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Abstract
In a survey of wheat fi elds in northern 
Ethiopia, of 24 weed species observed 
nine were monocotyledons and 15 dicot-
yledons. Dicotyledonous weeds made up 
62.5% of the individual weed species and 
83.1% of the total weed population, while 
monocotyledonous weeds were 37.5% 
and 16.9% respectively. Chrysanthemum 
segetum L. (corn marigold), Polygonum 
nepalense Meisn. (smartweed), Galium 
spurium L. (false cleavers), Spergula ar-
vensis L. (corn spurrey) and Phalaris 
paradoxa L. (bristle-spiked canary grass), 
were the more important weeds with a 
frequency >30% and a dominance >5%. 
Polygonum nepalense and Spergula ar-
vensis were dominant in the experimen-
tal wheat fi eld.

In an experimental fi eld use of clean 
wheat seed gave a signifi cant reduction 
in the total weed population (P ≤0.05) 
and an increase in wheat height, tiller 
and ear-bearing tiller numbers and seed 
yield over plots sown to contaminated 
seed. Clean seed + 2,4-D, or a tank-mix of 
2,4-D and fenoxaprop-p-ethyl, applied at 
25 days after emergence (DAE) plus hand 
weeding (HW) at 45 DAE resulted in a 
signifi cant reduction in weed population 
at 70 DAE (P ≤0.05). These treatments, 
and treatments in which two hand weed-
ings were employed at 25 and 45 DAE, 
gave higher wheat yield and net benefi t 
and were comparable with the weed free 
check. Clean seed + 0.72 kg ha−1 2,4-D + 
HW at 45 DAE, however, resulted in the 
highest benefi t: cost ratio.

Keywords: 2,4-D, clean seed, contami-
nated seed, fenoxaprop-p-ethyl, integrat-
ed weed management, wheat.

Introduction
In sub-Saharan Africa, Ethiopia ranks sec-
ond to South Africa in terms of acreage 
sown and production of wheat. Wheat is 
grown mainly as a rainfed crop. A large 
area of wheat is grown under mid- to high-
altitudes (1500–3000 m above mean sea 
level (a.m.s.l)), allowing a longer growing 
season and higher yields. However, wheat 
yield at 1.3 t ha−1 is low, 24 and 48% below 
the yields of Africa and the world, respec-
tively (Bekele et al. 2000). Heavy infesta-
tions of weeds, particularly grassy weeds 
under continuous cereal monoculture, are 
often highlighted as a cause for low wheat 
yield (Stroud 1989, Tanner and Giref 1991, 
Amanuel et al. 1992) and yield loss can 
range from 10% to as high as 70%. Weed 
surveys are important for identifi cation 
and quantifi cation of weeds, and neces-
sary to establish effi cient weed manage-
ment practices (Taye and Yohannes 1998, 
Kedir et al. 1999). Weed surveys have nev-
er been pursued in Debark, North Gondar.

Labrada and Parker (1994) commented 
that weeds remain under-estimated in 
tropical agriculture although they pose 
enormous challenges to crop production 
and infl uence human activities more than 
other crop pests (more than 40% of labour 
hours are consumed in weeding). This 
also applies in Ethiopia, where traditional 
weed control practices of hand weeding or 
hoeing are used (Tanner and Giref 1991), 
and are often neither adequate nor timely. 
Integrated weed management combining 
direct (physical, chemical) and indirect 
(agronomic practices) methods, giving 
higher weed control effi ciency (Bhowmik 
and Inderjit 2004), is lacking (Alemu et al. 
1999). The majority of farmers in Ethio-
pia use a cheap, unclean mixture of com-
mon market or home-stored wheat seed 
for sowing (Bengtsson 1983, DOA 2001). 

Weed dissemination takes place more 
readily through this contaminated seed 
than by other means (Monaco et al. 2001). 
Using clean wheat seed may serve as an 
important preventive measure reducing 
‘seed rain’ and further dissemination of 
weeds (Tottman and Wilson 1990, Mo-
naco et al. 2001). This study was therefore 
undertaken to survey weeds in Debark, 
North Gondar and to develop an integrat-
ed weed management practice combining 
preventive, physical and chemical control 
measures in wheat.

Materials and methods
Survey areas and methods
Weeds were surveyed in unweeded wheat 
fi elds across Mikara, Debir and Gomiya 
kebeles1, of the Debark district, North 
Gondar, Ethiopia in 2002. The district 
lies between 13°4'30" to 13°17'27"N and 
37°46'27" to 37°59'51"E and the sites sur-
veyed were between 2600–2900 m a.m.s.l. 
(district altitude ranges from 800–4400 m 
a.m.s.l). Annual rainfall is 1118 mm, but 
uneven or erratic distribution can cause 
crop failure. The minimum and maximum 
temperatures are 8.5°C and 19.3°C, respec-
tively.

Three kebeles, two villages in each kebele 
and six wheat fi elds in each village were 
randomly selected and surveyed once, 
usually during the active tillering stage 
of wheat (50–70 DAE). However, wheat 
stages varied a little across fi elds based 
on the time of sowing and the altitudes of 
villages. Field size varied from 0.01 ha to 
0.25 ha. Three random samples were taken 
from each fi eld using a 0.5 × 0.5 m quadrat 
and weeds were identifi ed (with the help 
of Haramaya University Herbarium and 
Weed Identifi cation Manual), counted and 
recorded. 

The frequency and relative frequency, 
density and relative density, dominance 
and relative dominance, abundance, and 
importance value index (IVI) of each weed 
species were calculated using the formu-
lae described in Appendix 1. 

Field experimental site
A fi eld experiment was conducted at De-
bark, North Gondar under highland (al-
titude 2800 m a.m.s.l) rainfed conditions. 
The soil was a luvic phaeozem, a light-
grey silty-clay with pH 5.64. The total N 
(0.2%) and organic matter content (4.32%) 
were medium with available P 13.2 ppm 
and cation exchange capacity (CEC) is 
31.32 centimole p+ kg−1.

Treatments Sixteen treatment combina-
tions (Table 1) were laid out in a rand-
omized complete block design with three 
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replications. Chemical treatments, 2,4-D 
amine at 0.72 kg ha−1 for broad-leaved 
weed control, and a tank-mix of 2,4-D at 
0.72 kg ha−1 and fenoxaprop-p-ethyl at 
0.075 kg ha−1 for both broad-leaved and 
grass weed control, were applied at the 
six-leaf stage of wheat at 25 DAE (Table 1) 
using a knapsack sprayer with fl at fan noz-
zle and 350 L ha−1 of water. Hand weeding 
was undertaken at 25 and/or 45 DAE. In 
line with the usual weed control practice 
of the majority Ethiopian farmers, a ‘farm-
ers practice’ treatment in which contami-
nated wheat seed was sown and one hand 
weeding given at 42 DAE, was included 
for comparison. A weed free check using 
clean wheat seed was continuously hand 
weeded.

Sowing practice in wheat Contaminat-
ed wheat seed (mixed with weed seeds, 
mainly wild oat, ryegrass, bristle-spiked 
canary grass and inert materials (soil par-
ticles/tiny pebbles)) of the widely used 
improved variety HAR-1685 was obtained 
from a farmer and clean seed of the same 
variety was supplied by the District Offi ce 
of Agriculture. The level of contaminants 
was 3–4 g kg−1. Seed was broadcast manu-
ally at 150 kg ha−1. Diammonium phos-
phate and urea each at 100 kg ha−1 were 
applied as recommended (DOA 2001). 
All of the phosphate and 50% of the urea 
were applied at the time of sowing. The 
remaining urea was top-dressed in two 
equal halves 25 DAE and 45 DAE. 

Observations on weeds Individual 
weed species were counted in two 0.5 × 
0.5 m quadrats in each plot (except weed-
free check). Weeds were counted at 25 
DAE (just before hand weeding/herbicide 
treatment), 35 DAE, 70 DAE and 140 DAE 
(10 days before harvesting). Susceptibil-
ity to herbicide treatments was assessed 
in terms of per cent control 15 days after 
herbicide application from a previously 
marked 1.0 m2 area in each herbicide-treat-
ed plot. Weed control effi ciency (WCE), 
as given by Mani et al. (1973), was calcu-
lated taking the contaminated seed weedy 
check (T1) as absolute control as follows: 

WCE = WPC − WPT
WPC

× 100

where, WPC is the weed population in con-
trol plot and WPT is the weed population 
in treated plot.

Observations on wheat The number of 
days from seedling emergence to 50% an-
thesis was taken as the time of fl owering, 
and to the yellowing of fl ag leaves and ear-
heads as the time to physiological maturi-
ty. Tillers at 45 DAE and ear-bearing tillers 
at physiological maturity were counted in 
randomly placed 0.25 × 0.25 m quadrat 
three times per plot. Wheat plant height 

(cm) and ear-head length (cm) were meas-
ured in each plot from 10 randomly cho-
sen plants. Wheat was harvested by plots, 
threshed, cleaned and seed yield recorded. 
Test weight (1000-seed weight) was deter-
mined from 500 seeds. Weed index (WI) 
coined by Gill and Vijayakumar (1969) to 
determine the yield loss due to weeds in 
the treatments was calculated as: 

WI = Ywf − Yt
Ywf

× 100

where, Ywf is the crop yield in weed-free 
plot and Yt is the crop yield in treatment 
plot. 

The cost of cultivation, gross and net re-
turns, and benefi t:cost ratio (B:C) were cal-
culated based on the cost of materials and 
practices adopted and the price of produce 
(grain and straw) for each treatment. 

Statistical analysis Crop and weed 
data were subjected to analysis of vari-
ance (ANOVA) for randomized complete 
block design using MSTAT C software 
and signifi cance was tested at the 5% level 
(Gomez and Gomez 1984). Weed popula-
tion was subjected to Duncan’s Multiple 
Range Test (DMRT). For statistical com-
parison of the mean effect of clean and 
contaminated seed on certain parameters 
of weeds and wheat, a set of 14 treatments 
[seven treatments (T1 to T7) with con-
taminated seed and seven treatments (T8 
to T14) with clean seed] was used for the 
ANOVA. 

Results
Weed species distribution and ecological 
importance across wheat fi elds
Twenty four weed species belonging to 11 
families were observed in the survey (Ta-
ble 2). Of these, 19 were present in all three 
kebeles. Five species were non-uniformly 
distributed across the kebeles such as A. 
abyssinicus observed in Mikara; O. latifolia 
in Debir; B. prestinaria and D. abyssinica 
in Mikara and Gomiya; and P. aviculare 
in Mikara and Debir. Seven weed species 
belonged to Poaceae; four species to Aster-
aceae; three species to Polygonaceae; two 
species to each Fabaceae and Caryophyl-
laceae; and one species to each Commel-
inaceae, Brassicaceae, Cyperaceae, Oxali-
daceae, Plantaginaceae and Rubiaceae. 
Nineteen weed species constituting 79.2% 
of the total were annual and the rest were 
perennial. Of the perennials, O. latifolia 
and P. lanceolata are simple perennials, 
which propagate only through seeds. C. 
benghalensis however is an annual, but can 
propagate through segments or stem cut-
tings. 

In the surveyed kebeles (Table 3), broad-
leaved weeds constituted 62.5% of the in-
dividual weed species and 83.1% of the to-
tal weed population, while grassy weeds 
were 37.5% and 16.9%, respectively. Weed 
frequency combined over the kebeles 
ranged from 3.7% to 85.2% and dominance 
from 1.4% to 16.8%. Weeds which had fre-
quency greater than 30% were P. nepalense, 
C. segetum, G. spurium, M. polymorpha, S. 
arvensis, G. parvifl ora, A. vaviloviana, B. 
pectinatus, P. paradoxa, S. media, R. bequar-
tii and P. aviculare (in decreasing order). 

Table 1. Treatments applied in the experiment.
Treatment Seed type Herbicides applied 25 DAE Hand weeding at DAE
T1 Contaminated – –
T2 Contaminated – 25
T3 Contaminated – 25 + 45
T4 Contaminated 0.72 kg ha−1 2,4-D –
T5 Contaminated 0.72 kg ha−1 2,4-D + 

0.075 kg ha−1 fenoxaprop-p-ethyl 
–

T6 Contaminated 0.72 kg ha−1 2,4-D 45
T7 Contaminated 0.72 kg ha−1 2,4-D + 

0.075 kg ha−1 fenoxaprop-p-ethyl
45

T8 Clean – –
T9 Clean – 25
T10 Clean – 25 + 45
T11 Clean 0.72 kg ha−1 2,4-D –
T12 Clean 0.72 kg ha−1 2,4-D + 

0.075 kg ha−1 fenoxaprop-p-ethyl
–

T13 Clean 0.72 kg ha−1 2,4-D 45
T14 Clean 0.72 kg ha−1 2,4-D + 

0.075 kg ha−1 fenoxaprop-p-ethyl
45

T15 Farmers practice – 42
T16 Weed free check – Continuous
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Table 2. Weed species present in wheat fi elds of three kebeles in North Gondar, Ethiopia.
No. Botanical names Common names Families Weed occurrence*
1. Andropogon abyssinicus (Fresen) R.Br. Andropogon Poaceae M
2. Avena vaviloviana (Malzer) Mordv. Wild oat Poaceae M,D,G
3. Bidens prestinaria L. Meskel daisy Asteraceae M,G
4. Bromus pectinatus Thunb. Brome Poaceae M,D,G
5. Chrysanthemum segetum L. Corn marigold Asteraceae M,D,G
6. Commelina benghalensis L. Tropical spiderwort Commelinaceae M,D,G
7. Cyperus rotundus L. Purple nutsedge Cyperaceae M,D,G
8. Digitaria abyssinica (A.Rich) Stapf. Blue couchgrass Poaceae M,G
9. Erucastrum arabicum Fisch. & May Dog mustard Brassicaceae M,D,G
10. Galinsoga parvifl ora Cav. Gallant soldier Asteraceae M,D,G
11. Galium spurium L. False cleavers Rubiaceae M,D,G
12. Guizotia scabra (Vis) Chiov. Wild saffl ower Asteraceae M,D,G
13. Lolium temulentum L. Darnel, ryegrass Poaceae M,D,G
14. Medicago polymorpha L. Medick Fabaceae M,D,G
15. Oxalis latifolia H.B.K. Sorrel Oxalidaceae D
16. Phalaris paradoxa L. Bristle-spiked canary grass Poaceae M,D,G
17. Plantago lanceolata L. Buckhorn plantain Plantaginaceae M,D,G
18. Polygonum aviculare L. Prostrate knot grass Polygonaceae M,D
19. Polygonum nepalense Meisn. Smart weed Polygonaceae M,D,G
20. Rumex bequartii DeWild. Dock Polygonaceae M,D,G
21. Snowdenia polystachya (Fresen) Pilg. Abyssinian grass Poaceae M,D,G
22. Spergula arvensis L. Corn spurrey Caryophyllaceae M,D,G
23. Stellaria media (L.) Vill. Chick weed Caryophyllaceae M,D,G
24. Trifolium rueppellianum Fresen Clover Fabaceae M,D,G
* M – Mikara; D – Debir; and G - Gomiya are three kebeles.

Table 3. Average weed species frequency, density, abundance and domin-
ance in wheat fi elds in three kebeles (Mikara, Debir and Gomiya) at 60 DAE.
No. Weed species Frequency 

(%)
Density 

(%)
Abundance Dominance 

(%)
1. Andropogon abyssinicus 3.70 0.37 10.00 1.96
2. Avena vaviloviana 42.59 6.48 15.22 2.98
3. Bidens prestinaria 9.26 0.67 7.20 1.41
4. Bromus pectinatus 37.04 6.96 18.8 3.68
5. Chrysanthemum segetum 84.26 53.59 85.87 16.83
6. Commelina benghalensis 16.67 1.48 8.89 1.74
7. Cyperus rotundus 25.00 7.80 31.41 6.16
8. Digitaria abyssinica 9.26 1.19 12.8 2.51
9. Erucastrum arabicum 12.04 1.00 8.31 1.63
10. Galinsoga parvifl ora 42.59 10.67 25.04 4.91
11. Galium spurium 66.70 24.89 36.82 7.22
12. Guizotia scabra 25.00 2.41 9.63 1.89
13. Lolium temulentum 29.63 3.11 10.5 2.06
14. Medicago polymorpha 65.74 13.52 20.56 4.03
15. Oxalis latifolia 3.70 0.52 14.67 2.88
16. Phalaris paradoxa 36.11 9.78 27.08 5.31
17. Plantago lanceolata 9.26 0.83 10.40 2.04
18. Polygonum aviculare 33.33 3.89 11.67 2.29
19. Polygonum nepalense 85.19 40.67 48.36 9.46
20. Rumex bequartii 35.19 3.00 9.82 1.92
21. Snowdenia polystachya 26.85 6.22 23.17 4.55
22. Spergula arvensis 62.96 18.67 30.09 5.90
23. Stellaria media 36.11 5.45 15.08 2.96
24. Trifolium rueppellianum 18.52 3.52 19.00 3.72

Similarly, weed having dominance greater 
than 5% were C. segetum, P. nepalense, G. 
spurium, C. rotundus, S. arvensis and P. 
paradoxa (in decreasing order). However, 
fi ve weeds, viz., C. segetum, P. nepalense, 
G. spurium, S. arvensis and P. paradoxa, had 
both frequency and dominance greater 
than 30% and 5%, respectively. Similarly, 
seven weeds, namely P. aviculare, R. be-
quartii, A. vaviloviana, B. pectinatus, G. 
parvifl ora, M. polymorpha and S. media had 
frequencies >30%, but dominance <5%. C. 
rotundus, however, had a frequency of 25% 
(i.e. <30%) and dominance 6.2% (i.e. >5%).

Field experiment
Weed species distribution, importance 
and response to herbicides Weed distri-
bution in the experimental fi eld was large-
ly representative of those in the surveyed 
kebeles. Of the 24 weed species observed 
in the survey, 17 were present in the ex-
perimental wheat fi eld (Table 4). Broad-
leaved weeds accounted for 58.8% of the 
total weed diversity and monocot (grass 
and sedge) weeds for 41.2%. P. nepalense 
(IVI 112.25%) and S. arvensis (IVI 59.25%) 
were very important weeds because of 
their frequency of occurrence, density and 
dominance. G. spurium, A. vaviloviana, R. 
bequartii and B. pectinatus recorded inter-
mediate IVIs and were moderately impor-
tant at this site. 
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The tank-mix (2,4-D + fenoxaprop-p-
ethyl) controlled all grass weeds to a level 
of 70% or more except for B. pectinatus, 
which recorded only 14.5% control (Ta-
ble 4). Neither 2,4-D nor the tank-mix of 
2,4-D and fenoxaprop-p-ethyl controlled 
G. spurium, P. aviculare, M. polymorpha, G. 
scabra and P. lanceolata – all broad-leaved 
weeds. The tank-mix also proved inferior 
to 2,4-D in controlling C. rotundus, S. ar-
vensis, R. bequartii and C. segetum. This in-
dicated possible antagonism between the 
two herbicides on these weeds. However, 
the tank-mix did improve the control of P. 
nepalense over 2,4-D, which may be due to 
synergism. 

Effect on weed population Using clean 
wheat seed resulted in a signifi cant reduc-
tion of the weed population over contami-
nated seed at all assessment dates (Figure 
1). The weed population in the weedy 
check with clean seed (T8) was reduced 
compared to the weedy check with con-
taminated seed (T1) and farmers practice 
(T15) at 25 DAE (Table 5). As expected, the 
weed population at 35 DAE in treatments 
that had received no control measures (T1, 
T8 and T15) increased by 18.1% (91.6 m−2), 
20.3% (103.2 m−2) and 0.8% (3.8 m−2) over 
the levels at 25 DAE, respectively. 

Hand weeding or herbicide applica-
tion at 25 DAE brought about a signifi cant 
reduction (P ≤0.05) in weed population 
at 35 DAE (Table 5) and recorded higher 

weed control effi ciency (WCE) (Figure 2) 
over contaminated seed weedy check (T1), 
clean seed weedy check (T8) and farmers 
practice (T15). T8 and T15 were, however, 
superior to T1 in terms of WCE. A similar 
reduction in weed population (Table 5) 
and consequently, improvement in WCE 
(Figure 2) was observed in these treat-
ments at 70 DAE. However, the greatest 

reduction was observed in the treatments 
which received weed control at two stages 
(25 and 45 DAE) such as hand weeding 
followed by hand weeding, or herbicide 
followed by hand weeding irrespective 
of clean and contaminated seed (Table 5, 
Figure 2). Clean seed + (2,4-D + fenoxa-
prop-p-ethyl) + HW (T14) and clean seed 
+ 2,4-D + HW (T13) were most effi cient in 

Table 4. Weed species relative importance and their response (per cent control) to 2,4-D, and tank-mix of 2,4-D and 
fenoxaprop-p-ethyl in wheat.

No. Weed species

Relative 
frequency 

(%)

Relative 
density 

(%)

Relative 
dominance 

(%)
IVI 
(%)

Control (%)

2,4-D
2,4-D + 

fenoxaprop-p-ethyl
Monocotyledons

1. Avena vaviloviana 7.72 3.28 4.92 15.92 0 70.1
2. Bromus pectinatus 6.71 1.52 2.61 10.84 0 14.5
3. Phalaris paradoxa 6.04 1.24 2.37 9.65 0 100.0
4. Lolium temulentum 3.36 0.60 2.07 6.03 0 78.5
5. Digitaria abyssinica 1.34 0.37 3.18 4.89 0 75.0
6. Commelina benghalensis 0.34 0.03 1.18 1.55 0 100.0
7. Cyperus rotundus 10.40 3.57 3.97 17.95 58.0* 53.6

Dicotyledons
8. Polygonum nepalense 15.10 55.09 42.06 112.25 92.4 ** 93.7
9. Spergula arvensis 15.10 25.03 19.11 59.25 92.8* 81.5
10. Galium spurium 14.09 5.71 4.68 24.49 0 0
11. Rumex bequartii 9.73 1.92 2.28 13.93 60.8* 55.5
12. Chrysanthemum segetum 5.37 0.72 1.54 7.63 79.0* 62.1
13. Polygonum aviculare 1.68 0.57 3.91 6.16 0 0
14. Medicago polymorpha 2.01 0.19 1.10 3.31 0 0
15. Guizotia scabra 0.34 0.08 2.67 3.08 0 0
16. Plantago lanceolata 0.34 0.03 1.17 1.54 0 0
17. Erucastrum arabicum 0.34 0.03 1.17 1.54 100.0 100.0
* Possible antagonism, and ** possible synergism of the tank-mix of 2,4-D and fenoxaprop-p-ethyl across weed species in wheat.

Figure 1. Weed density (no. m−2) at 25, 35, 70 and 140 DAE (days after 
emergence) in contaminated and clean seed treatments (mean of 21 
observations). Hand weeding treatments applied at 25 and/or 45 DAE and 
herbicide treatments at 25 DAE. Vertical bars indicate least signifi cance 
difference (LSD) at P = 0.05. 
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reducing the weed population (Table 5) 
and improving weed control effi ciency 
(WCE) at 70 DAE (Figure 2). Hand weed-
ing twice irrespective of contaminated 
(T3) or clean seed (T10) was comparable. 
The trend was also similar at 140 DAE.

Effect on wheat phenology, growth and 
yield attributes A delay in fl owering 
by 2–4 days and in maturity by 3–5 days 
of wheat was observed (Table 6) under 
unweeded situations (T1, T8 and T15) 
compared to the weed-free treatment. In 
the treatments receiving weed control at 
two stages (25 and 45 DAE), wheat fl ow-
ered after 85 days and matured after 141 

days, signifi cantly (P ≤0.05) earlier than 
in the weedy checks (T1, T8 and T15), 
where fl owering occurred at 89, 88.3 and 
87.3 days, respectively and maturity was 
reached at 146, 145.3 and 143.7 days, re-
spectively. Wheat plant height in all weed 
management treatments (T2 to T7 and 
T9 to T14) and wheat tiller number, ear-
bearing tiller number and ear-head length 
in hand weeding twice (T10 and T3) and 
clean seed + (2,4-D + fenoxaprop-p-ethyl) 
+ HW (T14) were signifi cantly higher than 
in weedy checks (P ≤0.05). Clean seed + 
2,4-D + HW (T13) was on a par with these 
treatments. 

Effect on wheat yield and cost-benefi t 
economics Clean seed + (2,4-D + fenox-
aprop-p-ethyl) + HW (T14), clean seed + 
2,4-D + HW (T13) and hand weeding twice 
(T10 and T3) recorded signifi cantly higher 
grain and straw yields (Table 7, Figure 3). 
These treatments were also comparable to 
weed-free check on seed and straw yields. 
T14 recorded higher seed yield and gross 
benefi t, but incurred higher costs than T13, 
which, however, had a higher net benefi t 
and benefi t: cost ratio. The harvest index, 
however, was not signifi cantly (P ≤0.05) 
affected [harvest index = grain yield/
(grain yield + straw yield)]. 

Clean wheat seed (T8) produced higher 
seed and straw yields and benefi t:cost ra-
tio (Table 7) than contaminated seed (T1). 
Farmers practice (T15) resulted in a 33.1% 
yield loss, whereas the weedy checks with 
contaminated (T1) and clean seed (T8), 
gave 45.4% and 39.2% yield loss (Figure 
3). Thus, weeding wheat only once at 42 
DAE in the farmers practice (T15) could 
reduce yield loss by 12.3% and 6.1%, re-
spectively. Yield loss was intermediate 
(20−30%), where hand weeding or herbi-
cide (2,4-D or 2,4-D + fenoxaprop-p-ethyl) 
applied once at 25 DAE. But, two hand 
weeding at 25 and 45 DAE (T10 and T3) 
and clean seed + herbicide (2,4-D or 2,4-
D + fenoxaprop-p-ethyl) + HW (T14 and 
T13) proved highly effective in reducing 
yield loss to less than 10%. 

Discussion
Ecological importance of weeds
Major weeds in the crop ecosystems are 
usually controlled by man or can some-
times disappear with changing conditions. 
Over time the often over-looked minor 
weeds can become major ones. The phyto-
sociological assessment of weeds in terms 
of frequency, density, abundance, domi-
nance or IVI, in crops or cropping systems 
is, therefore, necessary to develop timely 
and effi cient weed management systems. 

Taye and Yohannes (1998) and Kedir 
et al. (1999) considered weed species with 
a frequency and dominance greater than 
30% and 5%, respectively, as major weeds. 
In this survey (Tables 2 and 3), 12 weed 
species had a frequency greater than 30% 
(which constituted 50% of the total weed 
population) and six weeds a dominance 
greater than 5% (which constituted 25% of 
the total weed population). However, fi ve 
weed species, viz., C. segetum, P. nepalense, 
G. spurium, S. arvensis and P. paradoxa with 
frequency greater than 30% and domi-
nance greater than 5% were considered 
major weeds (Taye and Yohannes 1998, 
Kedir et al. 1999). DOA (2001) had similar 
observations on C. segetum. Three grassy 
weeds A. vaviloviana, B. pectinatus and S. 
polystachya were not dominant in wheat, 
but should not be ignored as they may 
become dominant due to environmental 
changes. Similarly, perennial weeds like 

Table 5. Weed population (no. m−2) at different times after emergence. Hand 
weeding treatments applied at 25 and/or 45 DAE and herbicide treatments 
at 25 DAE.
Treatments 25 DAE* 35 DAE* 70 DAE* 140 DAE*
T1A 415.4 ab 507.0 a 248.4 a 53.3 a
T2 336.7 abc 83.8 cd 137.3 c 55.1 a
T3 336.0 abc 71.1 d 69.4 e 31.1 bc
T4 373.2 abc 100.0 cd 95.5 c 58.7 a
T5 306.2 abc 105.8 c 116.9 c 49.3 ab
T6 355.0 abc 111.5 c 66.2 e 54.2 a
T7 399.5 ab 95.3 cd 77.3 de 51.0 ab
T8 262.6 c 365.8 b 186.2 b 53.1 ab
T9 370.4 abc 74.2 d 126.6 c 48.5 ab
T10 347.0 abc 64.0 d 67.5 e 28.5 c
T11 294.0 bc 93.5 cd 105.3 cd 54.2 a
T12 296.6 abc 85.3 cd 116.0 c 48.5 ab
T13 388.6 abc 108.7 c 62.2 ef 33.8 bc
T14 301.3 abc 105.3 cd 42.2 f 34.0 bc
T15 434.4 a 438.2 ab 73.3 de 46.6 ab
T16 0.0 d 0.0 e 0.0 g 0.0 d
CV (%) 12.8 9.9 10.9 13.2
A T1 to T16 are treatments as mentioned in Table 1. 
* Data followed by the same letter(s) within a column are not signifi cantly different at 
P ≤0.05.

Figure 2. Weed control effi ciency (%) at 35 and 70 DAE. 
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C. rotundus and D. abyssinica are poorly 
controlled by the herbicides. Therefore, 
an integrated approach combining agro-
nomic, chemical and mechanical methods 
is required for effi cient weed management 
in this system. 

Effect on weeds 
The use of clean wheat seed clearly re-
duced the weed population compared 

to contaminated seed. This was most 
obvious at 25 DAE before weed control 
measures were employed. Several work-
ers (Bengtsson 1983, Tottman and Wilson 
1990, DOA 2001, Monaco et al. 2001) have 
highlighted similar facts. In India, Phalaris 
minor (littleseed canary grass) contami-
nation at 3–4 g kg−1 has been observed in 
some wheat seed lots available in the mar-
ket (Das 2008). 

Table 6. Effect of weed competition on fl owering and maturity times, plant height (cm), tiller number (no. m−2), ear-
bearing tillers (no m−2), ear-head length (cm) and 1000-seed weight (g) of wheat.
Treatments Flowering time 

(days)
Maturity time 

(days)
Plant height 

(cm)
Tiller number 

(no. m−2)
Ear bearing 

tillers (no. m−2)
Ear-head length 

(cm)
1000-seed 
weight (g)

T1A 89.0 146.0 62.3 348.0 249.3 6.5 52.59
T2 85.7 142.3 73.0 444.0 281.3 8.5 52.16
T3 85.0 141.0 78.8 513.3 308.0 9.0 53.01
T4 86.0 141.7 71.3 364.0 254.7 8.8 52.38
T5 86.0 141.7 72.0 417.3 254.7 8.7 52.58
T6 85.0 141.0 73.2 454.7 292.0 8.9 52.49
T7 85.0 141.0 73.8 444.0 302.7 9.4 52.54
T8 88.3 145.3 62.3 353.3 244.0 6.7 52.43
T9 86.0 142.3 73.1 449.3 292.0 8.9 52.24
T10 85.0 141.0 79.1 524.0 308.0 9.1 52.89
T11 86.0 141.7 73.3 380.0 281.3 8.4 52.31
T12 86.0 141.7 73.8 385.3 286.7 8.4 52.00
T13 85.0 141.0 74.3 438.7 297.3 9.4 52.63
T14 85.0 141.0 76.3 486.7 318.7 9.5 53.24
T15 87.3 143.7 63.5 355.3 270.7 7.0 52.91
T16 85.0 141.0 82.2 572.0 361.3 10.2 53.63
S.E. (d.f. 30) 0.36 2.08 2.07 50.1 27.1 0.45 0.67
LSD (P ≤0.05) 0.73 4.18 4.17 100.7 54.5 0.91 NS*
CV (%) 0.5 0.6 3.5 11.3 17.4 6.3 1.6
A T1 to T16 are treatments as mentioned in Table 1. 
* NS, non-signifi cant at P ≤0.05.

Figure 3. Per cent yield loss (weed index) in contaminated and clean seed 
when supplemented with other treatments (mean of three replications), 
WC – weedy check; HW – hand weeding; FNP – fenoxaprop-p-ethyl; FP– 
farmers practice.

In unweeded treatments (T1, T8 and 
T15), weeds increased in number at 35 
DAE compared to the population at 25 
DAE (Table 5) as late-germinating weeds 
emerged (Das 2008). However, there was 
gradual decline in weed population re-
corded after 70 DAE due to intra-specifi c 
competition among weeds and inter-spe-
cifi c competition with the crop (Zimdahl 
1980, Das and Yaduraju 2001). Competi-
tion for space gradually results in smoth-
ering of weaker plants, and thus popula-
tion decreases. Besides, some weed species 
are ephemeral in nature (e.g., P. nepalense 
and G. spurium) reaching maturity early 
and were almost absent in counts at 70 and 
140 DAE. 

In general, the herbicides used were 
comparable with hand weeding. But, 
variations across plots in the target weed 
species of 2,4-D and fenoxaprop-p-ethyl 
led to lower weed control effi ciency in 
some treatments, e.g., T6 and T13 (of 2,4-
D), and T5 and T14 (tank-mixes of 2,4-D 
and fenoxaprop-p-ethyl) at 35 DAE (Table 
5). These herbicides were also not equal-
ly effective on all weed species (Table 4)
(Amanuel et al. 1992, Das 2008) as 2,4-D 
did not control G. spurium, P. aviculare, 
M. polymorpha, G. scabra and P. lanceo-
lata, and B. pectinatus was least affected 
by fenoxaprop-p-ethyl in the tank-mixes. 
The mixture incompatibility demon-
strated in Table 4 might be responsible 
(Giref et al. 1991). The poor performance 
of 2,4-D applied at 25 DAE was, however, 
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Table 7. Effect of weed management practices on wheat seed yield, straw yield, harvest index, gross and net benefi t 
and benefi t: cost ratio (B:C). 
Treatments Seed yield 

(t ha−1)
Straw yield 

(t ha−1)
Harvest 

index
Cost 

(Birr ha−1)*
Gross benefi t 

(Birr ha−1)*
Net benefi t 
(Birr ha−1)*

Benefi t:cost 
ratio

T1A 1.972 2.444 0.47 968 3649 2680 2.77
T2 2.556 3.167 0.45 1198 4728 3529 2.94
T3 3.361 3.306 0.51 1313 6218 4904 3.73
T4 2.528 2.611 0.49 1026 4676 3650 3.55
T5 2.556 2.528 0.53 1341 4728 3386 2.52
T6 3.028 3.000 0.53 1141 5601 4460 3.91
T7 3.278 2.944 0.53 1456 6064 4607 3.16
T8 2.194 2.528 0.48 1028 4060 3031 2.95
T9 2.806 2.972 0.50 1258 5190 3932 3.12
T10 3.389 3.250 0.51 1373 6269 4896 3.56
T11 2.611 2.806 0.48 1086 4830 3744 3.44
T12 2.750 2.861 0.48 1401 5087 3686 2.63
T13 3.306 2.973 0.53 1201 6115 4914 4.09
T14 3.417 3.028 0.53 1516 6321 4804 3.17
T15 2.417 2.583 0.48 1238 4471 3232 2.61
T16 3.611 3.417 0.51 1428 6680 5252 3.68
S.E. (d.f. 30) 0.170 0.161 0.002 – – – –
LSD (P ≤0.05) 0.336 0.314 NS** – – – –
CV (%) 6.6 9.7 5.3 – – – –
A T1 to T16 are treatments as mentioned in Table 1. 
* 1 Birr = 0.1159 US$ or 1US$ = 8.63 Birr (approx.). 
** NS, non-signifi cant at P ≤0.05.

compensated when supplemented with 
hand weeding at 45 DAE in T6 and T13. 
Thus, integrated control worked well to-
wards better weed management. Where 
a single application of 2,4-D (e.g., T4 and 
T11), was ineffective, an alternative her-
bicide, such as metsulfuron-methyl, car-
fentrazone-ethyl, dicamba or bromoxynil 
could be used. Similarly, effi cient grass 
killers like clodinafop-propargyl, sulfo-
sulfuron or isoproturon may have been 
a better choice than fenoxaprop-p-ethyl, 
but these herbicides were not available in 
Ethiopia. Because of the predominance of 
broad-leaved weeds in wheat, the effect of 
2,4-D was almost the same when applied 
alone or as a tank-mix with fenoxaprop-
p-ethyl. 

In wheat, weeds continued to emerge 
till the cessation of rains in September. 
Herbicide application and hand weeding 
at 25 DAE (i.e., beginning of August) did 
not provide long-term weed control neces-
sitating control of late-germinating weeds. 
One hand weeding undertaken at 45 DAE, 
thus, proved useful in herbicide (T14, T13, 
T7 and T6) or hand weeding (T10 and T3) 
treatments, and the effect was clearly re-
fl ected in the reduction of weed popula-
tions at 70 DAE or later. This also indi-
cates why the farmers’ practice (T15) of 
one handweeding at 42 DAE is reasonably 
successful compared to the weedy checks, 
T1 and T8 70 DAE.

Effect on wheat and cost-benefi t 
economics
Weed interference usually delays fl ower-
ing and maturity of wheat (Bitew 2001). 
In a crop-weed ecosystem, crop growth 
and yield have inverse relationship with 
weed growth, and are directly related to 
the weed control effi ciency of a treatment 
(Das and Yaduraju 1999). The ultimate 
effect of weed interference is refl ected 
on crop yield and is in proportion to the 
amount of light, water or nutrients used 
by weeds at the expense of the crop (Zim-
dahl 1980). Greater values for wheat plant 
height, tiller count, ear-bearing tiller count 
and ear-head length (Table 6) and higher 
seed and straw yields (Table 7) and lower 
yield loss/weed index (Figure 3) accrued 
in clean seed + (2,4-D + fenoxaprop-p-
ethyl) + HW (T14), clean seed + 2,4-D + 
HW (T13) and hand weeding twice (T10 
and T3) treatments and resulted from in-
creased weed control effi ciency (Figure 2). 

Economic analysis was used to identify 
weed management options which gave 
the least costly weed control. The costs of 
a treatment and the price of total produce 
(seed and straw) govern the net benefi t 
and benefi t-cost ratio (Table 7). The costs 
of 2,4-D, one hand weeding, and a tank-
mix application of 2,4-D + fenoxaprop-p-
ethyl were 37, 115 and 352 Birr ha−1, re-
spectively. Thus, the tank-mix application 
was almost nine times costlier than 2,4-D 

and three times costlier than one hand 
weeding. However, while treatment T14 
had higher wheat seed and straw yields 
and a higher gross benefi t than T13, T13 
had higher net benefi t and benefi t:cost ra-
tio since it had much lower costs. The low 
cost of 2,4-D (three times lower than hand 
weeding) allows it to be substituted for a 
hand weeding at 25 DAE, and integrates 
well with other management options such 
as clean seed and hand weeding at 45 
DAE, and may be affordable by farmers in 
Ethiopia. This will permit family labour-
ers to be engaged in some other fi eld op-
erations during the peak weeding period 
(20–40 DAE). 

Weed fl ora shift is likely to occur from 
the continuous use of narrow-spectrum 
herbicides like 2,4-D or fenoxaprop-p-
ethyl alone. Hand weeding undertaken 
at 45 DAE should largely eliminate such 
repercussions. Broad-spectrum control of 
weeds using tank-mix application of 2,4-D 
+ fenoxaprop-p-ethyl while resulting in 
higher wheat seed yield, proved costlier. 
The effi cacy of fenoxaprop-p-ethyl was 
also not satisfactory on the grassy weeds, 
particularly B. pectinatus (Table 4) as it was 
applied at a lower than the recommended 
dose, which is 0.100 kg ha−1. 

The impurity in farmers’ wheat seed in 
Ethiopia is highlighted (Bengtsson 1983, 
DOA 2001). The costs of contaminated and 
clean wheat seeds were 277.5 and 337.5 
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Birr ha−1 respectively for 150 kg seed used. 
The clean seed cost an extra 60 Birr ha−1, 
resulting in an extra 222 kg wheat seed 
yield (Table 7) equivalent to 411 Birr ha−1 
(4.7% increase) than contaminated seed 
giving a higher benefi t: cost ratio. Thus, 
the use of clean seed would be a profi table 
proposition in wheat. Clean wheat seed, as 
a preventive measure, also fi tted well with 
herbicide and hand weeding, producing 
higher wheat yield thorough a concurrent 
reduction in weed infestation (Tottman 
and Wilson 1990, Monaco et al. 2001). 

Conclusion 
Twenty four weed species, nine mono-
cotyledons and fi fteen dicotyledons were 
observed in the surveys of wheat fi elds. 
Dicotyledonous weeds constituting 62.5% 
of the individual weed species and 83.1% 
of the total weed population were more 
dominant than the monocotyledons. Five 
weeds, viz., Chrysanthemum segetum, Poly-
gonum nepalense, Galium spurium, Spergula 
arvensis and Phalaris paradoxa were more 
dominant in the wheat fi elds across the ke-
beles. Avena vaviloviana, Bromus pectinatus 
and Snowdenia polystachya were not domi-
nant in wheat, but should not be ignored 
as they are grassy weeds. Therefore, an in-
tegrated management practice using clean 
seed + 2,4-D at 25 DAE + hand weeding at 
45 DAE, that proved more remunerative 
than clean seed + (2,4-D + fenoxaprop-p-
ethyl) + hand weeding at 45 DAE, may be 
recommended even though the latter out-
yielded the former. 
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Appendix 1. Formulae derived from Phillips 1959, Thomas 1985, Kedir et al. 
1999 and Das 2008.

Frequency: Frequency generally refers to the degree of uniformity of occurrence or dis-
persion of a species in an area.

Frequency =
Number of quadrats in which a  species occurred

Total  number of quadrats studied
× 100

Relative frequency  =
Number of occurrence of a species

Sum total of occurrence of all species
× 100

Density: Density expresses the numerical strength of a species in a plant community.

Density  =
Total number of individuals of a species  in all the quadrats

(Total number of quadrats studied) × (area in m2 of a quadrat)

Relative density  =
Total number of individuals of a species  in all quadrats
Total number of individuals of all species in all quadrats

× 100

Abundance: Abundance studies the number of individuals of a species in a community 
per unit area based on the quadrats where only they occurred.

Abundance =
Total number of individuals of a species in all the quadrats

Total number of quadrats in which the weed species occurred 

Dominance: Dominance/cover refl ects dominating infl uence of a species in the plant 
community (Das 2008). It is a measure of the area covered or occupied by the leaves, 
stems and fl owers of an individual plant as viewed from the top and expressed as 
percentage. Dominance was calculated as per Jaya Kumar and Jagannathan (2003). 
However, relative dominance has been calculated as per Kedir et al. (1999) bypassing the 
cumbersome process of calculating basal area of each individual plant and is as follows: 

Dominance =
Density of a weed species

Number of quadrats  in which the weed species occurred
× 100

Relative dominance =
Abundance  of a weed species

Sum total of abundance of all weed species 
× 100

Importance value index (IVI): The frequency, density, abundance and dominance are 
important quantitative estimates, but, individually they do not give a total picture of the 
importance of a species in a plant community. Phillips (1959), therefore, proposed IVI 
to determine the ecological importance of a species in a plant community. IVI is a value 
out of 300 for each species in the stand and is calculated as follows: 

IVI = Relative frequency + Relative density + Relative dominance


