoot) biomass. [HI= Grain yield/Total biomass].

2.6. Economic Analysis

For economic analysis, a simple partial budget analysis was employed using CIMMYT approach (CIMMT,
1988). For partial budget analysis, the factors with significant effect were considered. The yield was adjusted by
subtracting 10 % from average gain yield. Than after, gross yield benefit was obtained by multiplying the
adjusted yield by the price of grain (13 birr kg™). Net benefit was calculated, by subtracting labor cost from gross
yield. Finally marginal rate of return (MRR) was obtained, by dividing marginal net benefit to the marginal cost
and expressed as percentage (CIMMT, 1988). The mean market price of tef was obtained by assessing the
market at harvest (2012 cropping season).

2.7. Data Analysis

The various agronomic data were analyzed using the general linear model (GLM) procedures of the SAS
statistical software (SAS Institute, 2000) to evaluate the effect of sowing method and time of fertilizer
application and their interaction. Least Significant Difference (LSD) test at P<0.05 was used to separate means
whenever there were significant differences.

3. RESULTS AND DISCUSSION

3.1. Physicochemical Properties of the Experimental Soil.

The analytic results indicated that the experimental soil was clay loam textured; having organic carbon content
(OC) of 2.54 % (Table 1). The soil had high OC in accordance with Sahlemedhin (1999), who rated OC between
1.74-2.90% as high. The CEC of the soil was 23.87 cmol kg, which could be considered as medium (Landon,
1991). According to Olsen et al. (1954) P rating (mg kg'l), P content of < 3 is very low, 4 to 7 is low, 8 to 11 is
medium, and > 11 is high. Thus, the experimental site of available P content is high. The pH of the soil was 4.98,
which is within the range of 4 to 8 suitable for tef production (FAO, 2000).Total N of the soil (0.16 %), is
medium; as rated by Havlin et al., (1999) who rated total N between 0.15 to 0.25% as medium.

Table 1: - Physio-chemical properties of the experimental soil.

Depth pH CEC OC (%) Total N Av.P Particle size Textural
(cm) (Hy0) (cmol kg™ (%) (mg kg™) distribution (%)

sand clay silt Class
0-20 4.98 23.87 2.54 0.16 27.4 32 30 38 Clay loam

CEC= Cation Exchange Capacity, OC= Organic Carbon, Av.P= Available phosphorous.

3.2. Crop Phenology
3.2.1. Days to emergence
Days to 50% crop emergence was significantly affected both by method of sowing and time of fertilizer

application (PEO.OOI). However, their interaction did not have any significant effect on crop emergence
(Appendix Table 4).

Broadcasting shortened days to emergency by 3-days than row sowing (Table 2). The result agrees with the
finding of Klosterboer and Turner (2002), who indicated rice in the broadcast emerges earlier than row sowing.
The row sown tef was placed relatively deeper than that of broadcasted tef; and the finding was in contrast to the
report of Evert et al. (2008),who found earlier emergence of tef on the surface compared to deeper planted tef;
because of poor seed to soil contact.

Fertilizer applied eight days before sowing delayed emergency by 2-days than that applied two days before
sowing (Table 2). This might be attributed to the high loss of DAP fertilizers from the earlier application before
it is used by the plant; especially N, which is highly soluble and may be lost from the soil-plant system by
leaching, de-nitrification, volatilization and erosion (Vaughan et al., 1990).
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Table2:- Effect of method of sowing and time of DAP application on the days to emergence, heading and
maturity of tef.

Treatments 50% Emergence 50% Heading 90 % Maturity
Method of sowing
Broad casting 7b 46a 68a
Row sowing 10a 45b 67b
LSD (5%) 0.24 0.55 0.80
CV (%) 4.32 1.87 1.84
Time of fertilizer application
At planting 8c 45cd 66¢cd
2-DBP 8c 44d 65d
4-DBP 9b 46bc 67bc
6-DBP 9b 47b 68ab
8-DBP 10a 48a 70a
LSD (5%) 0.54 1.25 1.80
CV (%) 4.32 1.87 1.84

DBP=Days Before Planting, the same letter in a column of each factor shows a non-significant difference at 5%
probability level.

3.2.2. Days to heading

Both method of sowing and time of fertilizer application had a significant (PEO.OOI); but interaction did not
have a significant effect on days to heading (Appendix Table 4). Row sowed tef was head 1-day earlier than
broadcasted (Table 2), which may be due to little weed competition and efficient use of fertilizer than
broadcasted one (Mehdi, 2010).

Days to heading was enhanced by 4 days on DAP applied two days before sowing, compared to that of
DAP applied eight days before sowing (Table 2).Thus days to heading for application of DAP two days before
sowing is smaller; due to minimum loss fertilizer contributes for growth of crop (Brady and Weil, 2002).
3.2.3. Days to maturity

Days to 90% maturity were significantly (PEO.OOI) affected by both sowing method and time of fertilizer
application; but their interaction not significant (Appendix Table 4).

Row sowed tef matured 1-day earlier than broadcasted (Table 2).The result is in line with Delesa
(2007), who reported rice planted by broadcasting matured later than rows. The possible reason is that, less weed
infestation and better use of fertilizer in row planting as compared to broadcast (Farooq et al., 2006); specially P
enhanced maturity (Brady and Weil, 2002). Application of fertilizer at planting resulted in 1-day delay and 4-
days earlier mature compared to those applied two and eight days before sowing, respectively (Table 2). Thus,
applying fertilizer two days before sowing enhanced maturity and this was because of time of application is one
of the factor influencing crops phonology and growth (Mugwe et al., 2007).

3.3. Growth Parameters
3.3.1. Plant height

Both sowing method and time of fertilizer application had very high significant (Pi:0.00l) effect on plant

heights, except the effect of planting method on plant height (ph;) which was highly significant (p£ G'Gl:"
However interaction effect of time of fertilizer application with planting method did not significantly affect plant
height (Appendix Table 5).

Row sowing had batter heights, at all of four measurements (PH,, PH, PH;and PH,) than broadcasting
and also contributed for 15, 24, 12 and 3% increments in plant heights, respectively (Table 3). These are due to
smaller space among plants in broadcast resulting in higher competition for nutrients; while in row sowing there
was wider space and thus relatively less plant competition for nutrients (Henderson ez al., 2000). Also, Caliskan
et al. (2004), reported taller and more branched plants at the lower plant densities of sesame.

Application of fertilizer two days before sowing had 25% more plant height than DAP applied at
sowing on the first measurement. Whereas application of fertilizer two days before sowing had 42, 25.6 and 8.7%
higher plant height than that of applied eight days before sowing on PH, PH;and PH, respectively. The results
are in line with the report of Taylor and Francis (2005) and Vaughan et a/. (1990), who indicated maximum use
of N and P with minimum loss resulting in maximum growth in height on lentil and wheat, respectively.
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Table3:- Effect of time of DAP application and sowing method on growth of tef.

Treatments PH1 PH2 GR 1 PH3 GR 2 PH4 GR 3 PL PN

Method of sowing
Broad casting 11.54b 29.80b  0.98b 67.84b 1.89  94.00b 1.32  20.79a  9b
Row sowing 13.56a  39.17a 1.28a 77.30a 1.90 97.32a 1.50 18.51b 10a

LSD (5%) 1.14 3.39 023  3.66 0.21 1.58 1.04 2.31 0.34
CV (%) 14.00 15.13 31.30  7.78 17.54 2.54 11.3  5.86 5.54
Time of fertilizer application
At planting 1148 38.16ab 132  77.95ab 2.00 97.77ab 2.69 23.75a 11b
2-DBP 15.40a 43.00a 1.38 84.00a  2.05 100.15a 1.34  20.61b 12a
4-DBP 14.60a 35.80ab 1.05  71.50bc 1.78  9545bc 1.20 18.94bc 10c
6-DBP 11.37b 30.58bc 096  66.90cd 1.82  93.75cd 0.82 17.63c &d
8-DBP 9.89b  24.97c 090  62.50d 1.87 9140d 1.01 17.33c Te
LSD (5%) 2.58 7.63 0.51 8.24 048  3.56 233  1.68 0.77
CV (%) 14.00 15.13 31.30  7.78 17.54 2.54 113 5.86 5.54

DBP= Days Before Planting, PH = Plant Height ( PH,- was measured 20 days after emergence; PH,-measured
40 days after emergence; PH;-measured 60 days after emergence and PHy- was measured 80 days after
emergence),GR= Growth Rate (GR,-calculated from PH;& PH, GR,-calculated from PH,& PH; GRj-calculated
from PH;& PH,), PL= Panicle Length and PN= Panicle Number. The same letter in a column of each factor
shows a non-significant difference at 5% probability level

3.3.2. Growth rate

Sowing method, time of fertilizer application and their interaction were not significant on all growth rates;

except method of sowing had significant (PEO.OS) on the first growth rate (Appendix Table 5). Row sowing had
23% more fast growth than broadcasting on first growth rate (Table 3). The result is in line with the finding of
Thakur et al.(2004) who reported row sown rice had fast growth than broadcasted. The non significant effect on
others growth rate were due to efficient utilization of applied DAP fertilizer at earlier growth stage. Especially N
is a constituent of chlorophyll, proteins and nucleic acids, which are essential for plant growth (Rashid et al,
2007).

3.3.3. Panicle length

Sowing method and time of fertilizer application significantly (PEO.OOI) affected panicle length, but their
interaction was not significant (Appendix Table 5). Broadcasting increased panicle length by 11% more than row
sowing (Table 3). Because less tillering on broadcasting due to many plant density (Farooq et al., 2006), which
contributes to growth of panicle length due to minimum competition for nutrients among tillers. This is in line
with Caliskan ef al. (2004), who reported number of tiller negatively correlated with panicle length on sesame.
Fertilizer applied two days before sowing had 16% more and 13% less panicle length than fertilizer applied
eight days earlier sowing and at time of sowing, respectively. This might be due to maximum utilization of
nutrients on fertilizer applied two days before sowing and at the time of sowing; because time and rate of
fertilizer application has significant effect on both growth and yield (Lloveras et al., 2001).

3.3.4. Panicle number

Sowing method and time of fertilizer application significantly (pEO.OOI) affected number of panicles per plant;
but their interaction was not significant (Appendix Table 5). Row sown had 10% more panicle numbers than
broadcasted (Table 3), because of better root growth in the case of row planting; which favors the growth
(Mugwe et al., 2007) and contributes to panicles per a plant (Blaise et al., 2003).

Application of DAP eight days before sowing and at time of sowing had 42 and 8% less panicle
number, respectively, than applied two days before sowing (Table 3). This result is in line with the finding of
Genene (2003) who reported time of fertilizer application, particularly those containing N and P affects panicle
number of wheat.

3.3.5. Tillers
Sowing method, time of fertilizer application and their interaction significantly (P<0.001) affected the number of
tillers (Appendix Table 5).

The interaction of row sowing and DAP applied two days before sowing had 5% more tillers than the
interaction of row sowing and DAP applied at the time of sowing. Whereas the interaction of broadcasting and
DAP applied eight days before sowing has delayed the growth by 83% compared with interaction of row sowing
and fertilizer applied at sowing (Table 4).These might be due to the reduction of productive tillers by
broadcasting (Delesa, 2007), together with maximum loss of N when DAP was applied eight days earlier to
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sowing, which could result to less tillering (Lloveras et al., 2001). Because N stimulates tillering due to its’
effect on cytokinin synthesis (Mengel and Kirkby, 1996)
Table 4:- Interaction effects of time of fertilizer application and sowing method on tef tillering.

Number of tillers
Time of fertilizer application

Broad casting Row sowing
At planting 20.4 43.2
2DBP 26.1 45.6
4DBP 15.0 18.9
6DBP 8.7 14.4
8DBP 7.2 9.3
LSD (5%) 5.21
Cv 17.09

. DBP= Days before Planting, LSD= Least Significant Difference and CV= Coefficient of Variations.

3.4. Yield and yield components
3.4.1. Total biomass

Sowing method and time of fertilizer application significantly (pEO.OOI) affected biomass yield; although their
interaction was not significant (Appendix Table 6). Row sowed tef yielded 23.8% more biomass than
broadcasted (Table 5), because of better growth in row sowing; due to easy absorption of photo synthetically
active radiations (Ahmad et al., 2002).

Application of DAP at the time of sowing resulted in 52.5 % more biomass than the treatment with
DAP applied eight days prior to sowing. Whereas applying of DAP at the time of sowing 15 % less biomass than
DAP applied two days before sowing (Table 5), this might be due to maximum use of applied fertilizer on
fertilizer applied two days prior sowing; because efficient utilization of applied fertilizer increased vegetative
growth, which resulted for higher biomass production (Wakene 2010).
Table:- S Effects of time of DAP application and sowing method on yield and yield components of tef.

Treatments TBM SY GY
Kg ha'!
Sowing Method
Broad casting 1092.5b 97.05 995.45
Row sowing 1432.5a 108.5 1324.0
LSD (5%) 97.0 11.6 149.9
CV (%) 19.5 17.4 19.9
Time of fertilizer
At planting 1525.0ab 110.0ab 1415.0a
2-DBP 1793.8a 117.5a 1676.3ab
4-DBP 1331.3b 101.3ab 1230.0b
6-DBP 937.5¢ 95.0ab 842.5¢
8-DBP 725.0c 90.1b 634.9¢
LSD (5%) 359.9 26.1 3375
CV (%) 19.5 174 19.9

DBP= Days before Planting, CV= Coefficient of Variations, TBM = Total Bio Mass, SY = Straw Yield and GY
= Grain Yield.
4.4.2. Straw yield

Time of fertilizer application significantly (p£0.5) affected biomass yield; although sowing method and
interaction of time of fertilizer application and sowing method were not significant (Appendix Table 6).
Application of DAP at the time of sowing and two days before sowing resulted in 18 and 23.3% more straw
yield, respectively than the treatment with DAP applied eight days prior to sowing (Table 5). This might be due
to maximum use of applied fertilizer, with little loss on applied at the time of sowing and two days prior to
sowing; because efficient utilization of applied fertilizer increased vegetative growth, which contribute to higher
straw yield (Alam et al., 2005).

4.4.3. Grain yield

Sowing method and time of fertilizer application (P<0.001) had significant effect on grain yield; but no
interaction effect (Appendix Table 6). Row sown increased grain yield by 24.8% over broadcasted (Table
5).This might be uneven seed distribution on broadcasting, which results in excess nutritional competition at
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certain areas and no competition on other areas of the field and thus less grain yield productivity (Delassa,2007).

Application of DAP two days before sowing increased grain yield byl5.6% over DAP applied at the time of
sowing, whereas DAP applied eight days before sowing decreased grain by 55.1% compared to application at
sowing (Table 5).These could attributed by minimum loss through leaching and volatilization on DAP applied
two days before sowing and which resulted in better growth (Erkossa & Teklewold, 2009)

P 1800
r
T 1600
* 1400
n
_ 1200
i 1000
e
1 800 e Gratin yield...
d
600
400
. 200
& 0
b 8-DBP 6-DBP 4-DBP 2-DBP At planting
a

Time of DAP application

Fig 3:- Effect of time of DAP application on Grain yield of tef
4.4.4. Thousand Seed weight

Sowing method, time of fertilizer application and their interaction had significant (p£0.001) effect on thousand
seed weight (Appendix Table 6). Interaction effect of row sowing and DAP applied two days before sowing had
26.7% more thousand seed weight than interaction of row sowing and DAP applied at sowing. Whereas as the
interaction of broad casting and DAP applied eight days prior sowing was weighted 82.4% less compared in
weight to row sowed and DAP applied at sowing (Table 6). These might be because of combined effect of row
sowing, which enhances efficiently utilization of applied fertilizer (Minale et al., 1999) and appropriate rate of N
fertilizer at correct time, which optimizes grain yield and quality (Abdo, 2009).

Table:-6 Interaction effects of method of sowing and time of DAP application on thousand seed and
harvest index of tef.

Time of fertilizer TSW(g) HI
Broadcasting Row sowing Broadcasting Row sowing
At planting 0.67 1.48 0.92 0.93
2-DBP 1.19 2.02 0.93 0.93
4-DBP 0.44 0.85 0.91 0.92
6-DBP 0.25 0.36 0.88 0.90
8-DBP 0.26 0.32 0.77 0.90
LSD 0.12 0.05
Cv 10.53
4.3

DBP= Days before Planting, LSD= Least Significant Difference and CV= Coefficient of Variations CV =
Coefficient of Variation, TSW = Thousand Seed Weight and HI= Harvest Index

4.4.6. Harvest index

Main effects and their interaction had significant effect on harvest index (Appendix Table 6).

Combined effect of row sowing and fertilizer application two days before sowing had 17.2% more harvest index
than interaction of broadcasting and application of DAP eight days prior to sowing (Table 4). These might be
due to, row sowing had less weed competition and efficient use of applied fertilizer (Thakur et al., 2004); and
increment vegetative growth by applied N, which in turn increase grain yield by improving cumulative solar
radiation intercepted by the crop (Osman et al., 2001).

4.5. Association of Grain Yield with Yield and Yield Components

Stepwise multiple linear regressions analyses were carried out using treatment means to determine the effects of
method of sowing and time of fertilizer on the grain yield formation. Grain yield considered as dependant,
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whereas plant height, growth rate, tillers, panicles, panicle length, thousand seed weight, straw yield, total
biomass and harvest index were taken as explanatory variables (Table 7).

Grain yield was positively and significant (P < 0.001) associated with plant heights taken at four different times,
first growth rate, number of tillers and panicle, panicle length and thousand seed weight, r=0.60, 0.69, 0.72, 0.70,
0.51, 0.8,0.6 and 0.81, respectively. Similar correlations were reported in barley by Mekonnen (2005) and Alam
et al. (2005). On the other hand, grain yield was associated negatively with thrid growth rate (r=10.69"") and
panicle length (10.75""); which was in line with the report of Getachew (2004) on bread wheat.

Table 7:- Correlation between yield and yield components of tef.

PHI PH2 PH3 PH4 GRI GR2 GR3 TN PN PL TSW GY SY TBM HI
PHI 1.0 0.56%%F 0.80%%F 0.82%%F 0.8Tns -0.09ns -0.75%%F 0.48%% 0.64%%F -0.49%% 0.59%%F 0.60%%F 0.14%% 0.56%%F 0.43%%
PH2 1.0 0.80%** 0.82%** 0.82ns -0.09 ns -0.75%** 0.78%*x 0.76%** -0.71%** 0.79%** 0.69%** 0.30* 0.62%** 0.52%*x
PH3 1.0 0.94%* 0.59%** 0.51%* -0.98%** 0.84%*x 0.83%** -0.69** 0.89 0.72%** 0.37* 0.66%** 0.48%*
PH4 1.0 0.59%#+ 0.39* -0.84#%% 0.78%+ 0.81#+* -0.68%** 0.82%* 0.70%** 0.34% 0.22%% 0.49
GR1 1.0 -0.19ns -0.56%** 0.62%** 0.49%* -0.49%* 0.60%** 0.51%** 0.29 ns 0.53%** 0.01 ns
GR2 1.0 -0.55%** 0.28 ns 0.29 ns 0.38%* 0.35% 0.21ns 0.18 ns 0.63 ns 0.06 ns
GR3 1.0 -0.83%%* -0.79%** 0.66%** -0.88#** -0.69#** -0.37* -0.64#** -0.43*§
TN 1.0 0.86%** -0.77%** 0.93%** 0.80%** 0.31* 0.75%** 0.49%*
PN 1.0 -0.49 0.59%** 0.60%** 0.14ns 0.56%** 0.43%*
PL 1.0 -0.71 -0.75%%* -0.22ns -0.69#** -0.62%%*
TSW 1.0 0.81%** 0.42ns 0.76%** 0.45 ns
GY 1.0 0.43 ns 0.97 ns 0.52%*x
SY 1.0 0.46 * 0.04*
TBM 1.0 0.46 * 0.04*
HI 1.0%**

ns = not significant, * ** &*** significant at 0.05, 0.0land 0.001 respectively, PH, PH, PH; &PH,= first,
second, thread & fourth Plant Height respectively, GR,;, GR, & GRj- first, second & third growth rates,
respectively, TN= Tillers in Number, PL= Panicle Length TBM = Total biomass, GY = Grain Yield, SY = straw
yield, TSW = Thousand Seed Weight and HI= Harvest Index.

4.6. Partial Budget Analysis

The return obtained from row planting was above the minimum acceptable marginal rate of return (100%)
(CIMMYT, 1988), which is 627.7% and contributes to 6775.6 Birr ha' more income as compared to
broadcasting. The combination of row sowing and fertilizer applied two days prior to sowing had increased straw
yield 60% more than broadcasting and application of DAP eight days before sowing (Table 6), which
contributed more 80.85 birr ha™ .than broad casted and eight days earlier applied. Thus, in order to obtain benefit
from straw and grain, row sowing and fertilizer application two days before sowing could be recommended for
farmers in this area.

Table 8:- Partial budget analysis of tef as influenced by sowing method.

reatment Av.Y ADTY GFB (birr Total Variable cost (birr ha™) Net benefit MRR
(qha’) (qha')  hal) (birr ha™) (%)
DFM Unit Total
labor labor cost

cost
Method of
sowing
Broad casting B
19.87 17.88 23,244 90 12 birr 1,080 22,164
Row planting
26.58 23.92 31,098.6 180 12 birr 2,160 28,938.6 627.7

Av.Y= Average Yield, ADTY=adjusted yield, GFB= Gross Field Benefit, DFM=Days of Farm Management,
MRR=Marginal Rate of Return.
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7. APPENDIX
Appendix Table 1:- Mean monthly total rainfall (mm) of Shebedino, 2003 — 2012.
Year Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov Dec Mean

Total

2003 525 24 1291 119.6 852 91.7 76.6 1904 832 373 0.0 515 76.6
2004 304 20 782 179.1 404 1105 107.8 76.1 855 534 62 518 68.5
2005 462 942 420 831 81.5 757 754 1149 1160 57.1 942 153 74.6
2006 81.1 7.7 1209 156.0 1445 732 1509 613 1172 284 46.0 104 83.1
2007 1.7 9.0 1392 1459 744 108.0 171.1 1693 1949 569 792 483 99.8
2008 180 550 764 112.0 166.1 2254 129.1 1043 2338 327 3.7 0.0 96.4
2009 337 83 34 57.8 121.0 1182 1205 1235 160.0 66.1 971 58 76.3
2010 328 9.0 603 456 103.1 51.6 92,6 1120 81.7 416 41 699 58.7
2011 266 584 1248 96.1 1735 53.1 1325 136.6 96.1 53.1 32.0 56.0 86.6
2012 23 7.1 555 737 193,66 655 1505 1552 1255 55 882 0.2 76.9
Mean 325 253 83.0 1069 1183 973 120.7 1244 1294 432 451 309 79.7

919.5
8214
895.6
997.6
1197.9
1156.5
915.4
704.3
1038.8
922.8
957.0

Source: National Meteorology Agency Hawassa Branch, 2013.
Appendix Table 2:- Monthly average minimum temperature of Shebedino, 2003— 2012

Year Jan  Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Mean

2003 124 118 140 135 148 145 143 142 134 128 98 13.2
2004 11.8 11.6 132 143 142 143 146 147 140 119 112 104
2005 129 115 122 147 132 139 140 143 13.6 115 11.6 114
2006 113 114 138 140 150 146 142 147 144 13.1 95 7.8
2007 11.8 124 138 146 139 143 150 147 145 142 114 124
2008 127 129 124 142 148 150 148 146 143 11.1 109 9.0
2009 105 116 114 141 146 144 149 145 142 13.0 11.1 103
2010 11.8 124 129 143 144 139 142 147 148 132 107 13.6
2011 13.0 153 147 156 163 151 152 153 144 135 11.1 109
2012 126 11.8 134 143 151 153 147 149 147 123 13.0 10.0
Mean 12.1 123 132 144 146 145 146 147 142 127 11.0 109

13.2
13.0
12.9
12.8
13.6
13.1
12.9
13.4
14.2
13.5
13.3

Source: National Meteorology Agency Hawassa Branch, 2013
Appendix Table 3:- Monthly average maximum temperature of Shebedino, 2003 — 2012

Year Jan. Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Mean

2003 282 309 288 286 276 257 263 253 261 283 298 282
2004 284 313 306 28.1 283 256 242 249 260 282 293 272
2005 289 287 302 273 286 259 253 255 255 267 28.6 28.6
2006 289 315 300 294 259 256 246 257 260 273 280 285
2007  30.1 313 293 273 277 262 245 247 252 267 276 275
2008 285 292 300 282 277 253 246 242 251 267 278 279
2009 295 294 315 294 263 256 244 248 257 266 266 278
2010 284 300 313 292 290 277 260 260 263 275 295 281
2011 285 284 277 28.0 269 262 244 250 253 277 287 282
2012 287 306 302 307 276 262 256 246 253 282 278 27.6
Mean 28.8 301 30.0 286 275 260 250 251 256 274 284 28.0

27.8
27.7
27.5
27.6
27.3
27.1
27.3
28.3
27.1
27.8
27.5

Appendix Table 3:- Monthly average maximum temperature of Shebedino, 2003 — 2012

Year Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean

2003 282 309 288 286 27.6 257 263 253 261 283 298 282
2004 284 313 306 281 283 256 242 249 260 282 293 272
2005 289 287 302 273 286 259 253 255 255 267 28.6 28.6
2006 289 315 300 294 259 256 246 257 260 273 28.0 285
2007  30.1 313 293 273 277 262 245 247 252 267 27.6 215
2008 285 292 300 282 277 253 246 242 251 267 278 279
2009 295 294 315 294 263 256 244 248 257 266 266 278
2010 284 300 313 292 290 277 260 260 263 275 295 28.1
2011 285 284 277 280 269 262 244 250 253 277 287 282
2012 28.7 30.6 302 307 27.6 262 256 246 253 282 278 27.6
Mean 288 30.1 30.0 28.6 275 260 250 251 25.6 274 284 28.0

27.8
27.7
27.5
27.6
27.3
27.1
27.3
28.3
27.1
27.8
27.5

Source: National Meteorology Agency Hawassa Branch, 2013

128



Journal of Biology, Agriculture and Healthcare WwWw.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) oy
SlE
Appendix Table 4:- Analysis of variance for crop phenology of tef.
Days
Source DF 50% emergence 50% Head 90% Maturity
Rep 3 0.18™ 0.03™ 0.81™
Sm 1 683.45%%* 25.01%** 7.91%*
Ft 4 54 .83%** 26.21%%* 17.42%%%
Sm*Ft 4 2.48"™ 0.48™ 0.56™
Error 27 76.10 6.85 6.85
CvV 4.32 1.87 1.84

** and *** significant at 0.01 and 0.001 Probability level, respectively. Sm= sowing method, Ft = Time of
Fertilizer,
Appendix table 5:- Analysis of variance for growth of tef

Sourc D PH, PH, GR; PH; GR, PH, GR; NT PL PN
e F

Rep 3 0.57" 0.13™ 020 0.32™ 0.42 0.28™ 0.95" 1.02™ 0.53™ 0.09"

Sm 1 13.04%%  31.6%** Z.14 28.10%* 0.01  17.55%* 0.12" 91.51%*% 39.02%*% 84.52%**

* * * * *
Ft 4 14.09%* 14.3** 2095 18.48** 0.92 15.63** 1.71 94.98** 41.75%*% 138.74**
* * ns * ns * ns * * *
Sm*F 4 1.51™ 0.60™ 1.10 1.38™ 0.65 0.92™ 1.24"  14.47** 327" 3.39™
t ns ns s *
Error 27 643 7.63 0.63 2.00 0.63 7.05 1.23 54.44 18.39 54.4
Cv 14.00 15.10 312 7.77 17.5 2.54 11.3  17.09 5.86 5.54
8 4

*ORREHF*E significant at 0.05, 0.01 and 0.001 Probability level, respectively. Ns= non significant, Sm =Sowing
method Ft = Time of fertilizer application, CV= Coefficient of Variations, PH1= Plant Height 20 days after
emergence PH,= Plant Height 40 days after emergence, PH;- Plant Height 60 days after emergence and PH,-
Plant Height 80 days after emergence, GR- first growth rate, GR,- second growth rate, GR;- thread growth rate,
NT= Number of Tillers, PL= Panicle Length and PN=Panicle Number.

Appendix Table 6:- Analysis of variance for yield and yield components of tef

TBM (Kg
Soure DF ha™) SY(Kg ha-") GY (Kg ha™) TSW(g) HI
Rep 3 0.27™ 0.39™ 0.26™ 0.21™ 0.97™
Sm 1 19.03%** 4.09™ 20.21%** 285.46%+* 7.66*
Ft 4 2471%¥x 3.07% 26.70%%* 360.10%+* 8.57#%
Sm*Ft 4 1.81™ 1.09™ 1.90™ 39,38k 3.67*
Error 27 10.49 1.83 11.28 157.00 4.96
CV 19.5 17.41 19.93 10.5 4.3

JkoRE &FEX gignificant at 0.05 and 0.01 Probability level, respectively and ns= non significant. Sm =Sowing
method, Ft = Time of fertilizer application, TBM = Total biomass, SY = straw yield ,TSW = Thousand Seed
Weight, GY = Grain Yield and HI= Harvest Inde
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Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar
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