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Weed species composition and importance analysis 

Frequency or prevalence:

Frequency: F = X/N x 100

Abundance:

Abundance: A = W/N

Dominance:

Dominance: D = A/ Ax100

Similarity index (community index):

SI = (Epg)/(Epg + Epa +Epb)x100



Interpolating spatial extension of density levels of weed species  
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Axum Mekelle

Description of the study areas  
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Climate in 2015 and 2016 

Axum Mekelle

Source: (NMA 2017b).



Field experimental design and treatments

Experiment 1: Effect of tillage frequency, seed rate and glyphosate application on teff and
weeds in Tigray, Ethiopia (Paper II)

Experiment 2: Weed competitive ability of teff varieties (Paper III)

Experiment 3: Agronomic evaluation of teff weed suppressive ability as compaerd to cover
crops (not included in papers)



Data collection and analysis 

Data collection

Data analysis 
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Plant materials  

Source: (EMAaRD 2014)

Lolium perenne cv. Mondiale; cv=cultivar

Raphanus sativus

Detecting allelopathic activity of teff varieties (bioassay experiment)



i. Seed germination of teff varieties and model weeds 



ii. Transplanting of seedlings of teff and model weeds into water agar and their stay at
the growth chamber (bioassay)

(A)Plastic tissue culture vials filled with 30 ml water agar; (B) Teff (DZ 01 1681) and ryegrass transplanted
into water agar; (C) Teff (DZ 01 1681) and radish transplanted into water agar;(D) Transplanting design for
teff and model weeds; (E) Teff (DZ 01 1681) and ryegrass after their stay at the growth chamber for 7 days;
(F) Teff (DZ 01 1681) and radish after their stay at the growth chamber for 7 days

 



iii. Root analysis and dry weight measurements   

Data Analysis 
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Teff Eragrostis tef (Zucc.) Trotter) is highly vulnerable to weed competition. A number of weed species affect the
crop and cause yield loss. In spite of this, there are no studies on their composition, ecological distribution and
economic importance. This has halted the development of integrated and economically feasible management
systems under both conventional and conservation agriculture in major growing areas of teff. A survey was
conducted during 2015 and 2016 to determine the species composition, abundance and their agroecological
distribution. Weed species composition was studied in 128 randomly sampled teff fields of the 26 major teff
growing (districts) of Tigray in both years. The fields were situated at three altitudes: lowland (<1500 m
a.s.l.), midlands (1500–2500m a.s.l.) and highlands (>2500m a.s.l.). Samples were collected at an average interval
of 3–5 km in an invertedW zigzag fashion. Spatial extension of weed density levels were mapped and interpolated
for the most frequent weed species in order to figure out their importance in all the major teff growing areas of
Tigray using ARCGIS. In all, 42 weed species were identified. Altitude played a decisive role on number of weed
species. The highest average number was from highlands (16.96 species/sample) followed by midland (13.36
species/sample) and lowland (8.19 species/sample). All the weed species represented 16 families, where the most
diverse families were Poaceae (15 species) and Asteraceae (7 species). Among themost frequent weed species were
Erucastrum abyssinicum, Cyperus esculentus, Cynadon dactylon and Avena abyssinica. The most dominant weed
species were Argomene mexicana, Plantago lanceolate, Cyperus esculentus, Erucastrum abyssinicum, Avena
abyssinica and Galinsoga parviflora. The weed species with wide spatial extension of dense population in most of
the major teff growing areas were Erucatrum abyssinicum, Plantago lanceolata and cyperus esculentus.

Key words Teff, Weed, Species composition, Importance of weed species, Ecological distribution
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Abstract

Teff is a major part of the daily diet and an important livestock feed in Ethiopia. It is a poor
competitor to weeds and can suffer yield losses ranging from 35 to 65 %. Field experiments
were conducted in 2015 and 2016 to study effect of tillage frequency, seed rate and glyphosate
on teff and weeds. The experiments were arranged in split plot design with three blocks
consisting of tillage frequency (conventional, minimum and zero tillage) as main plot and the
combination of seed rate (5 kg/ha, 15 kg/ha and 25 kg/ha) and glyphosate (with and without)
as subplots. Results showed that zero tillage reduced teff biomass yield by 15% as compared to
minimum tillage and 26 % as compared to the conventional tillage. It also diminished grain
yield by 9 % as compared to minimum tillage and 21 % as compared to conventional tillage.
Lowering the seed rate to 5 kg/ha reduced biomass yield by 22% as compared to 15 kg/ha and
26 % as compared to 25 kg/ha. It also reduced the grain yield by around 21 % as compared to
the 15 kg/ha and 25 kg/ha seed rates. Conventional tillage significantly diminished weed
density, dry weight and cover by 19 %, 29 % and 37 % respectively as compared to zero tillage
and by 13 %, 15 % and 9 % as compared to minimum tillage. The highest seed rate (25kg/ha)
significantly reduced total weed density, dry weight and cover by 18 %, 19 % and 15 %
respectively as compared to the 5 kg/ha seed rate. Glyphosate application significantly affected
weed dry weight and cover but not weed density. Its application reduced weed dry weight by
14 % and cover by 16 %. Generally, minimum tillage along with the seed rate of 15 kg/ha
enhanced teff productivity and minimized weed effect. Application of glyphosate was more
effective onmonocot than on dicotweeds. The study shows thatminimum tillage combinedwith
a moderate seed rate and application of glyphosate can be an option for teff farmers to control
weeds.

Key words: Teff, Weed, Tillage frequency, Seed rate, Glyphosate application



Eragrostis tef ( )



Cyperus esculentus
Snowdenia polystachya,



Axum Research Site

Mekelle Research Site

Climate in 2015 and 2016

Axum Mekelle

Source: (NMA 2017b)

Field experimental design and treatments

Mekelle Axum
ard plough



ard plough Axum’

DZ Cr 387 ’Quncho‘



Axum Research Site

Mekelle Research Site

*Fertilizing of fieldwas done by applyingDAP andUrea at a rate of 60 kgN/ha and 60 kgP2O5 for Vertisol
and 40 kgN/ha and 40 kgP2O5 for light sandy loam soils. Axum has Vertisol and Mekelle has Cambisol;
**Sowing was done at a nationally recommended seed rate (25 kg/ha)



i) Crop data 

meter

ii) Weed data  
Density, biomass and cover for monocot and dicot weeds 

Identification of dominant weed species  

. Axum Mekelle

iii) Time used for hand weeding and competitiveness on teff 

Estimation of time used for hand weeding  





Effects of tillage frequency, seed rate and application of glyphosate on teff  



0.0018 <.0001 <.0001
<.0001 <.0001 <.0001 0.0201 <.0001 <.0001 <.0001

<.0001 0.0184 0.0236
0.0297

<.0001 <.0001 <.0001 <.0001 <.0001 <.0001
0.0074

0.001 0.0179 <.0001

0.0012

0.0007
<.0001 <.0001 <.0001 <.0001 0.012 0.0269

<.0001 <.000 0.0004 0.0021 0.0116

0.0253

0.0165
<.0001 <.0001 <.0001 0.0094 <.0001 <.0001

0.001 <.0001 0.0002 0.0182
0.0438 0.033 0.0432 0.0129

a Among the commonly used serial structures used for correlations, “unstructured” (un, in SAS)was used.
This was used during analysis because it resulted in models with lower values of Akaike Information
Criterion (AIC) and Schwarz Bayesian Information Criterion (BIC)



Tillage Frequency

Seed Rate

Glyphosate

Means connected by the same letter and those not connected by any letters are not significantly different
using Tukey’s multiple comparison method at 5 % level

Interaction effects of seed rate, location and year on teff  



<.0001 0.0049 <.0001 <.0001
<.0001 0.0037 0.0002 <.0001
<.0001 0.004 0.0005 <.0001

0.0043 0.0474
<.0001 0.0206 0.0117 0.0023
<.0001 <.0001 0.0185
0.0015 <.0001 0.0187





Effects of tillage frequency, seed rate and application of glyphosate on weeds  



0.0244 0.0474 0.0156 0.0416 0.0437 <.0001
0.0005 0.0002 0.0495 0.0006 0.0306 0.0018

0.0113 0.0195 <.0001
0.0008

<.0001 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001
0.0499

0.0155 0.0445
0.0007 <.0001 <.0001 0.0012 <.0001 0.0475 0.0013

0.0002
0.0017 0.0095

0.0294 0.0286
<.0001

0.0447 0.0372

<.0001 <.0001 <.0001 <.0001 0.0158

0.0312
0.0429

a Among the commonly used serial structures used for correlations, “unstructured” (un, in SAS) was used.
This was used during analysis because it resulted in models with lower values of Akaike Information
Criterion (AIC) and Schwarz Bayesian Information Criterion (BIC)



Tillage Frequency

Seed Rate

Glyphosate

Means connected by the same letter and those not connected by any letters are not significantly
different using Tukey’s multiple comparison method with 5 % level

Time used for hand weeding 



Dominant Weeds  

Plantago lanceolate . (dicot),
Cyperus esculentus (monocot) Setaria pumila Axum
Avena abyssinica , Galinsoga parviflora Ca (dicot) Plantago lanceolate

. Mekelle



Effects of tillage frequency, seed rate and application of glyphosate on teff 

.



Effects of tillage frequency, seed rate and application of glyphosate on weeds  

Elymus repens Poa annua,
Cyperus esculentus Setaria pumila

Avena abyssinica

Plantago
lanceolata Cyperus esculentus
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Abstract

Teff adapts to wider climatic and edaphic conditions in Ethiopia. It has vast phenotypic and
genotypic diversity. Different teff varieties have been developed, released and used in the
country. The crop is challenged by different types of weeds during production. However, the
ability of these varieties to compete weeds is not yet known. Experiments were conducted in
2015 and 2016 in two locations, Axum and Mekelle, with a general objective to study the weed
competitive ability of different teff varieties. Hand weeding (with and without) and ten teff
varieties were considered as factors and arranged in a split plot design with three replications.
The design had weeding as main plot and teff varieties as a subplot. Results showed that hand
weeding had significant effect on most of teff agronomic traits and weeds. It increased biomass
yield by 15 %, grain yield by 32 % and reduced weed density by 22.7 %, dry weight by 39.6 %
and cover by 37.4 %. Varietal difference resulted in significant variation in overall teff
performance andweed responses. Weed density, dry weight and cover were higher in plots with
DZ Cr 358 and DZ 01 354 and significantly lower in plots with ‘Kora’ and ‘DZ Cr 387’. Based
on the performance of the varieties and weed responses, ‘Kora’ and ‘DZ Cr 387’ were more
competitive to weeds while ‘DZ Cr 358’ and ‘DZ 01 354’ were the least competitive varieties.
There was yield loss from all varieties during weed competition. The least yield losses were
recorded from the varieties ‘Kora’ (with loss of 6 % in biomass yield and 18 % in grain yield)
and ‘DZ Cr 387’ (with loss of 17 % in biomass yield and 21 % in grain yield and remained high
yielding in unweeded plots while significantly reducing weed density, dry weight and cover.
Such a yield loss from ‘Kora’ and DZ Cr 387’ was trade off between their yields potential and
weed competitiveness. Considering the weeding time, the longest time was recorded in Mekelle
with an average of 1950 hrs./ha in 2015.

Key words: Teff, Teff varieties, Weeds, Weed competitive ability
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Description of the study areas  
 
Axum Research Site 

Mekelle Research Site 

Climate in 2015 and 2016 

Axum Mekelle

Source: (NMA 2017b).

Experimental design and treatments   



Source: (EMAaRD 2014)



Axum research site

Mekelle research site

*Fertilizing of field was done by applying DAP (Di ammonium Phosphate and Urea at a rate of 60kgN/ha and
60kgP2O5 for black Vertic soils and 40kgN/ha and 40kgP2O5 for light sandy loam soils. Axum had Vertic black soils
andMekelle has light sandy loam soil type; **Sowing was done at a nationally recommended seed rate i.e. 25kg/ha



i) Data related to crop traits 

meter centimetre

ii) Effects of different teff varieties on weeds 

Density and biomass 

Identification of Dominant Weed Species  

Axum Mekelle

. Axum
Mekelle

iii) Trade-off between yield potential and weed competitiveness  



iv) Weeding time and competitiveness on teff 

Estimation of hand weeding time  



Traits of teff varieties 

Emergence and maturity  

Boset’ DZ 01 354’ ‘DZ Cr 358’

Boset’
DZ Cr 358’

Boset’
Boset’

DZ 01 354’ ‘DZ Cr 358’
DZ 01 354’

DZ Cr 358’

Plant height  

Boset’ ‘DZ 01 1681’

DZ Cr 387’ DZ 01 974’

Tiller number per plant  

DZ Cr 358’ ‘DZ 01 354’
DZ Cr 358’ Axum

,

DZ Cr 358’ ‘DZ 01 354’



Biomass yield and grain yield  

DZ Cr 358’ DZ 01 354’
DZ Cr

DZ Cr 358’ DZ 01 354’

Kora’
DZ Cr 358’ DZ 01 354’

Kora’



*significant at P < 0.05, **significant at P < 0.01, ***significant at P < 0.001, ns not significant; aHand weeding – refers to uprooting
of weeds from the field of the crop (Teff) using hand; **Hand weeding did not have an effect on days to emergence as it was
applied after teff sprouting b Among the commonly used serial structures used for correlations, “unstructured” (un, in SAS) was
used. This was used during analysis because it resulted in models with lower values of Akaike Information Criterion (AIC) and
Schwarz Bayesian Information Criterion (BIC)
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Axum Mekelle
*Means of the teff varieties were compared separately within each location and year considering main effect of VAR.
*Means connected by the same letter are not significantly different



Axum Mekelle

*Means of the teff varieties were compared separately within each location and year considering HW*VAR interaction.
*Means connected by the same letter are not significantly different

Axum Mekelle
*Means of the teff varieties were compared separately within each location and year considering main effect of VAR.
*Means connected by the same letter are not significantly different



Influence of teff varieties on weeds  

Weed density

DZ Cr 358 ( DZ 01 354
DZ Cr 387 DZ Cr 385

DZ Cr 358

Weed dry weight 

DZ 01 354 DZ Cr 358

DZ 01 2675
DZ Cr 387 DZ

Cr 385.

DZ 01 2675 Kora DZ Cr 387 or
‘Quncho’



Weed cover 

Kora DZ Cr 387
DZ 01 354

DZ Cr 358
DZ Cr 358

Dominant Weeds  

Plantago lanceolata L.,
Cyperus esculentus Setaria pumila (poir.) Roem. & Schult Axum Avena abyssinica
Hochst, Galinsoga parviflora Ca Plantago lanceolata L Mekelle

Trade-off between yield potential and weed competitiveness 

‘DZ 01 354’
‘Kora’

DZ Cr 387’

Weeding time and competitiveness on teff 

Mekelle Axum
Mekelle

Axum

Axum
Mekelle DZ Cr 387

Mekelle DZ Cr 358
DZ Cr 358

Mekelle
DZ 01 354 Axum
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N.B. Yield difference = (yield obtained from weeded plots) – (yield obtained from unweeded plots)
* The biomass and grain yield values of teff varieties described in this table were an average from across
locations and seasons

N.B. Yield loss (%) = % of the yields obtained from weeded plots and lost due to the weed competition in unweeded plots



Traits of teff varieties 

Emergence and maturity 

Boset DZ Cr 358 DZ 01 354.

Boset DZ Cr 358 DZ 01 354

Triticum
aestivum Hordeum vulgare L. Avena sativa

Plant height 

Boset,
DZ 01 1681
DZ Cr 387 DZ 01 974



Tillering

DZ Cr 358 and DZ 01 354

Biomass and grain yields 

Kora
DZ Cr 387 Quncho)

DZ Cr 358 DZ 01 354

Influence of teff varieties on weeds

Weed density, dry weight and cover    



‘DZ Cr 387’
( Quncho’)

DZ Cr 358

DZ Cr 358’ DZ 01 354’

DZ Cr 387’, Kora ‘DZ Cr 385’

Plantago
lanceolata Cynodon dactylon Axum Mekelle

Axum Plantago lanceolata, Cyperus esculentus and Setaria
pumila Mekelle Avena abyssinica, Galinsoga parviflora Plantago
lanceolata Axum

Mekelle

Trade-off between yield potential and weed competitiveness  

Kora’ ‘DZ Cr 387’



Kora’
‘DZ Cr 387’

Kora’ ‘DZ Cr 387’

Weeding time and competitiveness on teff

‘DZ Cr 387’

Kora’ ‘DZ Cr 387’

DZ Cr 358’ DZ 01 354’

Kora’ ‘DZ Cr 387’

‘DZ Cr 387’
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Abstract

It is not known whether teff, as cereal crop, has allelopathic effect on weeds. To study the allelopathic potential of
teff and its effect on root growth of weeds, both laboratory and field experiments were conducted in Norway
(NIBIO weed laboratory in Ås) and in Tigray, Ethiopia (Axum and Mekelle research sites) respectively. Ten
commonly grown teff varieties were used for both experiments. In the laboratory experiment, the varieties were
tested for their allelopathic potential with an agar based bioassay using ryegrass and radish as model weeds. The
field experiments were conducted in Axum and Mekelle research sites during 2015 and 2016 to identify the most
important agronomic traits of teff contributing on its weed competitive ability. Randomized complete block design
(RCBD) consisting of the ten teff varieties arranged in three blocks was used in both locations. The laboratory
experiment containing the mixture of ten teff varieties with the model weeds as a factor and agar petri dishes
containing the model weeds without the teff varieties as controls was replicated four times where each block was
repeated in time. Results showed that highest average potential allelopathic activity (PAA) and specific potential
allelopathic activity (SPAA) was recorded from local land race with PAA average value of 11.77 % and SPAA
average value of 1.21 %/mg followed by the variety ‘DZ 01 2675’ with an average values of 10.89 % and 1.14
%/mg respectively when ryegrass Lolium perenne cv. Mondiale; cv=cultivar was used asmodel weed. The variety
‘Boset’ had the highest PAA and SPAA with an average values of 16.25 % and 1.53 %/mg respectively when using
radish Raphanus sativus as model weed. The least PAA and SPAA were consistently recorded
from the variety ‘DZ Cr 387’ with an average values of 0.19 % and 0.11 %/mg respectively when mixed with
ryegrass and 1.78 % and 0.24 %/mg respectively when mixed with radish. Days to emergence, height, tiller
no/plant, biomass yield and PAA of the crop significantly contributed on the variance of the weed biomass, cover
and density and hence were the most important agronomic traits enhancing the weed competitive ability of teff.

Key words: Teff, weed, Ryegrass, Radish, Allelopathy, Potential allelopathic activity, weed root growth



Triticum aestivum Hordeum vulgare Avena sativa





Plant materials  

Source: (EMAaRD 2014)

Lolium perenne cv. Mondiale; cv=cultivar
Raphanus sativus

Part I: Detecting allelopathic activity of teff varieties (bioassay experiment)

i. Seed germination of teff varieties and model weeds 



ii. Transplanting of seedlings of teff and model weeds into water agar and their stay 
at the growth chamber (bioassay) 





iii. Root analysis and weight measurements   

Part II: Traits of teff varieties explaining weed competitive ability 

Field experimental design and treatments   

Crop data collection  



Data related to crop traits 

meter
centimetre

Effects of different teff varieties on weeds 
 
Density, biomass and cover 

Data Analysis 



Allelopathic effect on ryegrass   

Quncho’

Boset

DZ 01 2675 with PAA 10.89 % and SPAA
1.14 %/mg. DZ Cr 387 with an average values of PAA 0.19 % and SPAA
0.11 %/mg

.



Variables PAArye SPAArye PAArad SPAArad

*significant at P < 0.05, **significant at P < 0.01, ***significant at P < 0.001, nsnot significantNB: each values
of the correlation coefficient was squared to get the coefficient of determination (r2) of each variables.

Multiple Regressionmodels
PAArye SPAArye PAArad SPAAradWhole model

P values of independent variables



Allelopathic effect on radish 

DZ 01 2675

Boset
DZ 01 2675 Kora DZ

Cr 387
Boset Kora DZ Cr 385

DZ Cr 387
DZ Cr 387 (‘Quncho’)



Relationships between traits of teff varieties and weeds  
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Axum
Mekelle

Dicot
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Mekelle Axum Mekelle
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Dicot



Parthenium hysterophorus

DZ 01 2675

DZ 01 2675
Boset

01 2675 ‘Kora’

DZ Cr 387 (‘Quncho’)
(Kebebew et al. 2011)

Axum Mekelle



the allelopathic
activity of barley probably originated from different landraces, and in most cases from a
specific landrace from the Swedish island of Gotland. We suspect that more than 100 years of
selection and breeding have resulted in a dilution of the genes from landraces and
consequently a declining allelopathic activity
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