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Abstract: Tef is the major crop and has the highest share of grain production in Ethiopia. However, its
productivity is limited to 896 kg/ha. An experiment was conducted on nitosols in the Y ielmana-Densa area of
northwestern Ethiopia in the main cropping seasons of 2002-2004. The objective of the experiment was to
determine the optimum tillage frequency, time and weeding frequency for tef production in the Yielmana
Densaarea. The experiment was designed in a factorial split plot using tillage as a main plot and weeding as
sub plot. The tillage consisted of four frequencies (seven plows, five plows, three plows and one plow +
roundup) and the weeding consisted of four levels (no weeding, weeding once at tillering, weeding once at
stem elongation and weeding twice at tillering and stem elongation stages of the crop). Grain yield increased
linearly as tillage frequency increased. Twice weeding increased yield by 39% over un-weeded. The highest
grain yield was obtained when seven times plow was combined with weeding twice which resulted in an
increase of yield by 96% over the lowest yield treatment (one plow + roundup + un-weeded). However, three
times plowing combined with hand weeding at tillering was found to be an economical practice with the
highest marginal rate of return and net benefit. It is, therefore, recommended to small-scale farmers around
Yielmana Densa as a way of promoting sustainable crop production with fewer unfavorable effects on the

environment.
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1. Introduction

Tef is the major staple cereal crop of Ethiopia and highly
adapted to diverse agro-ecological zones, including
conditions marginal to the production of most of the
other crops (Hailu and Seyfu, 2001). Seyfu (1991) stated
that Ethiopian farmers prefer to grow tef because of its
multiple advantages, such as high market value, reduced
post-hatvest management cost, low risk crop and the
straw provides better animal feed than other cereals. In
the Ambhara region tef contributes the highest share
(21%) of grain production compared to other crops.
However, its productivity is limited to 896 kg/ha (CSA,
2002). Because of the morphological natute of the crop,
especially its short and delicate stem, small leaves and
shallow fibrous root system, tef offers lower resistance to
weeds. About 48 to 49 % yield loss of tef had been
reported due to weed competition in western Amhara
(Rezene and Zerihun, 2001). Farmers around Adet mostly
practise twice hand weeding for tef from 30 to 60 days
after planting. Most surveys reported that hand weeding
in tef remains one of the most expensive, time- and
energy consuming practice under all growing conditions
(Rezene and Zerihun, 2001). Seyfu (1997) reported that
the small size of tef seed poses a problem during sowing
and, indirectly, during weeding as farmers find it difficult
to use mechanical weeding implements and are forced to
either hand weed or use chemical herbicides.

Most of the farmers in northwestern Ethiopia practice
fine tef seedbed preparation with an average seven times
oxen plow (Aleligne, 1988). The reason for fine seedbed
preparation is to create a weed-free environment and
good crop germination. However, traditional tillage
(excessive tillage) had an unfavorable effect on the
environment due to accelerated soil erosion (Reddy,
2000) and also increased cost of production.

An experiment conducted at Debre Zeit Research
Center, Ethiopia indicated that hand weeding once at
early tillering or twice at early tillering and stem
elongation stage depending on the degree of weed
infestation of the crop was profitable (Seyfu, 1993).
However, no single weed control method gives
satisfactory results and, therefore, an experiment
consisting of tillage frequency, time and frequency of
hand weeding was conducted in the Yilmana Densa area
to determine optimum tillage frequency, time and
frequency of weeding for tef production in the locality.

2. Materials and Methods

The experiment was carried out on nitosol in
representative farmers’ fields in the Yilmana-Densa Adet
area of northwestern Ethiopia in the main cropping
seasons from 2002 to 2004. Adet is located at 11°17°’N
and 37°43’E, with an altitude of 2240 m above sea level
(a.s.l) The dominant soil type is nitosol, exhibiting clay,
sand and silt contents of approximately 70, 10 and 20%
respectively. Based on climatic data recorded at the Adet
site over the past 8 years (1997-2004), mean monthly
maximum and minimum temperatures were 26.0 and
9.6°C respectively. The mean maximum temperature
ranged from 22.4°C in August to 29.4°C in March while
the mean minimum temperature ranged from 5.5°C in
January to 12.2°C in August. The rainfall pattern of the
area is essentially unimodal. The rainy period extends
from May to October with a peak during July. Total
annual precipitation is 1161 mm with 1067 mm falling
during the May—October growing season.

The experiment was conducted in a total of four sites (1
site in 2002, 2 sites in 2003 and 1 site in 2004). It was
designed in a factorial split plot using tillage as a main
plot and weeding as a sub-plot with three replications.
The tillage consisted of four frequencies (seven plows,
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five plows, three plows and one plow + roundup) and
weeding consisted of four levels (no weeding, weeding
once at tillering stage, weeding once at stem elongation
and weeding twice at the tillering and stem elongation
stages of the crop). The variety DZ-01-196 was used at
seed rate of 30 kg hal. The gross and net plot size were
6m x 3m (18 m?) and 5m x 2m (10 m?), respectively. The
first plowing, for all plots except the untilled plot, was
done immediately after the harvest of the precursor crop.
The herbicide, roundup, was sprayed once at a rate of 3
1/ha on the untilled plot at about 10 days before the
planting of tef. The first weeding, at the tillering stage of
the crop, was done about one month after planting and
the second weeding at stem elongation was done about
one month after the first weeding, Weed count is taken
twice; firstly for untilled plots at the time of the roundup
spray and, secondly, for all plots at the tillering stage of
the crop using a quadrant size of 50 cm X 50 ¢cm at two
randomly-selected spots in each plot. Plant height of five
randomly-selected plants in each plot was measured and
the average plant height was calculated. The straw yield
was calculated by subtracting the grain yield from the
total crop dry biomass of the net plot. The data collected
was subjected to analysis of variance using MSTATC
Statistical software. The mean grain yield data was
adjusted 10% lower and subjected to partial budget and
sensitivity analysis (CIMMY'T, 1988). The labor data for
tillage and weeding and the herbicide cost were
considered as variable costs for economic analysis. An
average market price of tef grain during the experimental
periods 2003 and 2004 of the three months (Dec. to Feb.)
was used.

Total costs that varied for each treatment were
calculated and treatments were ranked in order of
ascending total variable cost (TVC). Dominance analysis
was used to eliminate those treatments costing more but
producing a lower net benefit than the next lowest cost
treatment. The marginal rate of return (MRR) was
calculated for each non-dominated treatment. Sensitivity
analysis was made through the assumption that vatiable
costs and tef grain prices increased and decreased,

respectively by 20 % (Table 1).
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Table 1. The mean cost of inputs and price of tef grain
during the experimental years in Adet area.

Cost/Price of input/output Current Sensitivity
situation  analysis

Cost of weeding (Birr/man days)  5.00 6.00

Cost of plowing (Birr/ha) 80.00 96.00

Cost of herbicide (Birt/1). 60.00 72.00

Price of tef grain  (Bitr/kg) 2.29 2.09

o
(¢}]

3. Results and Discussion

Generally, low weed infestation was recorded during the
experimental periods. Weeds emerged late and weed
infestation at the time of herbicide spraying of the
untilled plot was not as expected. However, the herbicide
(roundup) totally destroyed the emerging weeds on that
particular plot. Sixteen weed species were recorded on the
untilled plot with a total number ranging from 926 to
1962/m?, depending on the experimental sites. Cyperus
esculentus, Commelina subulata and Setaria pumila wete the
major weeds on the untilled plots at the time of pre-
sowing. The late emergence of weeds was due to
inadequate precipitation in April and May of the
experimental years compared to the previous years
(Figure 1). Generally, the average annual precipitation
during the experimental years was 1001.2 mm which is
less than the previous 5 vyears’ average
precipitation of 125728 mm. The low
precipitation during the experimental years contributed to
low weed infestation during the crop growing season.
Twenty one weed species were recorded at the tillering
stage of the crop with total weed population ranging from
685 for seven plows treatment to 802/m? for one plow
plus roundup treatment (Table 2). This suggests that
frequent tillage decreased the weed population during the
crop growing season through enhancing weed emergence
at the time of pre-sowing and thereby reducing the weed
seed bank in the soil. This is in line with the findings of
Yeshanew ez al. (1996). The increase in weed species from
16 at pre-sowing on the untilled plot to 21 at the tillering
stage of the crop is due to the fact that tillage led to a
higher number of weed species emerging than the no-
tillage system.
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Figure 1. Monthly mean rainfall of the experimental years in relation to the previous years

at Adet Agricultural Research Center
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Table 2. Counting of some major weed species (number/m?) at the tillering stage of tef on the nitosol of Yilmana-

Densa, northwestern Ethiopia.

Plowing frequency

Weed species P, Ps Ps P; +R Mean
Corrigiola capensis 164 191 186 252 198
Pobygonum nepalence 198 181 171 222 193
Commelina sabulata 69 68 66 79 71
Cyperus esculentus 58 68 84 31 60
Setaria pumila 50 56 65 31 51
Erucastrum arabicum 21 33 29 32 29
Guizotia scabra 23 16 15 22 19
Other minor weeds 102 119 104 133 115
Total 685 732 720 802

P, = Seven plows, Ps = Five plows, P; = Three plows, P, = One plow, R = roundup

Plant height and straw yield showed non significant
responses to plowing frequency in almost all sites except
site 3 for plant height and site 1 for straw yield (Table3).
Grain yield response to plowing frequency was significant
in site 1 and site 4. All crop parameters showed significant
responses to weeding and weeding by plowing frequency
interaction in all the sites. The coefficient of variability of
sub-plot and main plot varied between sites.

The combined analysis of plant height, grain and straw
yield over sites (Table 4) indicated non-significant

differences for sites by plowing frequency for all crop
parameters. On the other hand, site-by-weeding
interactions revealed significant differences in all of the
crop parameters, showing variations in weed infestations
among the sites. Grain and straw yield showed significant
responses to plowing, weeding and their interactions
whereas plant height showed significant responses only to
weeding.

Table 3. Analysis of variance for individual sites on plant height, grain and straw yield of tef on nitosols in Yilmana-

Densa, northwestern Ethiopia.

Source Site 1 Site 2

Site 3 Site 4

Plant Grain Straw Plant Grain

height  yield yield height  yield

Straw Plant  Grain Straw Plant  Grain Straw
yield height  yield yield height  yield yield

(cm) (kg/ha) (kg/ha) (cm) _(kg/ha)

Plowing (P) NS * NS NS
Weeding (W) * ok * ox %
PxW ok *k *k *k *ok

CVii main ploy 787 1476 1915 630  18.84
CVy, (sub plot) 359 547 11.00 492 1118

(kg/ha) (cm) (kg/bha) (kg/ha) (ecm)  (kg/ha) (kg/ha)

NS * NS NS NS NS
ok ok *ok Hok Hok *% *%
ok ok ok Hok * *ok Hok

22.63 5.49 28.94 19.49 4.02 16.42 26.87
16.13 4.39 17.07 11.81 534 11.23 11.46

* ** Significant at 5 and 1% level of Probability, respectively
NS = Non-significant

Table 4. Combined analysis over sites on plant height, grain and straw yield of tef on nitosols in Yilmana-Densa,

northwestern Ethiopia.

Source Plant height (cm) Grain yield Straw yield
of variation (kg/ha) (kg/ha)
Plowing (P) NS ok ok

PxS NS NS NS
Weeding (W) * ok ok

WxS ok ok ok

PxW NS *x *

* ** Significant at 5 and 1% level of probability, respectively
NS = Non-significant
S = Site

The highest plant height was recorded in the plot of
highest plowing frequency combined with un-weeded
treatment (Table 5). This may be due to the fast vertical
growth of the crop enabling it to successfully compete
with weeds for light.

The highest and lowest grain yield of tef was obtained
on the plots of highest and lowest plowing frequency
respectively (Table 5). There was a linear increase in grain

yield as plowing frequency increased which may be due to
the increased competitive capacity of the crop with
decreased weed population. Previous research results in
different tef-growing areas of the country also indicated
increased tef grain yield as plowing frequency increased
(Fufa e al, 2001).A grain yield increase of 23 % was
recorded in the seven times plow over the one plow +
roundup spray. In the case of weeding, the highest grain
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yield was obtained in plots with hand weeding twice at
tillering and stem elongation and the lowest was in un-
weeded plots. Yield increase by 39 % was recorded in
plots weeded twice over un-weeded. Generally the highest
grain yield (1771 kg/ha) was obtained when seven times
plow was combined with hand weeding twice at tillering
and stem eclongation. A yield increase of 96 % was
achieved over the lowest yield treatment (one plow +
roundup + un-weeded).

Similarly, straw vyield linearly increased as plowing
frequency increased (Table 5). A sraw yield increase of 19
% was recorded in the seven times plow over the one
plow + roundup spray. Unlike grain yield, the highest
straw yield (4723 kg/ha) was obtained when seven times
plow was combined with un-weeded treatment. The
highest straw yield in the un-weeded treatment compared
to weeded treatments may be due to the inseparable
mixtures of some weed plants with the total crop biomass
at the time of harvesting.

An economic analysis on grain yield for the single factor
effect is presented in Table 6. Seven times plow gave the
highest net benefit (NB) compared to the other plowing
frequencies. However, the marginal rate of return (MRR)
for seven times plow was below the acceptable level.
Weeding once at tillering gave the highest NB compared
to the other weeding levels. Weeding at tillering had an
acceptable level of MRR, both according to the current
situation and sensitivity analysis. However, the economic
analysis on grain yield for the interaction effect (Table 7)
showed better NB and MRR than the single factor effect.

East African Journal of Sciences Volume 2 (1) 35-40

The highest NB was obtained when five times plow was
combined with hand weeding at the tillering stage but the
MRR was below the acceptable level. Since frequent
plowing aggravates soil erosion (Reddy, 2000), low plow
frequency with the highest MRR is advisable. Three times
plow combined with hand weeding at tillering exhibited
the highest MRR (343 %) and NB (birr 2470 ha'). The
sensitivity analysis even in the worst economic situation is
in line with the results of the current situation (Table 7).
Previous research results did not show the necessity of
plowing more than three times (Fufa ¢z 4/, 2001).

4. Conclusion

Three times oxen plow combined with hand weeding at
tillering was found to be the best choice to be
recommended to small-scale farmers for tef production
and also to promote sustainable crop production with
fewer unfavorable effects on the environment. The
plowing frequency should be performed in such a way
that the first plow takes place immediately after the
precursor crop has been harvested, the second plow takes
place in June about a week before planting and the third
plow takes place at the time of planting.

In seasons of high annual precipitation, a second
weeding at stem elongation may be necessary depending
on the intensity of weed infestation. Further research on
tillage frequency in reference to vertisols and precursor
crops is to be carried out in Yielmana Densa area.

38



Table 5. Plant height, grain yield and straw yield of tef as affected by tillage frequency and weeding on nitosols in Yilmana Densa, northwestern Ethiopia.

Plowing frequency

Plant height (cm)

Grain yield (kg/ha)

Straw yield (kg/ha)

Wo W Ws W + Ws Mean Wo W Ws W + Ws Mean Wo W Ws W + Ws Mean
P; 98.2 96.8 90.0 95.6 95.1 1394 1609 1475 1771 1562 4723 4583 3658 4279 4311
Ps 95.8 96.2 84.1 922 92.1 1226 1589 1269 1575 1415 4074 4445 2997 3850 3841
Ps 96.4 94.3 87.9 932 929 1120 1441 1257 1557 1344 3880 4026 3110 3776 3698
P1+ roundup 97.1 96.5 89.2 93.5 94.1 904 1439 1216 1528 1272 3513 4336 2917 3706 3618
Mean 96.8 95.9 87.8 93.6 1161 1519 1304 1608 4047 4348 3171 3903

P A\4 PxW P W PxW P W PxW

CV% 6.14 4.59 4.59 18.89 10.40 10.40 21.85 12.70 12.70
LSDsy, NS 2.4 NS 111 59 118 356 199 398

P7 = Seven plows, Ps = Five plows, Ps = Three plows, P; = One plow, R = roundup
Wy = Unweeded, W, = Weeding at tillering, Ws = Weeding at stem elongation

Table 6. Economic analyses of plowing frequency and weeding on tef grain yield on nitosols in Yilmana Densa, northwestern Ethiopia.

Current cost and price situation

Current cost and price situation

Variable costs and price of tef grain, increased and decreased, respectively by 20%

TVC Net Benefit MRR TVC Net Benefit MRR MRR
Plowing frequency (Birr/ha) (Bitr/ha) (%) Weeding (Brr/ha) (Bitr/ha) (%) 'TVC (Bitr/ha) Net Benefit (Birr/ha) (%)
Ps 240 2530 Wo 0 2393 0 2184
Pi + roundup 260 2362 D - £ 260 2871 184 312 2545 116
Ps 400 2516 D - Wy 415 2273 D 498 1955 D -
P; 560 2659 40 W 490 2825 D 588 2437 D -

D = dominated treatment, NB = net benefit, TV'C = total variable costs, MRR = marginal rate of return

P7 = Seven plow, Ps = Five plow, Ps = Three plow, Pr = One plow, R =
Wy = Unweeded, W, = Weeding at tillering, Ws = Weeding at stem elongation

roundup

Table 7. Economic analysis of plowing frequency and weeding interaction on tef grain yield on nitosols in Yilmana-Densa area, northwestern Ethiopia.

Current situation

Scenario (if variable costs and price of tef grain, increased and decreased, respectively by 20%)

Plowing frequency by TVC (Birr/ha) Net Benefit (Birr/ha) MRR (%0) TVC (Bitr/ha) Net Benefit (Birr/ha)
Weeding interactions MRR (%)
P5Wo 240 20068 288 1819
PiR W 260 1603 D 312 1388 D
PsWo 400 2127 37 480 1826 4
P3W 500 2470 343 600 2111 237
PiRW: 520 2446 D 624 2083 D
P-Wo 560 2313 D 672 1950 D
655 1936 D 786 1578 D
660 2615 91 792 2197 45
675 1831 D 810 1477 D
730 2479 D 876 2053 D
750 2399 D 900 1974 D
815.0 1800 D 978 1409 D
820.0 2496 D 984 2043 D
890.0 2354 D 1068 1893 D
975.0 2065 D 1170 1604 D
1050.0 2600 D 1260 2071 D

D = dominated treatment,

Wy = Unweeded, W, =

39

NB = net benefit,
Pr = Seven plows,  Ps = Five plows,

Ps = Three plows,

TV C = total variable costs,

Py = One plow,
Weeding at tillering, ~ Ws = Weeding at stem elongation

MRR = smarginal rate of return

R = roundup
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